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Abstract

A protein in rat submandibular glands (SMG) led our group to research human calcium-binding
protein, spermatid associated 1 (CABS1). In a model of lung inflammation in rats where neural
input was interrupted, our group observed that SMG released an anti-inflammatory factor later
identified as Submandibular rat protein 1 (SMR1). Rat SMR1 was present in serum, saliva, testes,
and SMG. A seven amino acid peptide near the carboxyl terminus of SMR1, TDIFEGG, was
responsible for the anti-inflammatory activity. Synthetic TDIFEGG and derivates had anti-
inflammatory activity in several animal models, but a human trial in mild atopic asthma showed
no significant effect. SMR1 is absent in humans, but we postulated that an analogous pathway
existed. Thus, our group looked for a human protein that contained a similar peptide sequence,
ultimately finding CABS1, which has the seven-peptide sequence, TDIFELL, also near the

carboxyl terminus.

CABS1 has been characterized previously in testes of rat, mouse, and pig. Transcript has been
found in testes, uterus, and salivary glands of mammals. Previously, our group showed CABS1
protein in human (h) SMG, lungs, testes, and saliva via Western blots (WB) using a single
polyclonal antibody. The data suggested that hCABS1 exists as several variants of different
molecular weight. A 27 kDa band in saliva positively correlated to perceived psychosocial stress,
and bands <27 kDa could be indicators of resilience to stress. Based on these data, my hypotheses
were that hCABS1 is present beyond the testes, in SMG, saliva and blood, like rat SMR1, and that

variants of CABS1 in saliva are biomarkers of stress.

To extend our previous findings, we analyzed WB profiles using four pAbs to hCABS1 and
overexpression cell lysate controls, SMG, and saliva. We used these profiles as guidance to isolate
in-gel sections that we speculated contained hCABS1 and evaluated their protein content through

mass spectrometry sequencing (MS-seq). hCABS1 was detected in overexpression cell lysates via
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MS-seq, yet contrary to what our WB profiles, to date we have not detected the protein in human-

derived biofluids or tissue extracts.

Given the limiting amounts of pAbs available, a capillary nano-immunoassay (CNIA) was used to
validate the occurrence of hCABS1 variants in saliva. With this platform, we successfully validated
our previous stress-related findings, and also reported another variant of hCABS1 (60 kDa) in
saliva detected by a pAb that targets TDIFELL. CNIA optimization also led to improvements in
our WB protocol that encouraged reevaluation of our previous data in saliva. WB analysis using
pAbs allowed us to target sites in one and two-dimensional gels for MS-seq analysis. However,
efforts to confirm the presence of hCABS1 in saliva using MS-seq were unsuccessful, perhaps
because of limitations in our pAbs or the amount of hCABS1. We speculated that the pAb detected
hCABS1 and potentially other protein(s), and thus developed monoclonal antibodies (mAbs)
targeting three domains of the protein. Using these mAbs, WB analyses of overexpression cell
lysate controls, SMG, saliva and serum detected fewer bands than pAbs, but validated that

hCABS1 is present beyond the testicular compartment.

We also conducted immunohistochemical (IHC) analyses of SMG with four pAbs and one mAb,
showing that hCABS1 is present in the cytoplasm of duct cells of SMG. THC of human testis,
suggest that hCABS1 is present in cytoplasm of primary spermatogonia in seminiferous tubules
and outside the tubules in Leydig cells. Moreover, we have begun to immunoprecipitate hCABS1

from a transient overexpression cell lysate with our mAbs, and have confirmed success using MS-
seq.

We have further dissected the protein using in silico analyses. These studies provide evidence of
disordered domains close to the carboxyl terminus of hCABS1, where its anti-inflammatory
domain is located, as well as in other segments of the protein. A phylogenetic analysis showed that
the peptide sequence, TDIFELL, is found exclusively in primates of the infraorder Simiiformes,

which includes humans. Supporting our WB work, a predicted degradome analysis of hCABS1
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with neutrophil elastase identified several potential cleavage sites, theoretically generating
hCABSi1-derived peptides. Altogether, evidence in this dissertation supports the presence of
hCABS1 beyond the testes, in SMG and blood. However, evidence about hCABS1 in saliva is

inconclusive and thus the link to stress remains to be clarified.
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Preface

This paper-based dissertation is divided into eight chapters and three appendices. The first
chapter, Introduction, provides the reader with the background to understand the rationale that

has led our group to study hCABS1 in human-derived samples.

The second chapter addresses the characterization of four pAbs raised against specific domains
of hCABS1. This section encompasses the gel-based separation of complex biological samples of
human origin in one and two dimensions, with downstream techniques including WB and MS-
seq. Representative data from immunohistochemical analyses carried out by our collaborators at
the Case Western Reserve University are shown in this section too. The chapter shows the WB
profiles obtained before and after modifying the methodology used in these evaluations, and how
the complex profiles generated through the use of our pAbs provided us with the rationale to

develop mAbs.

The third chapter of the dissertation is a published and peer-reviewed article entitled “A method
to study protein biomarkers in saliva using an automated capillary nano-immunoassay platform
(Wes™)”. This article was published in the Journal of Immunological Methods in early 2020. This
publication shows how a novel immunoprobing technique, alternate to WB, was used to validate
our previous findings of saliva-derived hCABS1 under acute stress. We used pAbs H1.0 and H2.0,
the first one targets CABS1 putative anti-inflammatory sequence TDIFELL, and the latter being

the antibody we had employed in previous published WB saliva analyses.

The fourth chapter describes the characterization of mAbs targeting hCABS1 using WB of human-
derived samples. Translation of the titration strategy used in capillary nano-immunoassay
platform to WB, and comparison of WB banding pattern between our mAbs and controls (no
primary antibody and isotype antibody) provided a better understanding of which WB bands were
representative of hCABS1. This chapter also includes early work utilizing immunoprecipitation

methodology, performed by Ms. Tarana A. (Riya) Mangukia, whom I had the honor to mentor.
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Finally, this section shows the first immunohistochemical profile of hCABS1 in human testicular
tissue, the fruit of our collaboration with Dr Lakshmi Puttagunta (University of Alberta,

Edmonton, Canada).

The fifth chapter provides a brief appraisal of the collective WB banding patterns across samples
and antibodies. Putatively equivalent bands detected by our pAbs and mAbs vary in molecular
sizes (in kilodaltons, kDa). I speculate that the factors responsible for molecular size variation are
(a) the evolution of our WB protocol over the years, (b) the use different molecular mass reference

ladders, and (c) the change of the way molecular mass of WB bands were calculated.

The sixth chapter of the dissertation is a published and peer-reviewed article entitled “Structural
and post-translational analysis of human calcium-binding protein, spermatid-associated 1”. The
article was published in the Journal of Cellular Biochemistry in mid-2020. It is the product of a
collaboration with Dr Marcelo Marcet-Palacios, which used and provides in silico phylogenetic
and sequence analyses of hCABS1 to identify an anti-inflammatory domain, possible cofactor

binding sites, and hypothesizes on the intra- and extracellular roles of hCABS1.

The seventh chapter of the dissertation summarizes and provides a general discussion of the
findings of the five preceding chapters. The eighth chapter proposes future approaches and
directions that may further contribute to the body of knowledge and understanding of the

biological function of this molecule.
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Chapter 1 : Introduction

Prior research of CABS1 focused on its localization and characterization in testes

In 2009, Calvel et al. published an article describing a protein in rat testis which underwent
marked changes in expression levels during spermatogenesis. The group prepared cell lysates
from rat spermatids and separated proteins using 2-dimensional electrophoresis (2D-¢). Gel
excision of a spot of interest and subsequent mass spectrometry sequencing (MS-seq) led to the
identification of a protein named RSD-6 (rat sperm DNA number 6):. However, successive
experiments showed that this protein was phosphorylated by casein kinase-2 in a similar way to
that of caseins. Therefore, this group proposed the name ‘casein-like phosphoprotein’ (CLPH):.
In silico gene sequence alignment showed that the Clph gene was found solely in placental
mammals and that humans produced the equivalent protein, at that time referred to as testis
development protein NYD-SP26, through the expression of a gene located in Chromosome 4, open

reading frame 35

To characterize this molecule in rats, Calvel et al. produced primers to the Clph gene, as well as a
riboprobe, to track Clph transcript in situ. The group also made anti-CLPH polyclonal antibodies
that were used in immunogold labelling for transmission electron microscopy (TEM), and

detection of proteins in Western blot (WB).

RT-PCR analysis of diverse rat organs showed that the Clph gene was only expressed in the main
olfactory epithelium and adult rat testis, yet protein expression assessed by WB was only found in
the latter'. In situ hybridization experiments revealed that the Clph transcript was expressed in

seminiferous tubules at sperm development stages IV through XIV*.

Furthermore, immunogold labelling detection through TEM revealed that CLPH localized in the
cytoplasm of elongated spermatids, as well as the inner membrane of mitochondria!. Notably in

WB, migration of CLPH following 1D-e and 2D-e identified an acidic protein showing an apparent



molecular weight of 80 kDa, markedly higher than the predicted 42 kDa!. Similar retarded
migration of proteins under denatured conditions are characteristic of acidic and intrinsically

disordered proteins (IDP). In follow-up the group produced recombinant CLPH (;CLPH).

Hypothesizing that the unusual shift of molecular weight was due to the high proportion of acidic
residues in CLPH (23.3% aspartic and glutamic acid), Calvel et al. neutralized the negatively
charged carboxyl groups of such residues and ran SDS-PAGE. The treatment showed .CLPH at
44 kDa, supporting the hypothesis that delayed SDS-PAGE migration was due to a high number
of acidic residues?, a property inherent to IDPs23. Moreover, circular dichroism analysis showed
that CLPH has a similar pattern to -casein, a known IDP*. Additionally, in silico analysis of CLPH
amino acid sequence predicted that the protein contains several domains that are naturally
disordered:. Lastly, the group showed that CLPH was hypersensitive to protease digestion,
indicating that CLPH does not retain a high level of compaction®. All these observations support

the claim of CLPH being an IDP:.

Calvel et al. also investigated the function of CLPH. In silico analysis indicated that rat CLPH
possessed an EF-hand type calcium-binding domain that interestingly, was not present in the
human, orangutan and chimpanzee homologous proteins due to point mutations®. On this basis,
the group tested calcium binding activity in vitro by incubating a membrane containing ,CLPH
with radioisotope 45Ca2*. The autoradiography of this membrane produced a strong signal,

evidence supporting that rat CLPH binds calcium?.

Remarkably, also in 2009 Kawashima et al., a Japan-based group, published mice studies
focusing on a protein, NYD-SP26, which had previously been reported to be highly expressed in
human testis4. Because the group too found that the protein bound to calcium, they proposed the
name calcium-binding protein, spermatid-specific 1 (CABS1)4. This protein denomination was

approved by the Mouse and Human Genome Organisation Gene Nomenclature Committees.



Kawashima et al. were studying spermatogonia stem cell differentiation by means of
administering busulfan, an antineoplastic agent that selectively attacks dividing spermatogonia
and spermatocytes without affecting the ability of testicular cells to support spermatogenesis. The
group used 2D-e to resolve proteins from testicular extracts. They noticed an acidic protein whose
presence decreased post-busulfan treatment, but recovered with resumption of spermatogenesis4.

Subsequent isolation from a 2D-e gel followed by MS-seq identified the protein as CABS14.

Northern blot analysis on various mouse organs showed that the transcript was only present in
testis and the pattern of expression of RNA, just like the protein, followed the same tendency post-
busulfan treatment4. In contrast to Calvel et al., Kawashima et al. did not evaluate presence of
transcript in the olfactory epithelium, where Calvel et al. found presence of Cabs:i mRNA.
Conversely, in agreement with Calvel et al., Kawashima et al. observed that Cabs1 was expressed
exclusively in spermatids and in the latest stages of spermatogenesis. Interestingly, gene

expression preceded protein expression by three stages+.

Because the group noted that the human homolog of Cabst is located in a gene cluster containing
calcium-binding phosphoproteins, they investigated whether mouse CABS1 had calcium-binding
activity. To assess calcium-binding activity, the group used of Stains-all in 2D-e gels, and
ruthenium red using CaCl, as a control in testes-derived protein extracts transferred to PVDF
membranes. Kawashima et al. performed the calcium-binding assays on protein extracts from
testis and mature sperm and results showed that mouse CABS1 binds calcium4. Curiously,
Kawashima et al. stated that mouse CABS1 does not have predicted calcium-binding domains,
such as an EF-hand4. The group attributed the calcium-binding activity to the acidic residues

within the protein4.

a Stains-All is a dye used to detect calcium binding activity. Proteins that bind to calcium stain deep
blue/violet237,



Intriguingly, when doing 2D-e-WB without incubating with calcium they observed that CABS1
from mouse testis extract had a pI of 4.1 and a molecular mass of 66 kDa, while CABS1 from
mature sperm had a pI of 5.8 and a molecular mass of 58 kDa4. Kawashima et al. mentioned that
in theory the size of mouse CABS1 is 42 kDa, but in practice the apparent molecular weights were
different depending on the source4. When performing WB with calcium incubation, the observed
pI from both extracts was 4.1, which indicates that CABS1 binds calcium while in the testes during

sperm maturation and not in the final stage, when sperm are mature4.

Akihiro Kawashima, the first author of the mouse CABS1 article, went on to study CABS1 in
porcine testis and, along with a new research group, published the findings in 2016. The group
found that in porcine testis CABS1 is also expressed in the later stages of spermatogenesiss.
Furthermore, the use of immunofluorescent staining techniques revealed that porcine CABS1
localizes in the anterior half of the head of mature sperm and is lost during the acrosome reaction,

the moment when sperm fuses with an eggs.

The group performed the same calcium-binding assays that were used to analyze mouse CABS1
and found that porcine CABS1 also binds calcium, purportedly because of a high proportion of
acidic residuess, a property that has been observed in calsequestrin®, calmodulin’, and
calreticulin®9. Such a property could also account for anomalous migration in SDS-PAGE, the
same as with rat and mouse CABS15. Porcine CABS1 with a theoretical molecular mass of ~43 kDa
was observed at 75 and 70 kDa in testis extract, and at 70 kDa in mature sperms5. The authors
noted that in pig, CABS1 in testes was also observed at a higher molecular weight than its
counterpart in mature sperm and speculated that, just as in mouse CABS1, this shift is linked to

calcium bindings.

Independent research also published in 2016 on arsenic-induced male reproductive toxicity in
rats showed that arsenic enhanced expression of 5 proteins in testis, including CABS1, and

downregulated the expression of 6 proteins. This proteomic pattern was associated to germ cell

4



deficiency and a decrease in testosterone levels, in turn impairing spermatogenesis. Finally,
findings published in 2021 using Cabs1 knockout mice identified sperm with a bent tail and
disturbance in expression of cytoskeleton-related proteins'. Interestingly, spermatids also
expressed a long, non-coding RNA of the Cabs1 gene antisense, but knockdown of this anti-Cabsi
did not alter sperm development, morphology or function; its significance is unknown®.
Moreover, CABS1 deficiency was associated with subfertility of mice!. Supporting this
observation, a study on the transcriptome of human testesP suggests that a decrease in expression
of eight spermatogenesis-associated genes, one being CABS1, may play a role in infertility2.
Altogether, this evidence suggests that CABS1 plays an indispensable role in optimum formation

and function of sperm.
CABS1 tissue distribution and sexual dimorphism

While these articles only considered CABS1 in male mammals, expression was also identified in
female mammals. In 2014, Calhoun et al. published that after exposing pregnant Rhesus
macaques carrying female fetuses to bisphenol A, a broadly used industrial compound with
estrogenic action, the fetal uterus had an upregulation of CABS1 mRNA. The following year,
Cerny et al. published findings on Angus heifers showing that CABS1 mRNA was upregulated in
ampullary epithelial cells from oviducts during the follicular phase of the estrus, when compared
to the luteal phase'4. In humans, a female patient with osteosarcoma exhibited a chromosomal
duplication of the locus where hCABS1 gene is located, whether this variation in gene copy
numbers is associated to tumorigenesis remains unknown?s. What’s more, Shi et al. (2016) and
De la Cruz et al. (2021) showed the presence of hCABS1 mRNA in labial salivary glands of human
female subjects. In these studies, CABS1 mRNA was downregulated in subjects suffering from
Sjogren’s syndrome when compared with healthy controls:®7. The presence of CABS1 mRNA in

female reproductive tissue and labial salivary glands, as well as our work in salivary glands*$, may

b Samples were collected from patients diagnosed with either infertility, impaired spermatogenesis, or
azoospermia



have been a determinant factor for the Human Genome Organisation Gene Nomenclature
Committee to issue a name correction for CABS1 in February of 2016, from calcium-binding
protein, spermatid-specific 1 to calcium-binding protein, spermatid-associated 1. In recent
years, the organisation has worked to remove overly specific expression-based designations
(personal communication). In 2019, a deep proteome and transcriptome analysis of human
tissues reported the occurrence of CABS1 protein in testis, thyroid, colon, and pancreasc (see 9 —
supporting information — Table EV1 — spreadsheet “B” — row 2181). However, my re-evaluation
of this group’s open access data found presence of CABS1 protein only in testis (data not shown).
I speculate that my use of a newer version of the same quantitative proteomics software accounts

for the contrasting outcome.

A quest to study neural control of the inflammatory response led us to CABS1

Our interest in human CABS1 arose from observations we published in 1990 in an article titled
‘Marked anti-inflammatory effects of decentralization of the superior cervical ganglia’2°. This led
to subsequent studies that discovered CABS1 expression in salivary glands!8, presence of an anti-
inflammatory peptide sequence near the carboxyl terminus of the protein'$, and association with
distress2!. Consequently, we seek to characterize CABS1 in salivary glands and determine its

potential functions.

A primary research interest of the Befus lab has been to test whether interventions in the nervous
system would change inflammatory responses. The group postulated that input from the
sympathetic nervous system would modify pulmonary inflammatory responses in a model of

anaphylaxis in rats.

The experimental design called for two rat groups, one sensitized to Nippostrongylus brasiliensis,

and a control group that was not sensitized=c. After 30 to 42 days, each rat group was further

¢ Thyroid & pancreas samples were retrieved from female patients, testis & colon samples from males



separated into four treatment subgroups: 1. sham surgery, 2. decentralization surgery, 3. removal
of superior cervical ganglions (hereafter referred to as ganglionectomy), 4. no surgery2° (see
Figure 1-1). Notably, decentralization and ganglionectomy gave similar results, so
decentralization was used as the neural intervention for most subsequent experiments2°. Post-
treatment, rats were given 7-days to recoverzc. On the 8t day, rats were either challenged with N.
brasiliensis antigens or not2°. Eight hours post-challenge, bronchoalveolar lavage fluid (BALF)
was collected to study levels of inflammatory cells, histamine, IgG, IgM, and chemotactic activity

for neutrophils (see Figure 1-2)2°.
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Figure 1-1. Neural interventions to test the impact of sympathetic input in rats sensitized to N.
brasiliensis.

Top-to-bottom sympathetic innervation goes from the central nervous system, down through the spinal cord and at
vertebrae C7 it enters the cervical sympathetic trunk through the inferior cervical ganglion and continues into the
superior cervical ganglion (SCG) which is adjacent to vertebrae C1-C4. This ganglion, in turn, innervates several glands
and organs located, mostly, in the rostral region. The group of rats subjected to decentralization had a portion of nerves
between the middle and SCG removed, the group that underwent ganglionectomy had the entire SCG removed. The
sham treated group was surgically manipulated in a similar way, but their cervical sympathetic trunk was left intact. A
fourth group with no surgical intervention served as another control.
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Figure 1-2. Timeline of experimental procedures to test the effect of sympathetic
innervation on rat anaphylaxis.

Sensitized /non-sensitized rats were surgically treated by performing ganglionectomy, decentralization,
or sham surgery. After 8 days of recovery, rat groups were challenged, or not, with N. brasiliensis
antigen and 8 hours post-challenge BALF was collected for downstream experiments.



In rats that were sensitized to N. brasiliensis and challenged with parasite’s antigens, BALF
showed a marked increase in levels of histamine, immunoglobulins, and an influx of inflammatory
cells, as well as neutrophil chemotactic activity2°. Qualitatively, when compared to the previously
described group of rats, the decentralized group had decreased histamine and leukocytes in BALF,
especially neutrophils, a milder anaphylactic shock and a reduced anaphylaxis-induced
mortality2°. Overall, these data suggested that decentralization produced systemic alterations that

decreased inflammatory responses to allergen challenge in sensitized rats=c.

Following these initial experiments, our lab focused on neutrophil response to insult following
decentralization. At the time, neutrophils were believed to play a crucial role in the immune
response to endotoxin22. Under normal conditions, these cells are released into the bloodstream,
where they circulate for 7 to 10 h before migrating to tissues23. During infection, an increased
number of neutrophils are produced and released into the bloodstream23. Commonly, these are
the first to arrive at an inflammation site where, guided by chemotactic factors, they move into
the affected tissue(s), phagocyte and eliminate the source of infection via proteolytic enzymes,

anti-microbial substances, and reactive oxygen species (ROS)z23.

Our group used the established inflammatory model where rats were, or not (uninfected control),
sensitized to N. brasiliensis 24. Subsequently, a subgroup of rats was decentralized, while another
rat subgroup underwent sham operation24. To examine neutrophils, blood was collected via either
cardiac puncture or from major neck vessels24. Blood smears to assess differential cell counts in
the different groups were made. Neutrophils were isolated for in vitro chemotactic assays, where
cell migration was evaluated when exposing neutrophils to either N-formyl-methionyl-leucyl-
phenylalanine (fMLP) or leukotriene B, (LTB,)24. Finally, phagocytosis and oxidative metabolism
of neutrophils was evaluated in vitro by nitroblue tetrazolium (NBT), a colourless compound that
turns deep blue if the immune cells have functional NADPH oxidase, an ability needed to create

reactive oxygen species2s.



Results showed that decentralization depressed neutrophil inflammatory activity24. fMLP- and
LTB,-mediated chemotaxis were dampened, as well as the ability of neutrophils to turn NBT blue;
the latter in both infected and uninfected rats that underwent decentralization24. Once more,
decentralized rats showed a decrease in neutrophil presence in BALF when compared to their
unoperated and sham-operated counterparts24. These data indicated that the anti-inflammatory

effect observed in decentralized rats was, at least in part, neutrophil mediated24.

That same year, our lab published results on concurrent experiments to evaluate the role of the
submandibular gland (SMG), an organ whose neural input comes in part from the superior
cervical ganglion, on the anti-inflammatory effect. Again, decentralization and ganglionectomy
had similar dampening effects on pulmonary inflammation, suggesting that the central nervous
system (CNS) was involved in the anti-inflammatory effect. Notably, these experiments included
a group of rats that underwent both decentralization and removal of the submandibular glands,

or sialoadenectomy (see Figure 1-3)2°.
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Figure 1-3. Sialoadenectomy was a surgical intervention added to our group’s experiments.

Groups of rats that underwent this procedure had both submandibular glands removed. Upon recovery, further
experiments were performed to assess the impact of this treatment on inflammation.

In sialoadenectomized rats, the anti-inflammatory effect was abolished and cell infiltration into

the BALF comparable to sensitized and unoperated/sham operated rats was observed2¢. This



result lead to the hypothesis that SMG produced a factor(s) responsible for the anti-inflammatory
effects26. The lab then evaluated gene expression of factors produced by SMG. Following
decentralization or ganglionectomy there was an increase in nerve growth factor and epidermal
growth factor mRNA in the SMG, which lead to the hypothesis that they were in part responsible

for the observed anti-inflammatory activity?2°.

The 1992 experiments showed that for the anti-inflammatory effect to occur, SMG needed to be
present and that the sympathetic nervous system tonically inhibited synthesis and/or release of
anti-inflammatory factors from the SMG that had downstream effects on neutrophils. This idea
was consistent with observations from other groups that recruitment and activation of leukocytes
required a functional and constant adrenergic tone and that these cells had -adrenergic receptors

that played a role in their activation and function24.27-28,

New postulates following these observations included: 1. The SMG play a role in
immunoregulation during anaphylactic and LPS-induced shock states and 2. The
immunomodulatory actions of this gland can be regulated by the sympathetic nervous system.
Subsequent experiments using our pulmonary inflammation model evaluated the effect of
ganglionectomy and sialoadenectomy, both 1 week and just 10 minutes before (acute) exposing
rats to 10 m/y, of endotoxin LPS29. In these experiments, blood from all rats was collected 5 min
before and at 4 time points (15, 30, 45, 60 min) after exposure to LPS29 (see Figure 1-4). Blood

pressure was also recorded at these time points29.

Before administration of endotoxin, blood pressure across all groups was between 100 — 120 mm
Hg2. Fifteen min after exposure to LPS, all groups had a hypotensive response, a drop between
30 — 40 mm Hg2. Interestingly, control, sham, and acute sialoadenectomized rats showed an
increase in blood pressure at 30, 45 and 60 min after insult29, but blood pressure in
ganglionectomized and sialoadenectomized rats did not recover and remained low29 until at least

60 min.
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Figure 1-4. Timeline of experimental procedure to increase knowledge about effect of
sialoadenectomy in inflammation.

Rats underwent neural interventions before being challenged with bacterial lipopolysaccharide (LPS).
On the day of challenge, blood pressure was recorded, and blood samples were taken 5 minutes before
challenge (-5), and 15, 30, 45, and 60 minutes post-challenge. Downstream analyses included blood cell
counts and neutrophil activity assays.

In an attempt to elucidate the mechanism responsible for these observations, our group analyzed
blood cell counts and neutrophil activity. Blood cell counts showed the same tendency across all
time points and in all groups, and while neutrophil activation was diminished in
ganglionectomized and sialoadenectomized rats, the difference between these and the other
groups suggested that active neutrophils, contributed little to the hypotensive response to

endotoxin29.

Response to endotoxin in control rats indicated that there is an initial decrease in blood pressure
followed by a gradual increase, towards a basal, normal blood pressure29. Because rats in which
SMG had been removed showed no blood pressure recovery (non-reparative effect) for up to 60
min, these results further supported our postulate that the SMG contained a factor(s) that

countered the hypotensive effect of endotoxic shock2. Furthermore, ganglionectomized rats
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showed the same non-reparative effect, supporting the hypothesis that sympathetic nervous

control on the SMG was required for an anti-inflammatory factor(s) to be active following shock29.

Another line of experiments was concomitantly done to elucidate if mast cells release of Tumor
necrosis factor (TNF), a cytotoxic factor, was an important player in the anti-inflammatory effect.
Mast cells reside in epithelial and mucosal tissues, where they warn the immune system when
local trauma or infection strikes°. The granules contained within these cells contain histamine,
TNF, proteases, and diverse inflammatory mediators3°. Mast cells can have destructive effects in

allergic reactions mediated by IgE, a receptor found in their surfacese.

In these experiments, rats were sensitized to N. brasiliensis and 30 days post-sensitization
interventions included: 1. decentralization, 2. sialoadenectomy, 3. both procedures on the same
animal, 4. ganglionectomy, 5. sham, 6. no intervention3:. Mast cells were isolated 7 days post-
intervention and mixed with chromium labelled WEHI-164 cells; a cell type sensitive to human

TNF and widely used in short term cytotoxicity assayss:.

In agreement with previous results, decentralized rats showed significantly decreased mast cell-
mediated TNF-dependent cytotoxicity, supporting the idea that SMG produced an anti-
inflammatory factor that had effects beyond dampened neutrophil activity24. Additionally, data
suggested that such factor(s) activity was controlled by the central nervous systems3' (see Figure
1-5). Interestingly, results showed that cytotoxic activity of mast cells from sialoadenectomized
rats was also significantly reduceds! (see Figure 1-6 A). Since this rat group had no SMG, this
observation suggested for the first time that SMG in untreated animals produced a factor that
promoted mast cell-mediated inflammation3! (see Figure 1-6 B). Untreated animals also showed
increased neutrophil production of reactive oxygen species and chemotaxis (see Figure 1-6 C)24.
Whether a SMG-produced pro-inflammatory factor was involved in neutrophil pro-inflammatory
activity remains to be discovered. Remarkably, mast cells from ganglionectomized animals

showed unchanged cytotoxic activity when compared with controls3'. Since sympathetic
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communication to the gland would come from the superior cervical ganglia and this rat group had
ganglia removed, this observation suggested for the first time that communication between the
CNS and SMGs could also use an alternate route and that CNS was able to elicit the glands to
release the putative pro-inflammatory factor that enhanced mast cell TNF-mediated cytotoxicitys!

(see Figure 1-6 D).
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Figure 1-5. Decentralized rats lose the ability of the CNS to inhibit the release of an anti-inflammatory
factor from submandibular glands.

Data suggested that the anti-inflammatory factor dampened neutrophil and mast cell pro-inflammatory activity.
Neutrophil and mast cell representations were obtained from BioRender.com

Because we were interested in the anti-inflammatory factor(s), from this point on,
decentralization was chosen as our gold standard model, the only one shown to elicit the anti-
inflammatory effect associated with the SMG. With the object of defining the early (<1 h) and late
(>1h) anti-inflammatory effects of decentralization, the lab did a time course study using
decentralized and sham rats and collecting BALF, mast cells, neutrophils, and alveolar
macrophages (ALM) to perform functional analysess2. In vitro TNF cytotoxic assay using ALMs
stimulated with LPS showed that ALMs from decentralized rats had a significantly lower release
of TNF after 4 and 8 hourss32. At the same time points, circulating neutrophils and their associated
phagocytic activity was also significantly dampened on decentralized rats32. These results

suggested that the anti-inflammatory effect tied to decentralization was linked to a functional

downregulation of neutrophils and macrophagess2.
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Figure 1-6. Controls and non-decentralization surgical interventions suggested that post-antigen
challenge rats released a pro-inflammatory factor(s) from submandibular glands under CNS control.

Sialoadenectomized rats markedly reduced mast cell TNF-mediated cytotoxicity post-antigen challenge (A). Sham and
unoperated rats showed an increase in pro-inflammatory activity. Mast cell TNF-mediated cytotoxicity increased (B),
which tied with observations from sialoadenectomized rats (A) suggested that, upon insult, submandibular glands
secreted pro-inflammatory factor(s) under CNS control. Control groups also showed an increase in neutrophil
chemotactic activity, as well as unaltered ability to produce ROS (C). Interestingly, ganglionectomized rats also showed
increased mast cell TNF-mediated cytotoxicity post-antigen challenge (D). This observation suggested that the CNS
signalled the SMG through an alternate route to release the pro-inflammatory factor(s). Neutrophil and mast cell
representations were obtained from BioRender.com

Based on these observations, attention then focused on identifying the factor(s) responsible for

this anti-inflammatory activity. The Befus group knew that the SCG innervated SMG. In addition,
14



it was known that SMG released several factors with endocrine and exocrine activity. Such factors
facilitate tissue repair in the oral cavity, gastrointestinal tract, and downstream organss3s.
Additionally, the glands are known to secrete factors into the bloodstreams4, and our group had
published work suggesting that at least one of these had immunomodulatory activity when posed

with a threat, like anaphylaxis.

An elegant and yet simple experimental methodology was devised to identify the factor(s)
responsible for the anti-inflammatory activity. Rats were sensitized to N. brasiliensis and, after
recovery, their SMG harvested and frozen for later extraction of the anti-inflammatory factor(s)3s.
SMG extracts were firstly separated by size using molecular weight exclusion filtersss.
Sialoadenectomized, sensitized rats were given different sieved fractions of the SMG extracts prior
to being exposed to LPS to induce shockss. A fraction containing molecules <3,000 Da protected
these rats from undergoing hypotension upon exposure to LPS35. Fractions containing larger
molecules were not protective; therefore, the anti-inflammatory factor(s) was in the <3,000 Da
portion of the SMG extractss. Of note, when the fractions were not supplemented with protease
inhibitors, the anti-endotoxic activity was lost; therefore, our group speculated that the factor(s)

was a polypeptidess.

Secondly, the <3,000 Da fraction was run through a reverse phase-high performance liquid
chromatography platformss. Fractions were collected at different times and rats were given these
fractions and then exposed to LPS35. It was noted that a fraction collected at 15.5 min had
significant protection against hypotensionss. After lyophilizing the fraction, electron spray mass
spectrometry (ES-MS) determined the peptide to be XDIFEGG, where X stood for an
undetermined amino acid3s. However, ES-MS results identified the peptide at 738.5 Da, and
DIFEGG is 636.8 Da3s. It was established that X was a threonine (T), since this amino acid
provides the additional Daltons to match that obtained by ES-MS3s. On this basis, the peptide was

named Submandibular Gland Peptide-T (SGP-T)35. Our group made synthetic SGP-T and used it
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in in vivo endotoxic shock and anaphylactic modelsss. SGP-T significantly reduced the
hypotensive response to insult in both models, suggesting that this was the long searched anti-
inflammatory factorss. Moreover, a search of the rat genome database determined that this
polypeptide domain is a fragment of submandibular rat 1 (SMR1)35, a protein also being studied
by a group in The Institut Pasteur (Paris, FR) who speculated that SMR1 was a prohormone and
that following post-proteolytic processing, some domains had endocrine functionss¢. This group
showed in rats that SMR1 was androgen-regulated and observed, under provoked stress, an
increase of an SMR1-derived pentamer (peptide: .,(QHNPR;;) in blood that was taken up by target
tissues3®. They suggested that this pentamer could be synthesized and used in response to

environmental stressss.

Ensuing studies by our group established that SGP-T-derived fragment FEG and its D-isomeric
analog, feG, retained the previously observed anti-hypotensive ability, as well as preventing
disruption of intestinal motility and diarrhoea post anaphylaxis in rats3”. In fact, even when
protein translation normally incorporates L-amino acids and excludes D-amino acidss8, feG was
more effective than both SGP-T and FEG37. So, further studies focused on the anti-inflammatory
activity of feG. One study determined that leukocytes treated with feG or amidated feG, feG-NH.,
did not bind to heart atrial slices coming from LPS-treated rats3s. This result indicated that
treatment with these factors during inflammation could result in impeded leukocyte adhesion in
the inflamed heart, in turn, reducing heart tissue damage39. Furthermore, the result suggested

that a SMG-derived protein, SMR1, had the potential to modulate cardiac inflammation39.

Concomitant analyses were also made on rat intestinal anaphylaxis models using SGP-T, FEG,
and feG4°. All three peptides prevented immediate LPS-mediated disruption of migrating motor
complexes, a normal trait of smooth muscle cells in the gastrointestinal tract observed between
meals and whose function is to move material down the digestive tube4c. Also, the late (18 h)

response to LPS, in the form of extravasation of leukocytes into peritoneum, was prevented by
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feG4o. This result added evidence that feG was a potent anti-inflammatory peptide, with activity
not exclusive to pulmonary tissue in rats, but also in cardiac and intestinal tissues. A subsequent
study to investigate FEG/feG using an in vitro intestinal anaphylaxis model suggested that these
two tripeptides interacted with a receptor(s) in the intestine through which the anti-inflammatory

effects were elicited4.

Further animal studies of feG noted that this isomeric form was effective when administered
orallys7:394°_ an appealing and advantageous property in drug delivery42. It was then important to
test feG on human cells. Human neutrophils from healthy individuals were isolated and in vitro
functional assays on oxidative burst, phagocytosis, movement, adhesion, and effect on expression
of co-stimulatory molecules CD11b (a receptor on neutrophils that regulates adhesion and
migration) and CD16 (a surface receptor that triggers neutrophil degranulation) were evaluated
after activation with platelet activating factor (PAF) and treatment, or not, with feG2c. PAF-
activated human neutrophils exposed to feG had reduced movement and adhesion, as well as
binding of antibodies to CD1643. Interestingly, binding of antibodies to CD11b was only reduced
by 34%; yet, it may be enough to significantly reduce movement of neutrophils#s. These results
suggested that in humans, the anti-inflammatory activity of feG could be mediated by its
interaction with CD11b and CD16 on neutrophils and putatively altering their activity in

inflammatory responses4.

To verify our findings, our group synthesized the putative control tripeptide, fdG, to test if a
change in the amino acid sequence would elicit the same effect, and compared it to feG44. In
comparison to fdG, feG had an anti-inflammatory effect in vitro, ex vivo, and in vivo contributing
to the evidence that this tripeptide, putatively released under neural regulation, has the potential
to ablate type I inflammatory effects on challenged airways44. Subsequent experiments showed
that feG had the ability to reduce generation of reactive oxygen species by circulating neutrophils,

providing one possible explanation for the anti-inflammatory mechanism of the tripeptide4s.
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Ongoing research from other groups continued shedding light into the diverse roles SMR1 played
in rats. A group in The Northwestern University Medical School (Chicago, USA) observed that in
amodel of erectile dysfunction, the gene coding for SMR1, Vesai, was significantly downregulated
in penile tissues4t. Across the Atlantic Ocean, the Institut Pasteur group studying SMR1-derived
pentapeptide QHNPR, hereon referred to as sialorphin, showed that it modulated male rat sexual
behavior47 and was a mediator of pain perception4s. In 2006, they published results about its
human isofunctional domain found in human protein PROL1, opiorphin (peptide: ,oQRFSR,6)49.
On that same year, a group in The Albert Einstein College of Medicine (New York City, USA)
observed that sialorphin played a role in erectile function4s. They noted that yet another
isofunctional domain is found within human protein SMR3A (peptide: -3QRGPR;), that this
protein could be a biomarker of erectile dysfunction, and that a potential therapeutic approach to
erectile dysfunction could include increasing human SMR3A gene and protein expressions°. In
2007, a review from our group summarized our anti-inflammatory findings of SMR1-derived
SGP-T and recognized for the first time that Vesai, the rat gene that coded SMR1, was absent in
the human genomes!. This review presented a comparison between a gene cluster in rat
chromosome 14 and a gene cluster in human chromosome 45*. These clusters were known in both
species as the Variable Coding Sequence (VCS) multigene family52. The VCS family contained
genes that coded for proteins expressed in glandular and secretory tissuess'. Remarkably, human
SMR3A and PROL1 were part of the human VCS family, just as SMR1 was within the rat’s VCS

gene clusters!. At the time, there was no known human homolog to SGP-T (see Table 1-1).

In ensuing experiments to better characterize the SMR1 protein in rats, our group developed two
polyclonal antibodies (named 216 and 219) to SMR1, each targeting a different domain of the
protein; antibody 216 was raised against SGP-T, while 219 was raised against SMR1 sequence
10sPLSNPPTQLLSTEQ1:553. Both were IgG purified and used for WB analyses of major rat salivary

glands, saliva, prostate, penis, testis, lung, and plasmass.
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Table 1-1. Functional protein domains in rat SMR1 have human homologs within
proteins coded by the Variable Coding Sequence multigene family, present in
both species.

Rat sialorphin (QHNPR) is located close to the amino terminus of SMR1, has analgesic and
NEP inhibitory properties and therapeutic potential in erectile dysfunction. Human
opiorphin (QRFSR) is located close to the amino terminus of PROL1, has analgesic and NEP
inhibitory properties, and is speculated to have therapeutic effects in erectile dysfunction, the
latter being a trait also for human SMR3A. Rat SGP-T (TDIFEGG) is located close to the
carboxyl-terminus of SMR1 and has anti-inflammatory activity.

Organism
Rat Human
Protein SMRI1 PROLI1 SMR3A
(length) 146 amino acids (aa) 248 aa 134 aa
Protein domain HlQHNPRjH 12T DIFECGagg ZZQRFSSZE‘ 23QRCPR;;
(sialorphin) (SGP-T) (opiorphin)
Analgesic Analgesic
Activity of protein|  NEP inhibitor o NEP inhibitor Modulator of
\ Anti-inflammatory ) )

domain erectile physiclogy

Modulator of Modulator of

erectile physiology erectile physiology

Interestingly, SMR1 in SMG was present at different apparent molecular weights (12 to 35 kDa)
and isoelectric points (pI 4 to 7)s53. The predicted molecular weight for the protein is 16 kDa and it
was known that a cleaved product of 12 kDa occurred in vivos2. These data suggested that the
protein was post-translationally modified. N-glycanase treatment of SMG extracts provided
evidence that SMR1 is N-glycosylated in vivoss. Moreover, through immunoprobing our group
detected the presence of SMR1 in parotid and sublingual glands, as well as in urogenital tissues,
where SMRi1-derived sialorphin was known to play a role in sexual behavior and erectile
functions3. More importantly, previous research had shown how SGP-T and its derived peptides
decreased pulmonary inflammation, so lung tissue was screened for the presence of SMRi.
Interestingly, this revealed several differently sized forms of SMR1, none of which changed after
treatment with N-glycanase, suggesting different post-translational modifications to the protein

were tissue-specificss.

In experiments aimed to determine whether SMR1 release was under autonomic regulation, rats
were given either a sympathomimetic or a parasympathomimetic agentss. Previous research

showed that sialorphin, cleaved from near the amino terminus of SMR1, was released under acute
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stress and sympathetic stimulations4. SGP-T, however, is a fragment close to the carboxyl-
terminus of SMR1 and seeing that SMRi1 was post-translationally modified, our group
investigated if SMR1-derivates were differentially secreted upon different autonomic nervous
stimulation. Not surprisingly, under sympathetic stimulation less saliva with higher protein
content was secretedss. Of note, the sympathetic nervous system is activated under acute stress
circumstancesss. Antibody 216, raised against SGP-T, detected in these saliva samples several
forms of the protein at different molecular weights and isoelectric points, and showing a similar
pattern to that observed in extracts of SMG53. Moreover, molecular filtration of saliva and
subsequent ELISA assays indicated that small peptides (<3000 Da) containing SGP-T were
present in all rats stimulated with either sympathomimetic or parasympathomimetic agents. This
led to postulates that (a) SMR1 is synthesized in SMG and released into saliva under autonomic
stimuli, and (b) SMR1-derived peptide sialorphin has analgesic and erectile functions, while SGP-

T has anti-inflammatory activityss.

Because preclinical evidence on synthetic FEG, and feG were supportive and raised no safety
issues, feG was tested on human subjects in a phase 1 study and then in a phase 2a study in mild
atopic asthma. In 2012, results from a human trial using feG showed that this peptide had no
significant effect on airways responses to inhaled allergen challenge (non-published data). Our
group already knew that there was no equivalent gene to SMR1 in the human genome, so an in-
silico analysis of gene(s) encoding proteins containing TDIFEGG, or SGP-T, in humans was
already underway. Based on the analysis, our group proposed that a possible human isofunctional
protein candidate was human CABS1 (hCABS1), which contained a domain proximal to the
carboxyl-terminus, TDIFELL. Our group was intrigued to note that the hCABS1 gene, which codes
for this protein, is located in a cluster that seems to be conserved across homologous
chromosomes (rat — chromosome 14, human — chromosome 418). hCABS1 is physically adjacent
to genes that code for isofunctional proteins of rat SMR1, SMR3a/b, PROL1. The significance of

this shared chromosomal location with regards to transcriptional expression is unclear.
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A new molecule to characterize

The production of polyclonal antibodies (pAbs) to hCABS1 was contracted to the biotech company
GenScript Biotech (Piscataway, NJ, USA). Two New Zealand rabbits were immunized, each with
one peptide sequence of 14 amino acids from two regions of hCABS1. The first region, aa 184-197
(DEADMSNYNSSIKS) corresponds to a predicted beta sheet of hCABS1. The second section, aa
375-388 (TSTTETDIFELLKE) contained the human anti-inflammatory peptide sequence

(underlined). The antibodies were labelled H2.0 and H1.0, respectively.

To identify if, just as SMR1 in rats, hCABS1 was also present in the SMG, our group used the newly
developed pAbs to hCABS1. Human SMG samples were collected, lysed, and supplemented with

protease inhibitors before being separated by electrophoresis and immunoprobed using WB.

In 2015, we showed the first evidence of hCABS1 transcript in SMG and parotid glands, in addition
to testes's. A highlight was that mRNA of the SMG was found in both male and female subjects?8,
consistent with observations that opiorphin peptides derived from human gene PROL1 are found
in female and male saliva#9. Furthermore, protein was also observed in extracts of SMG, lungs and
as expected, in testes’8. WB using H2.0 suggested that the protein was processed into several
derivates and that the predicted and expected molecular weights of the major forms did not
match, just like Calvel’s and Kawashima’s groups had observed when studying SMR1 in rats and

mice, respectively?s.

To investigate whether the putative anti-inflammatory peptide sequence of hCABS1 was active,
peptides TDIFELL, TDIFELLK, and FELL were synthesized. The experiment included fdG and
feG as negative and positive controls, respectively?s. To test their anti-inflammatory properties,
an intestinal antigen challenge model was used. Briefly, rats were sensitized to OVA using
Pertussis toxin as an adjuvant, and 4-7 weeks later were euthanized for collection of the terminal
ileum, which was placed in an organ bath with a force displacement transducer. In the organ
baths, ileum was treated with the peptide to be tested for 10 min, then the sensitizing antigen,
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OVA, was added and the contractile response of the ileum measured. Results showed that
hCABS1-derived peptides, FELL and TDIFELLK inhibited the antigen-induced ileal contraction

to a magnitude similar to that of feG*S.

In another experimental model, the peptides were studied for their ability to inhibit the
inflammatory cell influx into BALF of mice following intranasal exposure to LPS. FELL, TDIFELL,
and TDIFELLK decreased the number of total leucocytes and neutrophils by more than half of
those observed in fdG-treated (negative control) mice!8. Alveolar macrophages in BALF , however,
decreased in the same fashion as neutrophils only in mice treated with TDIFELL and

TDIFELLK®S.

The significance of these experiments is that hCABS1, was identified as a human isofunctional
homolog protein to SMR1 for its anti-inflammatory peptide activity. hCABS1’s anti-inflammatory
sequence appears to be TDIFELL and it has anti-inflammatory and anti-anaphylactic effects in
animal models. hCABS1in human SMG is present in both males and females at apparently similar
levels, which provides evidence that hCABS1 has more functions than only supporting
spermatogenesis. Putatively, one such function is to reduce inflammation upon exposure to

insults.

To further investigate the similarities between SMR1 in the rat and hCABS1, we tested if hCABS1
release in humans was also under neural control. To test this hypothesis, we initiated a
collaboration with a research team in Texas led by Dr. Thomas Ritz who has used various
protocols to assess psychosocial stress. Various biomarkers of stress could be measured in saliva,
and this would allow us to assess whether hCABS1 levels were under autonomic control (stress,
see below)s¢. The focus of the Texan group on stress in humans, and our interest in hCABS1 were
complementary. We used three experimental approaches to evaluate the effect of stress on the

levels of hCABS1 protein in saliva.
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Stress and saliva

Stress is a heterogeneous and complex condition, and care must be take in its definition. Dr. Hans
Selye was a clinician scientist who first described the physiological aspects of stress. He noted that
organisms exposed to stressors, insults that can be categorized as physical or psychological
stimuli, rapidly activate the autonomic nervous system and a subsequent cascade of
neuroendocrine responses that confer coping ability(-ies) to the organism by deviating from and
extending normal physiological regulation5758. Normally, these biological responses are transient
and extinguished shortly after the stressor is no longer arounds”. However, dysregulation of the
biological stress response(s) can have wide-reaching effects and is one way stressors can have a
negative effects9. Of note, the effects of stress differ as a function of the duration of the biological
stress response. Acute stress and its effects are encompassed in a period lasting from minutes to
hours, while chronic stress is defined as stress that persists for several hours per day for
weeks/monthss9. In our collaboration with Dr. Ritz we addressed both acute and chronic stress

using cohorts of University students.

We evaluated hCABS1 levels in saliva because secretion of many factors from the salivary glands
is controlled by autonomic nerves,®© making it an appealing fluid to determine if hCABS1 was
under neural control. Saliva has been used as a diagnostic fluid because it can be collected
relatively easily in a non-invasive fashion, when compared to blood and serum collection. These
characteristics reduce anxiety and discomfort in donors, whilst increasing the probability of
acquiring repeated samples over time®. Saliva is a mixed product, derived primarily from the 3
pairs of major salivary glands (parotid, sublingual, and submandibular) and the 600 to 1,000
minor salivary glands situated in the regions of labial, buccal, palatal, and retromolar oral
mucosa®? (see Figure 1-7). Major salivary glands excrete saliva from acini into long branched
ducts; this structure is surrounded by myoepithelial cells which are contractile and controlled by
the autonomic nervous system (see Figure 1-7). Garrett and Emmelin postulated that these cells

can compress the acini and ducts and assist in saliva flow®3; however, to date there is no evidence
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Figure 1-7. Location of the salivary glands within a human head and general diagram of an acinus
terminating in an excretory duct.

In salivary glands, a primary saliva fluid (blue) is made in the acinus, which is connected to a canal system consisting
of intercalated, striated, and excretory ducts and which modify saliva before it exits to the oral cavity. Acini comprise
either serous or mucous cells. Myoepithelial cells surround acini and intercalated ducts.

that their presence is required for secretion to happen®2. Of note, saliva is composed of 99% water
and 1% dissolved organic and inorganic compounds®4. This 1% fluctuates from person to person
and in the same subject as a function of time®4. Various ions and other molecules compose the
inorganic fraction®4. The organic fraction contains polypeptides and products from body
secretions (urea, uric acid, creatinine) and putrefaction (putrescine, cadaverine, lipids)®4. It is,

then, this 1% that interests us, since it contains biological markers, like hCABS1, that can be

indicators of disease or stress (see 21).

Stress and hCABS1

To investigate baseline levels of hCABS1 in saliva, we collected a weekly sample for a period of 5
weeks from 64 participants (study 1)2'. Each collection was accompanied by a validated
questionnaire on negative affect2!. To evaluate the levels of hCABS1 in acute stress, 16 participants
underwent the Trier Social Stress Test (study 2)2.. Briefly, individuals were asked to answer a
baseline questionnaire on stress anxiety and depression; then given 5 minutes to prepare a speech

to present in front of two “experts in presentation skills”, upon entering the presentation room,
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participants were made aware of the presence of a videorecorder and were told to deliver their
speech standing?!. Afterwards, they were asked to perform a mental arithmetic challenge for 5
minutes2!. Throughout the speech and challenge the “experts” kept a neutral facial expression and
provided no encouragement?. Saliva samples were collected 15 minutes and just before delivering
the speech, then just after the arithmetic challenge and 15, 30, and 45 minutes post-stress2!. At
these time points, participants also completed a questionnaire on momentary negative affect (see
Figure 1-8)2. Finally, to evaluate hCABS1 protein expression in saliva under chronic stress, a
protocol designed to capture sustained academic pressure was designed with a collection of saliva
from 19 students during their final exam period (study 3)2. Firstly, during the middle of the
semester, a point when little stress was expected; then two collections, one at the early and the
other at the late examination period2!. At each collection point the students completed a
psychological questionnaire package2'.

Saliva collection and
questionnaire on momentary

negative affect (SC, Q) SC,Q SC,Q SC,Q SC,Q SC, Q
-15 min -0 min +0 min +15 min +30 min +45 min
Trier Social
v Stress Test
A & N |
Iy 3 Ny
,O'z,‘b%'b oé@'_%?‘ %/j)/’?.-
% 2 %Y
Baseline %, O % S
questionnaire ? % 05 ,')@f_
Stress ©
Anxiety
Depression

Figure 1-8. Protocol designed to evaluate hCABS1 expression in an acute stress scenario (study 2).

Subjects provided saliva samples and answered questionnaires on negative affect and perceived momentary stress at
six time points during the study. 15 min and just before (-0) stress challenge (Trier Social Stress Test), and just after
(+0), and 15, 30, and 45 min post-stress challenge.

When separating saliva samples through 1D-e and immunoprobing for CABS1 using our
polyclonal antibody H2.0, we observed a 27 kDa variant that seemed to be stable over time at
baseline (study 1)2.. Once it was established that this form of hCABS1 was readily detected in

saliva, we evaluated the acute stress samples (study 2). In these, the 27 kDa variant positively
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correlated with perceived momentary stress levels2t. Remarkably, samples from a small portion
of individuals who self reported not feeling affected by the stressor had immunoreactive variants
smaller than 27 kDa (<27 kDa) suggesting that these <27 kDa forms were indicators of resilience
to stress2t. Evaluation of changes of hCABS1 protein expression under chronic stress (study 3)

showed no significant changes in the 27 kDa stress-associated band>'.

Overall, these results in human subjects suggested that hCABS1 is under control of the autonomic
nervous system, indicated that hCABS1 in saliva can be a biomarker of acute stress and,
potentially, of resilience to stress. Considering also hCABS1 gene chromosomal location, presence
of anti-inflammatory domain, tissue distribution, and several observed protein variants, our data

suggests that hCABS1 is an isofunctional homolog to rat SMR1 (see Table 1-2).

Protein containing
anti-inflammatory domain
Rat SMR1 Human CABSI1
Genej found in ycs Y v
multigene family
Protein anti-
inflaimmatory
domain TDIFExx :/GC. ‘—/LL
close to carboxyl o= o= Table 1-2. Evidence suggests that hCABS1
terminus domain TDIFELL is a functional homolog to
‘é‘ Protein in testes, rat SMR1-derived SGP-T (TDIFEGG).
= | submandibular v v
gland, and saliva
Various protein
moieties observed
in 1D and 2D v v
Western blots
Protein reactive to v v
acute stress

Rationale for this dissertation studies

To validate whether hCABS1 can be used as a biomarker of stress and begin elucidating its
presence in different body compartments and its function, we needed to ensure that our research
tools, antibodies targeting hCABS1, were specific. Previous characterization of pAbs H1.0 and
H2.0 included WB analyses of recombinant hCABS1 overexpression cell lysate (hCABS1 OEL)

and negative control lysate (NCL). Several discrete bands corresponding to different molecular
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weights were detected by these pAbs. Based on these data, gel segments of an electrophoretically
separated /hCABS1 OEL predicted to contain ;hCABS1 were analyzed via MS-seq at the Alberta
Proteomics and Mass spectrometry Facility (Edmonton, AB, CA). Results showed that .hCABS1
was detected in all-but-one of the analyzed segments (11 kDa)8. At the time, these observations
provided confidence in the specificity of our pAbs and allowed us to proceed with their use in the

study of hCABS1 in human-derived samples.

In WB, H2.0 indicated the occurrence of hCABS1 in human SMG, testes, lung, and saliva8:2*, The
multiple discrete bands observed in WB suggested that hCABS1 was post-translationally
processed, perhaps through proteolytic digestion. Moreover, <27kDa putative variants of hCABS1
in saliva seemed to be associated with distress2!. To validate these results, human SMG lysate and
saliva were analyzed by MS-seq. Results did not identify hCABS1 among the proteins in these
samples, thus raising questions about our initial conclusions with {hCABS1 OEL and our pAbs.
Subsequent WB analysis showed that H2.0 also detected bands in NCL, suggesting that in
addition to hCABS1, H2.0 detects other protein(s), making it essential to further characterize the
immunoreactivity of our pAbs and, through evidence, support or refute our initial conclusions

about hCABS1, its various forms, and association with distress.

At the same time, we thought about future analyses of saliva samples from different cohorts. This
led to discussion of alternatives to WB analysis that would allow for high-throughput screening.
We found a capillary nano-immunoassay platform (CNIA), Wes™, that used frugal volumes of
antibody stocks, an appealing trait to us given the finite quantities of pAbs. We used our saliva
samples and pAbs to compare CNIA to WB and, in doing so, developed a protocol for a high-

throughput platform should future studies of hCABS1 take place.

We recognized that pAb batches are different from one another, and that specific batches of pAbs
are finite, jeopardizing reproducibility in immunoprobing techniques. Throughout the first years

of my postgraduate program, it became evident that development of monoclonal antibodies
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(mAbs) to hCABS1 was a necessity for future research and characterization of hCABS1. Therefore,
mAbs targeting hCABS1 were developed by a third-party company, with the hybridoma cell lines
currently stored in the Canadian Biosample Repository (Edmonton, AB, CA). The generation of
these mAbs and their use in determining expression profiles in biospecimens was pivotal in

visualizing which cells/tissues express hCABS1 in humans.

We also investigated other aspects of the protein. Researchers in Japan and France had speculated
CABS1 in other species contained intrinsically disordered domains' and bound to calcium®45. We
used available in silico online tools to analyze the human protein sequence of hCABS1. Our focus
was the structure of the human protein, its putative co-factor binding sites, location of its
disordered domains, and the conservation of TDIFELL across species. TDIFELL is a sequence
within CABS1 that has anti-inflammatory activity8. This in silico work was initiated following our

observations of immunoprobed hCABS1 in human-derived samples using our pAbs to hCABS1.

The work encompassed in this dissertation would not have been possible without valuable
contributions by our collaborators. Dr Thomas Ritz and Dr David Rosenfield from the Southern
Methodist University (Dallas, TX, USA) have provided human saliva samples from stress-induced
individuals and have statistically analyzed whether our immunoprobing results associate with
their validated questionnaires on stress and anxiety. Dr Michiko Watanabe and her research
colleagues at the Case Western Reserve School of Medicine (Cleveland, OH, USA) have performed
immunohistochemical assays on human submandibular glands using our pAbs to hCABS1, while
Dr Lakshmi Puttagunta and Ms. Sarah Canil have performed immunohistochemical assays on
human testes at the Alberta Precision Laboratories (Edmonton, AB, Canada). Dr Marcelo Marcet-
Palacios provided guidance and expertise in several aspects of the dissertation, especially in
performing the majority of in silico analyses of hCABS1. Finally, Dr Aron Gonshor and Dr Robert

Buck from GB Diagnostics (Montreal, QC, CA) have aided in the development of mAbs to hCABS1.
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Hypotheses
1. Calcium-binding protein, spermatid-associated 1 (hCABS1) is found in human

submandibular glands lysates, saliva supernatant, and blood serum (Figure 1-9, 4)

2. Antibodies raised against hCABS1 sequence s,DEADMSNYNSSIKS,,, detect a variant(s)
of the protein in saliva supernatant that is/are a biomarker(s) of acute psychosocial

distress (Figure 1-9)

Objectives

1. To characterize polyclonal and monoclonal antibodies of hCABS1 using immunoprobing

techniques on complex human biological samples

2. To validate the presence of hCABS1 in human-derived samples by optimizing protein

isolation to facilitate mass spectrometry analysis
3. To validate the study of saliva-derived hCABS1 in acute stress

4. To contribute to the body of knowledge of hCABS1 by analyzing the protein sequence using

in silico tools
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Chapter 2 : Characterization of polyclonal antibodies raised

against synthetic peptides of human CABS1

Preamble

In 2016 our group used two pAbs to study hCABS1, H1.0 and H2.0. Up to that point, only H2.0
had been used in studies indicating that hCABS1 was present in human SMG, testes, and lung?s.
The following year, a publication showed presence of hCABS1 in saliva supernatant in WB probed
with H2.021. The latter article implied that hCABS1 could be a biomarker of distress and resilience
to stress, a novel trait that motivated further studies. Alas, finite availability of H2.0 required the
production of two new pAbs, H2.1 and H2.2, raised against the same immunogen that was used

to produce H2.0.

This chapter characterizes the WB profiles of all pAbs available to our group in a transient
overexpression cell lysate, human SMG, saliva, and serum. Of note, number of experiments (n) is
indicated in figure captions. Furthermore, to aid in sequencing hCABS1 from human-derived
samples, a 2D-e method was developed to resolve proteins in saliva supernatant. Finally, through
a fruitful collaboration with Dr Michiko Watanabe, we conducted the first immunohistochemical

studies of hCABS1 in SMG.

Hereafter, I use the word “variant(s)” to denote putative hCABS1 bands of different molecular size
detected in WB. In the context of this dissertation, it refers to one of the portions into which

something is divided. Moreover, to avoid repetition, I use the term ‘form(s)’ to refer to ‘variants’.
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Tuesday, February 18, 2020

To whom it may concern,

We fully support that this chapter of Eduardo’s MSc thesis contains images from immunohistochemical
analyses of human submandibular glands performed in Case Western Reserve University (Cleveland, OH,
USA) by Yong Qiu Doughman and Dr Michiko Watanabe with samples provided by GlaxoSmithKline
through Dr Stephen J. Lewis. The polyelonal antibodies to human Calcium-binding protein, spermatid-
associated 1 (hCABS1) used in these analyses were provided by Dr Dean Befus from the University of Alberta
(Edmonton, AB, CA).

Interpretation of immunohistochemical results was a collective effort including Dr Watanabe, Mrs.
Doughman, Dr Befus, and Mr. Reyes Serratos. Dr Befus and Eduardo held several meetings where they
discussed the physiology of submandibular glands, cell types that were positive for hCABS1, and results of
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Case Western Reserve School of Medicine University of Alberta

Eduardo Reyes Serratos
MSc Candidate
Alberta Respiratory Centre
University of Alberta
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Introduction

Calcium-binding protein, spermatid-associated 1, known as hCABS], is a protein that in humans
is encoded by gene CABS1 located in Chromosome 4, ‘q’ arm, region 1, subregion 3, sub-band 3
(4q13.3)d. The gene has two exons, separated by one intron; however, it is the first exon that
contains the coding sequence. The translated protein, 395 amino acids (aa) long, is speculated to
have four phosphorylation sites (aa 273, 287, 319, 376)%. CABS1 was first identified in rodents in
2009 by two independent research groups working on spermatogenesis-related projects*4. Both
groups reported CABS1 in rodents that year. At that time, the homolog human protein was called
testis development protein NYD-SP26%4. In their seminal contributions to the knowledge of
CABS1, they reported the protein to be expressed in testis, specifically in spermatids®4, and to be
localized subcellularly in the mitochondrial inner membrane!. CABS1 properties included
susceptibility to protease degradation!, phosphorylation?, intrinsically disordered domains?, and
an ability to bind calcium®4. The latter was predicted to elicit important roles in calcium signalling
and storage in mature sperm4. Although these seminal publications suggested that the protein
was specific to males, further research proved the presence of CABS1 gene transcript in female
rhesus macaque uteri’3, Angus heifer oviductal epithelial cells4, and human labial salivary

glands:®.

Our interest in human CABS1 (hCABS1) began when we looked for a gene in the human genome
that encoded a peptide domain that had anti-inflammatory properties in rats, TDIFEGG?. In rats,
the domain was within the carboxyl-terminus of protein SMR1 that is coded by gene Vesazi, which
is part of the Variable Coding Sequence (VCS) multigene family, a gene cluster conserved across
speciesst. Humans lack a homolog to rat gene Vesai. Our search for a human gene coding for a

similar anti-inflammatory domain led us to the gene hCABS1, which translates a protein that

d Coding DNA sequence location within human chromosome 4: 70’334,981 — 70°337,116
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contained TDIFELLS. Interestingly, the domain is within the carboxyl-terminus of hCABS1 and

the gene is located within the human VCS multigene family.

To study hCABS1 at the protein level, we generated two polyclonal antibodies (pAbs), named H1.0
and H2.0. H1.0 targeted the anti-inflammatory domain close to the carboxyl-terminus of hCABS1,
while H2.0 targeted a predicted beta sheet in the middle of hCABS1. Since our group had
previously demonstrated that rat SMR1 was expressed by the submandibular glands (SMG), and
was under sympathetic nervous system (SNS) control, the logical path was to test whether hCABS1

was also expressed in the SMG and influenced by the SNS.

With H2.0 used in WB, our group reported the presence of hCABS1 in testis, lung, and both male
and female salivary glands'8. These samples showed several discrete bands in WB?8, which could
indicate that hCABS1 is proteolytically cleaved®. To test sympathetic control over hCABS1
expression we studied saliva samples from three cohorts where psychosocial stress was assessed?!.
Psychosocial stress is an activator of SNS¢7, the SMG is proven to be regulated by SNS¢°, and saliva
is a biological fluid reflecting the proteomic changes induced by stress via the SNS56. WB analyses
of these saliva samples using H2.0 showed that levels of a 27 kDa immunoreactive form
(putatively hCABS1) positively correlated with self-reported anxiety stress2!. Moreover, <27 kDa
bands were present in individuals that self reported lower stress when challenged, leading to the
hypothesis that the presence of these bands was an indicator of resilience to stress2'. Altogether,
these observations led our group to suggest that hCABS1 in saliva is a physiological biomarker of

distress.

Nonetheless, the noun biomarker should only be applied to a molecule objectively quantified and
assessed as a marker of either a normal biological process, a pathogenic process, or a
pharmacological reaction to a given therapeutic intervention®. Our group’s initial findings are
suggestive of hCABS1 being a biomarker based on what our pAbs indicate on WB, but this

assertion requires careful evaluation. At present, we have grown cautious about our past
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observations and recognize that the use of pAbs as a research tool has both advantages and
limitations. pAbs can be more sensitive than monoclonal antibodies (mAbs); as such, they can
give a higher signal in immunoprobing techniques®. pAbs, however, can be less specific than
mAbs by containing clones that bind to proteins different than the intended target7c. With these
factors in mind, if one intends to use antibodies as a research tool for biomarker discovery, it is of
capital importance to validate such antibodies, whether pAbs or mAbs, in all techniques that

involve them7:72,

This chapter describes the characterization of four pAbs produced for our group; Hi.0, H2.0,
H2.1, and H2.2 in WB analyses of a transient overexpression cell lysate model, human saliva and
serum, and human SMG (SMG), the latter also analysed by immunohistochemistry. We also detail
two approaches to treat human-derived saliva prior to mass spectrometry sequencing (MS-seq)
in an effort to detect hCABS1. Similarly, we analyse MS-seq results of the transient overexpression
cell lysate, the only sample where hCABS1 has been detected by MS-seq to date. Overall, we sought
to challenge and improve our previously established methodologies of SDS-PAGE and WB to
detect hCABS1, and discuss results from studies using the new pAbs in the context of most recent

published observations.

Methodologies

The study, entitled ‘Anti-inflammatory proteins and biomarkers of stress’ (University of
Alberta internal ID: Proo0001790), was approved by the Research Ethics Office,
University of Alberta (Edmonton, AB, CA).

Polyclonal antibodies to hCABS1

Rabbit polyclonal antibodies were custom made against two different regions of hCABS1
(GenScript Biotech, Piscataway, NJ, USA). Polyclonal antibody H1.0 was raised against hCABS1
amino acids (aa) 375-388 TSTTETDIFELLKE (underlined anti-inflammatory domain).

Polyclonal antibodies H2.0, H2.1, and H2.2 were raised against hCABS1 aa 184-197
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DEADMSNYNSSIKS. Two commercial antibodies were also used, each in a single WB experiment.
sc-136594, an affinity-purified rabbit antibody raised to a domain of hCABS1 located near the N-
terminus (Santa Cruz Biotechnology, Dallas, TX, USA), NBP1-31573, an affinity-purified rabbit

polyclonal antibody raised to hCABS1 aa 157 to 395 (Novus Biologicals, Centennial, CO, USA).

Western blot controls

Pre-immunization sera (PimmS) from each rabbit used to produce our pAbs were used as negative
controls, and blocking controls were performed by incubating each pAb with the peptide used to
create the pAb (immunizing peptide) in 10X amounts for 18 h (T = 4°C) before WB were
performed. Samples containing a recombinant hCABS1 with a FLAG tag were probed with ANTI-
FLAG ® M2, a mouse monoclonal antibody targeting FLAG sequence DYKDDDDK (Sigma-

Aldrich, Oakville, ON, CA).

Transient overexpression cell lysate controls

A recombinant hCABS1 (hCABS1) overexpression cell lysate (OEL) produced in Human
Embryonic Kidney 293T (HEK293T) cells (OriGene Technologies Inc., Rockville, MD, USA) was
purchased for WB. HEK293T was immortalized using SV40 large T antigen7s. It is widely used to
produce recombinant proteins by transfection of vectors containing potent viral promoters (e.g.,
CMV promoter) (see Figure 2-1). The negative control cell lysate (NCL) originates from

HEK293T cells with the same vector but lacking a CABS1 ¢cDNA insert.

Figure 2-1. Plasmid used to
generate recombinant
N Calcium-binding protein,
spermatid-associated 1 in
HEK293T cells (OriGene cat.
#RC208496).

$_~ Y
SV40 origin CMV promoter sgfl

Important features in the vector
include SV40 origin, to replicate

l,hCABSI vector in mammalian cells, CMV
6066 bp _hCABST DNA promoter, to express the cloned
sequence ¢cDNA (i.e., HhCABS1 DNA

sequence), and the sequence to

add Myc and DDK tags in the
carboxyl end of the recombinant
protein. Restriction enzymes Sgf I

and Mlu I were used to cut the
plasmid and insert cloned ¢cDNA.
Plasmid diagram generated 36
using SnapGene Viewer



Collection of human samples

Submandibular gland

Fresh human submandibular glands (SMG) samples were obtained from patients undergoing
surgical removal of local squamous carcinomas. Each SMG was homogenized at 4°C using as
diluent Radio Immunoprecipitation Assay (RIPA) buffer (Tris-HCI (pH 7.4) — 50 mM, NaCl — 150
mM, EDTA —1mM, 1% NP40, 0.25% sodium deoxycholate) supplemented with protease inhibitor
cocktail (Sigma-Aldrich — cat. #P8340). Post-homogenization, samples were centrifuged,
separating the mix into three layers: a pellet, a middle supernatant, and a floating debris layer.
The middle layer was collected, aliquoted and aliquots were stored at -80°C. Prior to downstream
analyses, determination of total protein concentration for each sample was done using a Pierce™

BCA Protein Assay Kit (Thermo Scientific, Waltham, MA, USA).

Serum

Human serum was obtained as described in a protocol from Prolmmune Limited74. Briefly, a
vacutainer tube containing no additive was used to collect 10 mL of whole blood from a donor.
Collected blood was incubated for 45 min to allow clotting. Subsequently, the tube was centrifuged
at 1500 x g and 21°C for 15 minutes. Supernatant (serum) was carefully aspirated, transferred into
300 pL aliquots (new micropipette tips were used between aspirations), and stored at -80°C until
used. Prior to downstream analyses, determination of total protein concentration for each sample

was done using a Pierce™ BCA Protein Assay Kit (Thermo Scientific).

Four experiments were carried out using human serum. In each experiment, an aliquot retrieved
from -80°C was used to create serial dilutions (total protein (ug): 15, 1.5, 0.15, 0.015) to load in

each lane of a 12% polyacrylamide (PA) gel.

Saliva
Unstimulated whole saliva from a single individual was collected using the passive drool

technique protocol (Salimetrics LLC, Carlsbad, CA, USA)75 over the course of 15 days. Over the
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course of the collection period, the individual exercised for, at least, 1 hour in the evenings prior
to collection, slept a minimum of 7.5 h, had a set breakfast, brushed, and flossed teeth, and post-
teeth cleansing waited 1.5 h before whole saliva collection. Samples were frozen at -20°C
immediately after collection. When the collection period finalized, all collected samples were
thawed and pooled. The resulting pool was centrifuged at 1500 x g and 4°C for 20 minutes. The
supernatant was collected and transferred into aliquots. The pellet was resuspended in modified
RIPA buffer (Tris-HCI (pH 7.4) — 50 mM, NaCl — 150 mM, EDTA — 1 mM, 1% NP40, 3% SDS, 1%

sodium deoxycholate) and stored at -80°C.

Some supernatant aliquots were subjected to an amylase removal treatment adapted from
Deutsch et al.7® Briefly, 500 mg of potato starch, which can interact with alpha amylase by affinity
adsorption, was loaded into a 1 mL syringe attached to a 0.45 um PVDF filter. 350 uL of molecular
biology grade water were passed through the column to moisturize the substrate. Once moist, 500

uL. of saliva supernatant were passed j—

through the column. The eluate was - Untreated saliva supernatant

. . . _(eluent)
considered amylase-free saliva (see Figure

2-2). To elute adsorbed proteins, a solution

Potato starch

of 3% (v/) B-mercaptoethanol and 10% (/) (stationary phase)

SDS was ran through the column and

collected in a tube.

PVDF 0.45pm syringe driven filter

Prior to downstream analyses,

I ~] Treated saliva supernatant

o . . _Ieluate)
determination of total protein concentration
Figure 2-2. Amylase removal device.
1 1 T™
for each sample was done using a Pierce Saliva supernatant, collected post-centrifugation, was passed
through a syringe filled with potato starch and connected to a
BCA Protein Assay Kit (Thermo Scientific). filter. Eluate was considered amylase-free saliva supernatant.
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One dimensional (1D) SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

The TGX™ FastCast™ 12% Acrylamide Kit (Bio-Rad, Mississauga, ON, CA) was used to prepare
1.5 mm thick gels the day prior to an experiment?7. Polymerization took 30 min. Polymerized gels
were then wrapped in a Kimwipe, placed inside a Ziploc bag, submerged in molecular grade water,

and placed at 4°C until the experiment.

The first task to perform on the day of the experiment was buffer preparation. 1X SDS-PAGE
running buffer was prepared from a 10X stock (1L 10X stock solution: Trizma base — 250 mM,

Glycine — 1.92 M, SDS — 35 mM).

Afterward, samples were supplemented with Laemmli sample loading buffer (Bio-Rad) to a final
concentration of 1X and brought to volume with RIPA buffer supplemented with 10 mM DTT and
P8340 protease inhibitor cocktail. Subsequently, samples were boiled for 5 minutes before being
loaded into the gel. As a reference, Chameleon Duo pre-stained protein standards (Li-cor

Biosciences, Lincoln, NE, USA) were loaded on each gel alongside the samples.

During electrophoresis, samples were firstly run at 100 V until they reached the bottom of the
stacking gel; once there, running voltage was increased to 125 V until sample buffer reached the
bottom of the gel. Downstream procedures included gel staining with Blue Silver dye and

subsequent MS-seq analyses, or WB (described below).

Two dimensional (2D) SDS-PAGE of human saliva supernatant

For every 2D SDS-PAGE experiment, enough human saliva supernatant sample aliquots to give
200 puL were combined, protein was precipitated with acetone (protocol Acetone precipitation of
saliva supernatant (preparation for 2D SDS-PAGE) described in Appendix B of this dissertation)
and resuspended in 125 uL of rehydration buffer (Bio-Rad). This was now considered to be the

protein-containing solution.
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A detailed 2D SDS-PAGE protocol is described in “Appendix B— 2D-e protocol for MS-seq
analysis” of this dissertation. Briefly, the whole volume of protein-containing solution was
pipetted along the length of one lane of a rehydration/equilibration tray. Then, a 7 cm
immobilized pH gradient (IPG) strip was placed facing down onto the resuspended sample.
Mineral oil was added on top and the IPG strip was left overnight to rehydrate. The next day, the
rehydrated IPG strip was placed on Bio-Rad’s i12 7 cm focusing tray, covered with mineral oil and
carefully placed on the PROTEAN®) i12™ IEF system (Bio-Rad). Software protocol ‘7 cm, pH 3-
10 G’ (detailed steps on Appendix B) was selected to run overnight. The next day the IPG strip
underwent sequential 10 min washes with equilibration buffers (500 mL stock solution: urea — 6
M, glycerol — 3.26, SDS — 70 mM, Tris-HCI buffer (pH 8.8) — 16.7 mL, BTV with H,Odeionized):
Equilibration buffer #1 (add 100 mg of DTT to 10 mL of stock solution), and Equilibration buffer
#2 (add 400 mg of iodoacetamide to 10 mL of stock solution). Once an IPG strip was equilibrated,
it was taken to the biosafety cabinet and positioned on top of a 12% PA resolving gel and next to a
wick soaked in 3 pL of molecular weight markers solution (see Figure 2-3). The resolving gel was
placed in a vertical SDS-PAGE chamber, covered with 1X SDS-PAGE running buffer (recipe
described above), and ran at 100 V until the blue dye reached the bottom of the gel. From this

point on,

First dimension Second dimension
0 Saliva sample Molecular weight 1

markers

pH pH 10 ¥

; !
. [T obiiea pngadentavp |
Immabilized pH gradient strip — ) ) )
Separation of proteins by size

Separation of proteins by isoelectric point
(pH at which proteins carry no net electrical charge)

in 12% PA resolving gel

Figure 2-3. 2D SDS-PAGE pipeline diagram.

Prior to first dimension separation, proteins from saliva samples are precipitated and then resuspended in rehydration
buffer. This solution was then used to rehydrate immobilized pH gradient (IPG) strips. Rehydrated strips were placed
in an electrical current to separate proteins by isoelectric point. Once done, the IPG strip was placed atop a 12%
polyacrylamide gel next to a wick soaked with molecular weight markers solution. Proteins were then subjected to an
electrical current that induces separation by their linearized size.
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downstream procedures included gel staining with
Blue Silver dye and subsequent mass spectrometry

sequencing (MS-seq) analyses, or WB (described

l Fiber pads
Filter paper

below).

Western blot analysis

The day of the experiment, 1X WB running buffer (1L

1X working solution: Trizma base — 40 mM, Glycine

Cathode
) — 300 mM, Methanol — 200 mL) was prepared and

Anode
(+)

placed at 4°C.

For WB, electrophoresed samples in gels were placed

| in a cassette containing fiber pads, filter papers, and
Cassette

Figure 2-4. WB tank transfer cassette setup. & 0-45 um pore-sized nitrocellulose membrane (see

The gel must be placed on the cathode side of the Figure 2-4). The cassette was placed in a WB
cassette, while the membrane must be on the anode

side as proteins, negatively charged, will travel to

the anode. vertical transfer chamber along with an ice pack on

the side. 1X WB transfer buffer was added until the cassette was covered. Transfer was done at a

constant amperage of 0.5 A for 1 hour.

After protein transfer, the cassette was opened and all, but the nitrocellulose membrane, was
discarded appropriately. The nitrocellulose membrane was placed inside an opaque WB box and
washed 2X rapidly (<1 min) with double distilled water before adding enough Odyssey (PBS)
blocking buffer (Li-cor Biosciences) to cover the membrane. Membrane blocking was done at Troom
for 1 h. Once blocked, blocking buffer was discarded and the membrane was immunoprobed
overnight at 4°C with the antibody(-ies) pertinent to the experiment at the working concentration
detailed in Table 2-1. The antibody diluent solution (ADS) was composed of half 1X PBS
supplemented with 0.05% Tween 20, and half Odyssey (PBS) blocking buffer. Of note, to block

our pAbs the immunizing peptide was added in 10X (»¢/,1) amounts to ADS containing the pAb to
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be blocked and incubated overnight at 4°C before being used to immunoprobe a membrane. After
overnight membrane immunoprobing, the antibody solution was appropriately discarded, and
the membrane was washed as detailed in Table 2-2. Li-cor Biosciences secondary antibodies

were diluted 1:10,000.

Table 2-1. WB antibody working concentrations.

Pre-immunization serum (PimmS) corresponding to each of our hCABS1 pAbs were
diluted to the same working concentration used when immunoprobing with the pAbs
to hCABS1. Blocked pAbs refer to hCABS1 pAbs blocked with their immunizing
peptide. Commercial antibodies sc-136594, NBP-31573 (both target: hCABS1) and
Anti-FLAG (target: DYKDDDDK domain) were diluted as suggested by their

manufacturers.
Antibody ID Immunoprobe V\(l:.';;kil;g concentraticn
uL
H1.0
PimmS H1.0 3
Blocked H1.0 __
H2.0
PimmS H2.0 3
Blocked H2.0
H2.1 -
PimmS H2.1 2
Blocked H2.1
H2.2 B
PimmS H2.2 2
Blocked H2.2
5c-136594 1 -
NBP-31573 10
Anti-FLAG 10

Table 2-2. Immunoprobed membrane washing steps and solutions.

Time of
Wash step Washing solution wash
(min.)
1.1 5
1.2 PBS 1X + 0.05% Tween 20 5
1.3 5
Incubation with |~ 50% - PBS 1X + 0.05% Tween 20,
secondary 50% - Odyssey blocking buffer (PBS), 60
antibody Secondary antibody (1:10,000) L
22; PBS 1X + 0.05% Tween 20 18
31 PBS 1X 10 |
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For the experiments shown in Figure 2-18 and Figure 2-19 the membranes were stripped from
immunoprobes (either H1.0, H2.0, or their PimmS) using harsh stripping buffer (100 mL working
solution: SDS 10% — 20 mL, Tris HCI, pH 6.8, 0.5M — 12.5 mL, B-mercaptoethanol — 0.8 mlL,
H.:Ouistinea — 67.5 mL). Briefly, the buffer was warmed to 50°C and poured into a box containing
the nitrocellulose membranes. The box was placed in an orbital incubator (T=50°C) for 45 min.
The solution was discarded appropriately, and the membrane rinsed under running distilled
water for 2 min. Subsequently, membranes were washed 3 times (twash=5 min.) with 1X PBS
supplemented with 0.05% Tween 20. Membranes were then blocked with Odyssey blocking buffer
(PBS) for 1 hour (Troom) and re-probed with H1.0, H2.0 or their PimmsS at a working concentration

of 0.3 78/ ,1.

Once membranes were washed, WB were captured in an Odyssey scanner and bands were
visualized in ImageStudio Lite v.5.2 (Li-cor Biosciences). For all WB images, curves were adjusted
for the 700 and 800 nm channels to K=1. For both channels the Grayscale black on white setting
was selected, rendering a bright background and dark immunoreactive bands. Maximum and
minimum values were then adjusted to reduce background signal and allow optimum

visualization of bands (see Figure 2-5).

» g
F Features Glk | | curves | @ E_
N o HEEEAEE-F
‘,/"".-‘ . o . .
P Max. 9 Figure 2-5. ImageStudio Lite
2 G Curves window under the Display
] rayscale black
2 ; panel.
g on white
%‘ ~|E 2] : Emission signal at 700 nm and 800 nm
g ;. @ Q o » = g were captured in independent channels
i - and shown in red (above) and green
- Hee DHEND |1|'H+ """"""""" (below). Plots show signal intensity in
"’""'"'I‘UI,;)(. arbitrary units (a.u.) against the raw
grey pixel values (Raw pixel value). The
grayscale selection icon is highlighted in
K value =1 M | black boxes and labelled Grayscale black
= = on white.

Q Q 6 =
Raw pixel value
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Statistical analysis of SMG immunoreactive bands

In WB of SMG lysates, whenever a hCABS1 immunoreactive band was detected with two or more
antibodies, one-way ANOVA was performed to determine if the molecular weights of said bands
were statistically different. Molecular weight in kilodaltons (kDa) was determined using Li-cor
software. Observed hCABS1 variants in independent WB experiments were categorized by size in
kDa for H1.0 (n=5), H2.0 (n=5), H2.1 (n=6) and H2.2 (n=4). P-values correction was performed
via post-hoc Holm-Sid4k tests. A graph was created showing all SMG bands detected with our
pAbs and indicating which hCABS1 variants are likely the same protein detected by more than one

pAD (see Figure 2-13).

Mass spectrometry sequencing (MS-seq) analyses

Samples of interest were separated by SDS-PAGE as described above and stained using Blue Silver
dye (recipe and protocol in Appendix B). Gels were then cut at the equivalent position of
immunoreactive WB bands (when separating in 1D-¢) or spots (when separating in 2D-e) and sent
for analysis to the Alberta Proteomics and Mass Spectrometry Facility (University of Alberta,
Edmonton) for in-gel trypsin digestion and MS-seq analysis through a bottom-up approach
(Figure 2-6). This facility uses an LTQ Orbitrap XL Hybrid Ion Trap-Orbitrap mass spectrometer
(Thermo Fisher Scientific). Data is processed using Proteome Discoverer v.1.4 (Thermo Fisher

Scientific) using the Sequest (Thermo Fisher Scientific) database search algorithm which creates

| Comparison to annotated protein sequences

I lonized polypeptide fragments

LC-MS-seq/MS-seq

fRRY v

Figure 2-6. Bottom-up approach used for MS-seq identification of proteins.
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‘ Proteolytic digestion via trypsin(%

COOH I In-gel linearized protein

Linearized proteins were cleaved by trypsin, passed through liquid chromatography (L.C), then ionized to go through
two sequential MS-seq analyses. Identified polypeptide fragments were compared to an annotated database.
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a list of the proteins found in the evaluated sample. To make the list, a protein must have >2

tryptic peptides identified by MS-seq.

OEL and NCL samples were separated in 1D-e. MS-seq data retrieved from these transient
overexpression cell lysates was analysed to determine if ;hCABS1 was present/absent in OEL or
NCL. If present, the relative abundance (r.a.) signal of ;}hCABS1 in each of the MS-seq analysed
gel segments was retrieved. A graph was created where all r.a. values were graphed in the y-axis,
while the x-axis indicated the range of molecular weight (kDa) belonging to each gel segment (see
below, Figure 2-11). This range was determined by screening the proteins in each gel segment

and determining the protein size range within each segment.

Human saliva was separated in 1D-e and 2D-e. MS-seq data retrieved from human saliva
separated by 1D-e was analysed solely to determine if hCABS1 was present/absent. Human saliva
separated by 2D-e was also analysed to determine if hCABS1 was present/absent, but also to
determine whether there were protein candidates that could be interacting with pAbs to hCABS1
H1i.0 and H2.0 (WB of 2D were made only with these two pAbs). Based on 2D-e-WB
immunoprobing with H1.0 and H2.0, we selected 12 spots that aligned with immunoreactive

spots.

Because our group is interested in identifying a 27 kDa protein associated with stress2!, we focused
on MS-seq results from spots that represented that molecular weight (Figure 2-20 F, G, H, ).
Proteins that were present on, at least, 3 of these spots were further analysed. We retrieved their
amino acid sequences from the online database UniProtKB78 and used online tools for sequence
alignment Clustal Omega7 and MView®°® to compare their linear amino acid sequences to the
domain used to produce H2.0 (hCABS1 a.a.: ;s,DEADMSNYNSSIKS,,,), the pAb that detects this
27 kDa band in WB of human saliva2'. Only proteins with domains containing amino acids with

similar physicochemical properties (see 8!) than those in hCABS1 a.a. 184-197 domain were
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considered potential interactors with our pAbs, in turn potentially being the 27 kDa band

associated with stress.

Immunohistochemical analyses

Human SMG was obtained from patients whose cancer justified their removal (gift from
GlaxoSmithKline and Dr Stephen Lewis, Case Western Reserve University, Cleveland, OH).
Tissue was fixed in 10% buffered formalin and embedded in paraffin. For immunohistochemical
analysis, sections were deparaffinized, rehydrated, and microwaved for 10 min in 10 mM sodium
citrate (pH 6) for antigen retrieval (i.e., heat induced antigen retrieval, HIER). Subsequently,
sections were blocked for 30 min (Tioom) in PBS containing 5% bovine serum albumin and 0.1%
Triton-X 100 (i.e., blocking buffer). Blocked slides were incubated overnight (T=4°C) with the
immunoprobe to test (H1.0, H2.0, H2.1, H2.2, or PimmS) diluted /.00 in blocking buffer. The
next day, immunoprobed slides were washed with PBS and incubated for 2 h (Tom) With
secondary antibody (goat anti-rabbit IgG H+L conjugated with Alexa Fluor 488, Thermo
Scientific). Subsequently, slides were washed with PBS and mounted in VECTASHIELD®
HardSet™ antifade mounting medium with DAPI (Vector Laboratories, Burlingame, CA, USA).
Images were acquired with a Retiga EXi, Fast 1394 digital camera (Teledyne Photometrics,
Tucson, AZ, USA) attached to a Diaphot 200 inverted phase contrast microscope (Nikon, Minato,

Tokyo, JP) and evaluated using Q-Capture imaging software (Teledyne Photometrics).

Results

Before re-evaluation of previously established methodology
The established SDS-PAGE protocol in our group stated that when evaluating biological samples
of human origin we loaded up to 25 ug of total protein into each well of a PA gel, and that

downstream WB experiments should immunoprobe membranes at a concentration of 3 "8/, (for
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H1.0 and H2.0), or 278/, (for H2.1 and H2.2). The results in this section reflect what was observed

when following these stipulations.

Blocked pAbs and pre-immunization sera immunoblotting controls

To evaluate samples of interest in WB, we assessed the specificity of our pAbs by (1) blocking each
pAD with its own immunizing peptide, and (2) blotting membranes with pre-immunization sera
(PimmS) from the rabbits that produced each pAb. We evaluated the immunoprobing pattern of
OEL, NCL, and SMG with blocked pAbs and observed that blocked H1.0 and H2.2 did not detect
bands in any of the tested samples (Figure 2-7 A, D). In OEL, blocked pAbs H2.0 and H2.1
detected a dim band at 70 kDa but no bands in NCL or SMG (Figure 2-7 B, C). We did not

evaluate protein transfer efficiency or used a housekeeping protein to assess protein loading.

Antibodies blocked with immunizing peptide

Polyclonal antibodies to human CABS1
H1.0 H2.0 H2.1 B H2.2
M, OEL NCL SMG OEL NCL SMG OEL  NCL SMG OEL NCL SMG

I NN N LW B ]} I N I N D
260 kDa we—

160 kDa se—
125 kDa we—

90 kDa ie—

70 kDa — 70 70
50 kDa m—

38 kDa
30 kDa mm—

25 kDa

15 kDa —

Figure 2-7. WB using blocking controls of pAbs to hCABS1.
Each pAb was blocked with the synthetic peptide used to immunize the rabbit host. pAbs H2.0 and H2.1 still detected
70 kDa bands in thCABS1 overexpression cell lysate (OEL). Negative control cell lysate (NCL) did not produce any

bands. For comparison, a molecular mass reference (M:) shows the range of protein sizes in kilodaltons (kDa) that can

be present along a gel lane. Images are representative of two experiments for H1.0 and a single experiment for H2.0,
H2.1and H2.2.

As another negative control, we performed WB of biological samples using PimmS from the same

rabbits that produced our pAbs. Human saliva and SMG were probed with PimmS of H1.0 and
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H2.0. No bands were detected in these experiments by our pAbs to hCABS1 (Figure 2-8 A, B).
OEL and NCL were probed with PimmsS of H2.1 and H2.2, no bands were detected (Figure 2-8

C, D). Of note, OEL and NCL were never immunoprobed with PimmS of H1.0 and H2.0.

Pre-immunization sera
Pre-immunization serum of rabbit that produced antibodies to hCABS!:
PimmS H1.0 PimmS H2.0 PimmS H2.1 |§| PimmS H2.2
M, Saliva SMG Saliva SMG OEL NCL OEL NCL
I N [ | [ N & i |
260 kDa
160 kDa
125 kDa
90 kDa S
70 kDa g
50 kDa Actin Actin
_ ‘
38 kDa !
30 kDa
25 kDa '
.
15kDa
-ad

Figure 2-8. WB using pre-immunization sera (PimmS) from the rabbits that
produced our pAbs to hCABS1.

PimmS H1.0 and H2.0 used to immunoprobe human submandibular gland (SMG) or saliva did
not produce any bands. PimmS H2.1 and H2.2 used to immunoprobe thCABS1 overexpression
cell lysate (OEL) or negative cell lysate (NCL) controls did not produce any bands. For
comparison, a molecular mass reference (M:) shows the range of protein sizes in kilodaltons
(kDa) that can be present along a gel lane. Images are representative of two experiments for
saliva and a single experiment for SMG in PimmS H1.0 and H2.0, and a single experiment for
OEL and NCL in PimmS H2.1 and H2.2

Evaluation of pAbs to hCABS1 when screening transient overexpression cell lysates

As an additional control to test the specificity of our pAbs to hCABS1, we used a thCABS1 OEL and
its NCL (characteristics described in methodology). WB analyses using H1.0 showed bands at 84
and 67 kDa for OEL and had no immunoreactivity with NCL (Figure 2-9 A). Interestingly, in
addition to bands at 84 and 67 kDa in OEL, H2.0 recognized three bands at 55, 34 and 21 kDa.

These three bands were also observed at the same positions in NCL (Figure 2-9 B). H2.1 detected
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bands at 84 and 55 kDa bands in OEL, with the 55 kDa band appearing in NCL, as well as faint
bands at 76 and 47 kDa (Figure 2-9 C). H2.2 showed bands at 84, 67, 55 and 47 kDa in OEL, and
in NCL bands at 55 and 47 kDa (Figure 2-9 D). In OEL, pAb NBP1-31573 rendered a thick band
at 84 kDa, followed by what seemed to be a smear until 67 kDa, and two discrete bands at 55 and
47 kDa. In NCL, this pAb detected a faint band at 55 kDa (Figure 2-9 E). Interestingly, WB
analysis using an anti-FLAG antibody showed identical banding pattern to H1.0 with bands at 84
and 67 kDa for OEL, and no immunoreactivity for NCL (Figure 2-9 F). Thus, we speculated that

in WB H1.0 specifically detects hCABS1.

Transient overexpression cell lysate controls
Polyclonal antibodies to human CABSI1
H1.0 Hz2.0 Hz.1 O] Hz22 NBP1-31573 [F] Anti-FLAG
OEL  NCL OEL  NCL OEL  NCL OEL  NCL OEL  NCL OEL  NCL
LI | LI | I I I LW |
84 - — 2] gi— 84— B4 — 84 = 84—
76— 78]
67m 67— , 67— 67— 67—
S o w— 55 —_— e e — O™
47 AT — — 4T —
34p- -
21

Figure 2-9. WB of thCABS1 transient overexpression cell lysate (OEL) and its negative control cell
lysate (NCL) immunoprobed for hCABS1.

Our four pAbs and one commercial antibody to hCABS1 were used to immunoprobe the transient overexpression cell
lysate controls. An anti-FLAG antibody targeting a domain attached to the carboxyl-terminus of thCABS1 in OEL was
used as an additional control. Arrows to the left side of each antibody column indicate the molecular weight in
kilodaltons of bands in OEL and NCL for each evaluated antibody. Images are representative of 16 experiments for
H1.0, 8 experiments for H2.0, 17 experiments for H2.1, 18 experiments for H2.2, and a single experiment for NBP1-

We thought that increased 1D-e resolution using a gradient gel (4-20% PA) could show that H2.0,
H2.1, and H2.2 detected bands in OEL and NCL were at similar-but-different apparent location
in WB. We immunoprobed OEL and NCL with H2.2 using said gel and found that, still, WB-

detected bands were located at the same apparent molecular weight across these samples (Figure
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Transient overexpression cell lysate controls

Polyclonal antibody H2.2

I
12% PA gel 4-20% PA gel

OEL  NCL OEL NCL

G4 — 84 = —

67— 67 -

S5 s — S5
47 I c— — 7

|

Figure 2-10. Increase of resolution via electrophoresis
matrices does not separate homolog bands in OEL and NCL
detected by pAb H2.2.

This data suggests that bands detected by pAb H2.2 in OEL and NCL
correspond to the same proteins, presumably apresent in both cell lysate
(PA: polyacrylamide). Images are representative of 18 experiments for
12% PA gel and a single experiment for 4-20% PA gel.

2-10), raising the possibility that
some of the clones contained in
H2.0, H2.1, and H2.2 were not

specific to hCABS1.

Given immunoreactivity in NCL
with H2.0, H2.1, and H2.2, we
conducted full lane MS-seq of NCL
and OEL. MS-seq analysis did not
detect hCABS1 in NCL. OEL,
however, showed that gel regions
between 120 and 22 kDa, and 17 and
11 kDa contain ;hCABS1 (Figure
2-11). We then analysed which
proteins were present in both OEL

and NCL. A list of the 387 proteins
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Figure 2-11. ‘hCABS1
relative abundance in
mass spectrometry
sequencing analysed
PA gel segments of an
OEL sample.

A 12% PA gel lane
containing electrophoresed
OEL was cut into 11
segments. Each segment
was analysed by MS-seq.
rhCABS1 is present in five
segments ranging from 120
to 22 kDa and one segment
ranging from 17 to 11 kDa.
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present in both samples can be found in — MS-seq detected proteins in transient overexpression

cell lysates and human saliva.

Evaluation of hCABS1 in human submandibular gland

Our group had previously shown WB using H2.0 that indicated that SMG extracts and saliva were
sources of hCABS1:821. To confirm these findings, we immunoprobed SMG and saliva using all
available hCABS1 pAbs, some of which were raised to different domains of the protein. WB of
SMG extract using H1.0 detected bands at 127, 100, 57, 52, 46, 33, 27, and a band that was present
intermittently across experiments at 22 kDa (Figure 2-12 A). H2.0 detected bands at 106, 71, 52,
33, 27, and 22 kDa (Figure 2-12 B). H2.1 showed immunoreactive bands at 92, 71, 52, 40, and

27 kDa (Figure 2-12 C). Lastly, H2.2 showed bands at 79, 70, 52, and 47 kDa (Figure 2-12 D).

Human submandibular gland
Polyclonal antibodies to human CABS1
H1.0 H2.0 H2.1 El H2.2
| | | |
SMG SMG SMG SMG . .
— — — mssssmm | Figure 2-12. Representative WB of
SMG immunoprobed for hCABS1.
127 D e
1008 S== 106> = Each pAb to hCABS1 detected diverse
2 - - bands in the same SMG sample. Molecular
VI c— 7 — 70: « | weight in kilodaltons of the detected
57 . proteins is to the left of each column.
52 520 wm— 520 qumw» 52> gmwessw | Images are representative of 5
40D — 47p ammmmm | cxperiments for H1.0, 5 experiments for
40— H2.0,. 6 experiments for H2.1, and 4
experiments for H2.2.
33 33 —
27 B —— 27 27 B om—
22 22

We noticed that five bands at similar apparent molecular weight were consistently recognized by
more than one of our pAbs in SMG. H1.0, H2.0 and H2.1 detect a 27 kDa form. H1.0 and H2.0
detect a 33 kDa band. H1.0 and H2.2 detect a 47 kDa protein. All antibodies are reactive with a 52
kDa protein, and H2.n-series antibodies bind to a 70 kDa polypeptide. One-way ANOVA and
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subsequent Holm-Sidak posthoc test to correct for false discovery rate indicates that the apparent

molecular weights of the previously listed hCABS1 bands are not significantly different across

pAbs (Figure 2-13). This approach suggests that the same hCABS1 variants, namely at 27, 33,

47, 52, and 70 kDa, are being detected by more than one of our pAbs in SMG.

Human submandibular gland
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Figure 2-13. Representation of consistently
observed bands when immunoprobing SMG
with our pAbs to hCABS1.

Apparent molecular weight in kiloDaltons (kDa) is
noted next to each point in the graph representing the
mean (+£SD) molecular weight of each band. pAbs to
hCABS1 are on the horizontal axis.

Immunostaining of human submandibular gland sections with pAbs H1.0 and H2.1 (each tested

independently) yielded a punctate pattern throughout the cytoplasm of all duct cells (Figure

2-15 A, green), a pattern also observed in longitudinal sections (Figure 2-15 B, green). pAbs

H2.0 and H2.2 (tested independently) yielded a particulate pattern in the cytoplasm of specific

duct cells in transverse sections of small ducts (Figure 2-15 C, green). Interestingly, when

observed in longitudinal sections of the larger ducts that have pseudostratified epithelia, these

pAbs stained the cytoplasm of duct cells on the abluminal side, i.e., away from the lumen and

adjacent to the basal surface (Figure 2-15 D, green). Analyses of transverse sections of SMGs

immunostained with PimmS rendered no signal (Figure 2-14 A, B).
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Immunohistochemistry: Human submandibular gland

H1.0 and H2.1
(target: hCABSI)

H2.0 and H2.2
(target: hCABSI)

|-
[o]

Transversal view

Longitudinal view

Immunohistochemistry: Human submandibular gland

PimmS (H1.0 and H2.1)  PimmS (H2.0 and H2.2)

Transversal
view

Figure 2-15. Human
submandibular gland
slides immunoprobed

with pAbs to hCABS1.

Antibodies H1.0 and H2.1 give
a different signature (green)
than H2.0 and H2.2. DAPI
(blue) was used to visualize cell
nuclei. Red is
autofluorescence.
Immunohistochemical
experiment done by Mrs.
Yongqiu Doughman. Image
analysis done by Dr. Michiko
Watanabe.

Figure 2-14. Human
submandibular gland slides
immunoprobed with pre-

immunization serum (PimmS)
from the rabbits that produced
pAbs to hCABS1.

All PimmS produced the same signal
(no green). DAPI (blue) was used to

visualize the cell nuclei. Red is
autofluorescence.
Immunohistochemical experiment

done by Mrs. Yongqiu Doughman.
Image analysis done by Dr. Michiko
Watanabe.
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Evaluation of hCABS1 in human saliva

In human saliva supernatant, WB using H1.0 detected an immunoreactive band at 54 kDa
(Figure 2-16 A). H2.0 detected immunoreactive bands at 83, 27, and was the only pAb that
detected bands at 19, 14, and 11 kDa in some saliva samples (Figure 2-16 B). H2.1 detected bands
at 83 and 54 kDa (Figure 2-16 C). H2.2 detected a doublet at 62 and 54 kDa (Figure 2-16 D).
A commercial pAb to hCABS1, sc 136594, also detected a doublet at 58 and 51 kDa (Figure 2-16

E).

Given that we were interested in the ability of pAb H2.0 to detect bands that were associated with
stress, namely the 27, 19, 14, and 11 kDa variants2, it was essential to validate our findings with
mass spectrometry sequencing of the proteins present in those regions of the gel. A saliva sample
known to give a strong 27 kDa band in WB was ran in a 12% PA gel and the section corresponding
to 27 kDa, plus two gel segments, one above and one below, were sent for MS-seq analysis. Results
did not detect hCABS1. However, we were aware that high abundance in saliva of some proteins,

like alpha amylase, could conceal polypeptides present in lower abundance7¢:82,

To submit to MS-seq analysis a saliva sample free of alpha amylase, we modified a protocol for
removal of alpha amylase in saliva, first established by Deutsch et al.7%, and described in the
methodology section of this chapter. Firstly, we immunoprobed with H2.0, the pAb that detected
27 and <27 kDa bands in human saliva, the fractions obtained at each step of alpha-amylase
removal treatment. Untreated saliva supernatant immunoprobed with H2.0 gave bands at 83, 54,
42, 37, 27, 24, 19, and 12 kDa (Figure 2-17 A). Treated saliva supernatant gave bands at 83, 54,
a faint band at 37, and a doublet at 24 kDa (Figure 2-17 B). The elution from the bound fraction
in the amylase removal column yielded a single band at 54 kDa (Figure 2-17 C). Finally, we also
decided to immunoprobe whole saliva pellet to determine whether it also contained hCABS1 and
found bands at 83, 56, 54, 50, and 27 kDa (Figure 2-17 D). After visualizing that post-amylase

removal the 27 kDa and <27 kDa bands disappeared, but other bands remained (compare Figure

54



2-17 A and B), we decided to get rid of amylase from saliva supernatant, separate it by size via
electrophoresis, and send the entire gel lane for MS-seq analysis. Alpha amylase was not present
among the proteins identified in the results, however hCABS1 was still not detected. We then sent
an entire gel of un-treated saliva supernatant for MS-seq. Results still did not show hCABS1. Of
note, to this day the saliva pellet has not been sent for MS-seq analysis. These results were

interesting to us, as we were expecting to detect hCABS1.

Human saliva supernatant

Polyclonal antibodies to human CABS1

H1.0 H2.0 H2.1 IEIH2.2
——

SC-

[m]

136594
] | ] ] | ]
Saliva Saliva Saliva Saliva Saliva
1 ] ] ] ]
e B
62 - o0 58
-
54 I — S4B —  5qb- D G

Figure 2-16. WB of human saliva supernatant immunoprobed for hCABS1.

Molecular weight in kilodaltons (kDa) of detected proteins are to the left of each column. pAb H2.0 is the only
antibody that detects a band at 27 kDa that correlates with psychosocial stress, and <27 kDa bands that have been
associated to resilience to stress. When compared to H2.0, all other pAbs detect less presumed variants of hCABS1.
Images are representative of 9 experiments for H1.0, 11 experiments for H2.0, 4 experiments for H2.1 and 4
experiments for H2.2.
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Human saliva

Polyclonal antibody H2.0

o

Untreated Treated Captured

saliva saliva amylase U|r'1treah|e|d
supernatant supernatant elution saliva pellet
| | | .
CEL gl Ll 83
54— M 54h- M 54> 24
50
42 =
37 37
27— 27
24 0 24 S

19 =

12

Figure 2-17. WB of human saliva supernatant treated/not treated to remove a-
amylase, captured amylase elution, and saliva pellet (obtained post-
centrifugation) immunoprobed for hCABS1 with pAb Hz.o0.

Untreated saliva supernatant gave more putative hCABS1 immunoreactive variants than
treated sample. This data also indicates that a 54 kDa protein detected by H2.0 binds to
potato starch, just as a-amylase. Interestingly, pellet from whole saliva seems to contain
several forms of hCABS1. Images are representative of a single experiment.

We postulated that increasing resolution in our gels, i.e., separation of proteins within the gel,
would be a valuable strategy for detecting hCABS1 in saliva via MS-seq. Thus, we developed a 2D-
e protocol allowing firstly for the separation of proteins by their isoelectric point, and secondly by
their molecular weight. Once optimized, we analysed by 2D-e a reference saliva sample, and

subsequently performed WB with H1.0, H2.0, and their PimmS.
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When immunoprobing with H1.0 at 3 "8/,1, we observed three spots of interest, namely at an
apparent molecular weight of 72 kDa (pH range 5.5-5.7), at 54 (pH range 6.9-7.3), and at 46 kDa
(pH range 5.2-6.1) (Figure 2-18 A). WB using PimmS (H1.0) at 3 ¢/, rendered a bigger spot at
53 kDa (pH range 5.3-6.4) (Figure 2-18 B). Thus, indicating that this antibody working
concentration may be giving non-specific spots at ~53 kDa. Alternatively, immunoprobing with
H1.0 at 0.3 8/, gives dimmer spots also at 72 kDa (pH range 5.9-6.1), and at 46 kDa (pH range
5.9-6.5) (Figure 2-18 C). Immunoprobing with PimmS (H1.0) at 0.3 "8/, gave no spots (Figure
2-18 D). Notably, the ~53 kDa spot was not observed at this immunoprobe working

concentration. Therefore, we consider that 0.3 "8/, is the optimum concentration to

Human saliva supernatant
H1.0 PimmS (H1.0)
[]
3 pH 10 3 pH 10
| |
[ 250 |
2 1100 = [109 .
2 2 75 e 2 e
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2 5 | 50|% . 5 | °°
“ TE| 37| - 3E| ¥ :
(7] [7]
_— _—
§ =Z| 25 20 ~ | 25
c 20} c 20
i 15 T
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- 250 250 —1. .
£ |150[F £ |139f ,
<l & [09f% 2 1160
-~ 2 75| & 2 7519
e = 50 5 50
) i s 0 .
o 2 ’g 37 =3 37
(] (3]
— -_—
£ 20 £ 20
© 15 7]
s B 15
& 10 a 10

Figure 2-18. WB of human saliva supernatant separated by 2D-e and immunoprobed with H1.0 and pre-
immunization serum from the rabbit that produced H1.0 (PimmS (H1.0)).

Concentration ("8/,) at which each immunoprobe was used to blot the membrane is indicated in blue to the left. Each

blot has a molecular weight marker to its left for reference. Images are representative of s ingle experiment for each
condition.
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immunoprobe human saliva with H1.0 and postulate that the aforementioned spots at 72 and 46

kDa represent true hCABS1.

WB of human saliva supernatant resolved by 2D-e and immunoprobed with H2.0 at 378/, yielded
five spots of interest, namely at 84 kDa (pH range 4.8-6.6), at 56 kDa (pH range 5.2-6.7), at 33
kDa (pH range 5.1-5.7), and two regions at 28 kDa (pH range 5.2-7.5 and 8.1 to 8.7) (Figure 2-19
A). When immunoprobing with PimmS (H2.0) at 3 8/,., we observed seven regions that were
immunoreactive. These were 62 kDa (pH range 6.0-6.2), two regions at 53 kDa (pH range 4.8-4.9
and 5.9-6.4), 51 kDa (pH range 6.6-7.3), 35 kDa (pH range 4.4-5.1), and two regions at 23 kDa

(pH range 5.6-8.2 and 8.8-9.3) (Figure 2-19 B). It was clear that just as with Hi.0,

Human saliva supernatant
H2.0 PimmS (H2.0)
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| |
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Figure 2-19. WB of human saliva supernatant separated by 2D-e and immunoprobed with H2.0 and
pre-immunization serum from the rabbit that produced H2.0 (PimmS (Hz2.0)).

Concentration ("8/,1) at which each immunoprobe was used to blot the membrane is indicated in blue to the left. Each
blot has a molecular weight marker to its left for reference. Images are representative of a single experiment for each
condition.
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immunoprobing at a working concentration of 3 8/, yielded non-specific spots. Instead,
immunoprobing with H2.0 at 0.3 ¢/, yielded only three regions (dimmer) at equivalent locations
as those observed when probing at 3 "8/,.. These were at 84 kDa (pH range 5.3-6.9), at 56 kDa
(pH range 5.6-6.9), and at 28 kDa (pH range 6.1-7.5) (Figure 2-19 C). WB using PimmS (H2.0)
at 0.3 ng/uL gave two dim spots at 51 kDa (pH range 6.8-7.0) (Figure 2-19 D). We consider that,
just as Hi1.0, the optimum working concentration for H2.0 is also 0.3 ¢/, and that this pAb

detects putative hCABS1 variants at 84, 56, and 28 kDa.

We decided to use data from 2D-e-WB immunoprobed with H1.0 and H2.0 at 0.3 "¢/, to
determine which spots of a gel containing the same saliva sample separated by 2D-e should be
sent for MS-seq. Twelve spots were sent for MS-seq analysis (Figure 2-20). Overall, 48 proteins
were detected (see full list - MS-seq detected proteins in transient overexpression cell lysates and
human saliva). However, hCABS1 was not detected. Recent analysis of the location of spots sent
for MS-seq suggest that some do not reflect the exact location that is immunoreactive in WB, most

notably the 27 kDa variant(-ies) that we believe are associated with stress2t.

Nonetheless, we evaluated all proteins in the region that we thought was representative of 27 kDa
(Figure 2-20 F, G, H, I) and screened them as described in Methodology. Briefly, proteins that
were present in at least three of these spots were further analyzed by comparing their amino acid
sequences to the hCABS1 domain used to produce H2.0. If a section of these proteins aligned with
the H2.0 domain (see Appendix C — MS-seq detected proteins in transient overexpression cell
lysates and human saliva, Figure C-2 - Figure C-10), we considered them candidate potential
interactors with H2.0. Under this criterion, we found eight potential protein interactors (Table
2-3). Again, we believed that these MS-seq evaluated spots were equivalent to those that gave an

immunoreactive spot in WB using H2.0.
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Figure 2-20. Blue silver stained gel of human saliva supernatant separated by 2D-e.

Red circles indicate the spots that were excised to be analysed by MS-seq. 85-98 kDa: A (pH 6.0-6.1); 68-64 kDa: B (pH
4.9-5.1), C (pH 5.2-5.3), D (pH 5.5-5.6), E (pH 6.0-6.1); 33-29 kDa: F (pH 4.3-4.4), G (pH 4.5-4.7), H (pH 4.8-4.9), I
(pH 5.3-5.4); 25-24 kDa: J (pH 5.3-5.5), K (pH 5.7-5.9), L (pH 6.1-6.3). A full list of all proteins found in these locations
can be found in — MS-seq detected proteins in transient overexpression cell lysates and human saliva. Image is

representative of two experiments.

Potential proteins also being recognized by pAbs to hCABSI1
Name Accession
BPI fold-containing family A Q96DR5
member 2
Zymogen granule protein 16 AOAOCADCN4
homolog B
Carbonic anhydrase 6 P23280
Zinc-alpha-2-glycoprotein P25311
Clusterin E7ERK6
Cystatin SN PO1037
Protein LEG1 Q6P552
Prolactin-inducible protein P12273

Table 2-3. List of MS-seq detected
proteins present in all four excised
2D-e gel spots F, G, H, I (see Figure
2-20), corresponding to 33-29 kDa
across a pH range of 4.3-5.4.

During gel excision, these spots were
thought to be representative of 27 kDa.
Accession numbers are in accordance to
UniProt KB notation.
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Of the proteins listed in Table 2-3, Carbonic anhydrase 6 (CA6) shares a similar domain to the
immunogen used to produce pAb H2.0 (see Figure C-4) and has been associated to hypoxia-
induced stress8s. To test if H2.0 was interacting with CA6, we used H20 to probe a recombinant
CAG6 overexpression cell lysate (rCA6 OEL) and compared its profile to the OEL negative control
cell lysate (NCL) and of saliva supernatant. H2.0 detects a single band at 55 kDa, in rCA6 OEL,
but the bands is also present in NCL. In saliva supernatant, H2.0 detects bands at 83, 60, 32 and
27 kDa (Figure 2-21 H2.0). Probing rCA6 OEL with an anti-FLAG antibody targeting the tag
adjacent to rCA6 carboxyl terminus shows two bands at 42 and 38 kDa (Figure 2-21 Anti-FLAG

monoclonal antibody).

Evaluation of Carbonic anhydrase 6 binding to pAb H2.0

Anti-FLAG
H2.0 monoclonal antibody
| I
. cA6 CA6
M, Saliva OFL NCL OEL NCL
| ] | | I
250 kDa
150 kDa
100 kDa
83 B —
75 kDa
6O
50 kDa 55 E— L5 e—
42
37 kDa 355 m—
32
-
25 kDa " 2
20 kDa "
15 kDa
10 kDa

Figure 2-21. Polyclonal antibody H2.0 does not detect carbonic anhydrase 6 in WB.

A molecular mass reference (M:) shows the range of protein sizes in kilodaltons (kDa) that can be present along a gel lane.
Molecular weights in kDa are shown next to black arrows. Probing antibodies are shown in black font atop lanes. Probed
samples were saliva, Recombinant carbonic anhydrase 6 overexpression cell lysate (:CA6 OEL), and its inherent negative

control cell lysate (NCL). Images are representative of a single experiment.

61




After re-evaluation of previously established methodology

The introduction of a capillary nano-immunoassay platform, described in “Chapter 3 : A
method to study protein biomarkers in saliva using and automated capillary nano-
immunoassay platform (Wes™)”, employs rigorous antibody and sample amount titrations
to find the combination that gives the least background noise. I translated this methodology into
WB to evaluate if our published results were representative of hCABS1. The WB results in this
section reflect what was observed when titrating pAbs working concentrations and in-gel sample
amounts. We firstly decided to use the titration methodology in human serum, as we also wanted
to evaluate if hCABS1 was present in blood. Secondly, we evaluated pAbs H1.0 and H2.0 in WB of

saliva, as we have published results with these pAbs (see 8:21.60),

Evaluation of hCABS1 in human blood serum

Other groups had described the presence of CABS1 in testes of rats?, mice4, and pigss. Our group
had observed presence of CABS1 in lung, testes, and SMG of human origin's. Since we speculated
that hCABS1 is an isofunctional homolog to rat(r) SMR1, and cleaved domains of rSMR1, a protein
produced in submandibular glands, have been proven to be present in rat’s bloods354, it was
important to study if hCABS1 was present in human blood. A single WB of human serum and
plasma immunoprobed for hCABS1 showed the same band pattern in both sources (data not
shown), hence the subsequent experiment was done only with serum. WB of titrated human blood
serum (0.015, 0.15, 1.5, and 15 pg) and titrated immunoprobes (H1.0 and H2.0, and their pre-
immunization sera: 3, 0.3, 0.03 "8/,1; H2.1 and H2.2, and their pre-immunization sera: 2, 0.2,

0.02 "8/,;) were performed (n=1).

It was clear that immunoprobing with 3 ¢/,.. of pAb gave non-specific bands, since a similar
banding pattern was obtained when probing with our pAbs to hCABS1 and with their PimmS, the
latter used as a putative negative control, expected to not produce bands (Figure 2-22 A, B, G,

H, M, N, S, T). On this basis, all WB of human serum immunoprobed at a concentration of 3 "8/,
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Molecular weight in kDa of the detected proteins is indicated to the right of each blot. Images are representative of a

Concentration ("8/u1) at which each immunoprobe was used to blot the membrane is indicated in blue to the left.
single experiment for each condition.

Figure 2-22. Human serum immunoprobed with pAbs to hCABS1 (Hn.m) and pre-immun

serum from the rabbit that produced Hn.m (PimmS (Hn.m)).



of pAbs were not reliable to discern which bands were representative of hCABS1. Moreover, upon
evaluating WB immunoprobed at lower antibody or PimmS concentrations (0.3/0.2 and
0.03/0.02 8/,1), we realized that the migration pattern from wells loaded with 15 pg of total
protein indicated protein overload, especially between 70 and 50 kDa (Figure 2-22 C, 1, J, O, P,
U, V, E, Q, W, X). Therefore, all wells containing 15 ug of total loaded protein were also unreliable.
All wells loaded with 0.15 and 0.015 ug were too dilute, rendering little to no signal, just as
immunoprobes with pAbs at 0.03/0.02 "8/,1. Given these excluding criteria, we decided to look at

wells loaded with 1.5 ug of total protein and immunoprobes at a concentration of 0.3/0.2 "8/,

On this basis, WB of human serum using H1.0 detected bands at 137, 93, 68, and 50 kDa (Figure
2-22 C), while PimmS (H1.0) detected a band at 44 kDa (Figure 2-22 D). WB of human serum
using H2.0 detected bands at 100, 74, 63, 56, and 22 kDa (Figure 2-22 I), while PimmS (H2.0)
detected a faint band at 21 kDa (Figure 2-22 J). WB of human serum using H2.1 detected bands
at 91, 66, and 47 kDa (Figure 2-22 O), while PimmS (H2.1) detected a faint band at 63 and
another at 53 kDa (Figure 2-22 P). Finally, WB of human serum using H2.2 detected bands at
141, 91, and 50 kDa (Figure 2-22 U), while PimmS (H2.2) detected a band at 65 kDa (Figure

2-22V).

Evaluation of hCABS1 in human saliva

Just as we had noticed with serum, it seemed that loading wells with 22 ug of total protein affected
the migration pattern. Moreover, immunoprobing at concentration of 3 "¢/,; seemed to give
excessive signal in our WB reading system (Figure 2-23 A, B, G, H), while 0.03 ¢/,1, seemed to
be too dilute to consider (Figure 2-23 E, F, K, L). Given these constraints, we focused on wells
loaded with 2.2 pg of total protein and WB immunoprobed at a concentration of 0.3 "¢/, using

1D-e gels.

Human saliva supernatant immunoprobed with H1.0 gives a single band at 56 kDa (Figure 2-23

C), yet PimmS (H1.0) detects two bands at 64 and 59 kDa (Figure 2-23 D), raising suspicions to
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Figure 2-23. Human saliva immunoprobed with pAbs to hCABS1 (Hn.m) and pre-immunization
serum from the rabbit that produced Hn.m (PimmS (Hn.m)).

Concentration ("¢/,1) at which each immunoprobe was used to blot the membrane is indicated in blue to the
left. Molecular weight in kDa of the detected proteins is indicated to the right of each blot. Images are
representative of a single experiment for each condition.



whether H1.0 truly detects hCABS1 in saliva. H2.0 detects a band at 9o kDa and a doublet at 63
and 58 kDa (Figure 2-23 I), while PimmS (H2.0) detects a single band at 57 kDa (Figure 2-23
J). These results suggest that in WB H2.0 detects true hCABS1 in saliva at 90 and 63 kDa, in turn
implying that previous affirmations about stress-associated bands thought to be hCABS1 (— A
novel biomarker associated with distress in humans: calcium-binding protein, spermatid-specific

1 (CABS1)) need to be re-evaluated.

Discussion

In this chapter, I have shown that in analyses before methodology revaluation, I observed
different WB profiles than after methodology revaluation. Previous studies evaluated up to 25 ug
of protein from SMG or human saliva and then immunoprobed with a pAb working concentration
of 318/, (for H1.0 and H2.0) or 2 ¢/, (for H2.1 and H2.2). At these conditions, WB controls,
namely blocked pAbs and PimmS, as expected showed no signal, yet these results will be
challenged below. WB analyses of SMG lysates showed an abundance of bands when evaluated
with our pAbs, out of which five bands, consistently detected by two or more of our pAbs, could
be indicative of true hCABS1 in this sample. These bands were observed at 27, 33, 47, 52, and 70
kDa. In saliva, pAbs H1.0, H2.1, H2.2 and commercial pAb sc-136594 detect a band at ~54 kDa,
with H2.2 and sc-136594 detecting a doublet at this location. pAb H2.0 gave a different WB profile
in saliva, with bands at 27, 19, 14, and 11 kDa, all of which had been associated to psychosocial
stress?!. Notably, H2.0 and H2.1 detected an additional band at 83 kDa in this sample. Notably,
the majority of WB shown in this chapter lack presence of a housekeeping protein, typically used
as a loading control. We decided against using housekeeping proteins in our WB because initial
evidence suggested that hCABS1 variants were present across a wide range of molecular weights.
Ideally, a loading control (housekeeping protein) has a significantly different molecular weight

than that of the POI, but with putative hCABS1 variants present throughout the WB, we chose not
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to use a housekeeping protein. We now recognize that total protein evaluation would circumvent
this limitation, but at the time these WB were performed, we lacked the necessary reagents, like

Ponceau dye.

Pre-methodology revaluation studies of transient overexpression cell lysates (OEL and NCL)
immunoprobed at the same pAb working concentration, 3 or 2 "8/, but only up to 5 ug of protein
loaded. This change was made chiefly because of Ab limited availability and high cost. In WB of
OEL, all pAbs to hCABS1 and an anti-FLAG pAb detect a band at 84 kDa, and all but H2.1 detected
a band at 67 kDa. In addition to these bands, H2.n pAbs and commercial pAb NBP1-31573
detected a band at 55 kDa. H2.2 and NPB1-31573 detected an additional band at 47 kDa, and H2.0
is the only pAb detecting additional bands in OEL at 34 and 21 kDa. WB of NCL immunoprobed
with H1.0 and anti-FLAG gave no bands, while H2.n and NBP1-31573 produced a 55 kDa band.
Additionally, H2.0 produced bands at 34 and 21 kDa, H2.1 at 76 and 55 kDa, H2.2 at 55 and 47

kDa and NBP1-31573 at 55 kDa.

All bands detected in NCL with H2.n pAbs and NBP1-31573 were at the same molecular weight as
those observed in OEL when using the same pAbs. MS-seq analysis of OEL indicated that
segments of the gel analogous to those immunoreactive in WB even with H2.n pAbs contained

rhCABS1, while MS-seq of NCL did not identify thCABS1.

Post-methodology revaluation studies using human serum and saliva suggest that using 3 or 2
ng/,1, as a working concentration, produced non-specific bands. Moreover, the amount of total
protein loaded in SDS-PAGE gels for evaluating human samples, i.e., up to 25 ug, contributed to
the production of non-specific bands. Titration with our two pAbs and their PimmS suggested
that using 10 times less antibody (0.3 ¢/, for H1.0 and H2.0 or 0.2 ¢/,;, for H2.1 and H2.2) and
loading 10 times less total protein, produced WB bands that might be hCABS1. In serum, H1.0
detected bands at 137, 93, 68 and 50 kDa, albeit this last band could be non-specific because

PimmsS (H1.0) detected a band at a similar position (44 kDa). pAb H2.0 detects bands in serum
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at 100, 74, 63, 56, and 22 kDa. H2.1 detected bands at 91 and 47 kDa; but just as with H1.0, this
last one could be non-specific because a band at a similar location (53 kDa) was detected by
PimmsS (H2.1). pAb H2.2 detected bands at 141, 91 and 50 and, once again, this last band is also
picked up by PimmS (H2.2). Analyses of saliva after methodology revaluation were done only with
H1.0, H2.0, and their PimmS because we published studies on saliva with these pAbs (see 21:6).
Just as in serum, using 10 X less pAb and loading 10 X less protein into gels gave bands in pAbs
and no bands in PimmS, in turn suggesting that bands observed with pAbs in these conditions
were representative of true hCABS1. H1.0 detected a band at 56 kDa; however, PimmS (H1.0)
detected a doublet in the same region (64 and 59 kDa). Based on this analysis, H1.0 is not
detecting hCABS1 in saliva. In turn, H2.0 detects a faint band at 9o kDa and a doublet at 63 and
58 kDa. PimmS (H2.0) detected a band at 57 kDa, suggesting that the form ~57 kDa may not be
hCABS1 and that, if present, hCABS1 in saliva is detected by H2.0 at 90 and 63 kDa. Finally, we
showed the two different immunohistochemical profiles that our pAbs give when analyzing SMG.
On one hand, H1.0 and H2.1 stain the majority of the cytoplasm in all SMG duct cells. On the
other hand, H2.0 and H2.2 only stain particles of specific SMG cells on the abluminal side of the

ducts.

Before re-evaluation of previously established methodology

Previous findings from our group indicated that hCABS1 protein expression is not exclusive to the
testes; as it is also expressed in submandibular gland lysate?8, lung tissue'8, and saliva2!. Moreover,
WB analyses of these samples with pAb H2.0 showed several discrete bands of different molecular
weight sizes (kDa)$2:. Our study evaluating induction of psychosocial stress in human
participants found a positive correlation between one band in saliva, 27 kDa, with stress2'.
Furthermore, discrete bands <27 kDa were present in samples from individuals that reported
resilience to stress2'. For these reasons it was important to visualize the different molecular sized
variants of hCABS1, a readout that WB analysis offers, as opposed to other antibody-based

techniques, e.g., ELISA. Above all, it was quintessential to further characterize our pAbs and
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confirm or refute their specificities to hCABS1. It was important for us to set WB controls,
references to which we could compare the immunoreactivity profile of each pAb. To this effect,
we used blocked pAbs and PimmS. On one hand, the signature of pAbs versus that of blocked
pADs, i.e., blocking each purified pAb with the peptide used to immunize the rabbit that produced
it, can be an indicator of which WB bands are specific to the immunizing peptide. Alternatively,
PimmsS contains a mixture of various naturally occurring antibodies that are reactive to diverse
antigens. In WB, PimmS are an ideal control, as they reflect the immunoreactivity from pre-
existing antibodies in the rabbits. Thus, comparing the immunoreactivity of our pAbs with that of
their PimmS shed light on which signals were most likely induced by immunization with the
peptide(s). We assumed the stock concentration of all PimmS to be 13 ™&/,,;, based on a document
from Sigma-Aldrich detailing rabbit IgG concentration in normal serum8+ and diluted PimmS to
the same working mass concentration used with our pAbs to hCABS1 when performing WB. We
recognize that while PimmsS and blocked pAbs offer an indicator of pAb specificity, ultimately pAb

pull down and MS-seq could provide the most reliable answer concerning specificity of the pAbs.

Controls suggest that pAb mixes H2.0, H2.1 and H2.2 contain cross-reactive antibodies

We assessed OEL, NCL, and SMG with blocked pAbs to test Ab specificity. Blocked H2.0 and H2.1
detected a band in OEL at 70 kDa (Figure 2-7 B, C) and detected no bands in NCL or SMG. This
band possibly corresponds to a smear detected in OEL by non-blocked H2.0 above 67 kDa
(Figure 2-7 B), yet there is no corresponding band in non-blocked H2.1 OEL (Figure 2-9 C).
Blocked H1.0 and H2.2 did not detect bands in OEL, NCL, or SMG (Figure 2-7 A, D). Overall,
this data indicates that H2.0 and H2.1 may contain antibodies that are not specific to hCABS1

because these subsets of antibodies were not blocked by the immunizing peptide.

When we immunoprobed with PimmS, we obtained no signal in the evaluated samples. Notably,
we characterized the WB profile of PimmS (H1.0 and H2.0) in human saliva and SMG early in the

development of this dissertation project. In Figure 2-8 A and B, we observed that WB of saliva

69



and SMG using PimmS (H1.0 and H2.0) did not detect bands. At the time, we considered SMG
and saliva to be positive for hCABS1 since previous work suggested that their profiles in WB when
using H1.0 and H2.0 were specific'®2:, When these two experiments were performed, the saliva
and SMG samples used had been stored at -80°C for over 2 years, potentially jeopardizing the
integrity of the proteins present in the samples and perhaps explaining why no bands were
detected. In contrast, recent work titrating relatively fresh human saliva and pAb concentrations
in WB (Figure 2-23 B, H) showed that PimmS (H1.0 and H2.0) can detect potentially non-
specific bands at the same pAb working concentration, 3 "8/, and amount of total protein loaded

in Figure 2-8 A, B, i.e., 22 ng.

We performed a better evaluation for PimmS (H2.1 and H2.2) by analysing the band profile that
these gave on OEL and NCL. Neither PimmS (H2.1 and H2.2) detected bands on these samples
(Figure 2-8 C, D). Intriguingly, H2.1 and H2.2 antibodies detected discrete bands in NCL that
PimmsS (H2.1 and H2.2) did not, raising questions about the identity of these proteins present in
NCL (Figure 2-9 C (76, 55, 47 kDa), and D (55, 47 kDa)). What’s more, WB analysis of NCL using
H2.n antibodies and commercial pAb NBP1-31573 detected bands at equivalent locations as those
seen in OEL (Figure 2-9 B (55, 34, 21 kDa), C (55 kDa), D (55, 47 kDa), E (55 kDa)). To determine
whether the equivalent bands were at the same apparent molecular weight, we used a gradient gel
and theorized that increased resolution would show that these bands were at similar, but different,
apparent molecular weights. Nevertheless, they were at the same location given this analysis
(Figure 2-10, pAb H2.2 (55, 47 kDa)). Notice, however, that those bands in OEL are dimmer
than the ones found in NCL (Figure 2-9 B, C, D). Also, H1.0 and an anti-FLAG mAb did not

detect any bands in NCL.

Taking all these data into account we speculated the following. It is possible that HEK293T cells,
the host used to produce OEL and NCL, express hCABS1 constitutively. This could explain why

NCL produces bands in WB immunoprobed with H2.n pAbs. Our MS-seq data on NCL did not
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contain hCABS1, suggesting that these cells do not produce hCABS1 in a constitutive manner, or
at levels detectable by MS-seq. Speculating about the H2.n observed dimmer equivalent bands in
OEL, when compared to NCL, we wonder if hCABS1 down-regulates the expression of proteins,
other than hCABS1, that surprisingly react with our H2.n pAbs. The number of MS-seq detected
proteins in OEL is less (403) than the number of proteins detected in NCL (560), suggesting that
the cells containing an overexpression vector produce a less diverse proteome, putatively because
the translation machinery in the cell is being used to overexpress, in our case, .hCABS1. In an
attempt to find which proteins could be interacting with our pAbs, we identified the ones present
in both cell lysates (— MS-seq detected proteins in transient overexpression cell lysates and human
saliva). We found 387 possible candidates. It was clear, then, that an attractive approach to
identify the proteins also detected by H2.n antibodies, was by IP followed by MS-seq. Future
analyses of these samples could shed light on understanding what our antibodies detect. Finally,
why is it that H1.0 and anti-FLAG do not detect bands in NCL while our other pAbs do? The
overexpression system uses a vector that ultimately expresses a recombinant protein containing
a FLAG sequence (DYKDDDDK) adjacent to the carboxyl terminus. This is relevant because the
WB profile of OEL using H1.0, a pAb raised to a domain in the carboxyl terminus of hCABS1, is
the same as that of an anti-FLAG antibody (Figure 2-9 A, F). Interestingly, multiple bands in
OEL were immunoreactive with our anti-CABS1 pAbs, suggesting that HEK293T has inherent
proteolytic mechanisms that cleave ;hCABS1. MS-seq analyses of OEL suggested that there is a
higher abundance of }hCABS1 in a range between 85-60 kDa, but also the protein is present in
lower molecular weight ranges, albeit in lower abundance (Figure 2-11). If random proteolytic
activity was degrading ;hCABS1, then all MS-seq evaluated gel segments could have given a
positive hit for /hCABS1. Yet, it was only specific segments of the gel that contained the protein
(Figure 2-11). Still, why is it that H1.0 and anti-FLAG antibodies do not detect lower molecular

weight hCABS1 bands? We hypothesize that these smaller variants of hCABS1 have lost the
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carboxyl terminus of the protein. As such, neither H1.0 nor anti-FLAG can detect them, but H2.n

antibodies, having been raised to a middle domain of hCABS]1, interact with them.

In submandibular glands, pAb-based Western blots suggest that there are five hCABS1
variants

While characterization of our pAbs using OEL and NCL provides an insight into the profile of our
pAbs, we recognize that the profile is from an overexpression cell system. Proteomic analysis of
tissue extracts, like SMG, is relevant as it can uncover tissue and disease specific markersss that
may not be seen in cell line systems. To our knowledge, we are the only research group to has
evaluated hCABS1 protein in human-derived samples. WB of SMG assessed for hCABS1 produced
a complex profile (Figure 2-12). Our group previously published that H2.0 detected bands in
female and male SMG lysates at 20, 27, 33, 51 and (sometimes) 103 kDa*8. In my hands, SMG
probed with H2.0 detected bands at 22, 27, 33, 52, 71, and 106 kDa (Figure 2-12 B), aligning
with our published observations. Further analyses with H1.0, H2.1 and H2.2 led me to propose
that only some of those bands were specific for hCABS1 in SMG. The rationale for this involved
comparison of immunoreactive bands using different pAbs targeting the same protein. This
approach was based on the international workshop on T. spiralis antigens, held in 1991, where
WB using pAbs and mAbs targeting the parasite were comparedst. Based on a consensus, the
attendees developed a strategy to identify with a high probability which bands were representative
of the parasites¢. Likewise, we compared our SMG WB and identified five bands that were
consistently recognized by, at least, two of our pAbs. Following this logic, our pAbs detected five

forms of hCABS1 in SMG lysate at 27, 33, 47, 52, and 70 kDa (Figure 2-13).

Tissue lysates are heterogeneous and rigorous protocols on sample preparation are pivotal to
ensure reproducible, precise, and representative data8s87. Prior to WB analysis of SMG, we
prepared our samples by homogenization using RIPA buffer supplemented with P8340 protease

inhibitor cocktail. RIPA buffer is widely used in WB because of its efficacy to solubilize a wide
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range of nuclear, cytoplasmic and membrane-bound proteins88. It is also compatible with
protease and phosphatase inhibitors, downstream protein quantitation assays and minimizes
protein interactions®8. P8340 inhibits serine, cysteine, acid proteases, and aminopeptidases®9.
Thus, we tried to ensure that all proteins within the tissue were solubilized and proteases present
in the homogenate were inactivated. Additionally, when performing SDS-PAGE, we added SMG
homogenate to sample buffer containing SDS, among other compounds. Once mixed, the tube
containing it was immediately placed on a heating plate at 95°C for 5 min. This heating step
denatured active proteases present in the sample, in turn inactivating them completely9°. The fact
that we heated samples rapidly after collection acted in our favor, as it has been recognized that
even when SDS unfolds proteins, it is not effective at doing so with certain proteases9:. If some
proteases are active, there is a time window in which proteins present in the sample run the risk
of being degraded. It has been noted that 1 pg of protease is capable of significantly degrading
protein content if the sample is not heated immediately once in sample buffers2. Thus, we had
been careful to try to have our results reflect forms of hCABS1 that were processed in vivo rather

than during the manipulation of samples in the experiment.

Notably, H2.0 detected WB bands in SMG from female and male subjects's. Our group also
published the presence of hCABS1 transcript in SMG and parotid glands of female and male
individuals'8. Moreover, two independent studies showed the presence of hCABS1 transcript in
labial salivary glands of female patients diagnosed with Sjogren’s syndrome6:7. Further studies
on different human-derived samples obtained from female and male individuals could tell us
whether hCABS1 is a sexually dimorphic molecule. This is important because SMR1, a molecule
that contains an isofunctional domain to hCABS1’s 33, TDIFELLgs6 anti-inflammatory domain, is

sexually dimorphic in rats36:49.51,54.93,
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hCABS1 presence in submandibular gland is endorsed by immunohistochemical analyses
To validate and further our understanding of the cellular and subcellular localization of CABS1 in
SMG we used immunohistochemical analysis in collaboration with Dr. Michiko Watanabe. Our
results showed that H1.0 and H2.1 stained the entirety of the cytoplasm in all duct cells (Figure
2-15 A, B), while H2.0 and H2.2 stained only the abluminal cytoplasm of specific duct cells
(Figure 2-15 C, D). Seeing that H2.1 and H1.0 immunostained similarly was perhaps surprising
since H1.0 was raised to a different epitope than all H2.n antibodies. We speculate that clones
present in H2.1 are targeting an available hCABS1 epitope that is present in forms that antibody
clones in H1.0 detect. In contrast, clones in H2.0 and H2.2 may detect an epitope that is only
present in other hCABS1 variants and localized predominantly in abluminal cells, although we can
not rule out that these differences in some way reflect lack of specificity for CABS1 in our pAbs.
With no signal retrieved on slides immunoprobed with PimmS (Figure 2-14 A, B) we had
increased confidence in that the signal given by our pAbs was staining hCABS1 (Figure 2-15 A,

0).

Immunohistochemistry preserves tissue architecture and protein antigenicity, in theory, without
compromising secondary or tertiary structure%4. To do so, the fixation of tissue is a pivotal step
and must be done immediately after surgical excision%. ‘Ischemia time’, the period between
surgical removal and tissue fixation%, must be reduced. Ischemia results in DNA, RNA and
protein degradation, tied to activation of tissue enzymes and autolysis%¢. Non-coagulating
fixatives like 10% buffered formalin, used in our study of SMG, intend to preserve tissue
morphology and maintain antigenicity of target molecules9%. 10% buffered formalin is widely used
in histopathological studies and works by forming hydroxymethyl groups on reactive amino acids,
ultimately cross linking peptides%. While it provides superb preservation of tissue architecture,
formalin fixation can conceal epitopesY, in turn reducing antigenicity%. This issue has been
addressed by the introduction of heat induced epitope retrieval (HIER) into the

immunohistochemical field%4. Among other benefits, HIER ensures that certain antibodies
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previously known to not give a signal with formalin-fixed tissues, give exceptional staining9s.
Since these steps were followed in our immunohistochemical analyses, we speculate that slide
preparation before immunoprobing with our pAbs was done properly. The ultimate test, then,
came when immunoprobing slides. A negative control, one where no signal is expected, in
immunohistochemistry can be to make slides undergo the same treatment but omit adding
primary antibody (see 99). Yet, we considered that with the advantage of PimmS availability, it was
important to compare their immunohistochemical profiles to that of our pAbs. We acknowledge
that pAbs can cross-react with proteins containing epitopes similar to those found in our protein
of interest (POI)%. Still, increased sensitivity is a strength of pAbs when compared to mAbs, as
their signal is amplified on account of several antibodies contained in the pAb mix binding to

more than one antigenic target putatively belonging to the POI69:100,

With regards to antibody specificity, validation is commonly done in WB platforms, where the
presence of a single band in agreement with the predicted molecular weight of the POI is
indicative of a specific antibody9-1°1. However, this is not necessarily unequivocal evidence that
the antibody(-ies) binds to the POI, as other immunoreactive protein(s) could have a similar
molecular weight to that of the POI9%. It is complicated with {hCABS1 because WB of OEL shows
immunoreactivity at 84 and 677 kDa (Figure 2-9 A, F) which differs from the predicted molecular
weight of hCABS1, 43 kDa. Furthermore, immunogenic epitopes are uncovered differently in WB
when compared to immunohistochemistry9%. In SDS-PAGE, a step prior to WB, denatures and
linearizes proteins by destroying secondary and tertiary structures95'2. In tissue fixation, a step
prior to immunohistochemistry, these structures are unaffectedv4. Therefore, sample preparation
prior to exposure of antibody differs for each technique and epitope exposure of the target protein
differs, potentially influencing the capacity of an antibody(-ies) to bind to its intended target in a
specific mannert. Hence, WB results can’t be used to predict antibody specificity in IHC and

validation should be done in a technique-specific manner* as we have done.
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pAbs targeting hCABS1 detect several bands in saliva supernatant, but mass spectrometry
validation has been unsuccessful

We previously published that in saliva a consistent immunoreactive band was found at 27 kDa
using H2.0 antibody°. Its intensity increased as participants self-reported to be stressed2'. Bands
at 18, 15, and 12 kDa were present in participants that were not affected by stress, raising the
hypothesis that the presence of these low molecular weight bands could be a biomarker for
resilience to stress2!. The WB profile in saliva when using other pAbs to hCABS1 did not show the
presence of any of these bands. H1.0, H2.1, H2.2, and commercial pAb sc-136594 detected a band
at ~54 kDa (Figure 2-16 A, C, D, E). H2.2 and sc-136594 detected a doublet at this location
(Figure 2-16 D, E). Interestingly, H2.0 and H2.1 detected an additional band at 83 kDa (Figure
2-16 B, C), a location similar to that observed in WB of OEL (Figure 2-9 B, C) where we believe

the most prominent hCABS1 variant migrates in 12% PA gels.

Nonetheless, as opposed to OEL, we have not been successful in detecting hCABS1 by MS-seq
analysis of saliva supernatant samples. Our initial attempt was to separate total protein from
saliva using 1D-e SDS-PAGE followed by MS-seq. Initially, we sent only a section of the gel
corresponding to 27 kDa for MS-seq. While hCABS1 was not detected, we noticed that an
abundance of immunoglobulin was present, which is not surprising given that the apparent
molecular weight of immunoglobulin light chain is ~25 kDat°s. Thinking that there may be more
than one variant of hCABS1 in saliva and that we might had missed it, we submitted a whole lane
analysis of saliva for MS-seq, yet no hCABS1 was detected. In both occasions, alpha amylase, an

abundant protein in saliva, was detected.

With the preamble that amylase could be masking the detection of low abundant biomarkers7e,
like hCABS1, we found a treatment to remove amylase?®, treated freshly collected saliva and
analyzed it using H2.0 in WB. An abundance of bands was observed in untreated supernatant

(Figure 2-17 A), including those associated to stress, i.e., 27, 19 and 12 kDaz2!. After amylase
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removal, those bands disappeared (Figure 2-17 B). A subsequent in silico analysis to see if
hCABS1 and amylase are predicted to interact showed that they do not, in turn suggesting that
hCABS1 should have eluted from the amylase capturing column, as opposed to being adsorbed to
it. Then, why did these bands that we thought were variants of hCABS1 disappear after treatment?
Moreover, why did they not re-appear when we eluted the proteins captured in the potato starch
column and immunoprobed them with H2.0 (Compare Figure 2-17 A to C)? A possible
explanation is that these forms of hCABS1 may also interact with potato starch, a molecule formed
by amylose and amylopectin'o4, and that the solution used to elute the captured molecules was
not effective in separating these hCABS1 variants from the starch substrate. We recognize that
this experiment should have been performed more than once, yet low availability of H2.0

prevented us from repeating this study.

Still, these results indicated that some forms of hCABS1 were present in treated saliva
supernatant. Notably, the 83 kDa variant that aligned with the H2.0-detected form in OEL
(compare Figure 2-17 B to Figure 2-9 B) was still present post-treatment to remove amylase.
Thus, we passed saliva supernatant through the potato starch column and submitted this sample
for MS-seq analysis. We were successful in removing amylase, but still, this attempt did not detect
hCABS1 via MS-seq. Is it possible, then, that hCABS1 is in such low abundance that even when
removing amylase, we cannot detect it via MS-seq? Given this, we sought a technique that
increased the resolving power; the ability to separate adjacent proteins from each other in a matrix
in a way that those in greater abundance would not mask those in lower abundance. Accordingly,

we used 2D-e, a technique that allowed for increased in-gel resolving power.

Increasing gel resolution prior to sequencing did not validate hCABS1 occurrence in saliva
supernatant, but exposed potential proteins that could be cross-reacting with our pAbs

For 2D-e, one must firstly concentrate the protein content from a sample in a pellet and re-

suspend this pellet in 2D-e resuspension buffer. To concentrate protein from saliva supernatant,
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acetone precipitation that was able to precipitate 85 ug of total protein was used, well within the
range of 50-100 ug required by our platform (see Appendix B — 2D-e protocol for MS-seq analysis,
Table 2.1). The pellet resuspended entirely in the manufacturer’s resuspension buffer; therefore,
we speculated that the entirety of precipitated proteins entered the gel matrix. Indeed, when
comparing our stained gel to those in literature, we found that the profile of stained proteins was
similar (compare Figure 2-20 to Figure 21°5, Figure 1'°¢) and if anything, showed less protein
smearing. However, the latter may reflect loss of protein content during precipitation. In fact, a
group that performed 2D-e of saliva and compared different precipitation methods showed that
protein recovery with acetone was less effective than precipitating with TCA/acetone/DTT0s,
Nonetheless, we obtained enough total protein (i.e., 85 ug), and decided to do 2D-e-WB using

H1.0, H2.0 and their PimmS.

Initially, we used a working concentration of 3 8/,;, as our WB protocol in the past had used.
However, PimmS also gave a strong signal at this working concentration (compare Figure 2-18
A to B, and Figure 2-19 A to B). We devised to probe using 10X less pAb, i.e., 0.3 "¢/... We
stripped the membranes and re-probed them at the new working concentration. We obtained
signal from membranes probed with H1.0, but not with PimmS (H1.0) (compare Figure 2-18 C
to D) and H2.0, but not PimmS (H2.0) (compare Figure 2-19 C to D). These results suggested
that the locations in the membrane where we got a signal were, in theory, representative of
hCABS1 in saliva. We used this information to select twelve in-gel spots that we speculated could
contain hCABS1 and submitted them for MS-seq analysis (see Figure 2-20). Results showed that
hCABS1 was not present in the submitted spots. We wondered if our pAbs, especially H2.0, were
detecting proteins other than hCABS1. We had sent four gel spots corresponding to, what we
believed, represented the 27 kDa hCABS1 variant in 2D-e (see Figure 2-19 C, bottom spots;
Figure 2-20 F, G, H, I). We analyzed the protein profile and speculated that proteins present in
at least three spots were being detected by H2.0. We found eight potential candidates following

MS-seq, but not hCABS1 (Table 2-3). A subsequent in-depth analysis of the range of pH and
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molecular masses encompassed by each spot (F-I), suggested that we evaluated proteins with an

anticipated range between 29 and 33 kDa.

Of the eight candidate proteins, carbonic anhydrase 6, zinc-alpha-2-glycoprotein, cystatin SN,
and prolactic-inducible protein have been also reported to occur in saliva on 2D-e-MS-seq
evaluation in independent studies8s:106-108_ What’s more, carbonic anhydrase 6 and cystatin SN
have also been linked to induced acute stress in the form of hypoxia®3. In our 2D-e gels spots seem
to be present at 27 kDa, even though their predicted molecular weights are: carbonic anhydrase 6
- 35 kDa, and cystatin SN - 16 kDa. These could be the identities of the protein(s) detected by
H2.0.Only Hardt et al. clearly noted the in-gel observed apparent molecular weight at which these
proteins were found!°7. Our observations differ in that his group detected carbonic anhydrase at
two spots, 48 (pI 6.02) and 50 kDa (pI 6.21)1°7, while we detected it between 29 and 33 kDa and
across pH 4.3 and 5.4. Our observations align with the theoretical molecular mass of carbonic
anhydrase 6, 33.6 kDa; but his observations fall closer to the molecule’s theoretical pl, 6.5'°7. From
Figure 5in Hu et al. 2D-e pattern of whole saliva we calculated that carbonic anhydrase was found
in spots encompassed inside a range of pH 6.9 — 8.0, all of which were at an apparent molecular
weight of 28 kDa°8, an observed molecular weight that falls close to our observations of carbonic

anhydrase 6.

From Figure 5 of Hu et al.»°8, we calculated that cystatin SN was detected at 14 kDa and within a
pH range encompassing 7.2 — 9.0, relatively consistent with the molecule’s predicted molecular
mass and pI of 14 kDa and 6.9, respectively. From Figure 1 of Ghafouri et al.1°%, we calculated that
cystatin SN was detected at <15 kDa and within a pH range of 5.8 — 6.0. In our platform, we found
cystatin SN at a higher molecular mass location, 29 to 33 kDa, and at a relatively more acidic
location than where it is predicted to occur, pH 4.3 — 5.4. From these comparisons, we speculate
that our methodology requires further optimization, namely because it appears that characterized

proteins, like carbonic anhydrase 6 and cystatin SN, seem to migrate to gel locations not
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consistent with their predicted molecular weight. Yet, our results reflect what our antibodies see
in our conditions. Thus, these results can be used to generate hypotheses. One hypothesis can be

that H2.0 is detecting carbonic anhydrase 6 and/or cystatin SN.

A western blot of recombinant carbonic anhydrase 6 overexpression cell lysate (;CA6 OEL)
suggests that H2.0 does not interact with CA6 in this sample. ;,CA6 OEL contains a recombinant
version of CA6 with a FLAG tag adjacent to the protein’s carboxyl end. Comparison of the western
blot profile generated in saliva by H2.0 (Figure 2-21, saliva: 83, 60, 32, 27 kDa) does not align
with the profile generated in ;CA6 OEL by probing with an anti-FLAG antibody (Figure 2-21,

{CA6 OEL: 42, 38 kDa).

After re-evaluation of previously established methodology

Even when we propose that these two proteins could be interacting with H2.0 and could be the
identity of the 27 kDa and, putatively, <27 kDa bands that we have associated with stress, the
variable results that we have among our pAbs and biological samples are still unresolved. With
the introduction of capillary nano-immunoassay into our research tools to study hCABS1, came
the advent of a methodology to optimize this platform’s signal. This protocol uses a dilution series
for protein and primary antibody(-ies) and calls for the evaluation of signal. We decided to use
this titration methodology in WB to assess if our pAbs were giving non-specific signals. Using this
approach, we decided to compare the profiles of our pAbs to that of their PimmS when analyzing

human serum and saliva supernatant.

Careful titration methodology suggests that our pAbs detect four hCABS1 variants in
serum

Human serum is the supernatant portion obtained from a centrifuged blood sample, if no anti-
coagulant agent(s) are introduced and the blood is allowed to clot'?9. Blood can be a reflection of
ongoing physiological conditions°. Body cells shed products into blood that have the potential to
become markers of an individual’s physiological state, in turn making it an ideal fluid for clinical
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diagnostics*c. Under the premise that blood contains molecules originating from SMG54.111-113
and/or testes4115, we looked for presence of hCABS1 in serum, as we have reported the presence
of hCABS1 in these sources and lung'®. We decided to probe serum with all our pAbs and their
PimmS using our titration methodology to determine which working concentrations were

optimum for assessing this biological fluid in WB.

Review of our results showed that when evaluating blood serum, we need to load 1.5 pgtotal protein
into 12% PA gel wells, and immunoprobe at working concentrations of 0.3 ¢/, (for H1.0 and
H2.0) or 0.2 78/, (for H2.1 and H2.2). At these conditions, we believe that representative hCABS1
bands are found at 137, 93, and 68 kDa for H1.0 (Figure 2-22 C), 100, 74, 63, and 56 kDa for
H2.0 (Figure 2-22 I), 91 kDa for H2.1 (Figure 2-22 0O), and 141 and 91 kDa for H2.2 (Figure
2-22 U). While our pAbs showed more bands at these conditions, bands detected by their PimmS
at the same location, qualitatively, were considered non-specific (Figure 2-22 D, J, P, V). We
recognize that the discrepancy in molecular weights between these equivalent PimmS-detected
and pAb-detected bands seems to be enough to think that they represent a different protein
altogether (E.g., H1.0 50 kDa band (Figure 2-22 C) vs PimmS (H1.0) 44 kDa band (Figure 2-22
D)). Repetition of WB analysis of human serum with our pAbs and their PimmS at these optimized
conditions can help us determine whether these bands are at representing proteins of the same
molecular weight. PimmsS aside, whether some pAbs are detecting the same hCABS1 variant(-ies)

remains to be determined.

Altogether, this serum analysis suggested that hCABS1 is present in blood, which led us to
speculate that this protein could be released by SMG, testes, and lung into the bloodstream. If this
is true, the presence of hCABS1 in SMG of female individuals'® makes us wonder whether the
levels of molecule in blood vary as a function of sex. Interesting research in other mammals have
shown that Cabsi1 transcript is present in the female reproductive system of rhesus macaques:3

and heifers'; protein presence remains to be evaluated. A further question that arises from these
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observations is whether CABS1 production is exclusive to reproductive tissue, SMG, and lungs, or
are other organs producing and shedding it into the bloodstream? WB evaluation of serum from
female participants can help us determine (1) if the protein is present, and (2) if the expression of

the variants of hCABS1 that we have observed in males is the same in females.

With regards to our optimization protocol for WB, serial dilution of sample, thus dilution of
available antigen, has proven to be an essential step prior to assessment of samplest®, Attempting
to optimize a WB protocol, a 0.5 log serial dilution of hamster brain homogenate was made and
prepared for SDS-PAGE and subsequent WBu6. While retaining a fixed antibody working
concentration, Lee et al. showed how WB sensitivity, i.e., output signal, increased with greater
sample amount™® in a similar form as we show in human serum (Figure 2-22 A, G, M, S). In
contrast to Lee et al., we also did a serial dilution of our pAbs and we compared their WB profiles
to those of each of their PimmsS. Several WB studies compare pAbs and PimmS to show the

increase in immunoreactivity after several immunization boosts (7-121),

The titration strategy challenged our original interpretation of WB profiles in saliva
supernatant

Once the titration methodology was established, we decided to assess saliva supernatant in WB
using two antibodies we had published results with, H1.0 and H2.0, as well as to probe the same
saliva sample with PimmS of these pAbs. We probed membranes using antibody working
concentrations of 0.3 "8/, and on wells with a total protein content of 2.2 ug, as these conditions
gave defined bands. Under these restrictions, pAb H1.0 detected a protein that was also identified
by PimmS (H1.0) (Figure 2-23 , compare C to D). In fact, PimmS (H1.0) showed a doublet at the
equivalent location, suggesting that the band identified by H1.0 is not specific for hCABS1. This
pattern was seen across all combinations of sample amount and antibody concentration in H1.0
evaluation of saliva supernatant (Figure 2-23 A, B, C, D, E, F). Evaluation of saliva supernatant

using H2.0 and PimmS (H2.0) suggests that this pAb detected two proteins at 90 and 64 kDa, a
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pattern not shared with PimmS (H2.0) (Figure 2-23, compare I to J). Thus, that the lower
molecular mass forms (< 27 kDa) detected by H2.0 at conditions where SDS-PAGE wells were
loaded with up to 25 pg of total protein and membranes were probed with an antibody
concentration of 3 "¢/, may not be representative of hCABS1. We have published that hCABS is a
biomarker of stress given that a 27 kDa band detected in WB by H2.0 was positively correlated to
self-reported stress, and posed that the occurrence of < 27 kDa bands, also detected by H2.0, were
indicators of stress resilience?!. The re-evaluation of our methodology posed a new hypothesis to
be tested. Namely, is stress eliciting the occurrence of hCABS1 in saliva supernatant (see 21:66)

based on PimmS WB patterns in this biofluid?

In our post-methodology re-evaluation WBs of human serum and saliva supernatant, PimmsS at
the highest concentration (3 or 2 "8/,;) detected bands that appear at the equivalent location as
those detected by their pAb counterparts. McNeilly et al. identified similar results when
evaluating E. coli protein EspA with pre and post-immunization serum from a calf immunized
with this protein7. The WB profile clearly shows a fainter band at the equivalent location in the
pre-immunization WB and an intense band on the WB probed with post-immunization serum
(Figure 37, EspA). This pattern was also observed in Nataro et al. WB evaluation of lysate from
bacteria strain HB101(pJPN31) with serum from volunteers from before and after known
exposure to the bacteria'2c. A clear band was observed in the WB probed with pre-immunization
serum (Figure 520, D); albeit, this may have been because the volunteer had been exposed to the
same bacteria before the experiment. This article also mentions the presence of high molecular
weight bands present in both the antiserum and pre-immunization serum from rabbits exposed
to the bacteria, and speculates that these bands represent low-affinity antibodies targeting
ubiquitous E.coli antigens!2°. Similarly, it is possible that bands detected by our PimmS and pAbs
are a fraction of low affinity antibodies targeting ubiquitous human proteins that contain common
antigenic determinants to the ones we used as immunogens. This could explain why even after

antigen-affinity purification of rabbit antiserum we still got putatively non-specific antibodies in
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our pAbs. In fact, a BLAST® Protein!22 analysis to determine which annotated proteins in the
human genome database contain similar motifs to our H2.n pAbs immunogen (hCABS1 a.a.:
18, DEADMSNYNSSIKS,y;) encountered 132 proteins that share, at least, 4 continuous common
amino acids, 51 of which correspond to sequences in immunoglobulins. This analysis supports the
idea that our H2.n pAbs could be detecting proteins other-than-hCABS1, even when they were
affinity purified. The same analysis done for our Hin pAbs immunogen (hCABS1 a.a.
380 [STTETDIFELLKE,ys) encountered 167 proteins sharing at least 4 continuous common amino
acids. Out of these proteins, only 2 are immunoglobulins. With lesser cross-reactivity to
immunoglobulins, it is less likely that this antibody could be detecting immunoglobulins in saliva
in a non-specific manner, something that H2.0 could be doing. Moreover, this suggestion implies

that hCABS1 is not present in saliva or, if present, is not detected by either H1.0 or MS-seq.

Rabbits, the host species that produced all our pAbs, also express CABS1

Rabbits and humans (host and antigen source species) are mammals and both produce CABS1.
Factually, the hCABS1 antigens used for immunizing the rabbits that produced our pAbs are
similar to domains present in rabbit CABS1 (Figure 2-24). Because of this, it is possible that, at
one point during the production of our pAbs, the rabbit produced antibodies to endogenous
CABS1. GenScript’s ongoing immunogen boosts during pAb production should, in theory, have
kept the immune response against our hCABS1 peptides active. However, it is unknown to us
whether naturally occurring positive and negative selection of B cells in the rabbit suppressed the
existence of B cells that produced antibodies to hCABS1 and, if so, what the effect was in the final
pAb mix we obtained. It is possible that rabbits did not give us the best pAbs in response to our
hCABS1 immunogens. Nonetheless, while WB data using our pAbs is questionable, our data on
immunohistochemistry suggests that our pAbs are a suitable research tool for this

immunoprobing technique.
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Figure 2-24. Sequence alignment of human (h, Homo sapiens) CABS1 and rabbit (r, Oryctolagus
cuniculus) CABS1-isoform Xi.

hCABS1 is used as the reference sequence. rCABS1-isoform X1 covers 99.5% of hCABS1 length. However, the percentage
of residues that are the same in rCABS1 with respect to hCABS1 is 65.6%. Residues enclosed in red dotted boxes indicate
sections of hCABS1 used to produce polyclonal antibodies H1.0 and H2.n in New Zealand rabbits. Consensus row at
100% consensus threshold shows sets of residues that are either the same across both species, or share a predefined
physicochemical property. Consensus patterns (%) are based on sets of residues that share a predefined property based
on the classification by W.R. Taylor. u: tiny, s: small, h: hydrophobic, p: polar
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Summation: Western blot profiles of polyclonal antibodies

In our WB system, bands that are considered to represent hCABS1 are (by sample): in OEL at 84
and 67 kDa, in SMG at 71, 52, 47, 33 and 27 kDa, in saliva at 9o and 64 kDa, and in serum at 139,
91, 71 and 63 kDa (Table 2-4, samples listed by column from left to right). Overall, only a band
averaged at 70 kDa occurred in OEL, SMG and serum. Two bands averaged at 91 and 64 kDa
occurred in saliva and serum. Other bands seemed to be sample-specific. These are: one band in
serum at 139 kDa, one band in OEL at 84 kDa, and four bands in SMG at 52, 47, 33 and 27 kDa

(Table 2-4, two rightmost columns).

While the comprehensive titrations of antibody and antigen re-evaluations were only performed
once, altogether, results indicate that our previous WB may not have been optimized and that the
conclusions reached in our publications require reappraisal. Because our four pAbs identify
different bands in WB, we postulate that each pAb differs in the prominence of clones recognizing
specific epitopes, and together with post-translational processing of hCABS1, multiple bands are
detected. Moreover, our data suggests that hCABS1 is processed differently in different tissues
and bodily fluids. Despite attempts using 2D-e, we have been unsuccessful in confirming that any
of the bands are hCABS1 by MS-seq. Thus, an explanation for our observations is that our pAbs

are not specific for hCABS1, despite being affinity purified with their immunogen.

Given the equivocal nature of our pAbs results, to identify hCABS1 and its potential molecular
forms in multiple tissues and fluids, we developed monoclonal antibodies to different regions of
CABS1 and tested these in WB, immunohistochemistry, and immunoprecipitation coupled with

MS-seq (see Chapter 4).
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Chapter 3 : A method to study protein biomarkers in saliva using

and automated capillary nano-immunoassay platform (Wes™)

Preamble

In 2016-2017, our group recognized we had a finite amount of pAbs targeting hCABS1. At the time,
we aimed to validate if hCABS1 was a biomarker of psychosocial distress in saliva. With a limited
amount of antibodies and saliva samples we looked for alternative platforms that would use
minimal amounts of reagents to complete this milestone. An appealing option presented when
the Plastic Surgery research laboratory at the University of Alberta acquired a state-of-the-art
capillary nano-immunoassay (CNIA) platform, Wes™. Like Western blot (WB), samples are
separated by electrophoresis and immunoprobed with an antibody(-ies) targeting protein(s) of

interest. This chapter details the methodology to evaluate our saliva samples in Wes™.

For our experiments, when compared to WB, Wes™ utilized 16.5X less antibody stock; similarly,
sample volume is also significantly less in CNIA, yet it depends on the concentration of the original
sample. Careful controls must be conducted prior to running analyses in CNIA. In our case, we
established a Reference Saliva (Refsal) sample that was loaded on every plate to allow the

interexperimental evaluation of our results.

The work presented in this chapter is product of a collaboration with Drs Thomas Ritz and David
Rosenfield from the Southern Methodist University (SMU; Dallas, TX, USA), and Drs Marcelo
Marcet-Palacios and Dean Befus from the University of Alberta. Dr Ritz performed a validated
psychosocial stressor test, the Trier Social Stress Test (TSST) on a pool of students from SMU and
collected the saliva samples evaluated in this article. Dr David Rosenfield performed statistical
analyses of experimental results. Drs Marcelo Marcet-Palacios and Dean Befus provided guidance

in the design of the methodology and the redaction of this article.
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To illustrate how CNIA can positively impact biomarker discovery, we used Dr Ritz TSST samples,
immunoprobed them with antibodies to hCABS1 H1.0 and H2.0, and compared CNIA’s readout

with WB results of the same samples (published in 2017, see 2t).

A version of this chapter has been published as:

Reyes-Serratos, E., Marcet-Palacios, M., Rosenfield, D., Ritz, T., Befus, A.D. (2020). A method

to study protein biomarkers in saliva using an automated capillary nano-immunoassay (Wes™).

Journal of Immunological Methods, 479, 112749. https://doi.org/10.1016/j.jim.2020.112749
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e We analyzed levels of human CABS1 in saliva in a study of acute stress
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e This extends our previous evidence that saliva hCABS1 is a biomarker of stress

90


file:///C:/Users/dbefus/Downloads/reyesser@ualberta.ca

Abstract

Traditional immunoprobing techniques like Western blot continue to play a crucial role in the
discovery and validation of biomarkers. This technique suffers from several limitations that affect
reproducibility and feasibility for large-scale studies. Modern immunoprobing techniques have
addressed several of these limitations. Here we contrast the use of Western blot and an automated
capillary nano-immunoassay (CNIA), Wes™. We provide evidence highlighting the
methodological advantages of Wes™ over Western blot in the validation of a novel biomarker,
Calcium binding protein, Spermatid associated 1 (hCABS1). While Wes™ offers a faster, more
consistent approach with lower requirements for sample and antibody volumes, variations in
expected molecular weights and computational algorithms used to analyze the data must receive
careful consideration and assessment. Our data suggests that CNIA approaches are likely to

positively impact biomarker discovery and validation.

Keywords: Capillary nano-immunoassay; Wes™; saliva; CABS1; stress; biomarker(s);

immunoprobing; Western blot

Introduction

Validated biomarkers are objective indicators of a clinical outcome that can be measured
accurately and reproducibly. Biomarkers can be physiological and/or biochemical processes,
molecular reactions, or molecules themselves. The quest for molecular biomarkers as predictors
of clinical outcome(s) has gained momentum over the past two decades?s. Selection of the
biological specimen to be used as the sample source, as well as defining the target molecule
(protein, RNA, DNA) are important considerations in design of the protocol and instruments used
for biomarker measurement!24. A limitation in studying and establishing biomarker candidates is
that the levels of some candidate molecules are hard to detect and/or quantify*2s. Therefore,
optimization of accurate and reproducible quantitative techniques is of great importance in

establishment and evaluation of novel biomarkers.
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Commonly used samples for biomarker studies include biological fluids like serum, plasma, or
urine. Among them, saliva is a desirable source because its collection is non-invasive, requires
minimal equipment and training, in turn minimizing costs, and can be processed with relative
ease'26127, However, as saliva is not sterile and is subject to microbial contamination, proper
collection techniques are needed to help ensure sample quality*2¢127, and sensitive and specific

assays are required to measure biomarkers in saliva.

A candidate biomarker in saliva that promises to be an indicator for psychological stress is human
Calcium binding protein, Spermatid associated 1 (hCABS1)2'. Other groups have characterized
this protein in rat', mouse4, and porcine testess and recorded higher than estimated molecular
weight for this protein using gel electrophoresis and Western blot. Such observations led to
suggestions that CABS1 is an intrinsically disordered protein?, highly susceptible to proteolytic

cleavage.

To study hCABS1, we produced antibodies to two different regions of the protein, assuming that
proteolytic maturation might produce polypeptides of different sizes and containing different
epitopes. Western blot analyses of human saliva2!, submandibular gland, testes, and lung
identified discrete hCABS1-derived variants'8, leading us to speculate that hCABS1 is selectively
processed by proteases. We established that hCABS1 contains an anti-inflammatory peptide
motif'8. Moreover, we found that in saliva a 27 kDa hCABS1 form was positively correlated with
self-reported anxiety and stress2!. Interestingly, the occurrence of variants of hCABS1 <27 kDa in
saliva was associated with lower self-report of stress, leading to speculations about a possible role

in stress resiliency 2.

To validate the clinical relevance of these observations on hCABS1 in saliva, we sought to establish
an immunoassay with higher throughput than Western blot that would be sensitive and accurately
determine the levels of various forms of hCABS1 in human saliva. In this manuscript, we describe

a method to assess the levels of salivary hCABS1, a candidate biomarker of psychological stress,
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using the automated capillary nano-immunoassay (CNIA) Wes™ platform. Wes™ was selected
because the volume of our antibodies was limited, and we needed to evaluate different-sized forms

of hCABS1.

Materials and methods

Polyclonal antibodies to hCABS1

Two polyclonal antibodies (pAb) were raised in New Zealand rabbits to two regions of hCABS1
protein. H1.0 was produced against a 14-mer polypeptide sequence at the carboxyl end of hCABS1
and containing a putative anti-inflammatory sequence (underlined) TSTTETDIFELLKE (aa
T375-E388)8. Additionally, a section of hCABS1 corresponding to a beta sheet (aa D184-S197)
was used to create polyclonal antibody H2.0 using the 14-mer polypeptide DEADMSNYNSSIKS.

The polyclonal antibodies were affinity-purified using their immunizing peptide?s.

Human recombinant CABS1 and cell lysate controls

A recombinant human CABS1 overexpression cell lysate (rhCABS1 OEL) was used as a positive
control. It was produced by OriGene Technologies Inc. (Rockville MD) by inserting a True Open
Reading Frame (TrueORF) clone containing the hCABS1 sequence into Human Embryonic
Kidney 293T (HEK293T) cells. Cell lysate of HEK293T containing an empty TrueORF plasmid
was used as a negative control (NCL). Both thCABS1 OEL and NCL had a protein stock

concentration of 1 mg/mL.

Collection and protein determination of saliva supernatant

Sixteen participants (mean age 33.6 [SD=15.0]; 6 women) completed the Trier Social Stress Test
(TSST)®=8, which is a standardized psychosocial stressor with evaluative threat, in which
participants are required to give a 5-min free speech and complete an oral 5-min mental

arithmetic test in front of an audience of the experimenter and two confederate “evaluators”.
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Saliva samples (Salivettes, Sarstedt, Germany) were provided at six time points during the test;
15 minutes and just before (-0) exposure to the stressor, and just afterward (+0), 15, 30, and 45
minutes post-exposure to the stressor, as previously described2!. Samples were frozen and sent
for analysis, where they were thawed and centrifuged at 1500 rcf and 4°C for 20 minutes.

Supernatants were collected, mixed by pipetting, aliquoted, and stored at -80°C until analysis.

We established a Reference saliva (Ref. sal.) to use as a standard for comparing the expression of
hCABS1 across samples. We pooled 200 mL of whole saliva using the passive drool methodology
from SalivaBio (Salimetrics) from an individual who self-reported low levels of psychological
stress and had a similar diet and exercise routine on days when samples were collected. On every
day of collection, saliva was immediately placed at -20°C. Once 200 mL was collected, all aliquots
were thawed and centrifuged at 1500 rcf and 4°C for 20 minutes. Afterward, we transferred the
pooled supernatant to a sterile glass bottle, mixed by pipetting, and stored 50 uL aliquots at -

80°C.

For all saliva samples, determination of total protein concentration was done using a Pierce™

BCA Protein Assay Kit (Thermo Scientific).

CNIA immunoprobing Analysis

Wes™ loads less than 300 nanoliters of sample into a capillary and electrophoretically separates
the proteins by either size or pl, based on the kit that the user purchases!29. Separated proteins
are probed with a primary antibody targeting the protein of interest. This is followed by treatment
with a secondary Horseradish peroxidase-conjugated antibody. Subsequently, the
chemiluminescent substrate is added on nine occasions and a CCD camera captures the emission
of light. Chemiluminescence intensity is assessed through electrophoretograms generated by
Compass for SimpleWestern software v3.1.7 (ProteinSimple, San José, CA). In its default mode,

the software defines peaks within the electrophoretogram directly related to the amount of protein

94



bound to the primary antibody. Each peak has an area under the curve that can be used to quantify

the signal given by the sample.

In the case of size-separating matrices, the user must load a molecular weight ladder in one
capillary. Samples are compared to this ladder to estimate the size of the target protein.
Additionally, each sample is mixed with a Fluorescent Master Mix (FMM) containing three
fluorescently labeled proteins (internal markers) used as a control for protein migration within
each capillary. The outcome is an electrophoretogram showing chemiluminescent signals as a

function of estimated protein molecular weights.

Initially, we assessed the levels of hCABS1 in rhCABS1 OEL, NCL, and saliva in Wes using H1.0
and H2.0. Firstly, we performed titrations to optimize the signal-to-noise ratio as a function of
sample and antibody concentrations. As per manufacturer’s suggestions, the optimum signal
occurs when it is maintained over the course of the experiment, background noise is below 2000
chemiluminescence arbitrary units (a.u.), signal-to-noise ratio is greater than 10, and peak

resolution is clear.

To prepare the different concentrations of our samples, all dilutions were mixed with the
appropriate amount of FMM and 0.1X sample buffer. We diluted rhCABS1 OEL and CL to attain
final concentrations of 50, 10 and 20 ug/mL, while Ref. sal. samples were diluted to 500, 100 and
20 pg/mL. Samples were vortexed and heated at 95°C for 5 minutes, centrifuged and stored on
ice until they were loaded into the Wes™ plate. hCABS1 antibodies H1.0 and H2.0 were diluted in

Wes™ antibody diluent to attain concentrations of 300 ng/uL, 60 ng/uL, 12 ng/uL, 6 ng/uL and 3

ng/uL.

Once we optimized the Ref. sal. sample concentration and antibody amounts; we ran our TSST
cohort saliva samples. They were evaluated on two occasions, on different Wes™ plates and on

different days.
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TSST saliva data analysis

In Wes™, saliva electrophoretograms showed hCABS1 peak at 60 kDa using H1.0 and at 34 kDa
when we used H2.0. All plates where saliva was tested were loaded with two wells containing Ref.
sal., used to normalize samples tested on different plates. The immunoreactive peaks produced
by the TSST samples were normalized to Ref. sal. 60 kDa peak, when using H1.0, and to the 34

kDa peak when using H2.0 using the following formula:

Acohort saliva sample

= ratio of expression relative to the Ref. sal.
AReference saliva sample

After normalizing all values for each of the six TSST assessment points, we averaged the values of
each sample that were obtained on each of the two occasions in which they were assessed.
Timepoints without values, either because there was no signal or because sample was limited,
were set to missing values. The resulting variables were submitted as dependent variables to a
repeated measures Mixed effect model (MEM) analysis including time as independent variable,
age, gender, and group (asthma, healthy control) as covariates2!. Different error-covariance
matrices were examined, and the matrix which best fit the data (Toeplitz) was used for analyses.
For exploratory purposes, means comparisons were undertaken with the Least Significant

Difference method, which is equivalent to no correction for multiple comparisons.

Results

Optimization of Wes™ running parameters for the detection of hCABS1 variants

To assess the capability of our antibodies to detect various forms of hCABS1 we used recombinant
hCABS1 overexpression cell lysate (rhCABS1 OEL) and its negative cell lysate (NCL) as controls.
After performing titrations, we concluded that the best total protein concentration of antigen to

load per capillary was 10 ug/mL at pAb concentrations of 3 ug/mL (H1.0) and 12 pg/mL (H2.0).
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We observed that both antibodies (H1.0 and H2.0) detected two variants at 65 and 94 kDa in
rhCABS1 OEL (Figure 3-1 A, B), whereas these peaks were not detected in NCL (Figure 3-1 C,
D). To further assess antibody specificity, we ran capillaries without sample but with the
antibodies at the mentioned concentrations. We identified a non-specific peak at ~230 kDa that
is produced when our antibodies bind to an internal marker protein from the Wes™ system
(“internal marker peak”, Figure 3-1 A, B, C, D). This reactivity has been detected with other
antibodies as well 130,
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Figure 3-1. In Wes, hCABS1 overexpression cell lysates render a different immunoreactive pattern than
human saliva when using antibodies to hCABS1 raised against different parts of the protein.

Both antibodies, H1.0 and H2.0, detect hCABS1 variants at 94 and 65 kDa in a recombinant hCABS1 overexpression
cell lysate (rhCABS1 OEL) (A, n=4; B, n=4) and no hCABS1 variants negative control cell lysate (NCL) (C, n=4; D, n=4).
In rthCABS1 OEL and NCL, both antibodies interact with a protein used in Wes as an internal marker peak. In a
reference saliva sample (Ref. Sal.) used to optimize Wes running parameters, H1.0 detects an hCABS1 variant at 60 kDa
(E, n=19), and H2.0 detects two hCABS1 variants at 58 and 34 kDa (F, n=19).

Since our interest lies in the levels of hCABS1 in saliva, we optimized running conditions in Wes™
by using Ref. sal. and pAb H1.0 and H2.0 at different concentrations. Using Ref. sal. under the
Wes™ default running protocol, we obtained optimum signal-to-noise ratio at 500 ug/mL and pAb
concentrations of 12 ug/mL (H1.0) and 6 ug/mL (H2.0). Interestingly, each antibody rendered a

different pattern. H1.0 detected hCABS1 at 60 kDa, and H2.0 at 34 kDa (Figure 3-1 E, F).

97



Next, we optimized the use of Wes™ in saliva samples from a stress cohort of 16 patients. Using
the default running parameters in the Wes™ platform, some cohort samples produced little-to-no
signal when assessed (Figure 3-2 A). To increase the sensitivity of detection for hCABS1 using

Wes™, we modified the default running protocol by increasing the amount of stacking matrix and
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Figure 3-2. Increasing stacking matrix and sample quantity in the capillary, as well as primary
antibody incubation time, enhances signal of protein-of-interest.

(A) Electrophoretogram of TSST cohort human saliva screened with hCABS1 antibody H2.0 generated by running
default Wes protocol. No signal of hCABS1 is observable (B) Electrophoretogram of the same saliva sample screened
with H2.0 generated by modifying Wes running protocol. hCABS1 H2.0-expected 34 kDa variant is observed, along
with additional forms at 18, 58, 65, and 114 kDa
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sample into the capillary, as well as exposure time to the hCABS1 antibodies (Table 3-1). These
modifications increased sensitivity, resulting in detection of five variants of hCABS1 when using

H2.0 at 18, 34, 58, 65, and 114 kDa (Figure 3-2 B); the most prominent peak at 34 kDa.
Table 3-1. CNIA running protocols can be changed to increase signal-to-noise ratio and
detection of the protein of interest.

Parameters that need to be modified are the time (t) of sample and stacking matrix loading into the
capillary, and of primary (1°) antibody exposure

Default Running Protocol Modified Running Protocol
t sample load 9 sec. 12.6 sec.
tstacking matrix load 15 sec. 21 sec.
t 10 antibody exposure 30 min. 90 min.

Immunoprobing in Wes™ replicates Western blot observations

We previously reported that in Western blot, antibody H2.0 detected a 27 kDa variant of hCABS1
in the TSST saliva cohort (see 2!, Fig 1). We observed that immediately after exposure to the
stressor, levels of this 27 kDa hCABS1 form increased (see 2, Fig 1, +0 min) and later decreased
(see 2, Fig 1, +15, 30, 45 min) to levels similar to before exposure to the stress test (see 2, Fig 1, -
0 min). MEM analysis established that levels of hCABS1 in saliva significantly differed when
comparing time points -0, +15, +30, +45 min to time point +0 min, while there was no difference

between time points -15 and +0 min.

When evaluating the same TSST saliva samples with H2.0 in Wes™, we observed that the 34 kDa
detected protein followed the same pattern as the 27 kDa band in Western Blot, increasing
significantly following stress and returning to baseline levels thereafter (Figure 3-3 A; see 21,
Fig. 3). Using antibody H2.0 to detect hCABS1, we observed that the standard deviation of the 34
kDa Wes™ signal at every timepoint of saliva collection was significantly lower than the standard
deviation of the 27 kDa Western blot signal (p<0.007). Given different methodologies in
estimating the molecular size using WB and CNIA, we speculate that the 27 kDa WB band and 34

kDa CNIA peak correspond to the same protein (see discussion).
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Furthermore, we previously reported that through an exploratory analysis we found an apparent
association between lower self-reports of stress and saliva variants of hCABS1 of sizes 18 and 12
kDa detected through Western blot and the use of H2.02. Interestingly, 15 saliva TSST samples
showing this pattern in Western blot also showed in Wes™ the occurrence of a small peak at 18

kDa hCABS1 when using H2.0 to immunoprobe (Figure 3-2 B).

H1.0 and H2.0 detect different variants of hCABS1 in saliva; H1.0-detected forms do not
correlate with stress

Evaluation of TSST saliva samples with antibody H2.0 in Wes™ detected a form at 34 kDa that is
sensitive to stress induction. In contrast, antibody H1.0 only detected a variant of hCABS1 of 60
kDa in all samples. Levels of this 60 kDa hCABS1 salivary form were lower immediately before

the TSST and increased immediately after the test (Figure 3-3 B, -0 and +0 min., respectively).

However, this change was not significant. Significant changes were observed between samples
collected 15 minutes post-stress exposure and 15 minutes pre-stress exposure, as well as
immediately after exposure to stress (Figure 3-3 B, +0 versus -15, and +15 min.). After marked
decrease at 15 minutes post-stress, levels of the 60 kDa variant fluctuated thereafter (Figure 3-3
B). Thus, using H1.0 in Wes™ there was no significant increase of hCABS1 in saliva after exposure
to acute stress in the TSST. Our TSST samples have not been probed for hCABS1 using H1.0 in

Western blot.

Discussion

In previous studies using Western blot to analyze cell lysates and saliva we showed that hCABS1
is present in several discrete variants of different molecular sizes'$2'. Western blot has several

limitations, such as a relatively large amount of sample and antibody required, as well as low
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A Capillary nano-immunoassay
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Figure 3-3. Capillary nano-immunoassay replicates Western blot readings as observed when
replicating the TSST saliva analyses with hCABS1 antibody H2.0.

Interestingly, in CNTA salivary hCABS1 variants detected with H1.0 show a different trend to forms detected with H2.0
in the same TSST saliva samples. Saliva samples from 16 volunteers subjected to the Trier Social Stress Test (TSST)
collected at six timepoints were immunoprobed for hCABS1 using antibody H2.0 and assessed using CNIA or Western
blot. In both, Western blot and CNIA, we observed a trend in increase of salivary hCABS1 levels when comparing levels
just before stress induction (-0 min.) to just after stress (+0 min.). When using H2.0, both immunoprobing techniques
showed that salivary hCABS1 levels descend to similar-to-pre-stress levels after 15 min. (A) All saliva samples rendered
a 34 kDa peak of chemiluminescent signal. The area under each peak was normalized to that of a homolog peak in a
reference saliva sample. Differences were observed when comparing time points relative to measurement immediately
after stress test (+0 min.). (B) Using hCABS1 antibody Hi.0 every saliva sample rendered a 60 kDa peak of
chemiluminescent signal. The area under each peak was normalized to that of a homolog peak in a reference saliva
sample. These 60 kDa forms show no association to stress. Nevertheless, differences were observed when comparing

time points relative to 15 min. post-stress. **P<0.01 101



throughput. Because our antibodies were custom made and their stock was limited and our
sample volumes were low, we became interested in approaches that could identify the differently
sized hCABS1 variants, while having the added value of using relatively small volumes of both
antibodies and samples. This would allow further characterization of their association with
clinical endpoints. We investigated the use of Wes™ to identify the various variants of hCABS1. To
compare both immunoprobing techniques, we used saliva samples from a stress cohort. Wes™

replicated our previous observations in Western blot with H2.0 antibody.

Selection of positive and negative control samples was important to confirm specificity in Wes™.
We used an overexpression HEK293T-based cell lysate as our control and optimized Wes™ by
performing titrations; i.e., using a combination of different amounts of total antigenic protein and
different antibody concentrations. We observed that in Wes™ the optimum total protein
concentration per capillary in our control cell lysates was 10 pg/mL. In contrast to previous
reports, where HEK293 cell lysates were assessed by Wes™ at a concentration of 200 pug/mL3,
we attained better peak resolution by diluting the cell lysate further. Once optimized, we observed
that both hCABS1 antibodies detected a major peak at 94 kDa and a minor peak at 65 kDa in
rhCABS1 OEL (Figure 3-1 A, B). By contrast, in Western blot analyses of rhCABS1, H1.0 detected
two bands at 83 and 66 kDa, and H2.0 also detected those bands in addition to three other bands
at at 53, 31, and 21 kDa (data not shown). The differences in protein sizes between Western blot
and Wes™ platforms likely involve the use of different separation matrices in the two methods.
Western blot utilizes polyacrylamide and Wes™ uses benzophenone. ProteinSimple, the parent
company of our CNIA platform, has established that the estimated sizes of proteins in the Wes

platform differ by up to 20% from those estimated using Western Blot?32.

In contrast to cell lysates, saliva sample analyses in Wes™ required higher protein concentrations
(e.g. 500 pug/mL) to give a signal. This aligns with previous observations, where the same saliva

sample concentration was used to assess Nerve Growth Factor and Calcitonin gene-related
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peptide in CNTA:33, When compared to saliva analysis in Western blot, in which we loaded samples
at a concentration of 625 pg/mL (25ug/40uLwe2), in Wes™ we loaded samples at a lower
concentration (500ug/mL). However, in CNIA we obtained optimum results with higher antibody
concentrations than those used in Western blot. For instance, saliva analyses in Western blot
using H2.0 required us to dilute the antibody to 3 pg/mL, while Wes™ saliva analyses required 6
ug/mL. Nevertheless, in Wes™ the overall volume of antibody stock needed to attain the
concentration to assess all samples was 16.5 times less than that needed to assess the same

number of samples in Western blot.

During optimization of Wes™ protocol for saliva, we modified the running parameters to obtain
an improved signal for our stress samples (Table 3-1). Once optimized, H1.0 detected a single
peak at 60 kDa and H2.0 detected a peak at 34 kDa (Figure 3-1 E, F). In some TSST samples,
additional smaller peaks at 18, 58, 65, and 114 kDa were detected (Figure 3-2 B). In contrast,
Western blot analyses of saliva using H1.0 detected a band at 54 kDa (data not shown), while H2.0

detected bands at 102, 51, 33, 27, 18, 15, and 12 kDaz2!.

We were particularly interested in the effect of psychological stress in salivary hCABS1 because
previously, using Western blot (H2.0 antibody), we reported a strong association between the
expression of a 27 kDa form of salivary hCABS1 and distress2!. Our results in Wes using H2.0
antibody validated our previous studies in Western blot of increases of hCABS1 in saliva after
exposure to stress in samples from a TSST cohort. This trait was observed in the 34 kDa peak in
Wes™ which shows the same pattern as the 27 kDa band in Western blot (Figure 3-3 A; see 2.,
Fig. 3). In our past study, we also observed an apparent link between resilience to stress and
conspicuous 18 and 12 kDa bands of hCABS1 in saliva2l. In Wes™, after optimizing the running
protocol, we noticed that in 31% of the TSST samples an 18 kDa small peak was detected (Figure
3-2 B). Fifteen of the 18 kDa Wes™-detected samples also showed in Western blot the occurrence

of the 18 and 12 kDa hCABS1 forms linked to resilience to stress. While the Wes™ software appears
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to detect the signal of a possible resilience-associated form of hCABS1 in saliva, the signal is small
and dwarfed by the 34 kDa prominent peak detected by H2.0 in the Wes™ platform (Figure 3-2
B). In that respect, Western blot seems to detect these stress resilience-associated variants of
hCABS1 more obviously. In contrast to H2.0, Wes™ results of TSST saliva analyses with H1.0 did
not show a significant association between levels of hCABS1 and exposure to stress (Figure 3-3

B). Antibody H1.0 was not used to study TSST in Western blot.

Interestingly, Wes™ analyses of rhCABS1 OEL and saliva showed peaks corresponding to hCABS1
proteins of different sizes. We observed a similar pattern in Western blot!82t. hCABS1 has a
predicted molecular weight of 43 kDa and Western blot analyses of rhCABS1 OEL detect its major
form at almost twice this estimate, 83 kDa (data not shown). rhCABS1 OEL comes from an
artificial expression system meant to overexpress the recombinant protein and be used as a
positive control. Nevertheless, our observations align with the higher-than-predicted molecular
weight of CABS1 in other speciess2t. Studies of CABS1 in rat provided evidence that it is an
Intrinsically Disordered Protein (IDP)!. IDPs have, among other traits, a large proportion of
charged acidic amino acids, which may affect the migration pattern of the protein in a reducing
environment !, such as the environment in SDS-PAGE and Wes™. As a comparison, e-cadherin, a
known IDP whose predicted molecular weight is 100 kDa, has been observed at 110 kDa in
Western blot and 166 kDa in Wes™ when immunoprobing A549 human lung cells's4. Another trait
of IDPs is their hypersensitivity to protease degradation®. We speculate that hCABS1 undergoes
proteolytic maturation, which may explain why we see different-sized variants of the protein in
saliva, as well as in human submandibular gland lysates, lung, and testes'®2'. We hypothesize that
these hCABS1-derived polypeptides have different functions, such as an anti-inflammatory roles,

and a role associated with distress, reinforcing the need for further studies of hCABS1.

Availability of techniques with high sensitivity and specificity is paramount to explore novel

candidate molecules and their associations with human traits. Thus far, we have successfully
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characterized our antibodies to hCABS1 in Wes™, providing a high throughput immunoprobing
platform that is conservative of our antibody stock and sample volumes. Wes™ can be used to
study diverse cohorts to properly assess the protein of interest in a fast turnaround time. One
must be mindful, however, of the cost involved in optimization of protocols. Once optimization is
completed, the high number of samples that can be assessed in a short period of time (e.g., 72
samples/day in Wes™), plus the specificity of the platform make it a suitable method for clinical
biomarker validation. Association between validated molecular biomarkers and clinically relevant
outcomes is important for developing novel diagnostic tests to be used by health workers in the

front line and ultimately improve human quality of life.
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Supplemental information (Chapter III)

CNIA analyses of OEL and NCL using pAbs to hCABS1 H1.0, H2.0, H2.1, and H2.2 show the same
chemiluminescent profile. Our data indicates that under optimized conditions (Figure 3-4, red
lines in all graphs) all pAbs detect in OEL a peak corresponding to a protein of 96 kDa, and a
smaller peak corresponding to a protein of 65 kDa. When evaluating NCL with H1.0 or H2.0 we
obtained no chemiluminescent signal, indicating that in this platform under optimum conditions
our pAbs do not interact with the proteins present in NCL (Figure 3-4 A, B, NCL). When
evaluating NCL with H2.1 the data indicates that proteins present in NCL may interact with H2.1,
yet the chemiluminescent signal attained in NCL is minor than the signal obtained in OEL
(Figure 3-4 C). When evaluating NCL using H2.2 under optimized conditions (red line) we
detected one peak corresponding to a protein of 51 kDa; however, the chemiluminescent signal of

such a protein is much lower than that obtained when evaluating OEL with H2.2 (Figure 3-4 D).
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Figure 3-4. Electrophoretograms of ‘hCABS1 overexpression cell lysate
(OEL) and negative control cell lysate (NCL) evaluated with pAbs to
hCABS1 (A) H1.0, (B) H2.0, (C) H2.1, and (D) Hz2.2.

All graphs indicate molecular weight (kDa) in the horizontal axis and
chemiluminescent signal (a.u.) in the vertical axis. Blue lines represent experiments

ran under non-optimized conditions, while red lines represent experiments ran under
optimized conditions.
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Chapter 4 : Characterization of monoclonal antibodies targeting

human calcium-binding protein, spermatid-associated 1

Preamble

Our experimental and in silico data suggest that hCABS1 is proteolytically processed into discrete
forms'$2t. We developed two polyclonal antibodies (pAbs) to hCABS1, H1.0 and H2.0. ‘H2.0’, a
pADb raised to a middle domain in hCABS1 (a.a.: 1s,DEADMSNYNSSIKS,,,)!8, detects a protein in
human saliva supernatant that positively correlates with perceived distress2:. In WB (WB) this
protein has an apparent molecular weight of 27 kDa2!, and when analyzed using capillary nano-
immunoassay (CNIA), of 35 kDa®®. Interestingly, only in Western blot (WB) of saliva supernatant
does H2.0 detect proteins <27 kDa that may be indicative of resilience to stress2'. To date, a
biomarker of resilience to stress has not been discovered, but our data suggests that forms of

hCABS1 could be such a biomarker.

We had also established that hCABS1 contains an anti-inflammatory domain, TDIFELL, similar
to the one in rat SMR1, TDIFEGG3743:51135, To study this domain in hCABS1, we created ‘H1.0’, a
pAD raised to a 14 amino acid hCABS1 sequence found at the carboxyl terminus of the protein that
encompasses the anti-inflammatory site (a.a.: 3,TSTTETDIFELLKE.ss, underlined anti-
inflammatory domain)8. In CNIA of human saliva supernatant, H1.0 detects a protein at an
apparent molecular weight of 60 kDa®¢. Using H1.0 to detect hCABS1 or its fragments, we were

unable to establish a correlation with perceived distress®®.

Collectively, these interesting observations in saliva using two pAbs targeting different regions of
hCABS1, the realization of the finite nature of our pAbs, and increasing concerns about their
specificity due to an inability to sequence hCABS1 from saliva, led us to the creation of monoclonal

antibodies (mAb) to hCABS1.
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The creation of these mAbs was contracted to GenScript, the company that created our pAbs to
hCABS1. The company also synthesized a peptide library for hCABS1 for us. This library
encompassed 20-mer sections of hCABS1 (Table 4-1). Thus, to more fully characterize hCABS1
and its multiple molecular forms, we selected three immunogens for the production of mAbs,
namely: the stress-associated immunogen located in the middle of hCABS1 (Figure 4-1, Middle),
the anti-inflammatory immunogen located in the carboxyl terminus of hCABS1 (Figure 4-1,
COOH - carboxyl terminal), and the entire recombinant (;) hCABS1. Further ELISA analyses done
by our collaborator in the United States, Gonshor-Buck diagnostics (GBD), using the hCABS1
peptide library (Table 4-1) suggests that the mAb created using full /hCABS1 targets hCABS1 a.a.
#ITSEGDHVTSVNEYMLESDFs, domain (GBD proprietary data not provided), close to the amino

terminus (Figure 4-1, NH. - amino terminal).

Calcium-binding protein, spermatid-associated 1

\
[ |

O———0——0O

NH, - amino terminal Middle COOH - carboxyl terminal
a.a.: 184-197 a.a.: 375-388
4D1-1 15B11-1 13G3-1

Figure 4-1. Immunogens used to produce monoclonal antibodies to Calcium-binding protein,
spermatid-associated 1 (CABS1).

Antibody 15B11-1 was raised against a middle domain of CABS1 (amino acids (a.a.) 184-197) that was previously used
to produce a polyclonal antibody that detected Western blot bands associated with psychosocial distress. Antibody
13G3-1 was raised to a domain containing a.a. sequence 3s0TDIFELLj3s6, a putative anti-inflammatory domain of
CABS1. Antibody 4D1-1 was raised against the entire recombinant CABS1 protein. Further evaluation using ELISA
indicates that 4D1-1 targets a domain (a.a. 41-60) near the amino terminal.

GenScript used the three immunogens (Figure 4-1) to inoculate five BALB/c mice per
immunogen and begin mAb production. During mAb production, GenScript performed their own

quality control assays; however, at two points we analyzed samples of the antibodies provided by
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GenScript to confirm that appropriate immunoreactivities were being selected (Figure 4-2 A, B).
Briefly, after the third inoculation to BALB/c, antisera from all mice were collected and sent to
our group at the University of Alberta (U of A) and to our collaborator, Gonshor-Buck Diagnostics
(GBD). At the U of A, we performed WB using a reference saliva sample, an overexpression cell
lysate for hCABS1, and its negative control cell lysate. GBD developed an in-house ELISA assay to
evaluate the immunoreactivity of antisera using the peptide library of hCABS1. Data analysis from
U of A and GBD aided in the selection of a single mouse per immunogen, i.e., 3 mice, to continue
mAb production. When GenScript derived 10 hybridomas from each mouse spleen, these were
cultured, and supernatants (n=30, 10 per immunogen) were sent to the U of A and GBD for
analysis. These analyses led to the selection of five clones per immunogen for further development
and one clone for each immunogen was selected for amplification and purification of mAbs 15B11-
1,13G3-1and 4D1-1 (Figure 4-1). GenScript provided us with purified mAbs from selected clones
and with cell lines from 30 clones (5 clones x 2 duplicates x 3 immunogens = 30 clones). Presently,

these samples are stored at the Canadian Biosample Repository (Edmonton, Alberta, Canada)3®.

The acquisition of these mAbs, each targeting a different domain within hCABS1, assisted us in
validating our work using pAbs. I established an optimized WB methodology to evaluate human-
derived samples, the data of which is shown in this chapter. Of note, number of experiments (n)
is indicated in figure captions. During the duration of these experiments, I had the opportunity to
mentor Ms. Tarana A. Mangukia, who ultimately immunoprecipitated ;hCABS1 from a transient
hCABS1 overexpression cell lysate. Her data has opened a new line of research for hCABS1, that
is IP of hCABS1 from human-derived biofluids. Additionally, collaboration with Dr. Lakshmi
Puttagunta from the Department of Laboratory Medicine and Pathology at the University of
Alberta and Ms. Sarah Canil from Alberta Precision Laboratories generated the first

immunohistochemical analysis image of human testis using mAb 15B11-1.
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To whom it may concern,

Tuesday, February 1, 2022

We fully support that this chapter of Eduardo’s PhD thesis contains an image from immunohistochemical
analysis of human testis performed in the Alberta Precision Laboratories (Edmonton, AB, Canada) by Ms.
Sarah Canil. The monoclonal antibody targeting human Calcium-binding protein, spermatid-associated 1
{antibody ID: 15B11-1) used in this experiment was provided by Dr. Dean Befus from the University of

Alberta (Edmonton, AB, CA).

Interpretation of immunohistochemical results was a collective effort including Dr. Lakshmi Puttagunta,
Ms. Canil, Dr. Befus, Dr. Marcelo Marcet-Palacios, and Mr. Reyes-Serratos.

Respectfully vours,

Lakshmi Puttagunta
Professor at the Department of Laboratory Medicine &
Pathology
University of Alberta

Marcelo Marcet-Palacios
Assistant Adjunet Professor
Department of Medicine
Division of Endoerinology and Metabolism
University of Alberta

FANEIN

Sarah Canil
Laboratory Scientist
Alberta Precision Laboratories

S

A. Dean Befus
Professor Emeritus
Alberta Respiratory Centre
University of Alberta

Eduardo Reyes-Serratos

PhD Candidate

Alberta Respiratory Centre

University of Alberta
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Sunday, February 6, 2022

To whom it may concern,

We fully support that this chapter of Eduardo’s PhD thesis contains Western blot images from
immunoprecipitation (IP) experiments of human Calcium-binding protein, spermatid-associated 1
overexpression cell lysate and human saliva supernatant.

The experiments were performed at the Heritage Medical Research Centre (Edmonton, AB, Canada) by Ms.
Tarana A. Mangukia, who was initially trained by Mr. Eduardo Reyes-Serratos and quickly showed
proficiency in performing wet lab experiments. Ms. Mangukia performed immunoprecipitation
experiments with minimal input from Mr. Reyes-Serratos. Resulting elnates from IP experiments were
analyzed via Western blot.

Interpretation of Western blot results was a collective effort between Ms. Mangukia and Mr. Reyes-Serratos.

Respectfully yours,

Tarana A. Mangukia

Eduardo Reyes-Serratos

Honors undergraduate student PhD Candidate
Faculty of Chemistry Alberta Respiratory Centre
University of Alberta University of Alberta

(B

Marcelo Marcet-Palacios A. Dean Bef}ls
Assistant Adjunct Professor Professor Emeritus
Department of Medicine Alberta Respiratory Centre
Division of Endoerinology and Metabolism University of Alberta
University of Alberta
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Introduction

External body of knowledge of CABS1 ties its occurrence to the male urogenital tract, but
novel research challenges this dogma

Studies of CABS1 in rats, mice and pigs identified its presence at specific developmental stages
during spermiogenesis, the transformation of spermatids into spermatozoa®45. Moreover, RNA
analyses of several tissues indicated that CABS1 transcript was restricted to testes and the main
olfactory epithelium'. However, protein was only detected in testes+5. CABS1 was detected in the
mitochondria, cytoplasm, and flagellum of sperm®*s. In porcine sperm, CABS1 protein was also
found in the acrosome, where it may play a pivotal role in the acrosome reaction when
spermatozoa and oocyte fuses. The first functional association of CABS1 in mice was described in
2021. A Cabs1 knockout mouse model identified sperm with a bent tail and disturbance in
expression of cytoskeleton-related proteins!. CABS1 deficiency was associated with subfertility of
mice!’. Altogether, this evidence suggests that CABS1 plays an indispensable role in optimum
formation and function of sperm. Interestingly, murine spermatids also expressed a long, non-
coding RNA of the CABS1 gene antisense, but knockdown of this anti-CABS1 did not alter sperm
development, morphology or function; its significance is unknown.

Outside male urogenital research, Cabs1 gene expression has been reported in macaque uterus
and cattle oviductal epithelium, suggesting an association between Cabsi expression and
estrus’34, In female humans, CABS1 is detectable in minor salivary glands®¢, consistent with our
findings of mRNA and protein in male and female SMG:8. Collectively, these observations likely
led the Human Genome Organisation Gene Nomenclature Committee to correct the name for
CABS1 in February of 2016, from calcium-binding protein, spermatid-specific 1 to calcium-

binding protein, spermatid-associated 1.
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An alternate line of research put forward the use of CABS1 as a biomarker of distress in
humans

In the 1980’s, our group became intrigued by evidence that immune and inflammatory responses
are modulated by the nervous system'7-140. To investigate this relationship, we established an
experimental model in allergen-sensitized rats by severing the sympathetic nerve trunk upstream
of the superior cervical ganglia (SCG), an intervention called decentralization204:, Initial data
showed that decentralization decreased lung inflammatory responses to allergen challenge in
sensitized ratszc. Ultimately, we identified that the anti-inflammatory activity was dependent on
the submandibular glands (SMG) regulated by the nervous system through SCG29142, A
heptapeptide isolated from SMG, TDIFEGG, proved to be responsible for the anti-inflammatory
activity™3. This 7-mer is found near the carboxyl-terminus of a protein called Submandibular Rat
1 (SMR1)43, which is more abundant in male than female SMG. Work by others identified that
SMR1 is a prohormone and precursor of several polypeptides, one of which has analgesic'44, sexual
behavior modulating4s, and erectile function4¢. We determined that humans lack SMR1:8:53 and
searched for a human protein containing the anti-inflammatory heptapeptide sequence. We
identified that Calcium-binding protein, spermatid-associated 1 (CABS1) contains a homologous
peptide, TDIFELL, also near its carboxyl-terminus's. The genes human CABS1 and rat SMR1 are
located within a conserved gene cluster. Because TDIFE-GG/LL is found both in CABS1 and in
SMR1, we hypothesize that an evolutionary gene translocation moved the anti-inflammatory

fragment from SMR1 to primate CABS118:51147,

SMR1 in rats is expressed in SMG, saliva and testes 53. Until 2015, CABS1 had only been
characterized in testes, so given that CABS1 was analog to SMR1 we postulated that human CABS1
was also present in SMG and saliva. Indeed, we confirmed that lysates of human SMG expressed
CABS1 mRNA and protein8. Both female and male SMG lysates expressed protein at similar

levels, suggesting sex-independent expression!8. Notably, using polyclonal antibodies (pAbs)
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targeting hCABS1, saliva and SMG lysates showed several forms of CABS1 that varied in

kilodaltons (kDa)8:2, similar to a diversity of processed forms of SMR153.

To determine if human CABS1 was under neural control as SMR1 in the rat, we used our pAbs to
evaluate levels of CABS1 in saliva following psychological stress via WB analysis. As expected, our
pAbs detected increased levels of a 27 kDa form after stress challenge and positively correlated to
perceived momentary distress2:. Remarkably, samples from a small portion of individuals who
self-reported not feeling affected by the stressor had CABS1 forms <27 kDa in saliva suggesting
that these forms were associated with resilience to stress2:. Thus, we concluded that CABS1 is
under control of the autonomic nervous system, which is promptly activated in psychological
distress. Recent studies using our pAbs in a state-of-the-art immunoassay corroborated that
CABS1 in saliva positively correlates with distress, although this immunoassay did not detect

forms of CABS1 <27 kDas¢s.

Since our research at that time point suggested that different molecular weight variants of hCABS1
were biomarkers of stress, WB was deemed the ideal technique to study hCABS1 in complex
biofluids. In short, prior to WB protein homogenates are linearized and separated by size,
followed by the use of antibodies that target and identify the location of a protein of interest (POI),
in our case hCABS1. Table 2-4 presented the WB profiles that our pAbs generate in a transient
overexpression cell lysate system, human SMG, saliva, and serum. Questioning of the WB
methodology used in previous publications from our group (see references '82') led to an
optimized pipeline. In turn, the bands identified in WB by our pAbs, which were considered to
represent hCABS1, have been revised. Briefly, when using our pAbs, we now consider bands
representative of hCABS1 to be as follows (per sample): in hCABS1 overexpression cell lysate
(OEL) bands at 84 and 67 kDa, in SMG bands at 71, 52, 47, 33, and 27 kDa, in saliva bands at 9o

and 64 kDa, and in serum bands at 139, 91, 71 and 63 kDa (see Table 2-4).
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In early 2020, we received monoclonal antibodies (mAbs) that target three different domains of
hCABS1 (Figure 4-1), diversifying our research toolkit. In contrast to pAbs, hybridoma-based
mAbs are identical copies of a single antibody that binds to a single epitope8. This chapter
describes the characterization of our novel mAbs targeting hCABS1 in WB analyses of transient
overexpression cell lysates, human SMG, saliva and serum. Altogether, these data contribute to
the way we should interpret WB profiles using our antibodies, and which band(s) we should
consider to accurately represent hCABS1 in our WB system. The chapter also details the WB
profile obtained throughout immunoprecipitation of hCABS1 from transient overexpression cell
lysate and human saliva, and confirms that immunoprecipitation with mAb 4D1-1, targeting a
domain close to the amino terminus, is possible. Finally, we provide the first
immunohistochemical image of human testes, and describe the localization of hCABS1 protein in

this compartment.

Materials and methods

The study, entitled ‘Anti-inflammatory proteins and biomarkers of stress’ (University of
Alberta internal ID: Proo0001790), was approved by the Research Ethics Office,
University of Alberta (Edmonton, AB, CA).

Monoclonal antibodies to hCABS1

Mouse-derived hybridomas produced the monoclonal antibodies described in this manuscript.
Mice were immunized against specific domains of hCABS1, their spleens were harvested and
spleen-derived B-cells were isolated via serial dilutions. B-cells were combined with myelomas to
create hybridomas (GenScript Biotech, Piscataway, NJ, USA). Monoclonal antibody 13G3-1 was
raised against hCABS1 amino acids (aa) 375-388 TSTTETDIFELLKE (underlined anti-
inflammatory domain). Monoclonal antibody 15B11-1 was raised against hCABS1 aa 184-197
DEADMSNYNSSIKS. Monoclonal antibody 4D1-1 was raised against the entire recombinant
hCABS1 protein.
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Western blot controls

For WB controls, membranes were probed with either (a) no primary antibody, just secondary
goat anti-mouse antibodies (Li-cor, Lincoln, NE, USA — cat. # 926-32210) or (b) isotype
antibodies to our mAbs. Mouse IgG1.x (R&D systems, Minneapolis, MN, USA — cat. # MAB002)
are isotype antibodies for mAbs 15B11-1 and 13G3-1. Mouse I1gG2a.k (Stemcell™ Technologies,

Vancouver, BC, Canada — cat. # 60108) are isotype antibodies for mAb 4D1-1.

Transient overexpression cell lysate controls

Commercial source

A recombinant hCABS1 (hCABS1) overexpression cell lysate (OEL) produced in Human
Embryonic Kidney 293T (HEK293T) cells (OriGene Technologies Inc., Rockville, MD, USA — cat.
# LY409727) was purchased and used in most WB described in this chapter. HEK293T was
immortalized using SV40 large T antigen7s. It is widely used to produce recombinant proteins by
transfection of vectors containing potent viral promoters (e.g., CMV promoter) (Figure 2-1). The
negative control cell lysate (NCL) originates from HEK293T cells with the same vector but lacking

a CABS1 cDNA insert.

In-house source

Plasmid amplification and retrieval
To produce hCABS1 containing a Myc-DDK tag (sequence:

EQKLISEEDLAANDILDYKDDDDK) at the carboxyl end of the recombinant protein (see
Figure 2-1), 10 ug of TrueORF thCABS1 plasmid (OriGene Technologies Inc., Rockville, MD, USA
— cat. # RC208496) was purchased. Once received, the dried plasmid was resuspended in 100 pL
of Ultrapure™ DNase/RNase-free distilled water (Invitrogen, Waltham, MA, USA — cat. #
10977015). To amplify the plasmid, Subcloning Efficiency™ DH5o competent cells (Invitrogen™,
Waltham, MA, USA - cat. # 18265017) were transformed with the reconstituted plasmid. Briefly,

sooug plasmid was used with a molar plasmid-to-DH5a cells ratio of 1:10, the mix was placed on
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ice for 20 minutes, heat shocked at 37°C for 20 seconds, and placed on ice for 2 minutes. DH5a
cells were transferred to LB broth (Sigma-Aldrich, Burlington, MA, USA — cat. # L3522) and
incubated for 1 hour. After incubation, cells were plated in LB agar (Sigma-Aldrich, Burlington,
MA, USA — cat. # L3147) supplemented with 25 #$/,;, kanamycin (Gibco™, Waltham, MA, USA —
cat. # 15160054) and incubated overnight at 37°C. The next day, single colonies were selected,

resuspended in LB broth supplemented with 25 #¢/;,,;, kanamycin and incubated overnight.

The amplified plasmid was obtained from DH5a transformed cells using a QIAprep® Spin
Miniprep kit (QIAGEN, Hilden, NRW, Germany — cat. # 27104) as per the manufacturers
protocol. The concentration and purity of plasmid was determined using a NanoVue
spectrophotometer (GE Healthcare, Chicago, IL, USA). Subsequently, the plasmid was placed at
-80°C.

HEK293T transfection with plasmid

HEK293T cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM), high glucose,
pyruvate (Gibco™, Waltham, MA, USA, cat. # 11995065), supplemented with 11% fetal bovine
serum (FBS) and 1.1% penicillin/streptomycin. For transfection, cells were cultured in a Petri dish
until ~80% confluency media was attained. Media was changed to DMEM, high glucose, pyruvate,
supplemented with 1.1% penicillin/streptomycin (no FBS). To mediate the transfection in
HEK293T cells, polyethyleneimine (PEI) was used (Polysciences, Inc. Warrington, PA, USA — cat.
# 23966-1). 3ug of plasmid were used with a molar plasmid-to-PEI ratio of 1:3. The mix was
incubated at room temperature for 30 minutes, then added in a dropwise manner to the HEK293T

cells. Cells were incubated overnight (37°C and 5% CO.) and lysed the next day (see below).

Cell lysis
After cells reached 70-80% confluence, media was removed, and cold 1X PBS solution was added

to the attached cells. The dish containing cells was tilted continuously for 2 minutes before
removing the PBS solution. 0.5 mL cold 1X PBS solution was added before scraping, aspirating,
and transferring cells into a microfuge tube. The Petri dish was washed once again with 1 mL of
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cold 1X PBS solution, the surface was scraped to retrieve remaining attached cells, and the
solution was transferred to the same microfuge tube. The tube was centrifuged (2,500 rcf, 5 min.,
4°C), the supernatant discarded, and the pellet kept. The pellet was resuspended in 1 mL of Radio
Immunoprecipitation Assay (RIPA) buffer (Tris-HCI (pH 7.4) — 50 mM, NaCl — 150 mM, EDTA
— 1 mM, 1% NP40, 0.25% sodium deoxycholate) supplemented with P8340 protease inhibitor
cocktail (Sigma-Aldrich, St. Louis, MO, USA — cat. # P8340). The tube containing the resulting
cell suspension was placed on ice and lysed using two sonication pulses (30 seconds/; ).
Subsequently, the tube on ice was placed in an orbital shaker (100 rpm, 15 min.) followed by a
centrifugation cycle (14,000 rcf, 15 min, 4°C). The resulting supernatant, now identified as
hCABS1 OEL, was transferred to a new microfuge tube and stored at -80°C. Protein
concentration was determined using a Pierce™ BCA assay protein assay kit (Thermo Scientific™,

Waltham, MA, USA — cat. # 23225).

Collection of human samples

Submandibular gland

Human submandibular glands (SMG) samples were collected in January 2017 from patients, a
female and a male, undergoing surgical removal of squamous carcinoma at the University of
Alberta hospital (Edmonton, Canada). Each SMG was homogenized at 4°C using as diluent RIPA
buffer supplemented with P8340 protease inhibitor cocktail. Post-homogenization, samples were
centrifuged, separating the mix into three phases. The middle phase was collected, aliquoted and
stored at -80°C. Prior to downstream analyses, determination of total protein concentration for

each sample was done using a Pierce™ BCA Protein Assay Kit (Thermo Scientific).

Blood samples
Blood serum and plasma were retrieved from a 30-year-old male in March of 2019. Human serum
and plasma were retrieved as described in a protocol from Prolmmune Limited74. For serum, a

vacutainer tube containing no additive was used to collect 10 mL of whole blood. Collected blood
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was incubated for 45 min to allow clotting. Subsequently, the tube was centrifuged at 1500 x g and
21°C for 15 minutes. Supernatant (serum) was carefully aspirated, transferred into 300 uL
aliquots (new micropipette tips were used between aspirations), and stored at -80°C until used.
For plasma, a vacutainer tube containing anticoagulant was used to collect 10mL of whole blood.
Then, the tube was inverted 10 times to mix blood with anticoagulant. Immediately after, the tube
was centrifuged at 1500 x g and 21°C for 15 minutes. Supernatant (plasma) was carefully
aspirated, transferred into 300 pL aliquots (new micropipette tips were used between

aspirations), and stored at -80°C until used.

Saliva

Unstimulated whole saliva from a human male was collected using the passive drool technique
protocol (Salimetrics LLC, Carlsbad, CA, USA)75 over the course of 15 days. Throughout the
collection period, the individual exercised for, at least, 1 hour in the evenings prior to collection,
slept a minimum of 7.5 h, had a set breakfast, brushed and flossed teeth, and post-teeth cleansing
waited 1.5 h before whole saliva collection. Samples were frozen at -20°C immediately after
collection. When the collection period finalized, all collected samples were thawed and pooled.
The resulting pool was centrifuged at 1500 rcf and 4°C for 20 minutes. The supernatant was
collected and transferred into aliquots. Prior to downstream analyses, determination of total
protein concentration for each sample was done using a Pierce™ BCA Protein Assay Kit (Thermo

Scientific).

Serial dilutions/Titration of antibody and sample amounts

Total protein concentration for each stock/undiluted sample was determined using a Pierce BCA
kit (Thermo Scientific). The sample diluent in all serial dilutions consisted of 1 part 4X Laemmli
sample buffer (BioRad) and 3 parts RIPA buffer supplemented with P8340 protease inhibitor
cocktail (Sigma Aldrich). Prior to combining both reagents, 4X Laemmli sample buffer was

supplemented with DTT to a final concentration of 50 mMprr (see Figure 4-3).
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Prior to preparing the testing samples, final sample concentration (Equation 4-1) and volume
(Equation 4-2) were calculated, and initial sample volume (Equation 4-3), as well as sample
diluent volume (Equation 4-4) for all samples to be tested in the dilution (Table 4-2). To
prepare testing samples, the sample diluent was added firstly to all tubes, then the necessary
amount of undiluted/stock sample was added to reach the desired testing sample concentration
([Concentration sample, final], Figure 4-3, 1). After gently pipetting up and down, the necessary
volume of this sample was transferred to the subsequent tube to achieve a 1/10 dilution with
respect to the initial testing sample (Figure 4-3, 2). After gently pipetting up and down, the
calculated amount of this sample was transferred to the final tube to achieve a 1/100 dilution with
respect to the initial testing sample (Figure 4-3, 3).

Mgesired

Vwell

Equation 4-1. Calculation of final sample concentration. To calculate the amount of protein per lane divide
the desired mass (m, in micrograms) by the well’s volume (V, in microliters). A 10-lane gel has a well volume of 40 uL,
while a 15-lane gel has a well volume of 20 pL.

[Concentrationgample finall =

Vsample, final = (# Wellssample + 1) (Vwen)

Equation 4-2. Calculation of final sample volume. To calculate the necessary sample volume, multiply the
number of wells where this sample will be tested plus one (as excedent) by the well’s volume (V, in microliters). A 10-
lane gel has a well volume of 40 pL, while a 15-lane gel has a well volume of 20 pL.

[Concentrationsample, finall (Vsample, final)

[Concentrationsample, initiall

Vsample, initial =

Equation 4-3. Calculation of initial sample volume. To calculate the volume of stock/undiluted sample, divide
the product of final sample concentration (Equation 4-1) and final sample volume (Equation 4-2) by the sample’s
initial concentration, previously determined using a Pierce BCA assay. Recall using the same units for each term (in
concentration: mg/mL or pg/uL).

Vsample diluent = Vsample, final — Vsample, initial

Equation 4-4. Calculation of sample diluent. To calculate the necessary amount of sample diluent, subtract the
initial sample volume from the final sample volume. Recall using compatible units (uL or mL).
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Figure 4-3. Pipeline of sample preparation in titration experiments.

(A) Sample diluent was prepared by mixing Laemmli and RIPA buffers. (B) The required volume of sample diluent
was added to each of the tubes to be used in serial dilution. (C) Finally, the necessary amount of original/undiluted
sample was used to do a 10-fold serial dilution. Figure made with BioRender.com

After serial dilutions were made, testing samples were boiled for 5 minutes, transferred to ice,
centrifuged in a microfuge at 4000 rpm, vortexed in the lowest speed and loaded into their
respective lane in the gel. Molecular mass reference (M,), a molecular weight ladder was loaded
in a well adjacent to the samples being tested. Ladders used in these experiments include were
Precision Plus Protein All Blue Prestained protein standards (Bio-Rad) and BlueAQUA Prestained

protein ladder (GeneDireX, Inc.).

One dimensional (1D) SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

The TGX™ FastCast™ 12% Acrylamide Kit (Bio-Rad, Mississauga, ON, CA) was used to prepare
1.5 mm thick gels the day prior to an experiment?”. Polymerization took 30 min. Polymerized gels
were then wrapped in a Kimwipe, placed inside a Ziploc bag, submerged in molecular grade water,

and placed at 4°C until the experiment.
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10X stock (1L 10X stock solution: Trizma
base — 250 mM, Glycine — 1.92 M, SDS - 35
mM). During electrophoresis, samples were

On the day of an experiment, new 1X SDS-
PAGE running buffer was prepared from a

firstly run at 100 V until they reached the
bottom of the stacking gel; once there,
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subsequent MS-seq analyses, or WB (WB,

rhCABS1 plasmid digestion and agarose
To verify that DH5a effectively amplified the

described below).
gel electrophoresis

:hCABS1 plasmid, a double digestion with
restriction enzymes Bam HI and Xho I
(Thermo Scientific, Waltham, MA, USA -

cat. # ERoos51 and ER0692, respectively)

was performed. Briefly, 1 ug of plasmid was
mixed with 10 units of Bam HI, 10 units of
Xho I, 1X K buffer (2omM Tris-HCI (pH

8.5), itomM MgCl,, 1 mM DTT, 1oomM

KCD49 and brought to a final reaction
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volume of 20 pL with Ultrapure™ DNase/RNase-free distilled water (Invitrogen, Waltham, MA,
USA — cat. # 10977015). The reaction was incubated at 37°C for 2 hours. After incubation, 2.5uL
of 10X DNA loading dye (30%(¥/v) glycerol, 0.05%(*/y) bromophenol blue) was added to the
digested fragments mix. The mix was loaded into a 1% agarose gel previously placed in an
electrophoretic chamber and submerged in running buffer (1X TAE (0.04 M Tris base, 0.11 %(¥/+)
acetate, 0.2 %(¥/v) 0.5 M sodium EDTA), 0.01% ethidium bromide). As a molecular mass
reference (M,), a molecular weight ladder (GeneDireX®), Taoyuan, Taiwan — cat. # DM010-R500)
was loaded in a well adjacent to the samples being tested. The loaded gel was run at 100 V until
the dye line had travelled 80% of the gel. A UV transilluminator was used to visualize the digested

plasmids.

Immunoprecipitation
For all steps involving a magnet, the magnetic stand (Invitrogen™, Waltham, MA, USA — cat.

# 12321D) was placed inside a bucket containing ice.

In a microfuge tube, Pierce™ Protein A/G Magnetic Beads (Thermo Scientific™, Waltham, MA,
USA — cat. # 88802) were blocked with a 5% (*/y) bovine serum albumin (BSA) aqueous solutione
with a bead volume to BSA volume ratio of 1:1. To ensure proper bead blocking, the tube was
placed on a nutating mixer and incubated for 1 hour, at 4°C. To separate blocked beads from the
BSA solution, the microfuge tube was placed on a magnetic stand. Once beads stuck to the wall of
the microfuge tube closest to the magnet, the liquid fraction was aspirated and discarded. Then
the beads were resuspended in Low Salt Immunoprecipitation buffer (LSIP buffer: Tris base —
somM, NaCl — 20 mM, MgCl, — 1imM, TritonX100 — 1%, P8340 protease inhibitor — 1X; pH ~8),

and vortexed to ensure homogenization.

e Mix 0.5 g Bsa in 10 ML yitrapure water, VOrtex, and place at 4°C overnight for complete dissolution
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To test our mAbs targeting hCABS1, in-house /hCABS1 OEL was used as a ‘positive control
sample’ given that it contained recombinant generated hCABS1 protein. In a separate microfuge
tube, thCABS1 OEL was combined with mAb targeting hCABS1 with a lysate volumef to mAbs
volume ratio 1.6:1. To ensure proper mixing, the tube was placed on a nutating mixer and
incubated for 1 hour at 4°C. As a ‘negative control sample’, another microfuge tube containing
rhCABS1 OEL combined with ultrapure distilled water instead of antibody was incubated, using

the same ratio.

After initial incubations, each sample (i.e., positive and negative controls) was mixed with the
beads’ solution with a sample volume to beads volume ratio of 2:1 and incubated for 1 hour at 4°C
on a nutating mixer. After incubation, the tube was placed on the magnetic stand, where Bead-
Antibody-Protein Of Interest (b-a-POI) complexes stuck to the wall of the tube facing the magnet
(Figure 4-4 B). Liquid fractions were removed and saved for further WB evaluation at 4°C
(Figure 4-4 B). The tube was removed from the magnet, b-a-POI complexes were resuspended
in 500uL LSIP buffer, and the entire volume was transferred to a new microfuge tube. To get rid
of non-specific proteins, b-a-POI complexes underwent three washing steps. Washes consisted of
placing the tube back on the magnetic stand, aspirating supernatant/wash eluate (each eluate was
saved for further WB analysis) and - except on the third/final wash step - resuspending b-a-POI
in 500uL LSIP buffer. Collected wash eluates were stored at 4°C, while b-a-POI complexes were
stored at -20°C overnight. The next day, beads were resuspended in 1 part 4X Laemmli sample
(BioRad) and 3 parts RIPA buffer supplemented with P8340 protease inhibitor cocktail (Sigma
Aldrich). The mix was boiled at 95°C for 5 minutes and then the tube was placed on the magnetic

stand. The supernatant, containing unbound antibodies and POI, was transferred to a new tube,

f hCABS1 OEL concentration was 0.32 8/ .1,
8 Working antibody concentrations were: 15B11-1 = 1.945 #8/,1,, 13G3-1 = 1.006 "8/, 4D1-1 = 1.037 "8/,
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and supplemented with DTT to a final concentration of 12.5 mMprr. This sample was saved at 4°C

for further WB evaluation.

1h
1h 4°C
o
4°c ‘ ® mix
! ‘ 1 add magnetic - washes & elution ‘ |
- beads
protein of
interest
B ’ Washes & elution ‘ I First eluate post-bead addition
\\( / Eluate
- ‘ o I 1t wash eluate
o
3
Magnet C. 17 5 I 2nd wash eluate
W/ <
‘.‘\U-{-' 72}
g g I 3rd wash eluate
Bead-Antibody-Protein of interest
L@
ﬁ I Eluted post-IP protein -i.

Figure 4-4. Pipeline of immunoprecipitation protocol.

(A) Summarized steps of immunoprecipitation protocol from complex samples. Protein of interest is in green,
antibodies in red and magnetic beads in orange. ‘Washes and elution’ steps are further described in next panel.
(B) Bead-antibody-protein of interest (b-a-POI) complexes are pulled into a magnet, theoretically capturing b-a-
POI while eluate is transferred into another tube for downstream evaluation. Five eluates were preserved for
Western blot evaluation, their given names shown to the right of panel B. IP Western blots shown in this chapter
use the eluate nomenclature described here. Figure made with Biorender.com

WB analysis

The day of the experiment, 1X WB running buffer (1L 1X working solution: Trizma base — 40 mM,

Glycine — 300 mM, Methanol — 200 mL) was prepared and placed at 4°C.

For WB, electrophoresed samples in gels were placed in a cassette containing fiber pads, filter
papers, and a 0.45 um pore-sized nitrocellulose membrane (Figure 2-4). The cassette was placed

in a WB vertical transfer chamber along with an ice pack on the side. 1X WB transfer buffer was
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added until the cassette was covered. Transfer was done at a constant amperage of 0.5 A for 1

hour.

After protein transfer, the cassette was opened and all, but the nitrocellulose membrane, was
discarded appropriately. The nitrocellulose membrane was placed inside an opaque WB box and
washed 2X rapidly (<1 min) with double distilled water before adding enough WB blocking buffer
(1% fish skin gelatin (Truin Science Ltd., Edmonton, AB, Canada — cat.#FG800), 1X PBS, 0.1%
Tween20) to cover the membrane. Membrane blocking was done at Troom for 1 h. Once blocked,
blocking buffer was discarded and the membrane was immunoprobed overnight at 4°C with the
antibody(-ies) pertinent to the experiment at the desired working concentration (Table 4-4). The
antibody diluent solution (ADS) was composed of half 1X PBS supplemented with 0.05% Tween
20, and half WB blocking buffer. After overnight membrane immunoprobing, the antibody
solution was appropriately discarded, and the membrane was washed as detailed in Table 4-3.

Li-cor Biosciences secondary antibodies were diluted 1:10,000.

Table 4-3. Inmunoprobed membrane washing steps and solutions.

Wash step Washing solution Time o-fwash
(min.)

11 5

1.2 PBS 1X +0.05% Tween 20 5

1.3 5
Incubation with 50 % - PBS 1X +0.05% Tween 20,

cecondary antibod 50 % - WB blocking buffer, 60
Y 4 Secondary antibody (1:10,000)

2.1 10

PBS 1X +0.05% Tween 20
2.2 10
3.1 PBS 1X 10
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Table 4-4. WB antibody working concentrations.

Isotype antibodies corresponding to each of our hCABS1 mAbs were diluted to the same working concentration
used when immunoprobing with the mAbs to hCABS1. Anti-FLAG (target: DYKDDDDK domain) was diluted as
suggested by its manufacturer.

Antibody ID Immunoprobe working concentration
(/)
15B11-1
13G3-1 10 1 01
Isotype jor 51 & 13¢3-1 18G1.K

4D1-1

10 1 0.1
Isotypes,, 4prq 18C200.K
Anti-FLAG 10

Once membranes were washed, WB were captured in an Odyssey scanner and visualized in
ImageStudio Lite v.5.2 (Li-cor Biosciences). For all WB images, curves were adjusted for the 700
and 800 nm channels to K=1. For both channels the Grayscale black on white setting was
selected, rendering a bright background and dark immunoreactive bands. Maximum and
minimum values were then adjusted to reduce background signal and allow optimum
visualization of bands (Figure 2-5). Of note, images that are evaluated together (e.g., ‘mAb’ vs
‘no primary antibody’ vs ‘isotype antibody’) were set to the same maximum and minimum signal

values.

Post-titrations: WB image screening and selection criteria for figures in this chapter
After titrations of loaded sample amount and antibody probing concentration, resulting WBs were
evaluated for banding pattern. To decrease complexity, the selection criteria of which data to show
in this chapter was the maximum amount of loaded sample at which both ‘No primary antibody’
and ‘isotype antibody’ gave no signal, but at which the antibody targeting CABS1 gave a signal
(Figure 4-5). In saliva WBs, signal was present when probing with mAbs, ‘No primary antibody’
and ‘isotype antibody’. In blood serum WBs, signal was present when probing with mAbs and
‘isotype antibody’.
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Molecular weight determination

All WB images included a molecular mass reference (M;) showing proteins of known molecular
mass (in kilodaltons, kDa). WB images were opened in Microsoft Paint. This program provides
the pixel value of the place where the cursor is present (Figure 4-6 A). The cursor was placed
atop each M; band, and the pixel value (of the y-axis) corresponding to each M, band was recorded
in Microsoft Excel (Figure 4-6 B). At the same time, pixel values of bands occurring in sample
lanes were recorded and kept for later calculations. M, pixel values were then divided by 38 to be
converted to centimetres (Figure 4-6 B). The resulting dataset was used to graph molecular mass
(y-axis), versus distance (x-axis) (Figure 4-6 C). A 6% order polynomial trendline and its

equation were generated.

The equation was used to calculate the molecular mass of bands occurring in samples (Figure
4-6 D). Briefly, the previously recorded pixel values for bands in each sample were also divided
by 38 to be converted to centimetres, and the resulting value was input into the equation. The

output was molecular mass of the band(s) in kDa.

Immunohistochemical analysis of human testis

The testis slide was baked at 60°C for 1 hour and then deparaffinized and retrieved on Dako
Omnis fully automated THC platform (Agilent, Santa Clara, CA, USA) using EnVision FLEX target
retrieval solution, High pH (Dako Omnis) (Agilent — part # GV80411-2) at 97°C for 30 min.
Monoclonal antibody 15B11-1 (targeting hCABS1) was diluted 1/100 in EnVision FLEX antibody
diluent (Agilent — part # K800621-2) and was applied for 20 min. at 32°C followed by EnVision
Flex+ Mouse LINKER (Dako Omnis) (Agilent — part # GV82111-2) for 10 min. Subsequently,
EnVision FLEX, HRP.Rabbit/Mouse (Agilent — part # GV80011-2) was added for 20 min.
Visualization was performed using DAB+ substrate chromogen system (Dako Omnis) (Agilent —
part # GV82511-2) and counter stained with Gill I Hematoxylin formula (Leica, Wetzlar, Hesse,

Germany — cat. #3801500).
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Results

Evaluation of mAbs to hCABS1 when screening transient overexpression cell lysates

To evaluate the specificity of our mAbs to hCABS1, we used a transient hCABS1 overexpression

cell control, OEL, and its inherent negative control, NCL. WB analyses using 15B11-1 showed

bands at 78, 53 and 47 kDa for OEL, and presence of analog bands at 53, 47 kDa in NCL, as well

as bands at 38, 33, and 31 kDa (Figure 4-7). No immunoreactivity was observed in membranes

probed with isotype antibody IgG1.x at the same working antibody concentration as 15B11-1 or

with no primary antibody (Figure 4-7). Antibody 13G3-1 detected bands at 78, 64 and 53 kDa in

Transient overexpression cell lysate controls

mAb 15B11-1 No primary
(target:,CABSI) antlbody
| |

M, OEL NCL OEL NCL
—— T T
180 kDa  ee—
140 kDa
100 kDa
72 kDa 78 P m—
60 kDa :
53 I — —
47
45 kDa !
38 p
35kDa <D 33 -
o —
25kDa 4
20kDa  —
15kDa .
10 kDa "9

Isotype
antibody

OEL NCL
I I

Figure 4-7. WB of thCABS1 transient overexpression cell lysate (OEL) and its negative control cell lysate
(NCL) immunoprobed with monoclonal antibody (mAb) 15B11-1, and controls (no mAb and isotype

antibody IgG1.x).

A molecular mass reference (M:) indicates the range of protein sizes in kilodaltons (kDa) that can be present along a lane.
Molecular masses in kDa are shown next to arrows in black. All lanes were loaded with 1 pg total protein. Working antibody
concentration for 15B11-1 and IgG1.x was 1 "¢/,1.. Image is representative of two independent experiments for 15B11-1 and
no primary antibody and one experiment for IgGi.x. The shown molecular masses are the average of 2 independent

experiments where the same banding pattern was observed.
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OEL, and an analog band at 53 kDa in NCL (Figure 4-8). No bands were observed in membranes
probed with no primary antibody, but OEL probed with isotype antibody IgGi.x at the same
working antibody concentration as 13G3-1 shows a band at 64 kDa (Figure 4-8). Antibody 4D1-
1 shows a band at 78 kDa in OEL, and a faint band at 53 kDa in NCL (Figure 4-9). No signal was
detected in membranes probed with no antibody, but a membrane probed with isotype antibody
IgG2a.k shows several bands in a smear pattern in a range between 100 and 35 kDa (Figure 4-9).

Evaluation of these control lysates with an anti-FLAG antibody targeting aminoacidic sequence

Transient overexpression cell lysate controls
mAb 13G3-1 No primary Iso.type
(target: ,CABST) antibody antibody
] ] ]
Mr QEL MNCL QEL MNCL QOEL MNCL
[ ] [ ] [ ] [ ] [ ] [ ] [ ]
140 kDa  m—
100 kDa  —
78 b
kD -,y o Gap
GO kDa  i—
53 p i ——
45 kD  —
35 kDa  i—
25kDa W g
20kDa
15kDa - -
10 kDa -

Figure 4-8. WB of +hCABS1 transient overexpression cell lysate (OEL) and its negative control cell lysate
(NCL) immunoprobed with monoclonal antibody (mAb) 13G3-1, and controls (no mAb and isotype
antibody IgG1.x).

A molecular mass reference (M:) indicates the range of protein sizes in kilodaltons (kDa) that can be present along a lane.
Molecular masses in kDa are shown next to arrows in black. All lanes were loaded with 1 Ug total protein. Working antibody
concentration for 13G3-1 and IgG1.x was 10 "8/,.. Image is representative of two independent experiments for 13G3-1 and
no primary antibody and one experiment for IgGi.x. The shown molecular masses are the average of 2 independent
experiments where the same banding pattern was observed.
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Transient overexpression cell lysate controls

mAb 4D1-1 No primary
(target:,CABSI) anti bOdy
I I
M, OEL NCL OEL NCL
— I I
180 kDa
140 kDa
100 kDa
72 kDa 78 p- w———
60 kDa
53 &
45 kDa !
35kDa D
25kDa
20kDa -
15kDa 4D
10 kDa 4.

Isotype
antibody

OEL NCL
I I

Figure 4-9. WB of thCABS1 transient overexpression cell lysate (OEL) and its negative control cell lysate
(NCL) immunoprobed with monoclonal antibody (mAb) 4D1-1, and controls (no mAb and isotype

antibody IgG2a.x).

A molecular mass reference (M:) indicates the range of protein sizes in kilodaltons (kDa) that can be present along a lane.
Molecular masses in kDa are shown next to arrows in black. All lanes were loaded with 1 g total protein. Working antibody
concentration for 4D1-1 and IgG2a.x was 1 28/,1.. Image is representative of two independent experiments for 4D1-1 and no
primary antibody and one experiment for IgG2a.x. The shown molecular masses are the average of 2 independent

experiments where the same banding pattern was observed.

DYKDDDDXK, adjacent to the carboxyl end of the recombinant hCABS1 in commercial OEL shows

two bands at 78 and 51 kDa, with the 51 kDa band also present in NCL (Figure 4-10).

We began optimizing an immunoprecipitation protocol to capture CABS1 from biological

samples. The obvious candidate sample to use for this goal was OEL, since theoretically it contains

recombinant () hCABS1. However, commercial OEL was expensive and the last two batches we

received did not interact with any of our mAbs, suggesting that production of thCABS1 in those

batches was not optimal. We decided to produce our own OEL by transfecting HEK293T cells with

the plasmid containing the ;hCABS1 cassette (see Methodology). Firstly, the plasmid was
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Transient overexpression cell lysate controls
Anti-FLAG
(a.a. target: DYKDDDDK)
|
Mr OEL NCL
I [
250 kDa
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Figure 4-10. WB of ‘hCABS1 transient overexpression
cell lysate (OEL) and its negative control cell lysate
(NCL) immunoprobed with an Anti-FLAG monoclonal
antibody.

A molecular mass reference (M) indicates the range of protein
sizes in kilodaltons (kDa) that can be present along a lane.
Molecular masses in kDa are shown next to arrows in black. All
lanes were loaded with 1 pug total protein. Working antibody
concentration for Anti-FLAG was 10 "8/,.. Image is
representative of a single experiment.

amplified in Subcloning Efficiency™
DH5a competent cells. A minor portion of
the recovered amplified plasmid was
digested with Xho I and Bam HI and ran
in an agarose gel to verify proper
amplification. As expected, we observed
post-digestion fragments at 4829 and
1237 base pairs (Figure 4-11). The
plasmid was used to transfect HEK293T

cells, which were later lysed and used in

immunoprecipitation.

WB analysis of in-house produced OEL
probed with 15B11-1 shows two bands at
76 and 54 kDa, but the lysate probed with
an anti-FLAG antibody targeting a
sequence adjacent to the C-terminus of
:hCABS1 in the lysate only detects a 76
kDa  band A).

(Figure 4-12

Immunoprecipitation (IP) of OEL using

15B11-1 was analysed using WB. The WB probing antibody was 15B11-1 as well. The first IP eluate

after adding magnetic beads gives bands at 76, 63, 50, 30 and 25 kDa, with the 25 kDa band still

present in the 15t wash eluate. The final product, eluted post-IP protein, shows bands at 143, 54,

50, 30, 25 and 22 kDa (Figure 4-12 B). As an additional control we performed an

immunoprecipitation without adding of capture antibody. A WB analysis using 15B11-1 as the

probing antibody shows bands only in the first eluate post-bead addition; the bands are at 76 and

50 kDa (Figure 4-12 C).
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Agarose gel of digested and amplified hCABS1 plasmid

M Plasmid Plasmid
r 0w ‘g
B N |

—= 4829 bp

- —=a 1237 bp

Figure 4-11. Cleavage patterns of digested
rhCABS1 plasmids isolated from E. coli
DH50.

Two independent amplified plasmids, large (L)
and small (S), were digested with Xho I and Bam
HI. The expected fragments for this plasmid were
4829 and 1237 base pairs (bp). Presence of
expected digests indicate successful amplification
of the plasmid of interest. Reference molecular
mass (M;:) ladder is shown on the left-most lane.

WB analysis of in-house produced OEL probed with 13G3-1 shows two bands at 76 and 54 kDa

(Figure 4-13 A). Inmunoprecipitation of OEL using 13G3-1 as capturing antibody was evaluated

in WB using the same antibody as probe. The first eluate post-bead addition shows three bands

at 76, 54 and 25 kDa, there are no bands in the three IP washes, and the eluted protein post-IP

shows three bands at 117, 54 and 25 kDa (Figure 4-13 B).

WB analysis of in-house produced OEL probed with 4D1-1 shows a single band at 76 kDa (Figure

4-14 A). Immunoprecipitation of OEL using 4D1-1 as capturing antibody was evaluated using WB

using the same antibody as a probe. The first eluate post-bead addition shows three bands at 76,

54, and 25 kDa. The first wash shows a band at 54 kDa, and the final product, eluted protein post-

IP, shows four bands at 104, 54, 46 and 25 kDa (Figure 4-14 B).
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Western blot: mAb 13G3-1 probing (a) hCABS1 without immunoprecipitation, (b)
HhCABSI and wash eluates throughout immunoprecipitation

;hCABS1 OEL
IP with 13G3 -1
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Figure 4-13. WB of immunoprecipitation (IP) experiments using mAb to CABS1 13G3-1 as capturing
IP antibody and as WB probe of recombinant human Calcium-binding protein, spermatid-associated

1 (-hCABS1).

Molecular masses in kilodaltons (kDa) are shown next to arrows in black. Molecular mass reference (M) standards
shown in the left-most lane. (A) As a reference, thCABS1 overexpression cell lysate (OEL) without undergoing
immunoprecipitation was ran adjacent to immunoprecipitation eluates and probed with the capture antibody, 13G3-
1, and with an anti-FLAG antibody. (B) Shown here are the profiles of all eluates post-washing hCABS1 OEL
immunoprecipitated with mAb 13G3-1, and the resulting elution post-IP. IP and WB experiment performed once by

Tarana A Mangukia, image processing and analysis done by Eduardo R.-Serratos.
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Western blot: mAb 4D1-1 probing (a) hCABS1 without immunoprecipitation, (b)
hCABS1 and wash eluates throughout immunoprecipitation

JhCABSI OEL hCABS1 OEL
No IP IP with 4D1-1
|
WBprobe:  WB probe: First sl!'“at: Ptwash = wrash Fdwash Eluted
4D1-1 Anti-FLAG post—_ &3 eluate eluate eluate pe SH.P
addition protain
I I N N
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Figure 4-14. WB of immunoprecipitation (IP) experiments using mAb to CABS1 4D1-1 as capturing IP
antibody and as WB probe of recombinant human Calcium-binding protein, spermatid-associated 1
(+hCABS1).

Molecular masses in kilodaltons (kDa) are shown next to arrows in black. Molecular mass reference (M:) standards shown
in the left-most lane. (A) As a reference, :hCABS1 overexpression cell lysate (OEL) without undergoing
immunoprecipitation was ran adjacent to immunoprecipitation eluates and probed with the capture antibody, 4D1-1, and
with an anti-FLAG antibody. (B) Shown here are the profiles of all eluates post-washing hCABS1 OEL immunoprecipitated
with mAb 4D1-1, and the resulting elution post-IP. IP and WB experiment performed once by Tarana A Mangukia, image
processing and analysis done by Eduardo R.-Serratos
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Evaluation of hCABS1 in human submandibular gland

WB evaluation of human submandibular gland lysate using pAbs targeting hCABS1 result in a
complex banding pattern, and indicate that this biological compartment is a source of hCABS1
(see Figure 2-12,821), Thus, evaluation of SMG using our mAbs to hCABS1 could add value to

our understanding of the complex banding pattern observed when using pAbs.

WB of SMG lysate using 15B11-1 detects a single band at 53 kDa in both male and female extracts.
No bands were detected when probing with isotype antibody IgG1.xk at the same working antibody
concentration as 15B11-1, and no bands were detected when using no primary antibody (Figure

4-15).

Human submandibular gland lysate

mAb 15B11-1 No p.rlmary Iso.type
(target: ,CABS1) antibody antibody
N
M, SMG ¢ SMG & SMG ¢ SMG J SMG ¢ SMG
— I I IS IS S -
250 kDa
150 kDa :
100 kDa  +—
75 kDa
50 kDa > 53 P s —
37 kDa -
25 kDa
20 kDa
15 kDa
10 kDa

Figure 4-15. WB of female (#) and male (J) human submandibular gland lysates (SMG) probed with
monoclonal antibody (mAb) 15B11-1, and controls (no mAb and isotype antibody IgG1x).

A molecular mass reference (M) indicates the range of protein sizes in kilodaltons (kDa) that can be present along a lane.
Molecular masses in kDa are shown next to arrows in black. All lanes were loaded with 10 pg total protein. Working antibody
concentration for 15B11-1 and IgG1.x was 1 "8/,1.. Image is representative of three independent experiments for 15B11-1
and no primary antibody, and one experiment for IgG1.x. The shown molecular masses are the average of 3 independent
experiments where the same banding pattern was observed.
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WB analyses of SMG lysate using 13G3-1 as a probe consistently show three bands at 63, 53, and
42 kDa. In addition to these bands, two bands at 292 and 96 kDa were observed in a single WB
experiment (Figure 4-16). No bands are detected when probing membranes with isotype
antibody IgGi.x at the same antibody working concentration as 13G3-1, or when adding no

primary antibody (Figure 4-16).

Human submandibular gland lysate
mAb 13G3-1 NO p.rlmary |Sotype
(target:,CABSI) antibody antibody
| | ]
Mr SMG £ SMG & SMG % SMG & SMG % SMG &
| | | | | | |
250 kDa 292 pr = -
150 kDa .
100 kDa  w— 96 P w—— - —
75 kD: »
a 53 > q—
50 kDa 53 b S—
47 P —
37 kDa -
25 kDa
20 kDa _
15 kDa 3
10 kDa

Figure 4-16. WB of female (%) and male (¢") human submandibular gland lysates (SMG) probed with
monoclonal antibody (mAb) 13G3-1, and controls (no mAb and isotype antibody IgG1x).

A molecular mass reference (M) indicates the range of protein sizes in kilodaltons (kDa) that can be present along a
lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded with 10 g total protein. Working
antibody concentration for 13G3-1 and IgG1.x was 10 "¢/,1.. Image is representative of three independent experiments
for 13G3-1 and no primary antibody, and one experiment for IgGi.x. The bands at 292 and 96 kDa were seen only
once. For all other bands, the shown molecular masses are the average of 3 independent experiments where the same
banding pattern was observed.

WB of SMG lysate using antibody 4D1-1 detects two bands at 63 and 53 kDa in both male and

female SMG, and two additional faint bands at 96 and 78 kDa are detected in the male SMG lysate
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(Figure 4-17). No immunoreactivity was observed in WB using IgG2a.k at the same antibody

working concentration as 4D1-1, or when probing with only secondary antibody (Figure 4-17).

Human submandibular gland lysate
mAb 4D1-1 No primary Isotype
(target: ,CABSI) a ntibody a I‘ItibOdy
| | ]
Mr SMC ¢ SMG ¢ SMC ¢ SMG o' SMG 2 SMC ¢
| ] ] | | ] ]
250 kDa "
150 kDa
100 kDa 96
78
75kDa QNP e
50kDa 53 p — =
37 kDa -
25 kDa >
20 kDa -—
15 kDa
10 kDa

Figure 4-17. WB of female ( %) and male (J') human submandibular gland lysates (SMG) probed with
monoclonal antibody (mAb) 4D1-1, and controls (no mAb and isotype antibody IgG2a..x).

A molecular mass reference (M;) indicates the range of protein sizes in kilodaltons (kDa) that can be present along a
lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded with 10 Ug total protein. Working
antibody concentration for 4D1-1 and IgG2o..x was 10 $/,1.. Image is representative of three independent experiments
for 4D1-1 and no primary antibody, and one experiment for IgG2a.x. The shown molecular masses are the average of
3 independent experiments where the same banding pattern was observed.

Evaluation of hCABS1 in human saliva supernatant

In human saliva supernatant, WB using 15B11-1 detects five bands at 60, 56, 53, 25, and 15 kDa.
The same banding pattern, except the 53 kDa band, is detected when probing with only secondary
antibody, while isotype antibody IgG1.x shows the same pattern as 15B11-1 except for the 15 kDa

band (Figure 4-18). Saliva supernatant evaluated with antibody 13G3-1 detects four bands at 58,
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56, 51 and 15 kDa. Probing the sample with only secondary antibody detects a faint band at 81
kDa, two close bands at 56 and 51 kDa, and a faint band at 15 kDa. Isotype antibody IgG1.x detects
a similar pattern to 13G3-1, 58, 56, 51 and 15 kDa, albeit with a less intense signal than our mAb
(Figure 4-19). In saliva supernatant, antibody 4D1-1 detects three bands at 58, 56, and 51 kDa,
albeit the signal from the 56 kDa band is more intense. When probing membrane only with
secondary antibody and with isotype antibody IgG2a..k at the same probing concentration as 4D1-

1, two bands appear at 58 and 56 kDa (Figure 4-20).

Human saliva supernatant
mAb 15B11-1 No primary Iscitype
(target: ,CABS1) antibody antibody
] | ]
M Saliva Saliva Saliva
r supernatant supernatant supernatant
[ ] [ ] [ ] [ ]
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%2 32 B — 5 B -
50 kDa W £3 E”’ 53E .
37kDa - 3
25kDa W 25 P 25 p 25 Py
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15 kDa 15 _ 15 pp i
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Figure 4-18. WB of human saliva probed with monoclonal antibody (mAb) 15B11-1, and
controls (no mAb and isotype antibody IgG1.x).

A molecular mass reference (M) indicates the range of protein sizes in kilodaltons (kDa) that can be
present along a lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded
with 10 ug total protein. Working antibody concentration for 15B11-1 and IgGi.x was 1 "8/,.. Image is
representative of three independent experiments for 15B11-1 and no primary antibody, and one
experiment for IgG1.x. The shown molecular masses are the average of 3 independent experiments where
the same banding pattern was observed.
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Human saliva supernatant
mAb 13G3-1 No primary Isc::type
(target: ,CABS1) antibody antibody
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Figure 4-19. WB of human saliva probed with monoclonal antibody (mAb) 13G3-1, and
controls (no mAb and isotype antibody IgG1.k).

A molecular mass reference (M;) indicates the range of protein sizes in kilodaltons (kDa) that can be
present along a lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded
with 10 g total protein. Working antibody concentration for 13G3-1 and IgGi.x was 10 "8/u.. Image is
representative of three independent experiments for 13G3-1 and no primary antibody, and one experiment
for IgG1.x. The shown molecular masses are the average of 3 independent experiments where the same
banding pattern was observed.

Two immunoprecipitation experiments using either 13G3-1 or 4D1-1 as capturing antibodies for
saliva supernatant were evaluated by WB. Non-immunoprecipitated saliva supernatant probed
with 13G3-1 in this experiment resulted in a similar profile to previous westerns of this sample
probed with 13G3-1; i.e., two close bands at 54, 49 kDa and a band at 15 kDa (Figure 4-21 A).
After adding beads coated with our antibody and incubating with saliva supernatant, the resulting
first eluate produced five bands at 204, 128, 61, 49 and 25 kDa. Subsequent washes showed
consistent bands at 49 and 25 kDa that decreased in intensity as washes progressed. Finally, the
resulting captured proteins post-IP produced five bands at 122, 47, 25, 24 and 15 kDa, with a

smear between 122 and 47 kDa (Figure 4-21 B). Non-immunoprecipitated saliva supernatant
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Figure 4-20. WB of human saliva probed with monoclonal antibody (mAb) 4D1-1, and
controls (no mAb and isotype antibody IgG2a..x).

A molecular mass reference (M:) indicates the range of protein sizes in kilodaltons (kDa) that can be
present along a lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded
with 10 ug total protein. Working antibody concentration for 4D1-1 and IgG2a.x was 1 "8/,.. Image is
representative of three independent experiments for 4D1-1 and no primary antibody, and one experiment
for IgG2a.x. The shown molecular masses are the average of 3 independent experiments where the same

banding pattern was observed.

probed with 4D1-1 in this experiment resulted in two bands at 54 and 50 kDa (Figure 4-22 A).

The first eluate post-bead addition gave four bands at 184, 51, 32 and 25 kDa, with washes showing

the 51 kDa band decrease in intensity as the washes progressed. The final product post-IP shows

a smear with 5 regions that could be considered to contain bands at 150, 138, 54, 45, 33 and 27

kDa (Figure 4-22 B).
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Western blot: mAb 13G3-1 probing (a) Saliva supernatant without
immunoprecipitation, (b) Saliva supernatant and wash eluates throughout

immunoprecipitation

Saliva supernatant
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Figure 4-21. WB of immunoprecipitation (IP) experiments using mAb to CABS1 13G3-1 as capturing IP

antibody and as WB probe.

Molecular masses in kilodaltons (kDa) are shown next to arrows in black. Molecular mass reference (M) standards shown
in the left-most lane. (A) As a reference, saliva supernatant without undergoing immunoprecipitation was ran adjacent to
immunoprecipitation eluates. (B) Shown here are the profiles of all eluates post-washing saliva supernatant
immunoprecipitated with mAb 13G3-1, and the resulting elution post-IP. IP and WB experiment performed once by Tarana

A Mangukia, image processing and analysis done by Eduardo R.-Serratos.
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Western blot: mAb 4D1-1probing (a) Saliva supernatant without
immunoprecipitation, (b) Saliva supernatant and wash eluates throughout
immunoprecipitation
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Figure 4-22. WB of immunoprecipitation (IP) experiments using mAb to CABS1 4D1-1 as capturing IP

antibody and as WB probe.

Molecular masses in kilodaltons (kDa) are shown next to arrows in black. Molecular mass reference (M) standards shown
in the left-most lane. (A) As a reference, saliva supernatant without undergoing immunoprecipitation was ran adjacent to
immunoprecipitation eluates. (B) Shown here are the profiles of all eluates post-washing saliva supernatant
immunoprecipitated with mAb 4D1-1, and the resulting elution post-IP. IP and WB experiment performed once by Tarana

A Mangukia, image processing and analysis done by Eduardo R.-Serratos.
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Evaluation of hCABS1 in human blood serum

We speculated that hCABS1 could be released into circulation by endocrine organs like the

submandibular glands and testes. Thus, we decided to evaluate blood serum using WB and our

monoclonal antibodies targeting hCABS1. The serum sample was taken from an adult male with

no known comorbidities.

WB evaluation of blood serum using 15B11-1 shows a single band at 52 kDa. The same band is

present when probing the membrane with isotype antibody IgGi.x at the same working

concentration, with an additional band at 25 kDa. No signal is detected when probing the

Human blood serum
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Figure 4-23. WB of human blood serum probed with monoclonal antibody (mAb) 15B11-1,

and controls (no mAb and isotype antibody IgG1.x).

A molecular mass reference (M:) indicates the range of protein sizes in kilodaltons (kDa) that can be
present along a lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded
with 1 pg total protein. Working antibody concentration for 15B11-1 and IgGi.x was 10 "8/,r. Image is
representative of three independent experiments for 15B11-1 and no primary antibody, and one
experiment for IgG1.x. The shown molecular masses are the average of 3 independent experiments where

the same banding pattern was observed.
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membrane with only secondary antibody (Figure 4-23). When probing with 13G3-1, WB
experiments show two bands at 61 and 52 kDa. The 52 kDa band is also present when probing
with isotype antibody IgG1.x at the same working antibody concentration as 13G3-1. IgG1.k also
detects a band at 25 kDa. No signal is present when probing membrane only with secondary
antibody (Figure 4-24). mAb 4D1-1 detects in blood serum two bands at 61 and 52 kDa, while
its isotype antibody, IgG2a.x, detects an analog band at 52 kDa. No signal is present when only

probing with secondary antibody (Figure 4-25).

Human blood serum

mAb 13G3-1 No primary Isotype
(target: ,CABSI) antibody antibody
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Blood Blood Blood
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Figure 4-24. WB of human blood serum probed with monoclonal antibody (mAb) 13G3-1,
and controls (no mAb and isotype antibody IgG1.x).

A molecular mass reference (M:) indicates the range of protein sizes in kilodaltons (kDa) that can be
present along a lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded
with 1 ug total protein. Working antibody concentration for 13G3-1 and IgGi.k was 10 "8/,.. Image is
representative of three independent experiments for 13G3-1 and no primary antibody, and one experiment
for IgG1.x. The shown molecular masses are the average of 3 independent experiments where the same
banding pattern was observed.
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Figure 4-25. WB of human blood serum probed with monoclonal antibody (mAb) 4D1-1,
and controls (no mAb and isotype antibody IgG2a.x).

A molecular mass reference (M:) indicates the range of protein sizes in kilodaltons (kDa) that can be
present along a lane. Molecular masses in kDa are shown next to arrows in black. All lanes were loaded
with 1 pg total protein. Working antibody concentration for 4D1-1 and IgG2a.x was 10 "8/,.. Image is
representative of three independent experiments for 4D1-1 and no primary antibody, and one experiment
for IgG2a.x. The shown molecular masses are the average of 3 independent experiments where the same
banding pattern was observed.

Immunohistochemical analysis of human testis

A pilot study on slides of human testis immunoprobed with antibody 15B11-1 shows presence of

hCABS1 in Leydig cells in the interstitial space (Figure 4-26, arrow with line pattern), and

precursors to primary spermatocytes inside seminiferous tubules (Figure 4-26, dark arrow). The

signal generated by mAb 15B11-1 suggests that hCABS1 is present in the cytoplasm of these cells.

152



Immunohistochemistry: Seminiferous tubules from human testes

mAb 15B11-1

(target: hCABS1)

Transversal view

Figure 4-26. Human seminiferous tubules immunoprobed with mAb to hCABs1i 15B11-1
(magnification: 200 X).

Brown signal is indicative of hCABS1 protein presence in cytoplasm of cells. Blue signal highlights cell nuclei.
Cytoplasm in Leydig cells (arrow with line pattern) and primary spermatogonia (dark arrow) stains strongly for
hCABS1. Immunohistochemical experiment done by Ms. Sarah Canil. Image analysis done by Dr. Lakshmi
Puttagunta

Discussion

This chapter shows the banding pattern of our mAbs in WB in a transient thCABS1 overexpression
cell lysate, its inherent negative control cell lysate, human submandibular gland lysates, saliva,
and blood serum. In addition, the post-immunoprecipitation WB profiles of an in-house made
hCABS1 overexpression cell lysate and saliva supernatant, and the first immunohistochemical

analysis of human testicular tissue are shown. I employed the titration strategy for (a) antibody
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and (b) sample amounts used in the most recent characterization of our pAbs (see Chapter 2 -
After re-evaluation of previously established methodology). WB controls for our mAbs included:

probing membranes with only the secondary antibody, and with isotype antibodies.

In transient hCABS1 overexpression cell lysates (OEL), a band at 78 kDa is reflective of
recombinant (r) hCABS1

In commercially bought CABS1 overexpression cell lysate (OEL), two bands stand out at 78 and
64 kDa. The 78 kDa band is detected by all mAbs targeting hCABS1 and a monoclonal anti-FLAG
antibody", while the 64 kDa band is only detected by 13G3-1. Of note, the 64 kDa band was also
detected by IgG1.x, the isotype antibody of 13G3-1, albeit the signal is dimmer than that obtained
when probing OEL with 13G3-1. A band at 53 kDa was detected by 15B11-1 and 13G3-1, but
negative control cell lysate (NCL) detects a band of the same size, suggesting its signal is non-
specific (see Figure 4-7, Figure 4-8, Figure 4-9, Figure 4-10). Thus, there is certainty that

in commercially bought OEL, hCABS1 is present at 78 kDa and, potentially, at 64 kDa.

In-house made OEL also shows a band at 76 kDa when evaluated by all mAbs targeting hCABS1
and the anti-FLAG monoclonal antibody (see Figure 4-12 A, Figure 4-13 A, Figure 4-14 A).
An additional band at 54 kDa was detected by mAbs 15B11-1 and 13G3-1 but based on the
comparison between commercially bought OEL and NCL, one can speculate that this band is non-
specific (see Figure 4-12 A, Figure 4-13 A). Moreover, other groups have also reported non-
specific immunoprecipitation of a protein at this location (~50 kDa) from HEK293 cell lysate
samples's®. Discrepancy between molecular masses between commercially bought and in-house
made OEL can be attributed to the use of different molecular mass reference (M;) standards
between experiments. Overall, these data provide more certainty in that in our system, hCABS1

in OEL is present between 76-78 kDa.

h OEL produces a recombinant hCABS1 containing a FLAG sequence (a.a. DYKDDDK) adjacent to its
carboxyl end.
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Western blots of immunoprecipitated in-house thCABS1 OEL result in bands above 100
kDa that may represent thCABS1

Under our SDS-PAGE conditions, immunoprecipitation of hCABS1 from OEL should show in WB
a band ~76 kDa. Indeed, untreated in-house made OEL probed with an anti-FLAG mAb shows a
single band at that location (Figure 4-12 A, Figure 4-13 A, Figure 4-14 A). However, a band
detected at the top of the eluted post-IP protein lane, at 143, 117 and 104 kDa by 15B11-1, 13G3-1
and 4D1-1, respectively, may be representative of ;hCABS1 post-immunoprecipitation (Figure
4-12 B, Figure 4-13 B, Figure 4-14 B). The discrepancy in molecular weights suggests that
:hCABS1 does not migrate in SDS-PAGE as intended. The first indication came from the WB
pattern obtained from the first eluate post-bead addition, where a 76 kDa band, likely /hCABS1,
is present. This eluate is obtained after incubation of magnetic beads with the protein of interest
bound to the capturing antibody. Theoretically, the magnetic beads coated in protein A/G bind to
the capturing antibody creating the bead-antibody-protein of interest (b-a-POI) complex!s! (see
Figure 4-4 B). The first eluate post-bead addition should not contain protein of interest, since in
theory it would be bound to the magnetic beads that are displaced close to the magnet, leaving an
eluate free of protein of interest. At that point, there are two possibilities: (a) a fraction of hCABS1
is captured, while another is lost (the one present in this eluate), or (b) hCABS1 is not captured by

our mAbs using this immunoprecipitation protocol.

Let us consider (a). The first wash of the b-a-POI complex results in presence of bands at either
25 or 54 kDa (Figure 4-12 B, Figure 4-14 B, respectively), and further washes show no bands.
These two bands at 25 and 54 kDa, also detected in other wash eluates, are likely the capturing
mAbs (15B11-1, 13G3-1, 4D1-1). Recall that in our WB system, we use a secondary antibody to bind
to the primary antibody targeting the POI, and that our mAbs were raises in mice. The secondary
antibody we use binds to mouse IgG heavy and light chain?52. Thus, leftover capturing antibody

that doesn’t bind to magnetic beads is part of the first eluate post-bead addition, and when
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preparing this eluate for SDS-PAGE we treat so that IgG is denatured and linearized, in turn,
making it detectable by our secondary antibodies in WB at the molecular weight of IgG heavy and
light chain®s3. This leaves putative hCABS1 bands, detected by 15B11-1 and 4D1-1 at 50 and 46
kDa, respectively. The predicted molecular mass of CABS1 is 43 kDa®¢:147, Other putative hCABS1
bands are detected at 143, 117 and 104 kDa by 15B11-1, 13G3-1 and 4D1-1, respectively. We suspect
that the difference in molecular weight between untreated and post-IP ;hCABS1 OEL is due to
unsuccessful release of /hCABS1 from the capturing antibody. This speculation is partially backed
up by mass spectrometry sequencing of b-a-POI complexes using 4D1-1 as a capturing antibody,
where hCABS1 is detected, but no immunoglobulins (potentially from 4D1-1) are detected.
Nevertheless, this MS-seq finding indicates that 4D1-1 is an antibody that our group can use in

the future to immunoprecipitate hCABS1 from human-derived samples.

Western blots using mAbs targeting hCABS1 endorse that this protein is present in human
submandibular gland

Our group has previously reported occurrence of CABS1 transcript in SMG*8, and pAb-based WB
indicated that the protein was also translated in this compartment (see reference ' and Figure
2-12). Analysis of the complex profile obtained when performing pAb-based WB of SMG
suggested that five variants of hCABS1 were present in that compartment, namely at ~ 70, 52, 47,
33 and 27 kDa (see Figure 2-13). However, mAb-based WB suggest that only three bands are
reflective of hCABS1 in SMG. All our mAbs detect in SMG a band at 53 kDa, 13G3-1 and 4D1-1

detect a band at 63 kDa, and only 13G3-1 detects a band at 42 kDa (see Figure 4-15, Figure

4-16, Figure 4-17).

It appears that 13G3-1 and 4D1-1, which respectively target the carboxyl and amino termini of
hCABS1, detect an extra variant at 63 kDa in SMG, but 15B11-1, which targets a middle region of
hCABS1 does not detect this variant. Under our experimental conditions, samples are

supplemented with DTT and SDS, then heated at 95°C with the intention of denaturing and
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linearizing the proteins within, consequently exposing all epitopes. If the band at 63 kDa were a
form of hCABS1, then all 3 antibodies should detect it. Is it possible that this variant has a
modification that masks the middle segment from 15B11-1? Since 15B11-1 is a monoclonal
antibody, it is expected that it will recognize a singular epitope. Antibodies recognize epitopes
with a length between 9 and 22 amino acids's4, with exceptional cases of antibodies that can
recognize 1 amino acid epitopess. If hCABS1in SMG is expressed slightly differently at the specific
location that 15B11-1 targets, then this mAb won’t interact with hCABS1 in WB, despite the
linearization of hCABS1. Our mAbs were created using the hCABS1 sequence reported in open
access databases. To our knowledge, sequencing of hCABS1 gene or protein isolated from human
SMG has not yet been done, but for human CABS1 alone, 1871 SNP variants have been reported
in the database for single nucleotide polymorphisms (dbSNP) of the NCBI*5¢. An analysis of these
variants and the resulting protein would prove valuable for future prediction of hCABS1 variants,

and potentially design of antibodies that target specific variants of hCABS1, if indeed they exist.

13G3-1 is the only antibody to detect a band at 42 kDa, a location that matches the predicted
molecular weight of hCABS16:147. While I was unable to isolate hCABS1 from SMG to be sequenced
via mass spectrometry, work on immunoprecipitation using our mAbs may lead to successful
sequencing of the protein from this compartment. Altogether, mAbs-based WB of SMG endorse

the occurrence of hCABS1 in this compartment.

mAbs validation in one-dimensional SDS-PAGE followed by Western blot can’t confirm
that hCABS1 is present in human saliva supernatant

To validate that the signal we obtained in WB was reflective of hCABS1, we decided to probe
membranes containing the same samples with (a) no primary antibody, only secondary goat anti-
mouse antibody and (b) isotype antibodies to our mAbs. The WB profiles obtained when probing
saliva supernatant with our mAbs, only secondary antibody, or isotype antibodies suggest that

most bands detected in this biological fluid are not hCABS1.
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While all 3 mAbs targeting hCABS1 consistently detect three bands in close proximity between 60
and 51 kDa, probing membranes with no primary antibody or isotype antibody deliver the same
banding profile (see Figure 4-18, Figure 4-19, Figure 4-20). The presence of several bands
with similar molecular weight may mask bands(s) reflective of hCABS1. One such abundant
protein is IgG in saliva, which could account for the band at 56 kDa (heavy chain) detected by all
our mAbs and for the 25 kDa band (light chain) detected by 15B11-1 and controls. Our secondary
antibody, a goat anti-mouse antibody that targets heavy and light chains of mouse IgG,, IgG.,,
IgG.p, and IgG4'52, could be interacting with immunoglobulins in human saliva supernatant. The
saliva supernatant sample used in these experiments comes from a 250 mL pool of saliva that was
homogenized immediately before aliquoting. The average yield of IgG in saliva has been reported
to be 2.65 ugiec/mLsaiva, and share comparable IgG profile to that of blood's7. By that metric, our
250 mL pool could have contained 662.5 ugisc's2. Contradicting this speculation is the fact Li-cor
Biosciences, the company producing our secondary antibodies, cross absorbs the secondary
antibodies against human to minimize cross-reactivity with human serum proteins®s2. Is it
possible that saliva proteome contains proteins that share similar domains to those being targeted
by the secondary antibodies (i.e., mouse IgG heavy chains)? A comparative analysis of proteins
present in human and mouse saliva shows the existence of equivalent immunoglobulin chains in
both organisms?s8 (see reference 158, additional file 5 — rows 71, 72). Whether these proteins were
used by Li-cor to generate their secondary antibodies is unknown, but if so, it may explain the
cross-reactivity between saliva proteins and the secondary antibodies. Future work separating
saliva supernatant via 2D-e, followed by WB could show if our mAbs detect several proteins in the
range of 56-60 kDa, and comparison of the WB profiles with our controls may show which bands,
if any, are representative of hCABS1. Nevertheless, current data on the bands we detect in human
saliva supernatant is inconclusive and can’t provide evidence that these bands are reflective of

hCABSi1.
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Despite this appraisal, the presence of CABS1 transcript'®*® in salivary glands and protein in
SMG?82t poses the question of whether CABS1 is present in saliva or not. Notice the band at 53
kDa detected by 15B11-1 and 51 kDa detected by 13G3-1 and 4D1-1. That band is not detected by
the secondary antibody, and while present when probing with isotype antibodies, the signal is not
as strong. Theorizing that these bands could be representative of hCABS1, we attempted to isolate
hCABS1 from saliva supernatant via immunoprecipitation. As with OEL immunoprecipitation,
bands at ~50 and 25 kDa are likely to be unbound (to magnetic beads) capturing antibody (see
Figure 4-21 B, Figure 4-22 B). The outcome for both immunoprecipitations suggest that an
abundance of capturing antibodies did bind to magnetic beads (Figure 4-21 B, Figure 4-22 B -
smears at ~50 and 25 kDa). However, 13G3-1 shows the additional presence of two bands at 122
and 15 kDa (compare the 15 kDa bands between Figure 4-21 A and B). To date, the identities of
the proteins at those regions remains unsolved, but optimization of an immunoprecipitation
protocol using mAb 4D1-1, which has successfully captured ;hCABS1 from cell lysate, and its use

in saliva supernatant may validate the occurrence of hCABS1 in this compartment.

hCABS1 may be present in human serum as a single variant

The report of a single peptide encompassing 3.54% of hCABS1 sequence found in human plasma
(see 159 - supplemental information PDF, row #811) supports our postulate that hCABS1 is present
in blood. Our WB data further endorses this hypothesis, where mAbs 13G3-1 and 4D1-1 detect a
band at 61 kDa (Figure 4-24, Figure 4-25), although 15B11-1 fails to detect it. This band could
correspond to hCABS1 in blood, but as with SMG, the band is not detected with 15B11-1, the
antibody targeting a middle segment of hCABS1. Why is it that the antibodies that target either
end of the linearized hCABS1 protein detect the 61 kDa band and the 15B11-1, targeting a middle
domain of hCABS1, does not? I postulate that the organ(s) releasing hCABS1 into the bloodstream
express hCABS1 slightly differently that the canonical reported amino acid (a.a.) sequence. Recall
that we generated our mAbs considering the reported hCABS1 a.a. sequence. A study of hCABS1

transcript expression across tissues would answer if the gene transcribes differently as a function
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of the cells expressing it. The resulting protein(s) may have different function(s) depending on
their location. Alternative splicing has been postulated as an evolution mechanism to remodel
protein interactions depending on the tissues they are expressed in!©-¢2, However, this
hypothesis may not be correct, as CABS1 gene has only one intron, harbored between the two
exons that code for the protein. Currently unknown hCABS1 variants resulting from SNPs may be
behind the inability of 15B11-1 to detect the 61 kDa band. Aside from these hypotheses, the 61 kDa
band may also be reflective of human serum albumin (HSA), which accounts ~50% of the total
serum proteome!®3 and has a similar molecular weight, 66 kDa¢4, Under suboptimal conditions,

HSA has been reported cross-react with monoclonal antibodies targeting different proteins6s,

All our mAbs detect a band at 52 kDa in serum (Figure 4-23, Figure 4-24, Figure 4-25). The
52 kDa band is also detected by isotype antibodies IgG1.x (for 15B11-1 and 13G3-1) and IgG2a.x
(for 4D1-1) (Figure 4-23, Figure 4-24, Figure 4-25). Moreover, IgG1.x picks up a band at 25
kDa (Figure 4-23, Figure 4-24). These bands at 52 and 25 kDa in isotype antibodies could
reflect of an artifact explained by the affinity that mouse antibodies have for human
immunoglobulins, which are abundant in serum. mAbs 15B11-1 and 13G3-1 are mouse-derived
antibodies of subclass IgG1.x, and mAb 4D1-1 is subclass IgG2a.k. If the 52 and 25 kDa bands
observed by isotype antibodies represent binding of our mAbs to heavy and light chains of
immunoglobulins in human serum, our data suggests that contrary to what the supplier suggests,
these mouse-derived antibodies cross-react with immunoglobulins present in human sera.
Another explanation may be that mice, the host species that produced our antibodies, developed
tolerance to their own CABS1 and that hCABS1 is a poor immunogen. Like with our pAbs (see
Chapter 2 - Discussion - Rabbits, the host species that produced all our pAbs, also express CABS1),
the hCABS1 peptides used for immunizing the mice to produce our mAbs have similarities to
domains present in mouse CABS1 (Figure 4-27). However, these CABS1 sections share less

continuous domains across species (human and mice) when compared to continuous sequences
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shared between humans and rabbits (compare Figure 2-24 with Figure 4-27, red boxes).
Theoretically, GenScript’s repeated immunogen boosts and use of adjuvant during mAb
production should have induced antibody responses against hCABS1 peptides. Even so, it is
possible that negative selection of B cells suppressed the existence of B cells that produced potent

antibodies targeting hCABS1.

In stark contrast to the speculation about tolerization, another possibility to explain the
occurrence of bands when probing with isotype antibodies is that mice might produce an
autoantibody to endogenous CABS1. Natural autoantibodies have been reported in sera of normal
humans® and mice¢”. If such an autoantibody exists in mice, due to the relative similarity of
CABS1 overall sequence across species (Figure 4-27, 60.7%), this autoantibody could interact
with human CABS1 in serum (see Figure 4-23, Figure 4-24, Figure 4-25, isotype antibody).
Thus, the 52 kDa band in these figures could reflect hCABS1 if the mouse-derived isotype

antibodies contain an autoantibody to CABS1.

Potential biomarkers in blood serum may be present in relative low abundance, and masked by
dominant proteins like HSA and immunoglobulins®4, Thus, I propose that future WB
experiments of human serum deplete samples from HSA and immunoglobulins via relatively
simple and validated methodologies!64168 prior to probing for hCABS1. Serum samples depleted
from HSA and immunoglobulins should be probed with our mAbs to hCABS1, only secondary
antibody, and isotype antibodies and WB profiles should be compared with those reported in this

dissertation (Figure 4-23, Figure 4-24, Figure 4-25).
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Figure 4-27. Sequence alignment of human (h, Homo sapiens) CABS1 and mouse (m, Mus musculus)
CABSi1.

hCABS1 is used as the reference sequence. mCABS1 covers 98.5% of hCABS1 length. However, the percentage of
residues that are the same in mCABS1 with respect to hCABS1 is 60.7%. Residues enclosed in red dotted boxes indicate
sections of hCABS1 used to produce monoclonal antibodies 15B11-1 and 13G3-1 in BALB/c mice. Consensus row at
100% consensus threshold shows sets of residues that are either the same across both species, or share a predefined
physicochemical property. Consensus patterns (%) are based on sets of residues that share a predefined property based
on the classification by W.R. Taylor. u: tiny, s: small, h: hydrophobic, p: polar

Immunohistochemical analysis of human testis indicate a different localization of
hCABS1 than the one described in animal models

While hCABS1 signal seems to be present in cytoplasm of cells throughout seminiferous tubules
(Figure 4-26 lower right), the signal dramatically increases in cells immediately adjacent to the
basal lamina (Figure 4-26, dark arrow). These strongly stained cells are likely primary
spermatogonia, typically found near the basal lamina of seminiferous tubules, and characterized
by an oval nuclei with condensed chromatin'®. These cells derive from undifferentiated diploid
germ cells, maintain a diploid nature, and undergo further mitotic divisions to produce primary

spermatocytes!®9. Contrastingly, in mice, CABS1 protein stains with greater intensity in elongated
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spermatids located close to the lumen, and not the basal lamina, of seminiferous tubules4 (see
reference 4 — Figure 5 e, f, and reference * — Figure 1 F). The same trend is observed in rat testis,
where cytoplasm of spermatozoa close to the lumen of seminiferous tubules shows an abundant
presence of CABS1! (referred to as CLPH, see reference * — Figure 4 C, D) and in pig testiss (see
reference 5 — Figure 4 A, B, C). In animal models, cells staining for CABS1 suggest that this protein
is present in haploid cells, as opposed to diploid cells (which our human data suggests). Overall,
immunohistochemical experiments in animal models suggest that CABS1 protein is only present
in elongated spermatids close to the lumen of seminiferous tubules, while our pilot study indicates
that CABS1 protein in human seminiferous tubules is more abundant in Sertoli cells adjacent to

the basal lamina of seminiferous tubules.

Our data also indicates that CABS1 protein is present in the interstitial space of testis, specifically
in the cytoplasm of Leydig cells (Figure 4-26, arrow with line pattern). Leydig cells reside in the
testicular interstitium and synthesize and secrete androgen hormones that are necessary for
production and maturation of spermatogenic cells'9. In mouse, rat and pig immunohistochemical
analyses, CABS1 is present exclusively inside seminiferous tubules, and not in the testicular
interstitium®451. A potential reason that could account for discrepancy between our staining in
human testis and the staining observed in animal testis is that the testicle slide used for this pilot
study is representative of a male subject with an unknown malady. Thus, we recognize the human
testis image we show here may not represent what occurs in a healthy testis. Further optimization
of immunohistochemical methodologies in human-derived tissues will provide insight on the
localization of CABS1 in the human body. Nevertheless, the presence of hCABS1 in Leydig cells is
exciting. The main function of Leydig cells is to produce the androgen testosterone when
luteinizing hormone (LH) is present. Whether hCABS1 expression is under control of LH and

plays a role in production of testosterone remains to be elucidated.
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Anomalous migration of CABS1 in SDS-PAGE may be a result of its unusual nature

Surprisingly, WB of CABS1 protein identified several forms in rodent*4, porcine5 and human-
derived!8-2t samples ranging from 11 to 80 kDa, given that CABS1 predicted molecular weight
(MW) is ~43 kDa across species. Anomalous migration of hCABS1 in SDS-PAGE may be because
of glycosylation and phosphorylation events, presence of proline residues, of acidic residues, of

metal ions bound to hCABS1 during SDS-PAGE, and of intrinsically disordered domains.

Glycosylation of proteins can significantly alter apparent MW. Initial evidence suggests that
hCABS1 is not glycosylated:8; however, this should be corroborated. Moreover, rat CABS1 is target
of phosphorylation' and human CABS1 is predicted to have phosphorylation sites!47, but these are

unlikely to account for a significant MW change.

Aside from post-translational modifications, metal ions attached to hCABS1 may account for the
difference between predicted and observed MW. SDS-PAGE of mouse testis-derived CABS1
appears at different molecular weights when bound, or not, to calcium ion (Ca2* presence: 58 kDa,
Caz+ absence: 66 kDa)4. Like CABS1, Histidine-rich Ca2*-binding protein (HCP) also exhibits
anomalous migration under SDS-PAGE. It is speculated that Ca2*-bound HCP is more compact
than Ca2*-unbound HCP'°. This results in an accelerated migration in SDS-PAGE, in turn
exhibiting a lower molecular weight'7°. Moreover, Arabidopsis thaliana calmodulins exposed to
Ca2+ and separated via SDS-PAGE resolve to lower molecular weights when compared to Ca2+-
depleted fractions separated under the same conditions'*. These findings agree with Kawashima
et al. findings on mouse CABS1, where absence of bound Ca2* results in higher molecular weight.
The interaction of CABS1 with Ca2* may differ across species. An EF-hand, a protein motif with
great affinity for calcium ion, seems to be responsible in rats!, while in other species the
interaction is predicted to be via the high proportion of negatively charged amino acids+47. While
human-derived CABS1 has not been assessed for calcium binding, our computational analyses

suggest that it has a calcium binding domain, which may play a role in generating different-sized
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bands47. It is possible that under our SDS-PAGE methodology some interactions between
metallic ions, like calcium, and hCABS1 in our samples are not entirely disrupted, resulting in
hCABS1 variants still bound to Ca2*. MW discrepancy could also be on account of a high
proportion of negatively charged amino acids within hCABS1, which may confer overall negative
charge to domains within the sequence. Such domains prevent proper binding of SDS to
polypeptides and result in slower migration of a protein under SDS-PAGE denatured

conditions2172,

Anomalous migration in SDS-PAGE has also been observed in proline-rich proteins (PRP)73.174,
It is speculated that prolines affect SDS binding to proteins7s. Prolines are 5.1% of the amino acids
in hCABS1, and while they may play a role in anomalous migration, their contribution may be
minimal. For comparison, a recombinant PRP, bPRP23, contained 36% prolines, had a predicted
MW of 23 kDa, but an observed MW of 33 kDa'74. Other known PRP contain far more prolines
than hCABS1; for instance, basic salivary proline-rich protein 2 and salivary acidic proline-rich
phosphoprotein 1/2 contain 25 and 37% prolines within their sequences, respectively. Research

is needed to confirm or refute the role that prolines may play in hCABS1 SDS-PAGE migration.

Another reason is that CABS1 contains disordered domains, protein segments that lack a fixed
conformation®47. Disordered regions could account for discrepancies between predicted and
larger observed MW!. With regards to smaller MW forms of CABS1, in silico analysis of human
CABS1 suggests an overlap between disordered and elastase-susceptible domains'47. Disordered
proteins allow exposure of protease-prone regions, as has been shown for rat CABS1?, and could
facilitate cleavage to produce multiple lower kDa CABS1 polypeptides. Thus, CABS1, just as SMR1,

may be a precursor of several polypeptides with distinct biological functions.

Taken together, proteolytic sensitivity of hCABS1 on account of intrinsically disordered domains,

reduced binding to SDS because of negatively charged amino acids, and potential to be bound to
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Ca2+ or other metallic ions while in SDS-PAGE may be involved in the anomalous migration of

hCABS1 in SDS-PAGE.

Summation: WB profiles of monoclonal antibodies

In our WB system, bands that are considered to represent hCABS1 are (by sample): in OEL at 77
and 64 kDa, in SMG at 63, 53 and 42 kDa, no bands in saliva when considering controls, and in
serum a band at 61 kDa (Table 4-5, samples listed by column from left to right). Overall, only a
band averaged at 63 kDa occurred in OEL, SMG and serum. Other bands seemed to be sample-
specific. These are: two bands in SMG at 52 and 42 kDa, and a single band at 77 kDa in OEL

(Table 4-5, two rightmost columns).

We speculate that the molecular weight difference between the bands reported above and those
observed when doing WB using our pAbs to hCABS1 (see Table 2-4) is due to the evolving WB
methodologies, shift in method to calculate molecular weight of bands, and use of different
molecular mass reference (M;) ladders. An overall appraisal of mAbs and pAbs WB band profiles
is found in “Chapter 5: Debriefing — What Western blot profiles of pAbs and mAbs targeting

hCABS1 indicate”.
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Chapter 5 : Debriefing — What Western blot profiles of pAbs and

mADbs targeting hCABS1 indicate

Five years elapsed between the experiments shown in Chapter 2 and those shown in Chapter 4. During
that period, refinements in methodology, use of different molecular mass references (M;), and switch
from a Li-cor molecular mass calculator to calculating band sizes (kDa) myself (see Figure 4-6) may
have collectively influenced the varying molecular weights reported in this dissertation. However, the

number of bands spread throughout a similar region in WB is similar across experiments.

The complexity of WB banding profiles observed across samples when probing for hCABS1 using
pADs led to careful revision of the methodology used to validate our novel mAbs. The International
Working Group for Antibody Validation recommended four strategies to ensure that readout of
antibody-dependent experiments, like WB, was reflective of the protein of interest (POI) being
targeted. Particular to WB, the strategies are: (1) altering POI expression via genome
editing/RNAi prior to WB, (2) use of mass spectrometry sequencing (MS-seq) to validate that a
given WB signal (band) reflects occurrence of POI in a given sample, (3) comparing and
contrasting WB profiles from two or more antibodies targeting the POI, and (4) modification of
POI by addition of labelling tag and use of a tag-specific antibody in WB"¢. In our case, most
samples are human-derived, and to date we have not found a cell line that endogenously expresses
CABS1. Thus, we did not contemplate the use of genome editing strategies but diligently followed
strategies (2) — (4). In most recent experiments, namely WB of serum and saliva using pAbs and
all mAbs WB, we incorporated titration of (a) sample amount loaded in SDS-PAGE lanes, and (b)

probing antibody amount used in WB.

In our WB system, when accounting for controls, profiles of optimized methodologies, and
exclusion of inconsistent bands, pAbs targeting hCABS1 detect sample-specific bands at averaged
molecular weights of 139 (serum), 84 (hCABS1 overexpression cell lysate, OEL), 52
(submandibular glands lysate, SMG), 47 (SMG), 33 (SMG) and 27 (SMG) kDa. In saliva and
serum, pAbs detect two bands at 91 and 64 kDa, and a band at 70 kDa is detected in OEL, SMG,

and serum (Table 5-1, left). Conversely, our mAbs detect less bands when accounting controls.
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Four bands are sample-specific at 77 (OEL), 52 (SMG) and 42 (SMG) kDa, and a band at 63 kDa

is detected in OEL, SMG, and serum (Table 5-1, right).

OEL produced a recombinant hCABS1 protein containing a Myc-FLAG tag adjacent to its carboxyl
terminus (see Figure 2-1). WB using an anti-FLAG monoclonal antibody yielded bands at
average molecular weights of 84 and 70 kDa with pAbs, and 77 and 63 kDa when comparing WB
profiles using mAbs. Use of a labelling tag in hCABS1 and validation of WB profile using a tag-
directed antibody (strategy 4'7°) reassures that these bands are representative of hCABS1 in our
WB system. We speculate that difference between molecular weights (7 kDa; e.g., 84-77 = 7) may
be a result of using different molecular mass reference (M) markers across experiments (see 177).
It is interesting that said bands (Table 5-1, blue cells) are encountered in the same samples,
namely OEL, SMG and serum, when using different antibodies. We speculate that SMG-specific
bands detected at 52 and 47 kDa by pAbs, and 52 and 42 kDa by mAbs (Table 5-1, orange cells)
correspond to the same proteins, but lack evidence to prove this. All pAbs targeting hCABS1
synthesized by GenScript were affinity purified against the immunogen used to produce each
antibody. Conversely, mAbs were captured from hybridoma supernatants via protein A/G. The
existence of antibodies that theoretically target the same domain within hCABS1 and identify WB
bands at putatively equivalent regions provides further confidence that those bands represent

hCABS1 in a given sample.

Altogether, WB evidence provided in this dissertation suggests that in humans hCABS1 is present
beyond the testicular compartment in blood serum and in SMG of both sexes (see Figure 4-15,
Figure 4-16, Figure 4-17). MS-seq data on human-derived samples could validate these
observations. Alas, we have not successfully sequenced hCABS1 from human-derived samples to
date. The only sample that has shown hCABS1 occurrence is OEL (see Figure 2-11). Firstly,
studies on blood serum depleted of abundant proteins HSA and immunoglobulins (see Chapter 4

- Discussion - hCABS1 may be present in human serum as a single ) may facilitate successful
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sequencing of hCABS1 in serum. Furthermore, MS-seq data of SMG could validate the occurrence
of hCABS1 in that compartment. With the advent of an immunoprecipitation (IP) protocol using
our mAbs, use of (a) SMG IP followed by WB to identify location of POI in SDS-PAGE gels, and
(b) IP followed by MS-seq, we could validate that SMG-derived bands at those locations are

representative of hCABS1.

Table 5-1. Observed Western blot bands (averaged) when probing samples with polyclonal and
monoclonal antibodies targeting human Calcium-binding protein, spermatid-associated 1 (hCABS1).

Blue cells indicate bands that likely correspond to the same protein across antibodies despite different molecular
weights (MW) in kilodaltons (kDa). Orange cells indicate bands that could correspond to the same protein. OEL:
hCABS1 overexpression cell lysate, SMG: submandibular glands lysate. *In a capillary nano-immunoassay platform,
pAbs detect OEL-derived peaks at (a) 94 and (b) 65 kDa, and saliva-derived peaks at (¢) 60 and (d) 34 kDa.

Polyclonal antibodies Monoclonal antibodies
(target: hCABSI1) (target: hCABS1)
| |
All bands
All bands Sample(s) where W"h:ﬂt’:z::al of Sample(s) where
Average MW band occurs Average MW band occurs
(kDa) (kDa)
139 Serum
91 Saliva, serum
84 @ OEL > 77 OEL
70 b OEL, SMG, serum > 63 OEL, SMG, serum
64 e Saliva, serum
52 SMGC PR 52 SMG
47 SMG
Tl g SMG
33 SMC
27 d SMG
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Chapter 6 : Structural and post-translational analysis of human

calcium-binding protein, spermatid-associated 1

Preamble
Monday, March 21, 2022

To whom it may concern,

We fully support that the article presented in this chapter of Eduardo’s PhD thesis contains computational
analyses of human Calcium-binding protein, spermatid assodated 1 (hCABS1) performed by Dr Marcelo
Marcet-Palacios.

This article came to be because of initial in silico work on the disordered nature of hCABS1 performed by
Eduardo Reyes-Serratos. Dr Marcelo Marcet-Palacios encouraged the development of this project and,
along with Eduardo, expanded the analysis using proteomic tools to understand the nature of hCABS1.

Eduardo wrote the Materials and Methods section and performed the amino acid sequence conservation
analysis of CABS1 across species in its entirety. He provided its interpretation in the Results and Discussion
sections, Figure 3, Supplem ental Figure 1, Table 1, and Supplemental Table 1. Subsequent editorial revisions
to the entire article between Dr Marcet-Palacios, Dr Befus, and Eduardo led to the submission of the
manuscript to the Journal of Cellular Biochemistry.

Respectfully yours,

(i

Marcelo Marcet-Palacios A. Dean Befus
Assistant Adjunct Professor Professor Em eritus
Department of Medicine Department of Medicine
Division of Endocrinology and Metabolism Alberta Respiratory Centre
University of Alberta University of Alberta

Eduardo Reves Serratos
PhD Candidate
Department of Medicine
Alberta Respiratory Centre
University of Alberta
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Abstract

Recently, we detected a novel biomarker in human saliva called calcium binding protein,
spermatid-associated 1 (CABS1). CABS1 protein had previously been described only in testis, and
little was known of its characteristics other than it was considered a structurally disordered
protein. Levels of human CABS1 (hCABS1) in saliva correlate with stress, while smaller sized
forms of hCABS1 in saliva are associated with resilience to stress. Interestingly, hCABS1 also has
an anti-inflammatory peptide sequence near its carboxyl terminus, similar to that of a rat
prohormone, submandibular rat 1 (SMR1). We performed phylogenetic and sequence analysis of
hCABS1. We found that from 72 CABS1 sequences currently annotated in the National Center for
Biotechnology Information protein database, only 14 contain the anti-inflammatory domain
‘TxIFELL”, all of which are primates. We performed structural unfoldability analysis using
PONDER and FoldIndex and discovered 3 domains that are highly disordered. Predictions of 3-
dimensional structure of hCABS1 using RaptorX, IonCom and I-TASSER software agreed with
these findings. Predicted neutrophil elastase cleavage density also correlated with hCABS1 regions
of high structural disorder. Ligand binding prediction identified Ca2+, Mg2*, Zn2*, leucine and
thiamine pyrophosphate, a pattern observed in enzymes associated with energy metabolism and
mitochondrial localization. These new observations on hCABS1 raise intriguing questions about
the interconnection between the autonomic nervous system, stress and the immune system.
However, the precise molecular mechanisms involved in the complex biology of hCABS1 remain
unclear. We provide a detailed in-silico analysis of relevant aspects of the structure and function

of hCABS1 and postulate extracellular and intracellular roles.

Keywords: Disordered domains, CABS1, anti-inflammatory peptides, Post-translational

processing, stress, resilience, in-silico analysis, I-TASSER, IonCom, and RaptorX.
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Introduction

The central nervous system (CNS) has bidirectional communications with the peripheral nervous
system, which in turn has functional connections with the immune/inflammatory system. To
investigate the interaction between the sympathetic nervous system and the inflammatory
response, we developed an animal model that involved bilateral decentralization of the superior
cervical ganglia in rats, followed by an assessment of its effects on inflammation2°. Among the
observed outcomes was a marked reduction of pulmonary inflammation, including a reduction in
alveolar macrophage and neutrophil influx into the airways. In experiments to understand the
mechanisms involved following decentralization, we found that removal of submandibular glands
(SMG) in male rats abolished the anti-inflammatory effectss:. It was postulated that the SMG
released an anti-inflammatory factor(s) and that this process was controlled by cervical

sympathetic nerves3.

Salivary glands have both exocrine and endocrine functions, with both local and systemic effects,
such as in the liver7® and mammary glands'79. To identify the anti-inflammatory factor(s) released
by SMG, we obtained extracts from rat SMG and purified a seven-amino acid peptide (TDIFEGG)
using reverse phase HPLC's5 that had anti-inflammatory activity. This heptapeptide was identified
within the prohormone submandibular rat 1 (SMR1)44135143, SMR1 had originally been identified
in rat SMG*8° and the mRNA was localized to acinar cells93. Other peptides have been identified
from different regions of SMR1 prohormone, including the undecapeptide VRGPRRQHNPR,

hexapeptide RQHNPR and a pentapeptide QHNPRS54. The authors established that, while the
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undecapeptide and hexapeptide were found within the SMG, the pentapeptide was only found in
the submandibular secretions from the primary excretory ducts, suggesting that some SMR1
proteolytic processing took place outside of the glands4. Treatment of rats with the
sympathomimetic hormone, epinephrine, induced the presence of the hexapeptide in blood, and
this was blocked by ligature of SMG ducts and blood vessels, indicating that the origin of the
hexapeptide was the SMGs54. Over the following decade, numerous reports identified several anti-
inflammatory and anti-allergenic roles of SMR1-derived TDIFEGG and its derivatives in mice,

rats, and sheepst.

SMR1 is not expressed in the human genome, but a similar sequence to the SMR1 heptapeptide,
TDIFEGG, is present in human calcium binding protein, spermatid-associated 1 (hCABS1),
namely TDIFELL:8. This sequence and its derivatives have anti-inflammatory activity in mouse
and rat models®8. Interestingly, several molecular forms of hCABS1 have been found in human
testes, lungs, salivary gland extracts and saliva?8-2. To determine if hCABS1 is under neural control
as SMR1 is, we investigated the relationship between levels of molecular forms of hCABS1 in saliva
during acute and prolonged stress2'. We detected a 27 kDa form of hCABS1 in saliva that
correlated with increased self-perceived stress, and smaller molecular forms (<20 kDa) associated

with resilience to stress, data suggesting that hCABS1 is a biomarker of stress2!.

Although there has been significant progress in understanding the expression of hCABS1 and its
relationship with stress, numerous unanswered questions surround the biology of this novel
biomarker. This manuscript focuses on in silico analyses of hCABS1, including its highly
disordered nature, location of Ca2*, Mg2*, Zn2?*, leucine and TPP (thiamine pyrophosphate, or
vitamin B1) binding domains, posttranslational modifications like phosphorylation, catalytic
processing by neutrophil elastase and components of the phylogeny of the putative anti-
inflammatory peptide sequence. In addition, there is an in-depth analysis of how factors that may

bind hCABS1 could participate in its putative extracellular and intracellular roles, including in
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undiscovered enzymatic roles of hCABS1 intracellularly, perhaps linked to mitochondrial

function.

Materials and Methods

The amino acid sequence of human CABS1 was retrieved from the annotation recorded in the
Universal Protein Resource Knowledgebase, Q96KCo, and inputted into each of the predictive

software described below.

CABSi1 structural disordered domain prediction

The FoldIndex algorithm'$* was downloaded as a script from the developer’s website and run
using a Python interface. Output was a set of unfoldability predictor values of each individual
amino acid based on the equation described by Prilusky et al.’8t which aims to discriminate
between folded and intrinsically unfolded proteins. We also used the PONDR:82 (Predictor of
Natural Disordered Regions) online web server. In this interface, we selected 5 algorithms, which
generate scores aimed to elucidate disordered domains in a given amino acid sequence. These
algorithms are VSL2, VL3, VL-XT, XL1-XT and CaN-XT. Output of each algorithm was given as a
set of scores of each individual amino acid. Data obtained from FoldIndex and PONDR were used
to generate graphs showing each algorithm’s predictor values/scores (y-axis) for every sequence

of 10 amino acids (x-axis).

3-dimensional structural prediction approaches

We used I-TASSER!83, ITonCom?#4, and RaptorX'8s5 online web servers to predict the 3-dimensional
structures of hCABS1. I-TASSER provided additional information on putative cofactor-binding
domains. IonCom provided additional information on presumed ion-binding domains. 3D files
were downloaded from these servers in pdb format. We used PyMol'8¢ v.1.7.6.0 to generate visual

representations of the hCABS1 molecule based on the information provided by NetPhos and
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PeptideCutter, as well as to visualize the output from I-TASSER, IonCom, RaptorX. All 3D models
were validated with ProSA:87 and ERRAT88. SwissDock was used to validate I-TASSER ligand

binding predictions for TPP.

Post-translational modification analysis
We used NetPhos'®9 online web server to predict serine, threonine or tyrosine phosphorylation
sites in hCABS1. To predict protein kinase CK2 targets, we used Group-based Prediction System

ver. 5.0'9°, To predict neutrophil elastase digestion, we utilized PeptideCutter from ExPASy.

Extracellular secretion signal peptide analysis

We used SignalP 5.019! web server to assess whether hCABS1 contained signal peptides.

Amino acid sequence conservation analysis

We obtained all 72 animal Calcium-binding protein, spermatid-associated (or specific) 1
annotated sequences from the protein database of the National Center for Biotechnology
Information (NCBI) (Supplemental file 1 available on the online version of this article).
We excluded sequences that were listed as ‘predicted’ or ‘low quality’. All sequences were inputted
in FASTA format into the EMBL-EBI Clustal Omega multiple sequence alignment online
tool92193. After online analysis, we downloaded the alignment file to visualize it on Jalview94 v.

2.11.0.

We performed a phylogenetic analysis using the online platform www.phylogeny.fr195, which has
a pipeline that uses the MUSCLE algorithm to align sequences9¢, followed by the GBlocks method
to eliminate poorly aligned positions and divergent regions'97. Refined sequences were inputted
into PhyML for tree construction using a Maximum-likelihood method9¢ and finally sent to

TreeDyn, a software that renders the phylogenetic tree99.

We used the Protein Variability Serverz200.20t to calculate Shannon entropy values, a widely used

measurement of randomness of a given data set that evaluates the conservation of amino acid
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sequences2°2, For this analysis, we excluded one species that had significant insertions (Tupaia
chinensis) in CABS1 and three species with significant deletions (Heterocephalus glaber,
Dasypus novemcintus and Fukomys damarensis). All other species (n = 68) were aligned in
Clustal Omega and a Jalview file was downloaded. Once aligned in Jalview in a way that flanking
regions were shown, we selected from the most prevalent beginning of the protein (residue 20) to
the most prevalent end of the protein (residue 438) and generated a FASTA file (Supplemental
file 1). The file was then uploaded to the online PVS server and we obtained Shannon entropy

graphs (see Figure 6-4).

Results

Assessment of hCABS1 structural unfoldability

Early postulates on hCABS1 biology have been developed from work done on other species. Rat
CABS1, for example, is intrinsically disordered, explaining its hypersensitivity to proteolytic
degradation'. Rat and hCABS1 contain similar high proportions of acidic amino acids, also a
feature of intrinsically disordered proteins'. Thus, we postulated that hCABS1 is an intrinsically
disordered protein. To further test this postulate, we performed structural unfoldability analysis
of hCABS1 using two independent approaches (Figure 6-1). The predictor of naturally disordered
regions (PONDR) software utilizes several neural networks that were trained by using well-
documented disordered regions from several proteins®2, We used five of these systems
independently (VLXT, XL1_XT, CAN_XT, VL3 and VSL2) to increase the rigor of our analysis.
The predicted disorder probability was plotted as PONDR Score (Figure 6-1 A). Areas where all
five neural network predictions agreed on positive values are highlighted under the curves. A
hCABS1 model was created to depict the relative location of disordered regions within residues

35-42, 210-247, 286-302 and 332-360 (Figure 6-1 A).
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Figure 6-1. Analysis of hCABS1 disordered regions.

(A) PONDR software was used to predict unfolded regions within hCABS1 using various neural
network algorithms. Five unique algorithms named VSL2, VL3, VL-XT, XL1-XT and CaN-XT were
used. Areas under the curve (shaded purple) indicate regions where all five algorithms predicted
unfolded regions with probabilities higher than 50%. (B) Using hydrophobicity-dependent
algorithms, FoldIndex software was used to analyze hCABS1 for intrinsically unfolded sequences.
hCABS1 regions with negative unfoldability index are highlighted in purple. (C) Representation of
hCABS1 polypeptide indicating regions where both PONDR and FoldIndex software independently
predict highly disordered sequences.

A second method used to predict whether hCABS1 sequences are intrinsically unfolded was
FoldIndex. This approach, by contrast, takes into account residue hydrophobicity and net charge

of the sequences!8!. Interestingly, this methodologically unrelated approach also detected four

main regions with highly unfolded probabilities within residues 41-90, 180-247, 250-308 and
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321-375 (Figure 6-1 B). Regions where both approaches agreed in their predictions were residues

210-247, 286-302 and 332-360 (Figure 6-1C).

3-Dimensional predictions of hCABS1 structure

To validate the existence of multiple regions with highly disorder structures, we used two
threading applications, RaptorX:8s and Ion Ligand Binding Site Prediction (IonCom):84, as well as
the Protein Structure and Function Predictions (I-TASSER) software83, The latter combines
homology modeling and de novo (ab initio) prediction strategies. We used these approaches
because of their reported success, and to contrast results generated from distinct strategies. While
homology modeling looks at evolutionarily related structures, threading predicts likely secondary
structures, and then predicts hinge points that develop into motifs, domains and later, tertiary
and quaternary structures. De novo predictions utilize physicochemical principles only,

demanding extensive computer resources.

We validated all model predictions using ProSA7 and ERRAT!88. ProSA analysis generated z-
scores of -2.41, -2.39 and 0.19, for models generated with I-TASSER, IonCom and RaptorX,
respectively. ProSA residue scores using average energy over 40-residues generated plots with
high fluctuations in residue quality for all 3 models (data not shown). ERRAT analysis generated
results that agreed with those by ProSA. Overall quality factors for our models were of 64.533,
8.421 and 16.887 for I-TASSER, IonCom and RaptorX, respectively. Therefore, we used the model

generated by I-TASSER for all subsequent analyses.

I-TASSER identified several homology templates; however, none were of animal origin. The
highest homology was identified as pleuralin-1 (PDB ID 2NBI) with a z-score of 4.90, a protein
present in the marine diatom Cylindrotheca fusiformis. Other templates included yeast fatty acid
synthase (PDB ID 2PFF) with a z-score of 1.62, and type II-C Cas9 enzyme (PDB ID 40GC) with

a z-score of 0.57 found in the bacterium Actinomyces naeslundii.
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The hCABS1 model predicted by I-TASSER showed a molecule with minimal secondary structure
(Figure 6-2 A). Residues 210-247, 286-302 and 332-360, previously predicted to be in regions
highly disordered (Figure 6-1 C), do indeed appear as random coils in the I-TASSER model
(sequences highlighted in red). The hCABS1 model predicted by IonCom also shows these three
regions as random coils but predicted additional secondary structures at the N- and C-terminal
ends of hCABS1 (Figure 6-2 B). Interestingly, both the RaptorX software and IonCom predict
the existence of an a-helix motif at the carboxyl terminal of hCABS1 (Figure 6-2 A, C), which
coincides with the anti-inflammatory motif TDIFELL, highlighted in green in all three models

(Figure 6-2).

A ~ m anti-infammatory domain
' m disordered regions

Figure 6-2. Prediction of hCABS1 3-
dimensional (3D) structure.

Polypeptide segments predicted to be highly
disordered are colored in red (residues 210-247,
286-302 and 332-360). The carboxyl terminal
anti-inflammatory peptide sequence (380-
TDIFELL-386) is labeled green. (A) hCABS1 3D
structure predicted with I-TASSER software. (B)
hCABS1 3D structure predicted with the IlonCom
software. (C) CABS1 structure predicted with the
RaptorX software.
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Amino acid sequence conservation of CABS1
At present, 72 CABS1 sequences have been annotated in the NCBI protein database. After
analyzing them in Clustal Omega, we noted that the longest CABS1 protein sequence is 512 amino

acids long, while the shortest is 156. The average length was 389 amino acids.

Species with flanking amino acid domain insertions at the amino terminus were Acinonyx
Jjubatus, Bubalus bubalis, Callorhinus ursinus, Camelus dromedarius, Camelus ferus, Enhydra
lutris kenyoni, Eptesicus fuscus, Eumetopias jubatus, Felis catus, Lynx canadensis, Myotis
davidii, Neomonachus schauinslandi, Odocoileus virginianus texanus, Phyllostomus discolor,
Puma concolor, Sus scrofa, Ursus arctos horribilis, Vicugna pacos, and Zalophus californianus.
The latter also had a domain insertion in the carboxyl terminus. Tupaia chinensis had an insertion
in the middle region at residue 115 that no other species had. Species with significant amino acid
deletions were Desypus novemcinctus, Fukomys damarensis, and Heterocephalus glaber.
Because of their significant insertions or deletions, we excluded these species for a subsequent

Shannon entropy analysis of protein sequence conservation.

An anti-inflammatory peptide sequence of CABS1, TXIFELL, is only found in primates of
the infraorder Simiiformes

The anti-inflammatory sequence TDIFELL was first identified in humans and experiments
showed that FELL also had anti-inflammatory activity's. Thus, we categorized species containing
FELL within the TxXIFELL peptide as ones with the anti-inflammatory domain. Out of the 72
analyzed species, only 14 contain the putative anti-inflammatory domain ‘TxIFELL”, all of which
were primates of the infraorder Simiiformes (Figure 6-3). Of note, Nancy Ma’s Night monkey
(Aotus nanymaae) and Northern White-cheeked Gibbon (Nomascus leucogenys) show a point
mutation, TGIFELL, whereas all the others have TDIFELL (Figure 6-3, Table 6-1).
Interestingly, a model of intestinal anaphylaxis showed that “TxI” was not necessary to elicit anti-

inflammatory activity’8. We observed that “FELL” elicited this activity and postulated that this
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tetrapeptide contains the core anti-inflammatory component8. Moreover, a Shannon entropy
analysis indicates that the anti-inflammatory sequence displays noticeably lower level of entropy

in primates (Figure 6-4).

Tarsier (Philippine) | Tarsiiformes
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Figure 6-3. Phylogenetic tree of CABS1 using a maximum likelihood tree based on CABS1 amino acid
sequences of annotated species in the NCBI protein database.

Numbers in blue indicate branch support values (%). The anti-inflammatory sequence TDIFELL is restricted to
members of the infraorder Simiiformes.

Table 6-1. CABS1 anti-inflammatory domain is conserved in primate species.

Species CABS1 anti-inflammatory domain
Homo sapiens ag0 T D | F L L 356
Pan paniscus 380 T D I F E L L 3g6
Pan troglodytes ago T D | F E L L ag¢
Gorilla gorilla gorilla 3g0 T D I F E L L 3g6
Pongo abelii ago T D | F E L L ag¢
Nomascus leucogenys 3 T G | F E L L 3a7
Rhinopithecus roxellana g T D I F E L L 3g7
Piliocolobus tephrosceles | 35 T D | F E L L 3g6
Macaca fascicularis g T D I F E L L 3g7
Macaca nhemestrina 3g1 T D | F E L L 357
Macaca mulatta L D I F E L L 3g7
Theropithecus gelada 380 T D | F E L L g6
Papio anubis Ll D I F E L L 3g7
Aotus nancymaae am T G | F E L L 377
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Current data indicates that annotated primates outside infraorder Simiiformes do not contain
FELL, but FKLL. CABS1 in the testes has been characterized in the rat' and house mouse4. The
peptide sequences in these rodent species in the region of the anti-inflammatory sequence in

primates are SGIFKLL and SGLFKLL, respectively.
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Figure 6-4. The anti-inflammatory domain TDIFELL in CABS1 is not highly conserved across all species and
seems to be only associated to primates.

(A) Shannon entropy values per amino acid of CABS1 consensus sequence. (B) Shannon entropy analysis of the location of
primate-associated anti-inflammatory motif in all analyzed species. (C) Shannon entropy analysis of CABS1 anti-inflammatory
motif in primates of parvorders Catarrhini and Platyrrhini.

Post-translational modifications of hCABS1

NetPhos software!89 was used to predict phosphorylation sites on hCABS1. A total of 14 residues
showed a score of more than 95% probability, including 13 serine (residues S43, S77, S110, S170,
S245, S273, S319, S337, S338, S344, S360, S364 and S376), and one threonine residue at position
T303. Because protein kinase CK2 was previously reported to phosphorylate rat CABS12, we used

Group-based Prediction System (GPS)9° to assess the specific contribution of CK2 on hCABS1.
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GPS determined 24 residues as likely targets for CK2-mediated phosphorylation. 7 of these

residues were in agreement with NetPhos (Figure 6-5 A). These 7 residues and their scores were

S43/2.0802, S77/4.682, S110/1.801, S337/4.657, S338/4.329, S344/3.127 and S376/5.097. The

sites were plotted on a cartoon representation of hCABS1 and on a stick representation model of

hCABS1 using the I-TASSER model developed in Figure 6-2 A.
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Figure 6-5. Phosphorylation and proteolytic processing of
hCABSi1.

(A) NetPhos and GPS were used to predict hCABS1 residues likely to be
phosphorylated by protein kinase CK2. Arrowheads indicate the amino acid
number in the hCABS1 sequence. The 3D structure generated by I-TASSER
was used to highlight the location of these phosphorylation events. (B)
PeptideCutter software was used to build a digestion map for neutrophil
elastase. Arrowheads indicate the relative location of proteolytic events and
the P1 residue. (C) The neutrophil elastase cleavage density represented as
the moving average of cleavage sites per amino acid was plotted and
compared with the image that predicts regions of high structural disorder.

Using SignalP-5.0 Server for signal
peptide sequence prediction, we
uploaded the FASTA sequence for
hCABS1 and determined that the
likelihood of a N-terminus
hydrophobic signal peptide
sequence was negligible (0.001).
Signal peptide sequences
specifically bind to the signal
recognition particle (SRP) receptor
on the endoplasmic reticulum (ER)
membrane to allow insertion of
proteins through the ER membrane
and enter the ER lumenal space.
Because hCABS1 lacks this
sequence, it is not possible for
hCABS1 to enter the ER and
therefore must be translated as an

uncleaved protein by ribosomes in

the cell cytoplasm. This suggests that hCABS1 is secreted from salivary glands through

nonclassical secretion mechanism(s) that is independent of the canonical ER-Golgi apparatus-
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secretory vesicle pathway. Several nonclassical secretion pathways include membrane
transporters, multivesicular bodies, exosome/microvesicle shedding, lysosome secretion, and

lytic release.

Because several molecular forms of hCABS1 have been identified, the PeptideCutter software,
available through ExPASy, was used to predict potential cleavage sites. The software offers in
silico digestions for numerous proteases. We found that 15 out of 34 available enzymes did not
cleave hCABS1. From the remaining 19 enzymes, only 8 are expressed in humans. In descending
order, according to cleavage frequency, these enzymes are pepsin (137 cleavage sites), neutrophil
elastase (48 cleavage sites), trypsin (28 cleavage sites), chymotrypsin (18 cleavage sites), Arg-C
proteinase (5 cleavage sites), caspase 1 (2 cleavage sites), enterokinase (1 cleavage site) and
thrombin (1 cleavage site). It is not surprising that digestive enzymes like pepsin, trypsin and
chymotrypsin could cleave hCABS1 at numerous sites. Also, not surprisingly, neutrophil elastase
appears to cleave hCABS1 at a high number of sites (Figure 6-5 B). Neutrophil elastase is an
aggressive protease known to digest virtually all extracellular matrix proteins, in addition to its
role in proteolytic activation of several matrix metalloproteinases during inflammation2°s. The
presence of neutrophil elastase in the oral cavity makes it a likely candidate for hCABS1
processing. We previously reported the presence of several hCABS1 forms in saliva using
immunodetection by Western blot!8:21 and capillary nano-immunoassay®t. To better understand
the complex pattern of likely P1 residues for neutrophil elastase shown in Figure 6-5 B, we
calculated the “20 amino acid moving average” of P1 sites along the hCABS1 sequence (Figure
6-5 C). Interestingly, cleavage site density correlated with hCABS1 regions that display highly
unfolded secondary structure. This supports the hypothesis that hCABS1 is a proteolytic target of
neutrophil elastase and that this enzyme may play an important role in the genesis of functionally

distinct forms of hCABS1.
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Cofactors and their role in hCABS1 biological function

In addition to tertiary structure, I-TASSER also predicts protein-cofactor interactions and likely
polypeptide biological function. This software predicted interactions of hCABS1 with Ca2+
(residues 42 and 44), Mg2+ (residues 219 and 223), Zn2* (residues 214 and 216), leucine (residues
194, 195, 257, 263 and 267) and thiamine diphosphate (residue 360) (Figure 6-6 A). To validate
hCABS1 and TPP interaction, the software SwissDock was used. Swissdock reported a Full Fitness

interaction of -1043.70 kcal/mol with an estimated AG of -9.06 kcal/mol. Space-filling and stick

Figure 6-6. Cofactor interaction analysis.

(A) 3D structure of hCABS1 predicted with I-
TASSER was used to indicate putative binding
sites for calcium (Ca2*, 42-43), leucine (Leu, 194,
195, 256, 263 and 267), magnesium (Mgz2*, 219
and 223), zinc (Zn2*, 214 and 216) and thiamine
diphosphate (TPP, 360). An additional Ca2*-
binding site was detected by TonCom (Ca2*, 248-
252). Square inset represents the C-terminal
domain of hCABS1 with a putative TPP binding
site. (B) Zoomed in region from C-terminal
domain inset. I-TASSER model validation using
SwissDock depicting hCABS1 residues that
interact with TPP. (C) Stick model
representation of B) showing a side view of the
hCABS1-TPP interaction and the amino acid
resides involved.
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models showing amino acid residues involved in the interaction are shown in Figure 6-6 B and
C. Residues predicted to make H-bonds with TPP were: E318, S319, R320, Y321, T331, K354, I355,
T356, E384, L385 and 1395. I-TASSER also predicted that hCABS1 could play a role in fatty acid
biosynthetic pathways; specifically, hydrolase, reductase, transferase, fatty acid synthase and
dehydratase activities. Hydrolase activity would likely include palmitoyl-[acyl-carrier-protein]
hydrolase, acyl-[acyl-carrier-protein] hydrolase, myristoyl-[acyl-carrier-protein] hydrolase, and
oleoyl-[acyl-carrier-protein] hydrolase. Reductase activity would likely include enoyl-[acyl-
carrier-protein] reductase and enoyl-[acyl-carrier-protein] reductase. Transferase activity would
likely include [acyl-carrier-protein] S-acetyltransferase. Fatty acid synthase activity would likely
include fatty-acyl-CoA synthase. Dehydratase activity would likely include 3-hydroxyacyl-[acyl-

carrier-protein] dehydratase and 3-hydroxypalmitoyl-[acyl-carrier-protein] dehydratase.

Discussion

Acute and chronic stress play significant roles in the composition of soluble factors in saliva. While
parasympathetic signals induce a water-rich salivary discharge, sympathetic stimulation induces
a high protein salivary output2c4. Accessibility to saliva and the presence of cell-free DNA, several
RNA forms (mRNA, microRNA and piwi-interacting RNA) and soluble or exosomic granules
(exosomes, microvesicles and apoptotic bodies), make this fluid an attractive diagnostic sample
source205, CABS1 is an exciting, novel salivary biomarker with the potential to predict stress and

resilience to stress2!. This duality is so far unique within the literature of stress biomarkers.

Our current understanding of hCABS1 presents an interesting challenge. While CABS1 has been
detected in sperm and mitochondria in non-human samples, our group has identified human
forms of CABS1 secreted from salivary glands. We postulate that intracellular and extracellular
localization for hCABS1 may represent two very distinct functional modes. For example, secreted
hCABS1 may be involved in stress and immuno-inflammatory processes, while intracellular

hCABS1 may regulate energy metabolism and intracellular stress pathways (Figure 6-7). Our in-
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silico evidence illustrates these two potential modes of action for hCABS1 by shedding light on

interactions with cofactors like TPP, Ca2* and Leu. Secretion through non-classical mechanisms

and tissue-specific processing are likely to be
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Figure 6-7. Conceptual model of hCABS1 biology.

The human CABS1 gene (hCABS1 gene, blue label) contains a single exon and generates a single gene product.
The polypeptide translated from this transcript (hCABS1, black label) undergoes posttranslational
intracellular modifications such as proteolytic processing and phosphorylation (red circles). We postulate that
in a tissue-specific manner, various forms of hCABS1 can either localize to the mitochondria or be secreted via
multivesicular bodies and exosomes. Mitochondrial hCABS1 is associated to the inner mitochondrial
membrane and interacts with various cofactors including leucine (Leu), Mg2* (yellow ion), Ca2* (blue ion),
Zn2+ (orange ion), and thiamine diphosphate (TPP). Interaction of cofactors with hCABS1 enhances its
function in regulating energy metabolism and intracellular stress pathways. Secreted hCABS1 undergoes
further tissue-specific processing. hCABS1 processing would vary according to the proteolytic enzyme
environment. Various hCABS1 molecular forms (hCABS1 forms) are likely to have specific roles in stress,

immuno-inflammation and physiology.
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The stability of proteins in the extracellular environment impacts their function and mechanism
of regulation. CABS1 lacks a stable tertiary structure and is therefore intrinsically disordered by
nature. There is an “order-structure continuum?2°¢ for tertiary structures, with rigid and well-
structured protein families at one end of the spectrum, and extremely flexible and dynamic
proteins at the other. It has been estimated that more than 50% of all proteins in eukaryotes
contain long disordered regions that may play important roles in their function2°7. In this study
authors reviewed the role of several disordered domains proteins in the biomineralization of teeth
including dentin sialophosphoprotein, osteopontin and dentin matrix protein-1. Others have
reviewed the role of disordered domains and how this entropic ability allows, for example, spring-
like function of titin and the bristle-like role of MAP2, to provide spacing in the cytoskeleton2s.
Disordered proteins may also function as inhibitors as is the case of calpastatin and its ability to
inhibit calpain due to long disordered domains that facilitate positioning of the inhibitory
domains. The disordered nature of hCABS1 may enable its increased proteolytic processing by
enzymes such as neutrophil elastase (Figure 6-5 B, C). It is not surprising that there is an obvious
overlap between predicted intrinsically disorder regions (Figure 6-1 C) and neutrophil elastase

cleavage sites (Figure 6-5 C).

Neutrophil elastase activity may produce bioactive fragments of hCABS1 and contribute toward
tissue-specific processing events. Indeed, the location of hCABS1 anti-inflammatory domain
(380-TDIFELL-386) appears to be strategically isolated near the C-terminal, adjacent to a region
with the highest density of neutrophil elastase putative P1 residues (Figure 6-5 C). We predict
that neutrophil elastase cleaves salivary hCABS1 to produce active components such as TDIFELL-
containing peptides, which may act locally or possibly disseminate systemically to exert
physiological effects in other tissues. Interestingly, the anti-inflammatory peptide sequence in rat
SMR1, TDIFEGG, has an adjacent elastase cleavage site (unpublished, observation) and we have

previously identified TDIFEGG-containing immunoreactivity in a <3000 Da fraction of rat
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salivass. We aim to identify the role of neutrophil elastase and other proteases in the processing

and function of molecular forms of hCABS1.

Due to the high abundance of acidic residues in hCABS1, the migration of hCABS1 is slowed during
electrophoresis, resulting in a significant discrepancy between its predicted molecular mass (M)
and its observed M; in SDS-PAGE. This observation has been reported in human® (43 kDa
calculated, 75 kDa observed), Sus scrofas (42.8 kDa calculated, 75 kDa observed), mouse4 (42.3
kDa calculated, 66 kDa observed) and rat* (42.3 kDa calculated, 80.0 kDa observed).
Neutralization of acidic residues in CABS1 with carbodiimide/ethanolamine altered the migration
profile of rat CABS1 close to its predicted M, supporting acidic residues as the reason for the M;
discrepancy. In agreement with this observation, we have shown that N- or O-glycanase treatment
does not alter CABS1 M, in SDS-PAGE, suggesting that glycosylation events do not explain the

discrepancies in M; of the protein?8.

Other posttranslational modifications like phosphorylation have been observed for CABS1 in
vivo'. However, a single phosphorylation event only contributes 80 Da in M,. Thus, this
posttranslational modification does not account for the unexpected increase of ~30 kDa in

observed M;.

Though phosphorylation minimally adds to molecular weight, phosphorylation events typically
have enhancing effects on protein function. Protein kinase CK2 is critical in rat spermiogenesis,
and CK2 was shown to phosphorylate rat CABS1 in vitro and confirmed in vivo!. The
phosphorylation of CABS1 by CK2 suggests that their interaction plays an important role in
spermiogenesis. We suspect that hCABS1 phosphorylation may play various roles in regulating
mitochondrial pathways in energy metabolism and stress (Figure 6-7). Conversely, CABS1
phosphorylation may be necessary for its secretion. Recently, Klement and Medzihradszky
provided an in-depth review on the importance of extracellular protein phosphorylation209. They

reported that in some cases, as high as 50% of all secreted proteins may be released via non-
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classical ER/Golgi pathways. Phosphorylation of this group of secreted proteins may be a required
modification for secretion. In this case, hCABS1 phosphorylation may be a prerequisite for its
secretion from SMG. Extracellular phosphorylation of hCABS1 could be critical in regulating its
functions in stress, immuno-inflammation and physiology, possibly by controlling proteolytic

processing of hCABS1.

Interestingly, calcium plays a role in regulating proteolytic cleavage and is involved in cell
signaling within the salivary glands2°. Reinhardt et al. showed that proteolytic degradation of
fibrillin-1 in the presence of CaCl. was significantly slower than in the presence of EDTA,
demonstrating that calcium confers protection against proteolysis2®. This calcium-dependent

protection from proteolysis has been reported in other studies2!221s.

The possibility that hCABS1 binds calcium is inferred from studies in mice and pigs using
ruthenium red and Stains-all4, and in rats using 45Ca2*-binding autoradiography assays!. Our in-
silico analysis confirms this hypothesis and predicts the location of these sites at positions 42-43
and 248-252 (Figure 6-5 A). Future studies can be conducted to confirm these Ca2+-binding sites

by scanning mutagenesis and other labeling methods.

Calcium maintains structural stability of proteins, including a highly abundant salivary protein,
a-amylase24. In the presence of sympathetic stimulus, calcium may be involved in signaling
pathways for hCABS1, by inducing structural modifications that regulate proteolytic cleavage of a
hCABS1 precursor, forming smaller molecular forms that may have varying properties. Proteolytic
degradation assays should therefore show increased degradation of hCABS1 in the absence of
calcium, and will be reversed in the presence of CaCl,, providing evidence that Ca2*-binding

promotes a more ordered secondary structure, regulating hCABS1 processing.

We were intrigued by the I-TASSER predictions for hCABS1 binding sites for cofactors thiamine
diphosphate (TPP), Ca2*, and Mg2* (Figure 6-6 A). In sperm, CABS1 localizes to the

mitochondria, flagella and the acrosome suggesting a role in energy supply*. In humans, there are
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12 enzymes that use TPP as a cofactor as reported in the Kyoto Encyclopedia of Genes and
Genomes (KEGG), all of which play crucial roles in energy metabolism. Interestingly, all TPP-
binding enzymes are intracellular proteins. If hCABS1 binds TPP, this would be indicative of novel
intracellular roles likely in the regulation of energy metabolism. Based on metabolic pathways,
TPP-binding enzymes can be divided into 6 groups, 3 groups that function as cytosolic enzymes
and 3 other groups that function within mitochondria. The first group of cytosolic enzymes
converts thiamine into TPP or into thiamine triphosphate; these enzymes are thiamine phosphate
kinase (2.7.4.16), thiamine diphosphokinase (2.7.6.2), thiamine triphosphatase, (3.6.1.28) and
thiamine diphosphate kinase (2.7.4.15). The second group of cytosolic enzymes are involved in
ATP hydrolysis; these enzymes are adenylate kinase (2.7.4.3) and nucleoside-triphosphate
phosphatase (3.6.1.15). The third group of cytosolic enzymes is transketolase (2.2.1.1), involved in

the pentose phosphate pathway.

The 3 groups that are inside mitochondria are involved in the TCA cycle, pyruvate metabolism,
and branched chain amino acid catabolism, respectively. These 3 groups of enzymes form closely
related multienzyme complexes. Within the oxoglutarate dehydrogenase complex in the
mitochondrial matrix, the enzyme oxoglutarate decarboxylase (1.2.4.2) of the TCA cycle requires
TPP. Another mitochondrial matrix complex is the pyruvate dehydrogenase complex involved in
the conversion of pyruvate to acetyl-CoA; within this complex, pyruvate dehydrogenase (1.2.4.1)
also requires TPP. In the mitochondrial inner membrane, the branched-chain alpha-ketoacid
dehydrogenase complex plays a role in the metabolism of branched-chain amino acids (leucine,
isoleucine and valine); within this complex, the enzyme branched-chain alpha-ketoacid
dehydrogenase (1.2.4.4) mediates the TPP-requiring step. For a more comprehensive list of TPP

enzymes present in other organisms including bacteria, see review='s.

For TPP-binding enzymes, the combination of TPP with either Mg2+ or Ca2* is necessary for

enzyme activation2:¢:27, The divalent cation location observed in X-ray crystallography studies for
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pyruvate dehydrogenase2'8 and branched-chain alpha-ketoacid dehydrogenase2'9 show the ion in
close proximity to TPP. In contrast, the hCABS1 structure shows Ca2* and Mg2?+ binding sites
relatively far from the TPP site (Figure 6-6 A). It is possible that the long random coil (res 268-
315) of hCABS1 acts as a molecular switch to bring TPP close to either Ca2+ or Mg2*ions. In this
model, hCABS1 would have enzymatic activity when the TPP and divalent ion regions are in close
proximity. Putative sites for neutrophil elastase cleavage exist between these cofactor domains of
hCABS1, thus elastase-mediated cleavage could result in deactivation of hCABS1 enzymatic

activity extracellularly.

The branched-chain alpha-ketoacid dehydrogenase complex is located in the inner mitochondrial
membrane where it utilizes TPP in the first irreversible step in the catabolism of leucine (Leu)22°.
Leu is an essential amino acid that plays a role in protein structure and function. Leu also plays
roles in numerous other protective pathways including wound healing, muscle repair and protects
against stress-induced breakdown of muscle proteins. Given hCABS1 association with stress
responses, it is possible that binding of Leu to hCABS1 could play a regulatory function by acting
as an allosteric regulator. Indeed, Leu functions as an allosteric activator of the enzyme glutamate

dehydrogenase22'.

To enable the analysis of genetic data, the Gene Ontology (GO) project developed the Phylogenic
Annotation and Inference Tool (PAINT). One of the PAINT objectives was to assist annotators in
assignment of protein function within a given protein family. This tool predicts that hCABS1
should have a subcellular location to the cytosol and the inner mitochondrial membrane222.
Indeed, Calvel L, et al. reported that rat CABS1 is associated to mitochondria inner membranes
of spermatids*. The mitochondria inner membrane is home to numerous metabolic pathways, key
in energy metabolism. As described above, the branched-chain alpha-ketoacid dehydrogenase

complex metabolizes Leu catabolism, requires TPP and Mg2?* and it is found in the inner
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mitochondrial membrane, all features we have identified for hCABS1 in this manuscript. At this

point, it is difficult to predict weather Leu acts as a substrate or as a regulator of hCABS1 activity.

We are also interested in the occurrence of CABS1 across species. Annotations of the protein only
appear to occur in placental mammals. An additional segment at the amino terminus of at least 7
amino acids was observed in annotated felines, most pinnipeds, most bats, bovids, camelids, the
grizzly bears, wild boars, and sea otters. Since we have shown that hCABS1 contains an anti-
inflammatory domain, TDIFELL, near the C-terminus, we investigated the species distribution of
this or similar motifs. Interestingly, the 14 species with TDIFELL were all primates (Figure 6-3).
A domain in CABS1 with anti-inflammatory properties, is conserved only in parvorders Catarrhini
(Old World monkeys, humans) and Platyrrhini (New World monkeys), which belong to the order
Primates (Figure 6-3, highlighted red square)223. This domain is not present in Philippine tarsier
(Carlito syrichta), which is also part of this order. Two primate species showed a point mutation
in the anti-inflammatory motif, D—G. However, aspartic acid and glycine share the
physicochemical property of being small8'. Moreover, we have showed that FELL is sufficient to
elicit an anti-inflammatory effect in rodents?8, so we speculate that this CABS1 domain has anti-

inflammatory activity across primates.

NCBI’s CDD (Conserved Protein Domain Family Database), reports hCABS1 as the only member
of its superfamily. This analysis reflects the unique nature of the protein, a limitation that hampers
our ability to make functional predictions using current repositories. Future research on hCABS1
regulation and function will garner insight on how hCABS1 contributes to the stress response and
the relationship between its localization and its function. Beyond a biomarker of stress, this
research may reveal other unrecognized roles of hCABS1, including possible enzymatic activities.
This manuscript contributes to the growing body of knowledge on the regulation of this emerging

protein with wide-ranging implications on our understanding of its biology.
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Chapter 7 : Overall discussion

This chapter integrates the collective findings and contributions of the previous six chapters,
addresses the limitations that our project faces, and ultimately leads to the final chapter that

proposes strategies to continue research on hCABS1.
The objectives of this dissertation, outlined in Chapter I, were:

1. To characterize polyclonal and monoclonal antibodies of hCABS1 using immunoprobing

techniques on complex human biological samples

2. To validate the presence of hCABS1 in human-derived samples by optimizing protein

isolation protocols and facilitating mass spectrometry analysis
3. To validate the study of saliva-derived hCABS1 in acute stress

4. To contribute to the body of knowledge of hCABS1 by analyzing the protein sequence using

in silico tools

Objective 1: I characterized the WB profiles given by pAbs and mAbs targeting hCABS1 in a
transient overexpression cell lysate (OEL), its negative control (NCL), human

submandibular gland (SMG), saliva supernatant, and blood serum.

Firstly, I described pAbs-based WB profiles of hCABS1 in serum and saliva before and after
methodology re-evaluation and found discrepancies based on the amount of total protein
evaluated and the amount of working antibody. These discrepancies led to question previous
assertions about hCABS1 that our group had published!821%¢ and contributed to the decision to

create monoclonal antibodies (mAbs) targeting hCABS1.

The WB profiles we obtained with pAbs suggested several hCABS1 variants were present in all
samples we evaluated, with some bands common in different tissue/fluid samples (see Chapter 2

- Table 2-4). After introducing a validation protocol involving a more rigorous titration of
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antibody and sample amounts, I began questioning the pAbs and the way in which they were
generated. An analysis of the entire hCABS1 sequence using the ‘B cell epitope prediction tool’
from the Immune epitope database and analysis resource224-23° shows that the peptide sequence
used to produce H2.n pAbs (hCABS1 a.a. 184-197) is predicted to elicit a B-cell mediated response,
while only a part of the peptide sequence used to create H1.0 pAbs (hCABS1 a.a. 375-388) is
predicted to elicit such a response (Figure 7-1); i.e., the anti-inflammatory domain of hCABS1 is

not predicted to be a strong B-cell epitope (Figure 7-1, green plot enclosed in black rectangle).

,34DEADMSNYN SS|KS197 375TSTTETDIFELLKE;88

=== Threshold

Score

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
Amino acid position

Figure 7-1. Predicted segments of hCABS1 likely to elicit an antibody response (yellow).

The representative linear amino acid residue position for hCABS1 is depicted on the horizontal axis, while the residue
score (a.u.) is depicted on the vertical axis. Residues with scores above the default threshold value (~0.5) are predicted
to be part of regions likely to elicit a B cell response. Enclosed in red rectangles are the domains used for creating pAbs
H2 (hCABS1 a.a. 184-197) and H1 (hCABS1 a.a. 375-388, anti-inflammatory section underlined in black). Plot
generated using ‘B cell epitope prediction tool’ from the Immune epitope database and analysis resource.

Were the New Zealand rabbits good hosts to produce our pAbs? Leenaars and Hendriksen list the
critical steps on antibody production as (1) antigen preparation, (2) animal species selection, (3)
adjuvant selection and preparation, (4) injection protocol, (5) post-injection follow-up, and (6)
antibody collection48. The protocol used by GenScript to produce our pAbs was in agreement with

industry standards. However, if we focus on Leenaars and Hendriksen critical step (2), they note
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that selection of animal species is impacted by the species from which the antigen is taken4s.
While they recognize that rabbits are used most times to produce pAbs, they remark that the larger
the phylogenetic distance between animal species (i.e., antigen source species and species to be
host for pAb production), the superior the evoked immune response48. Alignment of our hCABS1
immunogens with the rabbit CABS1 sequence is detailed and discussed in (Chapter 2 - Figure
2-24). For pAbs production, Leenaars and Hendriksen suggest producing pAbs in chicken, whose
phylogenetic distance to mammals could result in better pAbs batches48. But at the time our best
research tool were rabbit-generated pAbs that had been affinity purified. pAbs-based WB resulted
in complex profiles, endorsed the occurrence of hCABS1 in human saliva, serum, and SMG, and

indicated that hCABS1 existed in those compartments as differently sized proteins.

The addition of purified mAbs to our research toolkit brought the potential to reduce the
complexity of WB profiles. Careful validation of mAbs profiles in WB identified a limited number
of immunoreactive bands in SMG and serum. Moreover, mAbs-based WB casted doubt on the
presence of hCABS1 in saliva supernatant altogether (see Chapter 4 - Table 4-5). However, I
recognize that evidence provided in this document is insufficient to discard the occurrence of
hCABS1 in saliva. Recently, I began questioning the role our secondary antibody plays in
recognizing molecules in saliva supernatant. I suspect that the secondary antibody may be
reacting with proteins in WB membranes that do not reflect hCABS1 and instead reflect
immunoglobulins present in saliva (see ‘No primary antibody’ panel in Figure 4-18 — 56 and 25
kDa, Figure 4-19 — 56 kDa, Figure 4-20 — 56 kDa). In Chapter 8: Future directions, I propose
a strategy to test this postulate. For now, we do not have unequivocal evidence that human saliva
contains hCABS1. Altogether, WB profiles suggest that hCABS1 occurs in SMG and serum (aside
from our transient overexpression control lysate) with bands detected at 70 kDa (pAbs)/63 kDa
(mAbs) in both samples (Table 5-1). This poses the question of SMG being a source of circulating
hCABS1, and of the role that it might play in other organs. To date, the American Type Culture

Collection does not offer a validated human SMG-derived cell line23.. When such a cell line is
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available, it could be used as a model to assess hCABS1 transcript and protein levels under

different conditions.

We studied the distribution of hCABS1 in SMG because our data supported the presence of the
protein in this compartment. We did immunohistochemical studies using our pAbs, in
collaboration with Dr Michiko Watanabe (Case Western Reserve University, Cleveland, USA).
These results suggested that in SMG hCABS1 is present throughout the cytoplasm of duct cells
and, potentially, has an abundant presence in the abluminal side of some duct cells (Figure
2-15). More recently, through a collaboration with Dr Lakshmi Puttagunta (University of Alberta,
Edmonton, Canada), we obtained the first immunohistochemical data on hCABS1 distribution in
human testicular tissue using mAb 15B11-1. Results on this compartment suggested that hCABS1
is present outside of seminiferous tubules in Leydig cells, and inside seminiferous tubules in

precursor cells to primary spermatids (Figure 4-26).

Objective 2: T developed a 2D-e protocol to increase the resolution of protein separation, and
recently collaborated in the first optimization steps of a magnetic beads-based

immunoprecipitation protocol for hCABS1.

Experiments downstream of 2D-e included WB and MS-seq. WB helped us determine the gel
location of putative hCABS1 spots detected by our pAbs. Once 2D-e-WB was optimized, we
selected these spots for MS-seq analysis. hCABS1 was not detected using this technique just as it
wasn’t detected when using a 1D-e platform with human samples. Two hypotheses arose from this
data: (a) it is possible that hCABS1 is present in saliva in low abundance and that MS-seq is not
sensitive enough to detect it, (b) hCABS1 is not present in saliva. Our current evidence does not

allow to distinguish between these hypotheses.
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Objective 3: I optimized a capillary nano-immunoassay (CNIA) protocol to validate our

observations on the association between psychosocial stress and hCABS1.

Our group reported that in WB, pAb H2.0 detected a band of 277 kDa that positively correlated to
self-perceived stress, and bands <27 kDa that seemed to be indicators of resilience to stress2'. The
ability of CNIA to use minuscule amounts of saliva samples and stock antibodies allowed us to
evaluate the same samples>* with H2.0, for validation, and H1.0, an antibody detecting the
putative anti-inflammatory sequence in hCABS1, TDIFELL8. Using CNIA, H2.0 detected a 35 kDa
protein in saliva, while H1.0 detected a 60 kDa protein. Interestingly, the levels of the 35 kDa
protein followed the same pattern with regards to distress as those from the H2.0 WB-detected
27 kDa band®®, validating that H2.0 detects a protein that positively correlates to self-perceived
psychosocial stress. As mentioned, MS-seq evaluation of 27 kDa gel spots representative of H2.0-
detected WB bands and, potentially, of the 35 kDa protein detected in CNIA, suggest that hCABS1
is not present at that location. However, analysis of the proteins at that location identified
carbonic anhydrase 6 (CA6), a protein that contains a domain with similarities to the peptide used
as an immunogen for creating H2.0 (see Figure C-4 in “Appendix C — MS-seq detected proteins
in transient overexpression cell lysates and human saliva”); thus, a potential candidate for
reacting with H2.0. However, a WB of recombinant CA6 probed with pAb H2.0 suggested that
our pAb was not interacting with the recombinant CA6 (see Figure 2-21 in Chapter 2). CA6 in
SDS-PAGE has been reported at 37 kDaz232, similar to the molecular weight H2.0 detects in CNIA.
Conversely, the antibody database provided by ProteinSimple, the company that developed CNIA,
lists the occurrence of CA6 in their CNIA platform at 56 kDa'3°, contrasting the peak we detect in
saliva when using H2.0 at 35 kDa. Presently, we can say that H2.0 detects a protein in WB at 27
kDa and in CNIA at 35 kDa that positively correlates with perceived psychosocial stress. Whether
this protein is hCABS1 or not remains to be confirmed. Adding to the enigma, mAb-based WB do

not resolve this open question.
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Objective 4: Dr Marcet-Palacios and I collaborated to analyze the hCABS1 protein sequence using

in silico tools and widen knowledge of hCABS1.

We showed that predicted disordered regions in hCABS1 are mostly located near the carboxyl
terminus of the protein. Dr Marcet-Palacios generated three putative 3-dimensional (3D)
structures for hCABS1, all suggesting the occurrence of disordered regions as random coils and,
interestingly, of the anti-inflammatory domain ;30 TDIFELLsss of hCABS1 located near the
carboxyl terminus, as an a-helix. I presented evidence of the conservation of this anti-
inflammatory domain only in primates of the infraorder Simiiformes, of which humans are
members. Dr Marcet-Palacios showed evidence on predicted phosphorylation sites, possible
cofactor interaction sites, and the lack of a signal peptide sequence in hCABS1, likely impacting
the way in which the protein is secreted in vivo. Given our previous observations in saliva of
several discrete bands indicating proteolytic processing of hCABS1, we generated the predicted
neutrophil elastase (a protease present in the oral cavity) degradome of hCABS1. Unsurprisingly,
hCABS1 is predicted to be readily cleaved by neutrophil elastase (48 cleavage sites) at locations

that were predicted to have an unfolded secondary structure.

While this degradome information of hCABS1 partially supports our previous findings of
different-sized variants of hCABS1'821, our recent work on WB methodology and novel CNIA
analysis suggest that such findings require further analyses and validation. Past this limitation,
our in silico work supports CABS1 findings from other groups. The set of predicted cofactors
interacting with hCABS1 is typical of those associated to energy metabolism and mitochondrial
enzymes. Moreover, rat CABS1 has been observed using TEM in the inner mitochondrial
membrane of developing spermatozoat. Whether hCABS1 plays a role in energy metabolism is an

exciting postulate that remains to be tested.Conclusion

The main hypotheses of this dissertation were:
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1. Calcium-binding protein, spermatid-associated 1 (hCABS1) is found in human SMG
lysates, saliva supernatant, and blood serum and our antibodies confirm its expression in

these samples

2. Antibodies raised against hCABS1 sequence s,DEADMSNYNSSIKS,,, detect a variant(s)
of the protein in saliva supernatant that is/are a biomarker(s) of acute psychosocial

distress

This dissertation provides evidence for the existence of three hCABS1 variants in SMG (Figure
7-2, 2), the larger of which seems to be also present in serum (Figure 77-2, 3). Whether the three
variants present in SMG are a result of proteolytic processing or post-translational modifications
remains to be elucidated. I cannot confidently conclude that in response to distress (Figure 7-2,
1), hCABS1 is released into saliva (Figure 7-2, 3). However, I now recognize two limitations in
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Figure 7-2. Revisited conceptual model.

Magnifying lenses represent zooming into the compartment where they are placed. Pink diagrams in panel (2) and (3) are
representative of submandibular gland (SMG) cells. Careful optimization of monoclonal antibody (mAb)-based techniques
warrants further studies to validate whether hCABS1 is associated to distress (1). (2) Our group has reported presence of
CABS1 transcript in SMG lysates, and mAb-based Western blots suggest that 3 variants of varying size are present in SMG,
potentially derivates of proteolytic degradation within that body compartment. (3) mAb-based WB are unable to confirm
that hCABS1 is released into saliva; conversely, a variant of the same size is present in blood serum, suggesting its source
could be SMG. Figure made with Biorender.com
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my studies of saliva supernatant; (1) a potential cross-reactivity between the secondary antibody
used in WB analyses, and (2) a lack of resolving power of the proteins present in this biofluid that

may be addressed using 2D-e.

Important factors that contribute to my conclusions are:

(1) The similarities between rat SMR1 and human CABS1:
a. The anti-inflammatory activity of heptamers TDIFEGGsumr: and TDIFELLcags:*8.
b. The location of both genes in a cluster that seems to be conserved across both
species in homologous chromosomes?8
c. Presence of both proteins in SMG and testes (of rats and humans)
(2) The evolutionary conservation of CABS1 anti-inflammatory domain TDIFELL in primate
subgroup Simiiformes of which humans are part
(3) The presence of hCABS1 transcript in salivary glands, as reported by Shi et al.?6, Dela Cruz
et al.233 and our group'®
(4) Our overall findings implying presence of hCABS1in SMG and serum (the latter supported
by Jin et al.’s9), and potential presence of hCABS1 in saliva being a result of following the
International Working Group for Antibody Validation standards by:
a. Using multiple antibodies to probe for the target protein and compare the profiles
b. Using a tag-specific antibody to encounter a tag-including modified target protein
c. Usingtwo antibody-dependent methods (WB and CNIA) to cross-validate findings
d. Optimizing antibody-dependent methods as a function of sample and context (WB,

CNIA, immunohistochemistry and immunoprecipitation)

Thus, I conclude that (1) hCABS1 domain TDIFELL is analog to SMR1 domain TDIFEGG, (2) that
evolutionary events may have relocated TDIFELL into CABS1 of members of Simiiformes

subgroup, and (3) that in humans hCABS1 is expressed in testes, SMG, and serum just as SMR1
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is expressed in these compartments in rats. Further validation of saliva supernatant may show

another biofluid where hCABS1 is expressed, just as SMR1 is found in rat salivass.
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Chapter 8 : Future directions

We have suggested that hCABS1 is a candidate biomarker of stress in humans2!. A biomarker may
help in diagnosing a disease, assess severity or risk of an intervention, predict the effect(s) of a
drug, or monitor the response of an intervention234. Proficient biomarkers should be significantly
modified in diseased patients, when compared to controls, in turn aiding clinicians to make
meaningful decisions that can improve a patient’s quality of life234. Prior to biomarker discovery,
a protocol that ensures reproducibility and specific targeting of the potential biomarker must be
defined. Then, analysis of samples from a cohort using the streamlined protocol can validate if the
putative marker is indicative of a biological difference when comparing the biomarker’s profile
between “case” and “control” groups235. Notably, the label “control” is subjective, and researchers
must establish a rigorous set of characteristics that define “control” subjects. To validate the
association between a candidate biomarker and disease, I consider there are two paramount
checkpoints. Firstly, is proper sample collection and handling, and secondly, is ensuring that the
analytical technique has specificity for the biomarker. Ideally, researchers could develop a

diagnostic panel evaluating several biomarkers to better reflect the health of a patient.

With regards to the first checkpoint, I encourage collaborations with clinicians that follow
rigorous patient recruitment and characterization techniques and who gather relevant data at
each collection timepoint. Access to properly preserved and curated samples/data is necessary to

study associations between any candidate biomarker and a malady.

Regarding the second checkpoint, the antibody-based techniques described in Chapter 2, Chapter
3 and Chapter 4 portray the evolution of methodologies and reagents used to target hCABS1. By
translating a rigorous titration strategy across analytical platforms, I generated evidence that our
antibodies detect hCABS1 in human testes, SMG, and serum. In SMG, WB profiles suggest that
hCABS1 has at least 3 variants (Table 5-1, mAbs detected: 63, 52, 42 kDa), while a single form of

the protein may be present in serum (Table 5-1, mAbs detected: 63 kDa). Moreover, the
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occurrence of the 63 kDa band in both SMG and serum promotes the idea that this variant is
released from SMG, an endocrine organ'78179, into the bloodstream. We recognize that other
endocrine organs could be a source of hCABS1. However, our research trail from rat to human
suggests that SMG is an important source of this protein. Our initial evidence suggests that
females and males express hCABS1 in SMG, but characterization of hCABS1 in serum was done
from a male sample only. Future experiments of serum depleted of HSA and immunoglobulins
from males and females could determine if there are sexually dimorphic variants of hCABS1 in

this biofluid.

Despite my careful optimization of mAbs in WB, it is unclear if hCABS1 is present in saliva
supernatant, mainly due to suspicion about interactions of our secondary antibodies in Western
blot. Thus, I recommend removing secondary antibodies from our protocol by using an antibody
labelling kits to tag our primary mAbs with a fluorescent molecule (suggestion: DyLight™ 800,
Thermo Fisher Scientific — cat. # 53062). Comparison of secondary antibody and non-secondary
antibody WB can validate if the bands we have observed in saliva supernatant reflect hCABS1. I
also propose the use of our mAbs in the established 2D-e-WB system. The combination of labelled
mAbs and 2D-e-WB could answer if hCABS1 is present in saliva supernatant and is being masked

by abundant proteins with a similar molecular weight.

I encourage continuation of the magnetic beads-based immunoprecipitation (IP) platform using
mAbs targeting hCABS1 to capture the protein from human-derived samples. Optimization can
be assessed via Western blots of IP eluates (as shown in Chapter 4), and mass spectrometry
sequencing of immunoprecipitated material. Once the IP protocol is optimized, pAb H2.0 should
also be used to immunoprecipitate proteins from saliva supernatant. This could lead to
determining the identities of the 27 kDa WB band that correlated with distress, and the <27 kDa

bands that were linked to resilience to stress.
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Provided hCABS1 can be sequenced from biofluids such as saliva supernatant and blood serum,
the addition of an ELISA platform to analyze cohort samples can shed light on whether hCABS1
levels change in specific situations. Ideally, and provided it is technically and economically
feasible, a panel of other candidate biomarkers should be analyzed in parallel, as more indicator

molecules could better reflect the state of a patient.

Once our immunohistochemical analyses of hCABS1 in normal human tissues is complete, I
recommend further immunohistochemical analyses to determine if distribution and abundance
of hCABS1 changes in pathological states, such as Sjogren’s syndrome, where other groups have
shown downregulation of hCABS1 transcript in females with this condition'¢7. Collaborations
with two groups (Case Western Reserve University, USA; University of Alberta, CA) with access
to these tissues are in place and will facilitate the study on whether hCABS1 can be used as a

biomarker of pathological states when evaluated via immunohistochemistry.

I further recommend synthesizing the anti-inflammatory domain of hCABS1 (hCABS1 a.a.:
TDIFELL) and using it in assays to evaluate its anti-inflammatory effects on human cells. These
assays could be performed using readily available cell lines in our group, the Alberta Respiratory
Centre, such as Calu3, an epithelial cell line derived from lung adenocarcinoma, and LAD2, a mast
cell (MC) line established from a MC sarcomaz23¢, as well as primary human neutrophils. An air-
liquid interface culture system using primary human epithelial cells has already been established
by members of the Alberta Respiratory Centre and this would be a good model to test the effects
of hCABS1 and its anti-inflammatory domain on epithelial cell functions. Tests on the effects of
TDIFELL in pro-inflammatory settings, such as during exposure to influenza, of which our group
has strains A/WSN/1933 (H1N1) and A/Hong Kong/8/68 (H3N2), could shed light on whether
TDIFELL has a therapeutic effect. If so, collaborations with the National Research Council of
Canada Nanotechnology Research Centre, already in place, could lead to the development of a

vector that effectively transports TDIFELL to target tissues, such as the lung, a location primarily
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affected during flu infection. In parallel, these cell lines could be used to elucidate putative
receptors for TDIFELL. This would continue a line of research published last in 2003, where
TDIFEGG, a hCABS1 homolog anti-inflammatory peptide present in rat SMR1, showed binding

and anti-inflammatory effects on rat neutrophils2443.

An ideal cell model to evaluate hCABS1 message and protein levels would be one derived from
human SMG. Presently, the ATCC does not offer a human-derived SMG cell line23:. When such a
cell line becomes available, the hCABS1 transcript and protein profile should be characterized.
The WB profiles using pAbs with this cell line would be ideal to validate if some of the bands
reported®2! remain. Moreover, the localization of hCABS1 in this cell line could test if the protein
exists inside mitochondria of SMG, as it has been reported in rat sperm'. Functional studies could
help indicate what hCABS1 does in SMG. The use of knockout technology to ablate hCABS1
expression would prove beneficial. The effectiveness of hCABS1 knockout could be evaluated via
RT-PCR and WB. Once two cell lines, hCABS1®Y and hCABS10), are established, both can be
exposed to specific conditions depending on our group’s research interests. Cell morphology and
functional assays post-treatment could broaden the current understanding of hCABS1 function

outside testicular tissue.

In silico analyses and the acquisition of data mining abilities would be important throughout these
projects. Results from MS-seq-based analyses of diverse human-derived samples are freely
available online, but processing the data is, to date, a skill that our group will need to develop
further. There is a possibility that hCABS1 has been identified in large public domain proteomic
studies, where there is no focus on any particular protein, potentially explaining why hCABS1
presence in tissues/fluids other-than-testes has not been explicitly reported. Of note, I have
encountered reports of sequenced hCABS1 protein in Wang et al.»9 and Jin et al.?s9 in tissues/fluids

other-than-testes..
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Collectively, these recommendations will help us elucidate if hCABS1 is truly present in SMG,
blood serum, and saliva supernatant, if it is associated to stress and is an indicator of pathological
state(s). Moreover, such approaches could help determine if the putative anti-inflammatory
domain, TDIFELL, is associated with inflammation, and if hCABS1 has been annotated, but not
reported, in other proteomic studies. Ultimately, we could write a treatise on the steps required
to characterize a molecule and its functions, define challenges and their resolution, and contribute

to scientific knowledge through a fascinating journey.
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Appendix A — A novel biomarker associated with distress in
humans: calcium-binding protein, spermatid-specific 1 (CABS1)

Wednesday, March 11, 2020

To whom it may concern,

We have appended the article entitled A novel biomarker associated with distress in humans: calcium-
binding protein, spermatid-specific 1 (CABS1) published in 2017 in the American journal of physiclogy,
regulatory, integrative and comparative physiology volume 312, issue 6.

Eduardo contributed to this article by performing an SDS-PAGE separation of a human saliva supernatant
sample, excising the section of the gel corresponding to 27 kDa, the same where pAb to CABS1 H2.0 detects
a band that correlates to psychosocial stress, and submitting the gel sections for mass spectrometry
sequencing (MS-seq) analysis. MS-seq results did not identify CABS1 in the sample. On this basis, the
following sentence was added to the article:

“As we experienced with salivary gland extracts and despite several attempts to immunoprecipitate
and sequence CABS| immunoreactive bands from saliva, itis a limitation of our work that we have
been unable te confirm rthe identity of these immunareactive bands with mass spectroscopy.”

Respectfully yours,
Thomas Ritz A. Dean Befus
PhD, Professor of Psychology Professor Emeritus
Dedman College of Humanities & Sciences Alberta Respiratory Centre
Southern Methodist University ) University of Alberta
[

EduardolReyes Serratos
MSc Candidate
Alberta Respiratory Centre
University of Alberta
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RESEARCH ARTICLE | Neural Control

A novel biomarker associated with distress in humans: calcium-binding

protein, spermatid-specific 1 (CABSI)
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Medicine, University of Alberta, Edmonton, Alberta, Canada,; >Quito Brain and Behavior Laboratory, Universidad San
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Ritz T, Rosenfield D, St. Laurent CD, Trueba AF, Werchan
CA, Vogel PD, Auchus RJ, Reyes-Serratos E, Befus AD. A novel
biomarker associated with distress in humans: caleinm-binding pro-
tein, spermatid-specific 1 (CABS1). Am J Physiol Regul Infegr Comp
Physiol 312: R1004-R1016, 2017. First published April 5, 2017,
doi:10.1152/ajpregn.00393.2016.—Calcium-binding protein sperma-
tid-specific 1 (CABS1) is expressed in the human submandibular
gland and has an anti-inflammatory motif similar to that in subman-
dibular rat 1 in rats. Here, we investigate CABS1 in human saliva and
its association with psychological and physiological distress and
inflammation in humans. Volunteers participated across three studies:
1) weekly baseline measures; 2) a psychosocial speech and mental
arithmetic stressor under evaluative threat; and 3) during academic
exam stress. Salivary samples were analyzed for CABS1 and cortisol.
Additional measures included questionnaires of perceived stress and
negative affect; exhaled nitric oxide; respiration and cardiac activity,
lung function; and salivary and nasal inflammatory markers. We
identified a CABS1 immunoreactive band at 27 kDa in all participants
and additional molecular mass forms in some participants. One week
ternporal stability of the 27-kDa band was satisfactory (test-retest
reliability estimate = 0.62-0.80). Acute stress increased intensity of
18, 27, and 55 kDa bands; 27-kDa increases were associated with
more negative affect and lower heart rate, sympathetic activity,
respiration rate, and minute ventilation. In both acute and academic
stress, changes in 27 kDa were positively associated with salivary
cortisol. The 27-kDa band was also positively associated with VEGF
and salivary leukotriene B4 levels. Participants with low molecular
weight CABS1 bands showed reduced habitnal stress and negative
affect in response to acute stress. CABS1 is readily detected in human
saliva and is associated with psychological and physiological indica-
tors of stress. The role of CABS1 in inflammatory processes, stress,
and stress resilience requires careful study.

calcinm-binding protein, spermatid-specific 1; saliva; acute and
chronic stress; negative affect; cortisol; submandibular rat 1; anti-
inflammatory activity

SALIVA Has BEEN used successfully to analyze changes in hor-
monal, immune, and enzymatic activity related to stress in
humans (5a, 46, 47). Most frequently, salivary free cortisol has
been analyzed, and increases have been demonstrated in par-
adigms of laboratory speech and mental-challenge tasks (24,

Address for reprint requests and other correspondence: A. D. Befus, Pul-
monary Research Group, Dept. of Medicine, Univ. of Alberta, HVIRC, Rm.
557, Edmonton, AB, Canada, T6G 252 (e-mail: dean befus@ualberta.ca).
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30). Other studies have identified a range of markers involved
in the innate mucosal immune response, such as [gA, mucins,
lactoferrin, and cystatin S, which respond to acute laboratory
(7, 54, 75) or real-life (6, 28, 40, 48) stress. Markers of
adaptive immune activity, such as ILs or chemokines, have
also been found secreted in saliva and altered by stressors in
the laboratory (27, 53) or real life (2, 76). Exploration of
stress-sensitive protein markers in saliva continues to evolve
(10, 34, 46, 70, 75), and discovery of new markers and their
function in organisms’ adaptation to challenge and adverse life
conditions holds promise for improved understanding of the
stress response and the development of novel interventions.

One such marker may be calcium-binding protein, sperma-
tid-specific 1 (CABS1), previously also known as casein-like
phosphoprotein, chromosome 4, open-reading frame 35, and
testis development protein NYD-SP26, identified in spermatids
in selected phases of spermatogenesis and originally thought to
be testis specific (11, 29). However, recently, we detected
CABS1 expression in human submandibular and parotid
glands and lungs and described multiple molecular weight
forms of CABS1, the profile that appears to be tissue specific
(71). Moreover, we discovered that human CABS1 contains an
amino acid sequence (TDIFELL) with anti-inflammatory ac-
tivities and with close homology to an anti-inflammatory se-
quence (I'DIFEGG) identified in a related salivary gland pro-
tein, submandibular rat 1 (SMR1) (38).

Interestingly, SMRI is a prohormone with peptide {ragments
that have a diversity of biological activities, ranging from
inhibition of inflammatory responses (18, 33, 37, 41) to effects
on erectile function (41, 72, 79), analgesic activity (60), and
modulation of mineral balance in tissues (61). SMR1 is under
neurcendocrine regulation (39, 45, 59), and it has been postu-
lated that its fragments and their functions are differentially
regulated by autonomic and endocrine pathways.

Given that CABS1 may be an ortholog of SMR1, with
similar tissue distribution and multiple molecular weight
forms, we postulated that CABS1 might be influenced by
neuroendocrine pathways as is SMR1. To test this hypothesis,
we investigated whether CABS1 might be found in human
saliva and whether its levels might be influenced by acute or
prolonged stress, perhaps in a manner similar to the effects of
stress on cortisol levels in saliva. Specifically, we examined
susceptibility of CABSI to an acute psychosocial stressor in

http:/fwww .ajpregu.org
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HUMAN CABS1 AND DISTRESS

the laboratory with a free speech and mental arithmetic chal-
lenge under evaluative threat. This design also allowed us to
study the association of CABS1 with typically well-docu-
mented, short-term cortisol elevations following stress (24), as
well as cardiorespiratory responses to the stress protocol.
CABS1 was also measured in college students during a final
exam stress period and compared with a low-stress period
during their academic term. This protocol allowed for the
examination of stress levels sustained over multiple days and
also the association of CABS1 with slower developing inflam-
matory processes. In addition, we sought to examine the
temporal stability of CABS1 levels across multiple weeks. All
three studies also provided us with the opportunity to study the
association of CABS1 with basic demographics, asthmatic vs.
nonasthmatic status, and measures of negative affect, including
perceived stress, anxiety, and depression.

METHODS
Overview of Studies

Saliva samples were collected from participants in three studies.
Study 1 included a multiple baseline study with five weekly assess-
ments to study the temporal stability of CABS1 and baseline associ-
ations with questionnaire measures of negative affect. In study 2,
participants were administered a psychosocial laboratory stress-indue-
tion tool with a speech and mental arithmetic stressor under evalnative
threat, which allowed us to study the response of CABS1 to an acute
psychosocial stressor under controlled conditions. Sfudy 3 was an
observational protocol of academic final examination stress, allowing
us to examine the response of CABS1 to conditions of more sustained
real-life stress. Participants in the two stress protocols participated in
larger data collections, focused on stress and airway inflammation in
health and asthma (57, 74a, 77), and the protocols included salivary
cortisol measures and exhaled nitric oxide as a marker of airway
inflammation. VEGF and leukotriene B4 (LT B4)—markers of inflam-
matory processes—were collected from the npper airways in one of
these protocols.

Participants

For the laboratory stress study, participants were recruited mostly
from the undergraduate psychology research volunteer pool at a
university in the Southwestern US and additionally, from the com-
munity. Students received extra course credit points for participation.
Those mnot interested in credit and community participants were
reimbursed with $35 (in studies 2 and 3) for their time. Participants
had to be free of known respiratory diseases, except for asthma in
studies 2 and 3. Exclusion criteria also included self-reported current
smoking and any severe heart conditions, such as angina, myocardial
infarction, congestive heart failure, transient ischemic attacks, or
cerebrovascular accidents. Those with asthma required a physician
diagnosis of their condition and no administration of oral or injected
corticosteroids in the previous 6 wk (or 3 mo in sfudy 2). Asthma
control was rated according to the Global Initiative for Asthma (20a).
Studies were approved by the local Institutional Review Board in
accordance with the Code of Ethics of the World Medical Association
(Declaration of Helsinki), and all participants provided written, in-
formed consent.

Collection of Saliva

Saliva samples were collected with cotton swabs (Salivettes;
Sarstedt, Newton, NC), which participants placed in their mouth for 2
min. Onece completed, participants placed them into individnal plastic
capsules. Samples were frozen at —80°C until they were analyzed. For
analyses, cotton swabs were centrifuged, and collected saliva volumes
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were recorded to account for changes in salivary flow, which may
affect protein concentrations acress assessments.

Salivary samples were shipped to the University of Alberta (Ed-
monton, AB, Canada) on dry ice and then stored at —20°C until
analyses. As described previously for Western blot analyses (71),
saliva samples were boiled in 1% SDS with 20 mM 1,4-DTT for 5
min, and then proteins were separated on 12% polyacrylamide gels
(25 g salivary protein solution was loaded for each sample) and
transferred to nitrocellulose membranes (Bio-Rad Laboratories, Mis-
sissanga, ON, Canada). Prestained protein standards (Bio-Rad Labo-
ratories) were run on each gel with rabbit anti-CABS1 (immunogen
was amino acids 184 -197; DEADMSNYNSSIKS) primary antibody
that was affinity purified with the immunogen (previously identified as
H2 antibody AB_2571742) (71) at a final concentration of 3 pg/ml.
Preimmune serum from rabbit H2 was nsed as an isotype control, and
as a blocking control, the immunizing peptide was incubated in 10}
amounts (30 pg/ml) with H2 (3 pg/ml) for 18 h before applying to the
membrane. Omission of the primary antibody was also used as a
negative control. The secondary antibody was IRDye 800CW goat
anti-rabbit (1:10,000; AB_621843; Mandel, Guelph, ON, Canada).
Mouse anti-human B-actin (AB_1119529) was used to assess protein
loading (1:5,000; Santa Cruz Biotechnology, Dallas, TX) with the
secondary antibody, goat anti-mouse IRDye 680 (AB_10956588;
Mandel). Blots were visualized with an Odyssey imager (Li-Cor
Biosciences, Lincoln, NE) by scanning simultaneously at 700 and 800
nm. Odyssey software was used for molecular weight determination
and quantitation of band intensity on Western blots.

To standardize quantitation of bands, an internal control was
established using a human sobmandibular gland extract that we
previously described (71). This standard sample was run on each
Western blot, and all immunoreactive bands detected in saliva were
normalized to the 27-kDa band from this human submandibular gland
extract and reported as relative fluorescent units. All saliva samples
were run in duplicate on different days, and their normalized values
were averaged.

Detection of Salivary Cortisol

Salivary cortisol concentrations were determined using a commer-
cially available kit, Coat-A-Count cortisol kit (cat. no. TKCO2;
Siemens Medical Solutions Diagnostics, Los Angeles, CA), which
had a detection limit of 0.03 pg/ml with serial dilution of the lowest
calibrator standard.

Addifional Physiological Measitres

Fractional exhaled nitric oxide (FEno) was measured with a hand-
held electrochemical analyzer (Niox Mino; Aerocrine, Solna, Swe-
den) in accordance with current guidelines (1, 68). Major sources of
measurable airway nitric oxide are epithelial cells in healthy individ-
nals and a variety of immune cells, including macrophages, mast cells,
and eosinophils, in individuals with allergic asthma (19, 20, 33, 52).
One exhalation was performed against a stable resistance of 50 ml for
a duration of 10 s. Participants were instructed not to eat and only to
drink water, 2 h before assessments, to avoid the influences by
nitrate-rich foods. Exercise or heavier physical activity was also
discouraged for at least 1 h before the session. Spirometric lung
function was measured in study 3 with a hand-held electronic spirom-
eter (AM2; Jaeger/Toennies, Wiirzburg, Germany) as the best of three
blows.

As parameters reflecting upper airway inflammatory activity,
VEGF was measured in nasal fluid and L.TB4 in nasal fluid and saliva.
Collection of saliva followed the same protocol as outline above.
Nasal fluid was sampled by 3 ml saline solotion (0.9% sodium
chloride; Addipak Unit Dose Solutions, model HUD20039; Teleflex
Medical, Morrisville, NC), instilled into each nostril with an Intrana-
sal Mucosal Atomization Device (LMA MAD Nasal syringe; Teleflex
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Medical). The liquid was collected in a kidney dish and transferred
into small storage tubes (58, 74a).

The samples were stored immediately at —80°C. For analysis,
samples were concentrated twofold using an Eppendorf Vacufuge and
a Fisher Scientific MaximaDry vacuum pump. With the use of enzyme
immunoassay kits (Enzo Life Science, Plymounth Meeting, PA), the
ameunts of LTB4 and VEGF were determined, as described in Trueba
et al. (74a). The detection limits of the kits were 5.6 pg/ml for LTB4
and 14.0 pg/ml for VEGF. Controls were performed that showed that
the increased salt concentration, resulting from the vacuum concen-
tration of the samples, did not affect the sensitivity of the kits.

In study 2, the electrocardiogram and respiration were measured by
respiratory inductance plethysmography (LifeShirt; VivoMetrics,
Ventura, CA) with two inductance bands for the thorax and abdomen,
with Ag/AgCl electrodes placed on the sternum, left costal arch of the
10% 1ib, and left clavicle, Signals were amplified and analog-to-digital
converted with a sampling rate of 200 Hz. Bands were calibrated
using a fixed volume bag (800 ml), followed by offline qualitative
diagnostic calibration (62) and fixed volume calibration. A dedicated
biosignal analysis program (Vivologic; VivoMetrics) was then used to
eliminate artifacts (e.g., ectopic beats, movement artifacts) and extract
relevant parameters. For respiratory parameters, tidal volume (V)
and total respiratory cycle time (Ttor) were extracted and also vsed
to caleulate minute ventilation (Vg). Heart rate (HR) was calculated
from the distance between adjacent R-waves. The cardiac T-wave
amplitude (TW A; in millivolts) was extracted using the ECG bound-
ary location function (32), embedded in the AcqKnowledge biosignal
analysis software package (version 4.1; Biopac Systems, Goleta, CA).
The TW A has been used as a surrogate measure of cardiac sympa-
thetic activity because of its sensitivity to isoproterenol and pB-adren-
ergic blockade (15, 31, 43, 51). In adults, stressful laboratory chal-
lenges typically attenuate the TWA (25, 31, 64). Althongh measures
from impedance cardiography are more common for noninvasive
estimation of cardiac sympathetic activity (50, 67), the implementa-
tion of this technique was not possible in this study because of the
potential for interference with the respiratory inductance plethysmog-
raphy measurements. As a noninvasive estimate of cardiac vagal
activity, respiratory sinus arrhythmia (RSA) was extracted from fluc-
tuations of the interbeat interval in the time domain by the peak-valley
method (21) nsing the customized RSA Toolbox software (65). RSA
was log transformed to improve distributional characteristics. Because
RSA is strongly influenced by the respiratory pattern (5, 9, 21,22, 26),
with both longer and deeper breaths increasing RSA—potentially
independent of cardiac vagal activity changes—an additional within-
individual correction of RSA was used (56). Raw RSA was normal-
ized by V1 (RSA/V7); then coefficients from a within-individual
regression equation, based on the pace-breathing measurements, were
used to determine the predicted RSA/V for any given Tror during
the experiment; and the deviation of observed from predicted RSA/V T
was then calculated. This strategy has been shown to improve the
estimation of cardiac vagal activity (21, 55, 63). The grand mean of
unadjusted RSA/Vr was added to obtain the respiration-corrected
RSA, and the resulting values were log transformed. Results are also
reported for respiration-uncorrected logRSA, to allow comparison
with existing literature that does not control for respiration.

Questionnaire Measires

The Hospital Anxiety and Depression Scale (HADS) (16, 85) was
used to assess depressive mood and anxions mood in the past week.
Current-state negative affect was assessed with the negative affect
subscale of the Positive Affect Negative Affect Schedule (PANAS-
NA) (82). An additional ad hoc rating scale (0 = “not at all”; 10 =
“extremely’™) was vsed to measure how much stress participants felt in
the moment in sfudy 1. Perceived stress was assessed with the
Perceived Stress Scale (PSS) (13, 14), which measures feelings of
being overwhelmed and unable to cope with challenges in the past 4
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wk. The 10-item version was used at the beginning of all studies,
except for approximately one-half of the participants of study I (n =
30), who were administered the abbreviated four-item version to
reduce the overall burden of the assessments in the second wave.
Symptoms of acute upper respiratory infections (common cold) were
measured with the Wisconsin Upper Respiratory Symptom Survey
(WURSS)-21 (3). Symptom severity was captured with 10 items on an
8-point scale, ranging from O (“do not have this symptom at all”) to
7 (“severe”). The scale has good change sensitivity and a positive
association with biological infection markers (3, 4).

Procedures

Study I. For multiple baseline assessments, participants were in-
vited for five weekly assessments over a period of 4 wk. Day of the
week was kept constant for individual participants, as was time of day
(between 8 AM and 6 PM) to control for diurnal effects. In each
session, participants provided saliva samples and performed measure-
ments of FeNO. Afterwards, participants completed a questionnaire
battery at a computer terminal. Upon completion of the fifth visit,
participants were debriefed about the purpose of the study.

Study 2. Participants attending sessions in this study were admin-
istered the Trier Social Stress Test (30). Sessions were scheduled in
the early afternoon, beginning between 12 and 3 PM. Initially,
participants completed a questionmaire battery, including trait mea-
sures of stress, anxiety, and depression. After the baseline assess-
ments, the participants were told that they will be asked to give a
presentation, which should make a particularly good case for them as
candidates for the chief executive officer position of a major US
retailer. Two “experts on presentation skills” (one male and one
female confederate of the experimenter), who would evalnate the
performance regarding intelligence, creativity, and body language,
were then introduced briefly to the participants. Each participant was
then given 5 min alone to prepare the speech. Afterwards, the experts
retumed, and the participant was expected to give a 5-min speech
standing in a conference room with a video camera turned on. Then,
the participants were unexpectedly asked to perform a mental arith-
metic task that consisted of subtracting the number 13 from the
number 6,233 and to keep subtracting the remainder aloud as accu-
rately and as quickly as possible. The duration of the mental arith-
metic task was 5 min. Throughout, the confederates were required to
maintain nentral facial expression and offer no encouragement. Only
simple instructions were provided to continue with the speech or to
start again from the beginning when the arithmetic task contained a
mistake. Saliva samples were scheduled at 15 and 0 min prestress and
at 0, 15, 30, and 45 min poststress. Participants also completed a
questionnaire on momentary negative affect at these tme points.
Quiet sitting measutes of cardiac and respiratory activity were initi-
ated 3 min before saliva sampling and FExo measurement at 18 and
3 min prestress and at 12, 27, and 42 min poststress. Additional
measures during the 10 min of stress task performance were extracted
in 2.5-min increments, of which the last 2.5-min increment of the
mental arithmetic task was used as a measure preceding the first O-min
poststress saliva sample. For poststress assessments, participants re-
turned to sitting posture and were then fully debriefed, and the
experimenter explored any signs of residual distress. Before the
session, participants with asthma were asked to discontinue short-
acting bronchodilators for 6 h, long-acting beta-adenergic agonists for
12 h, and lenkotriene modifiers for 3 days.

Study 3. Participants provided data at three assessment points: one
at a low-stress period during the middle of the term when participants
had no exams or major projects and two during the 10 days of final
academic exams at the end of the term. The low-stress assessment was
schednled 2- 6 wk before the first final exam assessment. During the
exam period, an early and a late final exam assessment were spaced 5
to 7 days apart. Assessments thus captured sustained academic pres-
sures associated with a final exam period rather than acute stress of an
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Table 1. Characierisiics of parficipants in the 3 studies of CABSI in saliva

Study I, n = 64

Study 2, n = 16 Study 3,1 = 19

Gender, women, # (%) 51 (79.7)
Age, mean (SD) 202 (4.3)
Race, white, n (%) 39 (61.9)
Ethnicity, Hispanic, n (%) 10 (15.9)
Asthma, r (%) 3(4.7)
Asthma, 1 (%) women 3 (100.0)
Asthma well controlled, r# (%)* 3 (100.0)
Age of asthma onset, yr, mean (SD) Not available
Maintenance medication, # (%) 0 (0.00)

5(37.5) 18 (94.7)
33.6(15.0) 19.8 (1.0)
14 (87.5) 16 (84.2
1(6.3) 2 (10.
10(62.5) 6(31.6)
4 (40.0) 6 (100.0)
8(80.0) 5(83.3)
6.3(6.1) 7.8(4.8)
5(60.0) 3(50.0)

*Rated according to Global Initiative for Asthma (2013) (20a).

examination (6). To control for divrnal effects, each participant was
scheduled at the same time of day for all assessments. At each
assessment, participants completed a questionnaire package, followed
by saliva collection and FEno assessments. After the third session,
participants were thanked and debriefed about the purpose of the
study. For participants with asthma, the same instructions for discon-
tinvation of medication were vsed as in study 2.

Data Reduction and Analyses

In study I, data were obtained from a total of 64 participants (51
women). Three of the participants had asthma and were excluded from
the group statistics to reduce potential variability. From the remaining
participants, 60 provided samples in the first and second assessment,
48 in the third assessment, 50 in the fourth assessment, and 47 in the
fifth assessment. Pearson correlations were calculated to study the
stability of the levels of the 27-kDa band across assessments. Studies
2 and 3 involved 16 (11 women) and 19 participants (18 wormmen),
respectively (Table 1).

Mixed effects models (MEMSs) were used to analyze the data, since
these models are intent-to-treat analyses that include all subjects,
regardless of missing data. Two sets of analyses were conducted for
each study. First, we examined the longitudinal associations between
the 27-kDa band and possible trelated predictors, including demo-
graphics, mood, lung function, and physiological measures. Because
recent research indicates that to assess accurately the longitudinal
relations between variables, one must disaggregate the between-
subjects effects from the within-subjects effects (81), we first calcu-
lated the average level of each predictor for each individual across the
assessments. This average level provided the score for the between-
subjects differences in the predictor. Then, for each predictor, we
calcolated the deviations from the average level for each individual at
each assessment. These deviation scores provided the within-subjects
measures of changes in the predictor over time. Both the deviation
scores and the average scores were included as predictors of the
27-kDa band in the MEMs. We also included asthma status (yes/no),
age, body mass index (BMI), and time as control variables in all
analyses.

The second set of analyses examined the change in our variables
over time. These analyses were performed as repeated-measures

ANOV As, using MEMs to calculate the ANOV As (which therefore
retain all participants regardless of dropout or missing data). We
modeled the covariance matrix of the errors of the repeated measures
as “‘unstructured” in all MEMs.

RESULTS
Abundance of Bands Immunoreactive fo CABSI

Western blot analyses of the saliva identified a 27-kDa band
of CABSI1 in each of the 99 participants of the 3 studies (for
basic description of participants, see Table 1). Tn 13 partici-
pants across the three studies, low-abundance CABS1 immu-
noreactive bands below 27 kDa were also detected at 20, 18,
15, and/or 12 kDa (Table 2 and Fig. 1). The extra bands were
seen in relatively greater proportions in men (20.8%) than
women (10.6%). They also tended to co-occur; thus three
women and one man showed both 18 and 12 kDa bands, one
man showed bands at 18, 15, and 12 kDa, and two women
showed all four bands at 20, 18, 15, and 12 kDa. The 12-kDa
band was found alone in two women and the 18-kDa band
alone in three men and one woman. Participants with extra
bands below 27 kDa self-identified as white, except for one
with a 12-kDa band who was African-American and had
asthma, and one with an-18 kDa band who was Hispanic and
had no asthma. One of the women with all four additional
bands identified as white and had asthma.

An additional 10 participants also showed bands with a
higher molecular mass between 33 and 20 kDa (Fig. 1); 6 of
these were asthmatic. Proportionally, extra bands above 27
kDa were seen more in men {16.6%) than women (8%). A band
at 55 kDa was most frequently seen, and it co-occurred with
the 90-kDa band in five cases (2 of these were men). One man
showed all three bands at 33, 55, and 90 kDa. All participants
with extra bands in this range self-identified as white, except
for one African-American woman with bands at 35 and 90
kDa.

Table 2. Abundance of immunoreactive bands of CABSI in 3 studies for total sample and for subsamples of women

90 kDa 55kDa 33 kDa 27 kDa 12 kDa 15 kDa 18 kDa 20 kDa Total 1220 kDa Total 33-90 kDa
Study I, n =64, n (%) 0(0.0) 0(0.0) 0.0 64(100.0) 5(7.8)  0(0.0) 4(63)  0(0.0) 6(9.4) 0(0.0)
Women, n = 51, 1 (%)  0(0.0) 0(0.0) 0.0 51(100.0) 5(9.8)  0(0.0) 4(78)  0(0.0) 6(11.8) 0(0.0)
Stdy 2, n=16,n (%) 5313 7TH38 163  16(100.0) 2(125 1@3) 5(31.3)  0(0.0) 5(31.3) 7 (43.8)
Women, n = 6, n (%) 3(18.1)  3(364) 0@®.1)  6(100.0) 0(0.0)  0(0.0) 0(00)  0(0.0) 0(0.0) 3(36.4)
Study 3, n =19, n (%)  0(0.0) 3(158) 0(0.0) 19(100.0) 2(105) 2(10.5  2(l10.5 2(105) 2(10.5) 3(15.8)
Women, 1 = 18, 7 (%) 0(0.0) 3(167)  0(0.0) 18(100.0) 2(1L1) 2(I1L1)  2(1L.1) 2(105) 2(11.1) 3(16.7)
Total, n = 99, 1 (%) 5(05) 10(10.1) 1(0.0) 99(100.0) 9(%.1) 3(3.00 11(1LL) 2.0 13 (13.1) 10 (10.1)
Women, n = 75, 1 (%) 3(4.0) 6(8.0)  0(0.0) 75(100.0) 7(83) 2(2.6) 5(80) 2226 8(10.6) 5(8.0)
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Study 1
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Fig. 1. CABS] is detected in saliva at vary-
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Multiple Baseline Assessments: Study 1

Temporal consisiency of CABSI 27-kDa band infensity lev-
els in saliva. The consistency of the 27-kDa band intensity
(relative fluorescent units normalized to the standard) in 25 g
salivary protein between individuals was very good to fair in
the range of test—retest reliability estimate = (.51-0.86 (Table
3; lower correlation matrix) across all weeks. This was com-
parable with the consistency of FEno levels (Table 3; upper
correlation matrix). Consistency of the levels did not decline
for the 27-kDa band as a function of time, whereas such a
decline was the case for FEno. Intensity of the 27-kDa band
across weeks did not change significantly for the sample
overall, although there was some fluctuation of individual
intensity levels (Fig. 2). Saliva volume did not change signif-
icantly across time points (P = 0.537).

Association of the CABST 27-kDa band with demographics
and negative affecit. No significant associations were found for
the quantitative assessment of the 27-kDa band with age,
gender, race, or ethnicity. The quantity of the 27-kDa band was
positively associated with BMI (£ < 0.05). Participants with
overall higher ratings of current stress had higher amounts of
the 27-kDa band (P << 0.001), as had those with a higher
depressive mood in the past week (IADS depressive mood;
P < 0.03), as well as those with a higher anxious mood in the
past week (HADS anxious mood; P << 0.10), after controlling
for age, gender, BMI, and assessment wave.

Table 3. Comparison of the stability of CABST (27 kDa;
lower half of mairix) in saliva and of fractional exhaled
nitric oxide (upper half of matrix) in study 1 (5 weekly
baseline assessments)

Week 1 Week 2 Week 3 Week 4 Week 5
Week 1 1 068 (37)  0.66(4%)  066(30) 05443
Week 2 0.62(55) 1 084(4%) 07749  0.70(43)
Week 3 0.70(4%)  0.62(44) 1 081(42) 07737
Week 4 051447 06345 0.86(37) 1 0.78 (38)
Week 5 072(4%) 06743 08135  0.66(36) 1

All P << 0.001. Pearson correlations (r) are shown: sample # in parentheses.

Association of the CABS1 27-kDa band with airway nitric
oxide. I'ino changes from week to week were positively
associated with 27 kDa band changes (P << (0.01), after con-
trolling for age, gender, BMI, and assessment wave.

Acute Laboratory Stress: Study 2

Lffects of acute stress on the CABSI band at 27 kDa in
saliva. MEM analysis indicated that the 27-kDa band changed
significantly over pre- and poststress assessments (P << 0.01),
with visible and significant increases from () min prestress (o 0
min poststress (P << 0.01) and a drop at 45 min poststress (P <<
0.05; Fig. 3). Saliva volume varied significantly across time
[£(5,13) = 3.66, P = 0.028], which was probably duec to
higher values for the initial 15-min prestress measurement
relative (0 subsequent measurements, but none of the individ-
ual time point comparisons was significant (P > 0.112),

Association of the CABS1 band at 27 kDa with demograph-
ics and negative dffect. No significant associations were ob-
served between the levels of the 27-kDa band and age, gender,
or race/ethnicity. Changes in PANAS-NA were positively
associated with changes in the levels of the 27-kDa band (P <<
0.01) (Lable 4).

Variability Of CABS1 27 kDa Band

Intensity of fluorescence
0D = N W R O 3 N ® W

Week 1 Week 2 Week 3 Week 4 Week 5

Fig. 2. CABSI band of 27 kDa for individual participants across 5 weekly
basecline assessments.
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27 kDa Band of CABS1 Pre-and Post-Stress Testing
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Intensity of fluorescence

Stress test

Fig. 3. CABS1 band of 27 kDa during the laboratory stress
assessment protocol with the Trer Social Stress Test, **P <
0.01 relative to measurement at O min before stress (—0 min).

12 b— .

-15 min -0 min +0 min +15 min +30 min

Association of the CABSI band at 27 kDa with salivary
corliscl, FEyg, and cardiorvespivalory aclivity. MEM analyses,
controlling for age, gender, BMI, and time, showed a higher
overall 27-kDa band intensity for participants with lower
HR (P << 0.001), Within subjects, greater increases in the
27-kDa band were related to weaker HR increases (P <
0.001), less reduction in TWA (P <2 0.05), slower breathing
(longer T'ror; P << 0.01), and greater cortisol increases (P <
0.05; Table 4).

Academic Exam Stress: Study 3

Effects of final exam stress on CABSI in saliva. MEM
analysis with the three time points did not show any significant
change in the 27-kDa band over time. Including the between-
subject group variable asthma (yesmo) did not change the
findings. No group differences or interactions of time with the

Table 4. Berween- and within-subject associations of the
CABSI 27-kDa band with other physiological parameters
and the negative-affect rating and time effects of parameters
across the Trier Social Stress Test (study 2)

Time* Between® Within®
HR 287+ —0.08% —0.03%
TWA —0.13% 370 1.37*
logRSA —10.5*% 0.00 0.00
logRSA. —823 0.01 0.00
Tror 0.06 0.15 0.13%
Y —0.03 -0.19 -0.15
Vs 0.81 —0.01 —-0.03*
FEno 0.11 0.00 -0.15
Salivary cortisol 1.05 —0.06 0.02*
PANAS-NA 0.40% —1.06 0344
PSS —026
27 kDa band 0.32+%

Results are from mixed effects models (MEMs) analyses of individual
parameters as a single-time varying covarate of the 27-kDa band. Time effects
show contrast of O min prestress vs. final 2.5 min of the math stressor for
cardiac and respiratory indices, 0 min prestress vs. 0 min poststress for Feno,
and O min prestress vs. the mean of O, 15, 30, and 45 min poststress for cortisol.
For Time effects, positive coefficients indicate increases over 0 min prestress
and negative coefficients indicate decreases. HR, heart rate; TWA, T-wave
amplitude; logRSA, logarithm of respiratory sinus arrhythmia, logRSA.,
logarithm of respiratory sinus arrhythmia corrected for tidal volume (V1) and
residualized by total respiratory cyele time (TroT); Ve, minute ventilation;
FEno, fractional exhaled nitric oxide, PANAS-NA, Positive Affect Negative
Affect Schedule subscale negative affect, PSS, Perceived Stress Scale. *FP <
0.05. P <2 0.01. £P < 0.001. *Controlling for age and gender. “Controlling for
age, gender, and time.

+45 min

group variable were found. The 27-kDa band showed a marked
variability in the direction of change from low to high stress
periods (Fig. 4). Saliva volume remained stable across mea-
surements (P = 0.775). To examine whether date of sample
testing impacted the 27-kDa band, we performed a cross-
classified MEM, with baseline date, early exam date, and late
exam date as a cross-classified grouping variable for the
27-kDa band level. We found no effect of any cross-classified
groupings (baseline data, early exam date, or late exam date)
on the level of the 27-kDa band (P > 0.238).

Associalion of the CABSI 27-kDa band with demographics,
negalive affect, and asthma. The 27-kDa band was not sub-
stantially associated with age, gender, or asthma status but
showed a marginal positive association with BMI (P < 0.10).
Variables of negative affect were not significantly associated
with the band in this sample (Table 5).

Associalion of the CABSI 27-kDa band with salivary corfi-
sol and FEV;. The levels of the 27-kDa band were positively
and significantly associated with levels of cortisol, both be-
tween (P << 0.01) and within (P < 0.03) subjects, after
controlling for group, age, BMI, and time (Table 5). Thus
participants with higher overall levels of cortisol had higher 27
kDa band values, and changes in cortisol from low to high
stress exam periods were also positively associated with
changes in the 27-kDa band. No association was found be-
tween CABSI1 in saliva and forced expiratory volume in the
first second (FEV ).

27 kDa Band Of CABS1 in Final Exam Stress
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Fig. 4. CABS1band of 27 kDa for individual participants during low stress and
final exam stress periods.
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Table 5. Between- and within-subject associafions of the
CABSI 27-kDa band with other physiological paramelers
and the negalive-gffect rafing and lime effects of paramelers
across low stress (during term) and high stress (early and
late in finals) periods

Time* Between” Within®
Salivary cortisol 0.01 12.1% 374%
FEno —0.068 0.00 1.77
FEV, —6.08% —0.03 —0.00
Nasal VEGF 33.0% 0.04% 0.00
Nasal L'TB4 —0.63% 0.75 027
Salivary L'TB4 —1825 0.008* 0.00
PANAS-NA 1.61% —0.20 —0.04
PSS —-0.15
WIIRSS-21 0.15 —0.02 —0.02
27 kDa band —0.32

Results are from MEM analyses of individual parameters as a single-time
varying covariate of the quantity of the 27-kDa band. Time effects are linear
trends from baseline to early-to-late final period, except for FEno, which is
contrasted with baseline vs. early and late final period. Negative coefficients
indicate decreases, and positive coefficients indicate increases of the respective
parameter during final periods relative to baseline. FEV, forced expiratory
volume in the first second; LTB4, leukotriene B4, WURSS-21, Wisconsin
Upper Respiratory Symptom Scale 21 (see Table 4 legend for other abbrevi-
ations). *F < 0.05. P << 0.01. £F << 0.001. §P < 0.10. *Controlling for group,
age, and BML "Controlling for group, age, BMI, and time.

Association of the CABSI 27-kDa band with inflammatory
markers. FBEno increases within subjects were associated pos-
itively and in concordance (P << 0.10) with the 27-kDa band,
but the addition of time as a covariate eliminated the effect.
Between subjects, higher levels of salivary LTB4 and nasal
VEGF across assessments were associated with higher levels
of the 27-kDa band (P < 0.05; Table 5).

Exploratory Analyses of Addifional Immunoreactive Bands in
the Three Siudies

Because few participants showed additional bands immuno-
reactive to CABS1 beyond the 27-kDa band, analysis of these
bands was highly exploratory. The 18-kDa band in five partic-
ipants of sfudy 2 showed a substantial increase following the

1.6

HUMAN CABS1 AND DISTRESS

stress test (Fig. 3), with a significant time effect in the MEM
analysis [F(5,19) = 7.31, P << 0.001] and significant elevations
in levels from O min presiress to O min postsiress (P < 0.001)
and 30 min poststress (P = 0.029). These participants showed
no change in PANAS-NA from O min prestress to 0 min
poststress compared with the remaining 11 participants who
showed increases in PANAS-NA but lacked the additional
bands (Mann-Whitney I/ = 0.00, P << 0.001; in Fig. 64, note
that I7 was 0 because there was no overlap in ranks between
both groups). Significant increases following the laboratory
stressor were also observed in seven participants who showed
a 55-kDa band [£(5,28) = 3.37, P = 0.017], with significant
elevations from 0 min prestress to 0 min poststress (P <
0.001). However, participants with this band did not differ in
their PANAS-NA response from those without the band.
Elevations after stress were also observed in the 90-kDa
band (n = 5 participants), but no significant time effect
emerged (P = 0.333).

In study 3, although only two participants showed additional
CABS1 bands, the abundance of the 20-, 18-, 15-, and 12-kDa
molecular forms was elevated at the late exam stress time (5-
to 60-fold) compared with the baseline or early exam stress
period.

Participants with additional bands at molecular mass 12-18
kDa showed significantly lower values in the PSS in study 2
[U=70, P = 0.018 (s#; =5, median = 5; s, = 11, me-
dian = 16)] and a trend toward lower values in the second
wave of study I [U = 36.5, P = 0.065 (s = 6, median = 7.5;
7y = 24, median = 11)] (Fig. 6, B and €). No participants of
those receiving the 10-item version of the PSS in sfudy 1
showed additional bands. Participants with additional bands at
molecular mass 33-90 kDa did not show significantly lower
values in PSS than those without these bands.

DISCUSSION

Our studies provide the first description of CABS1 and its
multiple forms in human saliva and the association with psy-
chological stress and inflammation. The predominant molecu-
lar form of CABS1 was detected at 27 kDa, and additional
immunoreactive bands were also identified between 12 and 20

CABS1 Bands at 12-18 kDa Across Stress Testing

14
1.2

0.8
06
04
0.2

Fig. 5. Effects of the Trier Social Stress Test on levels of
CABS1 bands of 18, 15, and 12 kDa for 5 individual
participants.
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A Study 2: Negative Affect Change
F After Stress
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B Study 1: Perceived Stress Scale
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C Study 2: Perceived Stress Scale
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Fig. 6. A: changes in negative affect [PANAS negative-affect subscale
(APANAS neg)] in response to the Trier Social Stress Test in those with (z =
5) and without (# = 11) additional CABS1 bands at 18, 15, and/or 12 kDa.
¥¥kp <2 0.001. B: perceived Stress Scale (PSS) scores in those with (n = 6)
and without (r = 24) additional CABS1 bands at 18 and/or 12 kDa in sfudy 1.

P <2 0.10. C: PSS scores in those with ( = 5) and without (# = 11) additional
CABSI bands at 18, 15, and/or 12 kDa in study 2. *P <2 0.05.

kDa and between 33 and 90 kDa in a small (13/99 and 10/99,
respectively) number of participants.

We originally identified CABS1 in human salivary gland
extracts (71) during our search for a human protein with a
sequence similarity to the anti-inflammatory peptide sequence
near the carboxy terminus of the rat prohormone, SMR1 (36,
44). The Smri gene we studied in rats is not present in humans,
and although sequence similarity for other peptides derived
from Smrl with analgesic or erectile function activities had
been identified in human PROL! and SMR3A and SMR3B
genes (73, 74, 79), the human gene with a sequence similar to
the anti-inflammatory sequence from Smrl was unknown.
Interestingly, just as SMR1 has many molecular forms that
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vary in size and isoelectric point (45), with the use of Western
blot analyses and five different anti-CABS1 antibodies, we
identified several molecular forms of CABS]1 in salivary gland
extracts, lungs, and testes, with evidence for organ-specific
differences in the forms. With the use of mass spectrometry,
we confirmed the presence of CABS1 sequences in bands at
75, 51, 33, 27, 20, and 16 kDa from a CABS1 overexpression
lysate but could not confirm or refute that an 11-kDa form was
CABSI1 (71). The predicted molecular size of human CABSI is
43 kDa, a size inconsistent with any of the bands that we
identified. Given our mass spectrometry data, we suggested
that both the 75- and 51-kDa forms represent full-length
CABS]1 (good sequence coverage 69 —73%) but could provide
no explanation for the two molecular mass forms. Interestingly,
others have similar observations with CABS]1 from rat testes at
79 kDa (11), from mouse testes at 66 kDa (29), and from
porcine testes at 70 and 75 kDa (66). CABS1 immurnoreactive
bands below 51 kDa presumably represent fragments of full-
length CABS1 (proteolysis).

There are several potential explanations for detecting pro-
teins at various estimated molecular weights relative to that
predicted by their amino acid sequence, including the follow-
ing: glycosylation, aggregation, proteolysis, and anomalous
SDS binding due to amino acid content. Calvel et al. (11)
provided evidence that CABS1 is an infrinsically disordered
protein with a low isoelectric point (3.4), lacking a fixed or
ordered structure and with unusual behavior in electrophoretic
separation. Moreover, these authors showed that CABSI1 is
hypersensitive to trypsin digestion, suggesting structural flex-
ihility and susceptibility to digestion with various proteases.
This is consistent with our observations of multiple immuno-
reactive bands in salivary gland extracts, testes, and lung (71)
and in saliva and tissue-specific distinctions in the band pro-
files, presumably determined, at least in part, by the protease
cocktails in each tissue or fluid.

As we experienced with salivary gland extracts and despite
several attempts to immunoprecipitate and sequence CABS1
immunoreactive bands from saliva, it is a limitation of our
work that we have been unable to confirm the identity of these
immunoreactive bands with mass spectroscopy. Our current
hypothesis is that CABS1 is in relatively low abundance (we
can detect by Western blot but are unable to see corresponding
bands using silver staining or Coomassie brilliant blue), in part,
because it is an intrinsically disordered protein that is highly
susceptible to proteolytic cleavage, further lessening the abun-
dance of any particular molecular form.

The 27-kDa form of CABS1 was present in the saliva from
all participants and aligns well with 27 kDa in extracts of
human salivary glands, lung, and testes (71). Although in some
salivary gland extracts, the 27 kDa appeared to be a doublet
{(71), we could not clearly establish a doublet in saliva, perhaps
because the band in saliva was relatively disperse, suggesting
multiple forms. Whether the bands detected in saliva at 20, 18,
15, and 12 kDa are the same as CABS1 bands detected at 20
kDa and below in salivary gland extracts (20, 17, 16, and 11
kDa) remains to be determined. Nevertheless, given our work
with several anti-CABS1 antibodies, mass spectroscopy se-
quencing of CABS1 molecular mass forms from overexpres-
sion lysates, and with several tissues, it is likely that all of these
molecular forms in saliva have CABS1 sequences, i.e., are
fragments of CABSI.
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Interestingly, the molecular mass forms of CABS1 at 20kDa
and below were seen only in 13% of participants and relatively
more in men (20.8 vs. 10.6%). Similarly, CABS1 forms at 33
kDa and above were seen more often in men (16.6%) versus
women (8.0%). Sex differences in the prevalence of CABS1
forms would be consistent with the evidence of sexual dimor-
phism in SMR1 expression in rats (61). Larger samples with
more equal ratios of men and women would be needed to
consolidate these findings. It is tempting to speculate that the
different molecular forms of CABS1 will have overlapping but
potentially also distinct functions, including anti-inflammatory
activities associated with the TDIFELL motif and with putative
differences in their three-dimensional structures and potential
receptor systems, as previously explored in studies of SMR1
and its molecular forms (37, 42, 60).

In part, because rat SMR1 is a marker of stress (61), we
analyzed the levels of the CABS1 bands in saliva in response
to standardized psychological stress induction, and their asso-
ciation with real-life stress, as well as common questionnaire
measures of distress, and generated some intriguing findings.
In general, findings suggest a sensitivity of CABS1 to acute
stress and an association with self-reporting of perceived stress
and depressive mood. Intensity of the 27-kDa band signifi-
cantly increased following the laboratory psychosocial stress
paradigm. On the other hand, no systematic changes were
observed across periods of longer-lasting stress in our obser-
vational paradigm of academic finals stress. However, the
variability of the 27-kDa band in the latter paradigm was
considerable, with some individuals showing pronounced in-
creases, others decrease, and others little change. It is possible
that in longer real-life observational periods, additional mod-
erator variables become more relevant that were not captured
by our assessment protocols, such as individual coping re-
sources or factors of changing environmental demand. Inter-
estingly, greater increases in 27 kDa band intensity were
associated with greater increases in cortisol in both the labo-
ratory acute stress and chronic academic final examination
protocols, suggesting an association with hypothalamus-pitu-
itary adrenal axis functioning across different types of psycho-
logical stress (note that this association was found despite
significant average changes of CABSI1 and cortisol in the
academic finals stress study). The observed between-subject
association of salivary cortisol levels across assessments of
academic finals stress further supports a link with hypothala-
mus-pituitary adrenal axis function. Whether these correla-
tional findings represent any correspondence in the underlying
physiological process remains to be explored. Recent research
has shown that cortisol is not equally responsive to all types of
stress; rather, it is particularly elevated in psychosocial stress
and situations that constitute a threat to social self-esteem of
the individuals and elicit social emotions, such as shame (23,
69). Thus our picture of hormonal adaptations to stress is far
from complete. We do not view the purpose of our research in
the identification of one, or the best, stress marker, but in the
identification of the variety of possible organ and tissue re-
sponses to the variety of stress situations and styles of coping
with stress. The present findings suggest that CABS1 protein
secretion by the salivary glands is one of the hormonal path-
ways responding to stress, but whether it is activated in a more
global fashion or more specific to particular stress challenges
still has to be elucidated. Our initial finding of a diverging
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response to acute vs, chronic stress challenges is more sugges-
tive of specificity.

Interestingly, the pattern of associations with autonomic and
respiratory function across the acute stress protocol suggested
an involvement in system deactivation rather than activation.
Increases in 27-kDa band intensity were linked to slower
breathing with reduced Vg, reduced HR, and larger TW As, the
latter being suggestive of a reduced cardiac sympathetic acti-
vation. At the same time, no association was observed with
RSA as an index of cardiac parasympathetic function. It
therefore appears that CABS1 is related to an attenuated
cardiorespiratory response to acute stress through dampening
of sympathetic excitation. Because rat SMR1 secretion is
regulated by both branches of the autonomic nervous system
(43), with larger quantities of protein secreted in sympathetic
stimulation, it is possible that the observed associations with
human CABS1 may more closely reflect the effective outcome
of CABS1 secretion on the autonomic and respiratory systems
than the coordination of its initial secretion in response to
stress. One function of CABS1 may be the dampening of acute
stress responses, consistent with the interpretation that regula-
tion of SMR1, the rat analog of CABS, may serve as a pathway
in the organism’s protective responses, including anti-inflam-
matory activities following a variety of insults (45). Protocols
with more frequent collection of saliva samples throughout
stress periods or direct manipulation of the CABSI1 pathway
will be needed to determine the exact temporal trajectories of
CABS1 secretion relative to changes in autonomic excitation.

Another interesting finding with the 27-kDa band of CABS1
was its systematic association with self-reported distress. Pos-
itive associations were found with changes in momentary
affect across the acute stress protocol, with momentary stress-
level ratings across multiple baseline assessments, and with
questionnaires of perceived stress and depression in the past
week(s). These findings are compatible with CABS1 upregu-
lation during acute stress but complicate the interpretation of
CABSI associations with autonomic and respiratory parame-
ters in acute stress. Thus whereas it appears that distress
experience increases the CABS1 27-kDa band with some
consistency, physiological concomitants are only partly com-
patible with such stress-induced increases. At this point, it is
unclear whether this could be a reflection of other recent
findings of reduced cardiac stress reactivity in depressed indi-
viduals (12, 35). Larger studies involving clinical groups and
more extensive stress protocols will be needed to shed more
light on these findings. Perhaps distinct functions of the mul-
tiple molecular forms of CABS1 will also help explain some of
the complexities (see below).

The observational protocol of academic finals stress also
enabled us to study CABSI relative to slower developing
inflammatory processes. Consistent with a role of SMRI1 in
inflammation, demonstrated in previous studies in animal mod-
els (39, 43), we expected to find positive associations of
CABS1 with indicators of inflammation in nasal and lower-
airway passages, as suggested by the positive association with
FEno changes across multiple baselines and nasal VEGF in the
academic stress study (sfudy 3). Similarly, salivary LTB4
levels also showed a positive association with the 27-kDa
band, and a tendency toward higher intensities in this band was
also found for participants with asthma in one study. Both
LTB4 and VEGF are mediators involved in inflammation and
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airway infection, orchestrating leukocyte traffic to infected
sites and enhancing vessel growth to support increased perfu-
sion. FEno levels could indicate inflammation of the airways,
because a number of immune cells, such as macrophages and
mast cells, secrete nitric oxide under this condition {19, 20, 52).
However, given that FEng was observed in healthy participants
across multiple weeks, it is more likely that FEno levels were
indicative of a constitutional secretion of nitric oxide by
epithelial cells, a major source of this gas in the absence of
allergic processes (33). Under these conditions, nitric oxide
supports innate immune functions by providing an early line of
defense against pathogens (49, 80). For the CABS1 27-kDa
band, the positive association with FExo changes may there-
fore indicate a role in infection, which would be consistent
with the role of the anti-inflammatory sequence in reducing
concomitants of LPS-induced lung inflammation in an animal
model (71). However, associations with the WURSS, a ques-
tionnaire measure of perceived cold symptoms (3), were non-
significant. Tt should also be noted that both positive and
negative associations of CABS1 with inflammatory parameters
and symptoms could be interpreted as a role of CABS1 in
counteracting infection (negative associations could indicate
that a lack of CABSI facilitates inflammation; positive asso-
ciations could mean that inflaimmation leads to a protective or
restorative mobilization of CABS1). Thus a more definite
interpretation of the significance of fluctuations of CABSI
levels in saliva or of CABS1 in lung tissues (71) during airway
inflammation must come from future mechanistic and longitu-
dinal studies. Taken together, fluctuations in both longitudinal
airway nitric oxide levels and individual differences in nasal
and oral mediators of inflammation are positively associated
with the levels of the 27-kDa band of CABSI in saliva.

The additional immunoreactive bands of CABS1 at molec-
ular mass 12—-20 kDa also showed evidence for responsivity to
stress, with 18 kD, in particular, showing strong elevations
following the acute laboratory stressor. However, different
from the associations uncovered for the ubiquitous 27-kDa
band, the presence of this band was associated with psycho-
logical unresponsiveness to acute siress, since no change in
negative affect from before to after the stressor was observed
in participants with this band. Additionally, in sfudies [ and 2,
values of the PSS, a measure capturing perceived stress levels
retrospectively over the past weeks, were lower in those with
the 18- and 12-kDa bands than in those without additional
bands. The differences were particularly pronounced in study
2, which used a longer version of the PSS, in that scores of
participants with the additional bands were less than one-half
of those of the other participants. Tt is therefore possible that
additional bands provide a marker of stress resilience. The
interpretation is compatible with the pattern of cardiorespira-
tory deactivation associated with the 27-kDa band observed in
the acute stress protocol, but it is at odds with the significant
positive associations observed for this band with self-reported
measures of distress. It is possible that different molecular
forms of CABSI yield functionally diverging effects. Unfor-
tunately, these observations were limited by the small number
of individuals who showed the additional bands and must await
replication in larger studies.

Our exploration of CABS1 in human saliva and its associ-
ation with distress were limited by small sample sizes in
individual studies and an overall unequal gender distribution
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with relatively fewer male participants. Thus further replica-
tion of our findings is needed. Our study population was also
mostly composed of young undergraduate student volunteers,
thus limiting the generalizability of our findings to the general
population. Despite these limitations, our findings provide first
evidence for the importance of psychological distress in the
regulation of CABS1 and its various molecular weight forms in
saliva. Although associations with endocrine, autonomic, and
immune function were observed, they were modest in size and
could indicate an independent role of salivary CABS1 i
adaptation of the organism to a stressful environment.

Perspectives and Significance

Our results with CABS1 in humans suggest that as in rats,
there is exquisite autonomic control of biologically important
molecules produced by the salivary glands. CABS1 in humans
and SMR1 rats are both responsive to stressful stimuli and are
both processed into several molecular forms, at least some of
which contain an anti-inflammatory peptide motif. Tnterest-
ingly, only human—but not rat, mouse, bovine, or porcine—
CABSI contains the sequence TDIFELL (66, 71), similar to
the anti-inflammatory sequence TDIFEGG, in rat SMRI.
Given that in humans, not only CABS1 but also SMR3A,
SMR3B, and proline-rich lacrimal 1, have homologies with the
rat prohormone SMR1 (73, 74, 83), it will be intriguing to
determine if these genes and their proteins are also associated
with stressful stitnuli. Furthermore, this raises crucial questions
about the potential roles of these proteins and their processed
forms in the responses to distress or potential to eustress, the
locations in the body where they act, and their mechanisms of
action. Presumably, the actions of CABS1 or some of these
other proteins support or modulate the stress response, and
whether some have a functional role in an evolutionary sense
(e.g., facilitate mobilization of the organism to challenges or
strengthen its defenses or resilience), have pathological signif-
icance or consequences (e.g., are indicative of pathophysiolog-
ical processes or facilitate them), or might be of therapeutic
value (e.g., as agents that dampen stress responses, pain pro-
cesses, or inflammation) is a direction for future research.
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Appendix B — 2D-e protocol for MS-seq analysis

Acetone precipitation of saliva supernatant (preparation for 2D SDS-PAGE)

Material

1.5mL microfuge tube

Cold acetone (pre-stored at -20°C)
-20°C freezer

Biosafety cabinet

Fume hood

Vortex

Microcentrifuge

Waste beaker

Micropipettes (P200, P1000)

Micropipette tips (P200, P1000)

1. In a 1.5 mL microfuge tube place 200uL of saliva supernatant and add 8oouL of cold

acetone

2. Vortex and incubate at -20°C for t=30 min

Centrifuge at 16,100%g at Troom for t=10 min

4. Inawaste beaker inside a fume hood, pour off supernatant (a protein pellet may be visible,

or not)

Inside a biosafety cabinet allow acetone to evaporate (Troom) for t=30 min

6. To perform downstream 2D SDS-PAGE, resuspend pellet in the recommended volume
Rehydration buffer (Bio-Rad, Mississauga, ON, CA) (see Table B-1).
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Table B-1. Volume of rehydration buffer is a function of IPG strip length.

When a sample has been precipitated into a pellet, Bio-Rad suggests that the pellet is resuspended in its proprietary

rehydration solution.

IPG strip length

(cm)
7 11 17 18 24
Rehydration
solution 125 200 300 315 450
(L)

Two-dimensional electrophoresis protocol

DAY o: Preparation of solutions

Equilibration buffers

See Bio-Rad protocol below to prepare Equilibration buffer ...

Once done, prepare 10mL aliquots and store at -20°C

Reagents

Tris-HCI buffer (25 ml)
1.5 M Tris-HCI (pH 8.8)

Dissolve 4.55 g of Tris base in ~20 ml of deionized
or distilled H,O. Adjust the pH of the solution with
diluted HCI and adjust the volume to 25 ml with
distilled or deionized H,0.

Equilibration stock buffer (500 ml)

6 M urea, 30% (w/v) glycerol, 2% (w/v) SDS in 0.05 M
Tris-HCI buffer, (pH 8.8). Pre-prepared equilibration
buffers can also be purchased.

Combine 180 g of urea, 150 g of glyceral, 10 g of SDS,
and 16.7 ml of Tris-HCI buffer. Dissolve in deionized
distilled H,0O and adjust the volume to 500 ml.

Store frozen.

Equilibration buffer 1 (10 ml)
Add 100 mg of DTT to 10 ml of equilibration
stock buffer.

Equilibration buffer 2 (10 ml)
Add 400 mg of iodoacetamide to 10 ml of
equilibration stock buffer.

Source: Bio-Rad

Prepare enough equilibration buffers 1 and 2. Store at -20°C
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Table 10.1. Recommended equilibration volumes.
IPG Strip Length 7cm Mem 17cm  18cm 24 cm
Equilibration buffer1  25ml 4 ml 6 mi 6 mi 8mi
Equilibration buffer2 2.5ml 4 ml 6 ml 6 mi 8mi

Source: Bio-Rad

SDS-PAGE running buffer 10X stock (1 L)

Tris base: 30.3 g

Glycine: 144.0 g

SDS:10.0g

Add H.O.... to a total volume of 1,000 L

“Blue silver” Coomassie Staining Solution (adapted from Dr Richard Fahlman’s protocols) (1 L)

To a 1 L volumetric flask add 100 mL of water double distilled
Add 100 g of ammonium sulfate

Add 1.2 g of Coomassie blue G-250

Add 200 mL of 100% methanol

BTV 1 L with water dgouble distilled

Fixing solution (500 mL)

To a 500 mL volumetric flask add 100 mL of water qouble distilled
Add 250 mL of ethanol 100%
Add 10 mL of phosphoric acid

BTV 500 mL with water gouble distilled

DAY 1: IPG strip rehydration

Materials and reagents to have inside the biosafety cabinet

e Micropipettes and sterile tips

e P10

e P200

e Rehydration/equilibration tray and lid
e Mineral Oil

e Bio-Rad forceps (2)
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¢ 1.5 mL microfuge Eppendorf tubes

e Items that must be in fridge/freezer and retrieved just
before using;:

e Rehydration solution (4°C fridge)
e IPG strip (-20°C freezer)

Steps 1 to 9 must be done inside a Biosafety Cabinet
1. Select Immobilized pH Gradient (IPG) strip length to use for the experiment

See Table 2.1 for volumes of rehydration solution and mineral oil to be used based on (1) but don’t
pour anything yet!

Table 2.1. Rehydraticn volumes, sample loads, and mineral oil volumes. The values listed are recommendations. Optimum
sample load depands on =ampls type. Ses Appandix A, Reagant and Sample Preparstion, far mare details.

IPG Strip Length

T em 11 em 17 em 18 em 24 em
Rehydration Solution 125 pl 200l 300 Hspl 450 pl
Protein Load
Goomassie [Brilliard Blus 50100 pg A0:0-200 pg 200400 pg 200400 pg 400-B00 pg
Fluorascant stains E—100 pg 20-300 pg S0-400 pg 50400 pg B0-800 pg
Silver staine E-B0pg 20-60 pg S0-80 pg E0-B0 pg BO-AE0 pg
Mineral il 4ml Eml T Tml S ml

Source: Bio-Rad

2. Most likely, you will use a 7em IPG strip. Rehydrate the saliva pellet that you precipitated
with acetone in 125 uLL Rehydration solution

3. With a micropipette (avoiding the formation of bubbles) slowly pipet resuspended sample
along the length of one lane of the rehydration/equilibration tray

4. Retrieve IPG strip from the -20°C freezer and bring it into the biosafety cabinet
Using Bio-Rad forceps, remove the cover sheet from IPG strip

Place strip facing down onto the resuspended sample in the lane of the
rehydration/equilibration tray (gently move the strip back and forth and avoid the
formation of bubbles)

7. Cover rehydration/equilibration tray with lid and allow IPG strip to rehydrate with
resuspended sample for 1 hour

8. After 1 hour of rehydration, add recommended V..... (see Table 2.1). Apply on both
ends of the channel so that oil flows towards the middle

9. Cover the tray and leave it overnight (12 to 18 hours) for complete rehydration

DAY 2: IEF, the first dimension
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Materials and reagents to have inside the biosafety cabinet

e Micropipette and sterile tips

e P1000

e Rehydration/equilibration tray and lid
e i12 Focusing tray

e Electrode assemblies

e Mineral Oil

e Ultrapure water

e Bio-Rad forceps (2)

e Gel-side down wicks

Steps 10 to 15 must be done inside a Biosafety Cabinet

10. Place i12 focusing tray inside the biosafety cabinet, along with electrode assemblies, IPG
strip retainers, gel-side down wicks, and ultrapure water (see image below)

Place both electrode assemblies in the focusing tray. Press down
o on the green tabs to snap the assemblies into place.

@ﬂaw the focusing tray onto the Peltier platform,
connect the electrades, and then place 2 IPG strip

Place IPG strips gel-side down In the channels of the
focusing tray.

channels of the focusing tray.

ey A\ : )
T 1%L} WL LT 1
retainers on top of the IPG strips.
(Recommended) Place
wet electrode wicks in the
\0

Source: Bio-Rad

11. Position electrode assemblies in place on the i12 focusing tray and press down until
secured (you will feel a gentle snap)

12. Using Bio-Rad forceps, place a gel-side down wick on each electrode (+ and -)
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13.

14.

15.

16.

17.
18.

19.

Using a micropipette, pour ~150ul. of ultrapure water on each wick to moist them
(without pouring excess water)

Using Bio-Rad forceps, remove IPG from rehydration/equilibration tray and remove the
excess mineral oil by lifting strip and letting the oil drip into the channel

Place IPG strip gel-side down in a channel on the focusing tray. Make sure that the gel
is touching the moist wicks, as the electrical current will travel through them (keep track
of which channel you placed your strip on)

Take i12 focusing tray to IEF instrument and secure tray on the Peltier platform (carefully
connect electrodes to the instrument)

Overlay IPG strip(s) with recommended V ....... (see Table 2.1)

Gently place IPG strip retainers without moving IPG strip, as this can damage the gel
and risk the integrity of the experiment

Select the running protocol and start the run (leave overnight)

Wash your rehydration/equilibration tray with dish soap and Bio-rad cleaning

brushes. Rehydration/equilibration trays will be used on DAY 3

DAY 3: IPG strip equilibration — SDS-PAGE, the second dimension

Materials and reagents to have inside the biosafety cabinet

e Micropipette and sterile tips

P1000

e Rehydration/equilibration tray and lid

e SDS-PAGE Running buffer 1X (prepare from stock)
e Beaker for liquid waste

e Bio-Rad forceps (2)

e Items that must be in the freezer and retrieved
before using (they delay ~10 min in thawing):

e Equilibration buffer 1
e Equilibration buffer 2
e Warm agarose (stored at 4°C)

e Microwave for 15 sec until it melts (if it is still
solid/semi-solid, microwave in intervals of 5 sec
until it is entirely liquid)
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e Must not be hot to the touch

e SDS-PAGE electrophoresis chamber and lid
e SDS-PAGE sandwich clamp assembly

e SDS-PAGE gel (previously casted)

Materials and reagents to have on the bench

e Power source

e Orbital shaker (set to 60 rpm & room temperature)

IPG strip equilibration

20

21.

=

22,

23.

24.

25.

26.

27,
28.

29.

. Select: ‘End Run’ at IEF instrument
Remove IPG strip retainers
Retrieve i12 focusing tray from IEF instrument and bring it into the biosafety cabinet

Using forceps, retrieve IPG strips and place it gel-side up at a channel in the
rehydration/equilibration tray

Fill the channel with recommended V .. (Se€ Table 10.1 on p. 1) and place lid on the
tray

Take rehydration/equilibration tray to the orbital shaker (set to 60 rpm) and incubate for
10 min

Once done, bring the tray back to biosafety cabinet and decant Equilibration buffer 1 on
the waste beaker.

Fill with recommended V wion s

Take rehydration/equilibration tray to the orbital shaker (set to 60 rpm) and incubate for
10 min

Decant Equilibration buffer 2

SDS-PAGE

30

31.

32

Steps 30 to 35 must be done inside a Biosafety Cabinet
. Position SDS-PAGE gel leaning slightly backward

Using Bio-Rad forceps, place equilibrated IPG strip (plastic side against the long plate and
+ side on the left)

. Using Bio-Rad forceps (ensuring that plastic backing remains in contact with long plate)

slide IPG strip until both gels (IPG strip gel and SDS-PAGE gel) are in contact with each
other (avoid the formation of bubbles)
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33-

34.
35.

36.
37.

Using a P1000, pour warm agarose into well to secure the strip in place (if bubbles form,
tap back of the long plate to dislodge them)

Stand gel upright, secure in sandwich clamp assembly, and allow agarose to set for 10 min

Place sandwich clamp assembly inside SDS-PAGE electrophoresis chamber, pour SDS-
PAGE running buffer 1X and put its lid on

Take SDS-PAGE chamber onto lab bench and connect it to the power supply

Run SDS-PAGE at 125 V (track the Bromophenol blue dye (which came with the
rehydration buffer) and turn off power supply when it reaches the bottom of the gel)

Blue-Silver staining of 2-Dimensional electrophoresis gel

1.

Transfer gel to a glass container with Fixing solution and place it in a rocker (room
temperature) for t=30 min.

Discard Fixing solution in a glass container. Be careful not to discard gel

Pour water double distilled on the glass container with the gel. Place it in a rocker (Troom)
for t=20 min.

Discard water on sink being careful not to discard the gel
Repeat steps 3 and 4 again

Add staining solution

Leave gel staining in a rocker overnight

Discard Coomassie blue dye in an appropriate glass container

Rinse gel with water gqouble distied S€Veral times aiming to get rid of blue precipitates

. Read gel in Li-cor Odyssey by carefully placing gel on reading glass and placing a

previously cleaned glass on top of gel (to avoid gel from curling)
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Appendix C— MS-seq detected proteins in transient
overexpression cell lysates and human saliva

The following tables are intended to be used as hypotheses generators. In them we list the
accession numbers of each protein, as these are unlikely to be modified in the foreseeable future.
These accession numbers are compatible with the UniProt Knowledgebase. In Table C-1 and
Table C-2 we list the area under the curve (arbitrary units, a.u.) obtained when analysing each
sample by mass spectrometry sequencing (MS-seq) after being separated via one-dimensional
SDS-PAGE.

In Table C-1 we compiled the list of proteins present in both a human calcium-binding protein,
spermatid-associated 1 (hCABS1) transient overexpression cell lysate (OEL) and its negative
control cell lysate (NCL), 387 in total. In Table C-2 we compared the proteins present in OEL,
NCL, and human saliva supernatant. Since we are listing the common proteins in both samples,
hCABS1 (accession number: Q96KC9) is not present. These tables compare the presence of
proteins across samples and represent n=1.

Of note, the area under the curve reported in Table C-1 and Table C-2 can’t be used to compare
across samples. Thus, we recommend that these MS-seq experiments are repeated at least twice
to reach n=3. Once done, we suggest normalization of this area values by selecting a housekeeping
protein found in all three, OEL, NCL and saliva supernatant. The area value of each MS-seq
detected protein, then, should be divided by the area of the housekeeping protein within the
sample. Once done, we could compare the expression of proteins across samples.

In Table C-3 we list the proteins found on selected spots (see Figure C-1) doing MS-seq of a
human saliva supernatant sample separated via 2D SDS-PAGE. Spots were selected based on the
locations that gave a signal on Western blot assays using polyclonal antibodies (pAbs) to hCABS1.
hCABS1 was not detected on these locations, but we speculate that the proteins found there could
be interacting with our pAbs to hCABS1. The data presented from Figure C-2 - Figure C-10 is
a sequence alignment between the immunogen we used to create pAb H2.0 (hCABS1 a.a.
18, DEADMSNYNSSIKS,y;) and proteins found in spots F, G, H, I (see Figure C-1), where we
speculated a form of hCABS1 associated with stress2! could be located. In Figure C-2 - Figure
C-10, consensus patterns (‘consensus/100%') are based on equivalence classes, sets of residues
that share some predefined property®. MView®°, the software used to align sequences, uses a
consensus mechanism that chooses the most specific class that summarizes a given column at the
desired percent identity (‘consensus/100%’).
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Table C-1. List of proteins present in OEL and NCL and detected by MS-seq analysis.

Proteins are represented by their UniProt accession number. The area (a.u.) is indicative of the abundance of each

protein in the sample indicated between parentheses.

Proteins present in OEL and NCL

Accession Area Area
(NCL) (OEL)
Q9Y617 1.631E7 | 6.636E6
Q9YS5L4 6.588E5 | 1.500E5
Q9Y5B9 2.021E6 | 1.391E6
Q9Y490 3.405E6 | 2.049E6
Q9Y295 2.729E6 | 2.474E6
Q9Y277 1.218E7 | 1.635E6
Q9Y266 1.632E7 | 7.766E6
Q9Y265 1.347E7 | 3.741E6
Q9Y230 7.771E6 | 2.370E6
Q9UQE7 1.097E6 | 1.370E6
Q9UQS80 4.952E7 | 1.054E7
QI9UNMO6 6.624E6 | 2.521E6
QI9UKK9 9.817E6 | 2.142E6
Q9UBB4 4.552E6 | 3.995E5
Q9P2J5 2.562E6 | 9.465E5
QINZIS 6.401E6 | 5.107E6
QINTKS 1.552E7 | 1.032E7
QI9NSB4 1.705E7 | 9.392E5
QI9NR45 4.966E6 | 5.841E6
QY9NR31 7.255E6 | 3.764E6
Q9NR30 1.475E6 | 4.376E5
Q9HB71 7.821E6 | 3.295E6
Q9BXW7 9.406E6 | 1.464E6
Q9BVCo6 7.404E6 | 9.742E5
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QYBVAL 1.950E8 | 6.879E7
Q9BT78 2.237E6 | 2.342E6
QYBQE3 1.830E8 | 4.515E7
Q99832 1.446E7 | 2.266E6
Q99714 6.463E6 | 3.408E6
Q99456 2.246E7 | 8.282E5
Q96CX2 1.935E6 | 1.193E6
Q96AG4 1.591E7 | 1.682E6
Q92973 1.300E6 | 2.766E6
Q92928 1.353E6 | 1.085E7
Q92841 2.053E7 | 2.955E6
Q92598 3.877E6 | 3.580E6
Q8WVC2 1.107E6 | 1.054E6
Q8NC51 1.352E7 | 8.687ES
Q8NBS9 4.602E6 | 1.397E6
Q72794 1.794E8 | 4.612E7
Q7L2H7 1.965E6 | 4.988ES5
Q7L1Q6 6.912E6 | 1.007E6
Q7KZF4 1.864E6 | 3.022E6
QGEEV6 6.348E6 | 8.782E5
QGAWBI 1.126E6 | 3.716E5
Q5T8U3 4.141E6 | 5.837E6
QS5T7C4 2.326E7 | 6.341E6
Q5QNZ2 3.034E6 | 2.396E6
Q5JR95 9.722E6 | 1.219E6
QSHY54 4.046E6 | 2.091E6
Q5D862 1.659E6 | 6.977ES
Q32Q12 4.785E7 | 6.699E6
Q16543 9.535E6 | 3.906E6
Q15717 5.275E6 | 1.029E6
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Q15393 1.419E6 | 2.164E6
Q15365 2.7700E7 | 1.547E7
Q15233 9.141E6 | 2.913E6
Q15185 5.343E6 | 9.907ES
Q15102 5.072E6 | 2.064E6
Q15084 1.702E7 | 6.071E6
Q15029 3.678E6 | 1.600E7
Q14974 9.224E6 | 6.675E6
Q14152 6.792E6 | 6.917ES5
Q13885 1.950E8 | 6.879E7
Q13283 6.298E6 | 3.276E6
Q13263 8.642E6 | 3.108E6
Q13200 8.402E5 | 6.719E5
QI3185 2.629E6 | 9.275ES
Q13162 9.595E6 | 5.193E6
Q12931 7.242E7 | 5.460E7
Q12906 7.828E6 | 8.192ES5
Q09028 2.174E7 | 1.068E7
Q08211 2.331E6 | 5.515E5
Q06830 5.435E7 | 5.678E7
Q04917 2.097E7 | 7.061E6
Q04760 3.871E6 | 8.835E6
Q02878 5.713E6 | 2.395E6
Q02790 1.389E7 | 3.842E6
Q01082 1.510E6 | 7.113ES
Q00839 4.568E6 | 1.954E6
Q00688 8.144E6 | 1.430E6
Q00610 3.586E6 | 3.087E6
P78371 2.440E7 | 5.031E6
P68371 2.332E8 | 6.549E7
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P68363 1.830E8 | 4.515E7
P68104 4.638E7 | 3.545E7
P68032 3.304E8 | 1.118ES8
P67936 1.214E7 | 2.101E6
P67809 2.396E7 | 5.517E6
P63244 2.096E7 | 6.624E6
P63104 3.897E7 | 9.873E6
P62937 4.595E7 | 2.426E7
P62913 1.316E7 | 5.275E6
P62857 4.098E6 | 6.097E5
P62851 3.609E7 | 2.681E6
P62829 1.946E6 | 8.470E4
P62826 3.819E7 | 3.116E7
P62805 9.778E6 | 4.023E6
P62701 7.508E6 | 7.128E6
P62333 3.977E6 | 1.229E5
P62318 1.128E7 | 3.962E6
P62316 3.354E6 | 1.626E6
P62304 1.228E6 | 7.085E6
P62277 1.326E7 | 1.800E6
P62269 2.690E7 | 3.254E6
P62263 1.718E7 | 5.288E6
P62258 1.957E7 | 1.510E7
P62249 8.850E6 | 4.489ES5
P62081 1.945E6 | 9.152E4
P61981 2.327E7 | 7.667E6
P61978 2.557E7 | 5.108E6
P61586 1.379E6 | 2.259E6
P61204 1.162E7 | 1.602E6
P61160 5.564E6 | 1.850E6
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P61088 6.367E6 | 3.420E5
P60891 7.646E6 | 2.729E6
P60866 9.478E6 | 3.348E6
P60842 2.241E7 | 1.163E7
P60709 7.605E8 | 2.271E8
P60174 5.295E7 | 5.502E7
P56192 2.550E6 | 1.781E6
P55072 1.219E7 | 1.426E7
P55060 5.058E6 | 1.446E6
P54886 2.504E6 | 2.850E6
P54577 2.236E7 | 8.466E6
P53999 4.857E6 | 9.327ES
P52597 3.187E6 | 1.189E6
P52292 1.375E7 | 1.190E6
P52272 1.503E7 | 1.778E5
P51991 8.934E6 | 3.851E6
P51665 6.701E6 | 2.878E6
P51572 6.285E6 | 4.999E6
P51571 1.456E6 | 1.183ES
P51148 4.529E6 | 2.537E6
P50991 2.872E7 | 1.427E6
P50990 4.487E7 | 1.161E7
P49721 1.854E6 | 2.360E6
P49588 1.790E6 | 2.360E6
P49368 3.558E7 | 6.369E6
P49321 6.517E6 | 3.420E6
P49006 4.210E6 | 7.791E5
P48668 7.655E7 | 7.837E6
P48047 2.777E6 | 8.616E5
P43487 1.839E7 | 3.880E6
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P42704 6.203E6 | 6.424E5
P40926 5.394E7 | 6.512E6
P40925 2.522E7 | 8.703E6
P40227 2.346E7 | 2.349E6
P38646 5.704E7 | 1.473E7
P37802 7.018E6 | 3.197E6
P37108 1.810E6 | 1.028E6
P36578 2.598E7 | 1.559E6
P35998 4.294E6 | 1.254E6
P35908 1.843E8 | 4.970E7
P35527 4.908E6 | 8.452E6
P34932 6.507E6 | 1.223E7
P34931 2.862E8 | 2.175E7
P34897 1.205E7 | 2.011E6
P32119 2.895E7 | 4.445E7
P31948 2.560E7 | 8.610E6
P31946 2.446E7 | 8.089E6
P31939 9.464E6 | 5.839E6
P31153 8.491E6 | 4.799E6
P30101 2.252E7 | 7.787E6
P30086 7.727E6 | 3.302ES
P30048 1.010E7 | 7.252E6
P30044 3.514E6 | 8.343ES
P30041 1.792E7 | 1.227E7
P30040 1.033E7 | 2.264E6
P28838 9.090E6 | 2.338E6
P28074 1.074E6 | 3.433E6
P28072 1.632E6 | 7.332E6
P27824 1.292E7 | 1.368E7
P27348 2.474E7 | 1.015E7
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P26641 2.564E7 | 8.886E6
P26583 3.679E6 | 2.553E6
P26373 1.014E7 | 1.421E5
P25705 3.964E7 | 5.491E6
P25398 5.312E6 | 1.851ES
P24752 1.435E7 | 6.159E6
P24666 3.996E6 | 7.393ES
P24534 5.305E7 | 1.054E6
P23526 8.748E6 | 2.537E6
P23396 1.850E7 | 2.193E6
P23284 1.262E7 | 3.836E6
P22626 9.818E6 | 4.745E5
P22314 2.273E7 | 1.858E7
P22061 5.539E6 | 7.587E6
P21796 2.637E7 | 4.440E6
P20340 1.928E6 | 1.122E7
P19623 9.574E6 | 1.355E6
P19338 2.009E7 | 1.479E7
P19013 4.506E7 | 1.948E7
P18669 1.656E7 | 1.136E7
P18206 5.533E6 | 3.672E6
P17612 1.988E8 | 1.051E8
P17174 4.787E5 | 6.861ES
P16949 1.278E7 | 7.432E6
P16403 4.327E7 | 4.545E6
P16152 6.605E6 | 1.149E6
P15531 4.186E7 | 6.038E6
P14625 2.958E7 | 4.056E7
P14618 1.913E7 | 9.700E6
P14406 2.827E7 | 3.610E6
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P13667 2.337E7 | 3.097E6
P13647 7.235E7 | 2.349E6
P13646 3.334E7 | 6.389E6
P13645 1.520E8 | 3.945E7
P13639 2.830E7 | 4.682E7
P13010 5.834E6 | 5.736E6
P12956 2.096E7 | 3.883E6
P12532 1.009E7 | 7.913E6
P12277 2.021E8 | 3.377E7
P12004 1.445E7 | 4.572E6
P11586 1.345E7 | 5.629E6
P11177 4.077E6 | 4.722E6
P11142 3.318E8 | 4.001E7
P11021 1.477E8 | 8.558E6
P10809 1.905E8 | 1.589E7
P10599 8.746E6 | 5.596E6
PODMV8 3.092E8 | 5.276E7
P09960 4.720E6 | 1.707E5
P09936 9.364E6 | 7.322E6
P09874 1.475E7 | 1.616E7
P08758 1.037E7 | 6.190E6
P08727 3.685E7 | 8.282ES5
P08708 8.548E6 | 2.820E6
P08670 1.928E7 | 7.754E6
P08559 7.355E6 | 1.454E6
P08238 1.786E8 | 9.311E7
P07900 1.786E8 | 8.060E7
P07814 7.603E6 | 1.990E6
PO7737 2.447E7 | 5.762E6
P07437 2.375E8 | 8.379E7
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P07355 5.196E6 | 4.249E6
P07195 1.692E8 | 3.688E7
P06748 1.755E7 | 1.480E7
P06733 2.656E8 | 7.839E7
P06576 5.494E7 | 2.569E7
P05787 6.759E6 | 5.872ES
P05455 2.109E7 | 1.158E7
P05388 4.851E7 | 2.050E7
P05387 6.565E6 | 4.473E6
P05141 2.114E6 | 3.079E6
P05023 2.999E6 | 1.323E6
P04406 2.734E8 | 9.161E7
P04264 2.098E8 | 5.915E7
P04181 1.794E7 | 3.881E6
P04080 2.997E6 | 1.589E6
P04075 1.026E8 | 6.721E7
P02786 4.108E5 | 3.191E5
P02538 7.655E7 | 7.837E6
P02533 2.891E7 | 1.423E6
P00918 1.543E7 | 6.683E6
P00558 7.269E7 | 2.134E7
P00505 2.777TET7 | 9.020E6
P00492 7.287E6 | 7.560E6
P00491 2.316E6 | 1.206E6
P00441 2.468E7 | 1.017E6
P00387 3.487E6 | 4.743E6
P00367 9.785E6 | 5.744E6
P00338 1.207E8 | 3.106E7
095373 3.081E6 | 2.676E6
095347 1.881E6 | 1.134E6
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075937 6.587E6 | 8.688E6
075396 1.524E6 | 2.296E6
075369 1.844E6 | 2.224E6
060814 1.445E7 | 4.364ES
043809 3.609E6 | 3.844E6
043707 5.540E6 | 9.868E6
043399 3.100E6 | 6.990ES
043175 4.688E7 | 1.471E7
015067 2.669E6 | 2.533E6
014737 3.924E5 | 5.461E5
000410 7.797E6 | 1.175E6
000303 8.991E6 | 1.439E6
000264 1.863E6 | 2.133E5
000231 8.087E6 | 1.676E6
MORO080 1.172E6 | 1.806E6
MOQZN2 5.973E6 | 7.974ES5
K7ER90 4.872E6 | 3.234E6
K7EQ48 2.526E7 | 6.912E6
K7ELWO0 3.822E6 | 7.355ES5
K7EJTS 1.391E7 | 6.905E6
J3QT28 7.488E6 | 2.700E6
J3QRO9 1.027E7 | 4.578E6
J3QQM1 3.027E6 | 2.097E6
J3QLOS5 4.298E6 | 1.345E6
J3KTF8 7.876E6 | 2.622E6
J3KTA4 2.181E7 | 2.955E6
J3KR24 2.582E6 | 5.117E6
J3KPG2 5.731E6 | 6.704E6
I3L3P7 1.004E7 | 6.729E6
13L397 8.364E6 | 3.016E5
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I3L1L3 5.600E5 | 2.314ES5
H7C4H2 2.588E6 | 4.412E6
H7C3I1 3.999E7 | 1.412E7
H7C2W9 1.655E7 | 4.809ES
H7BZJ3 1.988E7 | 6.696E6
H3BRUG6 4.087E7 | 1.114E7
H3BRG4 4.189E6 | 1.840E6
H3BR27 4.467E6 | 1.317E6
H3BMH2 3.315E6 | 1.737ES
HOYNXS 1.634E6 | 6.406ES5
HOYNWS5 9.483E5 | 2.417ES5
HOYN26 1.441E7 | 1.400E7
HOYMZ1 4.300E6 | 3.209ES5
HOYMAO 1.674E6 | 4.597E6
HOYL12 4.336E6 | 2.780ES5
HOYHC3 1.864E7 | 3.798E6
HOYSE®6 3.452E6 | 9.486ES5
HOY4R1 2.378E7 | 1.101E7
G3V576 1.639E7 | 1.029E6
G3V3U4 8.637E6 | 1.327E6
G3V2K7 4.376E6 | 1.006E6
G3V203 4.282E6 | 3.152E6
F8WoI7 2.104E7 | 5.435E6
F8W1A4 8.465E6 | 2.789E6
F8VZJ2 2.650E7 | 4.244E6
F8VPF3 3.509E6 | 5.180E6
FOWIT2 5.466E6 | 1.782E6
F5SH6X6 5.688E6 | 3.387E6
F5H6P7 1.383E6 | 5.093ES
FSH3C5 2.426E6 | 2.627E6
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F5H282 4.386E6 | 2.543E6
F5SH265 7.235E6 | 3.382E6
F5GZS6 1.449E6 | 4.991ES5
F5GY37 2.066E7 | 5.736E6
F27393 1.892E7 | 9.731E6
E9PQD7 1.797E7 | 1.840E6
E9PN17 3.038E6 | 1.704E6
E9PLK3 2.696E6 | 2.079E6
E9PKDS5 4.416E6 | 2.346E6
E9PKO1 8.584E6 | 1.630E6
E9PJD9 2.060E7 | 5.972E5
E9PFNS5 1.914E6 | 1.887E6
E9PFD4 8.897E6 | 1.278E6
E9PEX6 3.029E6 | 8.913ES5
E9PES6 5.820E6 | 3.420E6
E9PCY7 2.447E7 | 4.285E6
E9PC52 2.344E7 | 8.283E6
E7EX73 2.037E6 | 4.426E5
E7EU96 2.644E6 | 1.777E5
E7ETKO 5.089E6 | 2.214E6
E7EPB3 8.286E6 | 1.571E6
E7ENZ3 1.265E7 | 2.714E6
ESRIF1 1.252E7 | 1.978E6
E5RI199 7.531E6 | 1.567E6
D6RIJ96 3.056E6 | 2.920E6
D6RAFS 2.554E7 | 1.349E7
D6R9P3 2.881E7 | 1.368E7
D6R9B6 4.033E6 | 9.618ES5
C9KO0U8 7.116E6 | 8.260ES
C9JZ20 3.704E6 | 3.143E6
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C9JXB8 1.632E7 | 2.617E6
C9JRH2 9.119E6 | 2.494E6
C9JQD4 1.349E6 | 3.108ES5
C9JPM4 8.783E6 | 5.057E6
C9J9K3 9.687E7 | 3.070E7
C9J592 2.683E6 | 6.747ES
C9J1Z8 1.326E7 | 2.258E6
CI9J1E7 6.118E5 | 3.563E5
BY9A067 6.016E6 | 1.205E6
B8ZZQ6 2.489E6 | 2.245E5
B8ZZ18 5.664E6 | 2.879E6
B5SMCTS 1.068E7 | 3.853E6
B4DY09 2.547E7 | 8.982E6
B4DWR3 4.987E6 | 4.534E6
B4DT28 5.756E6 | 5.131E6
B3KQV6 3.915E6 | 2.305E6
ASMUD9 1.477E7 | 1.909E6
A6NLN1 1.039E7 | 3.444E6
AOAIBOGTJ7 | 8.717E6 | 2.791E6
AO0A0G2JJZ9 1.164E7 | 6.823E6
AOAODOSFB3 | 7.363E6 | 1.880E6
AOAODOSF54 | 3.373E6 | 3.184E6
AOAOC4DGHS | 2.154E6 | 1.475E6
AOA0C4DGB6 | 1.444E7 | 5.905ES8
AOAOAOMSQO | 1.687E7 | 3.837E6
AO0A087X2D0 | 4.714E6 | 1.495E6
AO0AO087WYS81 | 6.236E6 | 3.967E6
AOAO87WX29 | 4.869E6 | 2.401E6
AOAO87WWUS | 9.438E6 | 2.020E6
AOAO87WUVS | 7.419E6 | 2.512E6
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AO0AO087WTT1

1.745E7 | 2.514E6

AOA087WTP3

2.225E7 | 4.390E6

AO0AO087WTBS

1.183E6 | 1.727E6

Table C-2. List of proteins detected in OEL, NCL and saliva supernatant.

Proteins are represented by their UniProt accession number. The area (a.u.) is indicative of the abundance of each
protein in the sample indicated between parentheses.

alc’::::l';‘n Area (OEL) | Area (NCL) | Area (Saliva)
Q92928 1.085E7 1.353E6 1.133E7
QI3162 5.193E6 9.595E6 2.828E7
P68032 1.118E8 3.304E8 1.407E9
P63104 9.873E6 3.897E7 5.244E7
P62937 2.426E7 4.595E7 3.638E8
P60709 2.271E8 7.605E8 1.551E9
P60174 5.502E7 5.295E7 1.251E8
P40925 8.703E6 2.522E7 2.901E7
P35908 4.970E7 1.843E8 1.755E8
P35527 8.452E6 4.908E6 1.834E8
P32119 4.445E7 2.895E7 1.899E7
P31946 8.089E6 2.446E7 5.171E7
P30086 3.302E5 7.727E6 5.001E7
P30044 8.343E5 3.514E6 7.583E7
P30041 1.227E7 1.792E7 3.492E7
P23284 3.836E6 1.262E7 3.049E8
P22314 1.858E7 2.273E7 2.258E6
P19013 1.948E7 4.506E7 6.827E7
P18669 1.136E7 1.656E7 3.880E7
P18206 3.672E6 5.533E6 7.537E6
P17174 6.861E5 4.787E5 5.068E6
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P16403 4.545E6 4.327E7 2.899E7
P13647 2.349E6 7.235E7 7.649E7
P13645 3.945E7 1.520E8 2.940E8
P11142 4.001E7 3.318E8 7.448E7
P11021 8.558E6 1.477E8 3.426E7
P10599 5.596E6 8.746E6 4.150E8
PODMV8 5.276E7 3.092E8 7.575E7
PO7737 5.762E6 2.447E7 2.680E8
P07195 3.688E7 1.692E8 4.291E7
P06733 7.839E7 2.656E8 2.574E8
P04406 9.161E7 2.734E8 1.574E8
P04264 5.915E7 2.098E8 2.708E8
P04080 1.589E6 2.997E6 2.074E9
P04075 6.721E7 1.026E8 1.147E8
P02538 7.837E6 7.655E7 1.029E8
P02533 1.423E6 2.891E7 1.413E8
P00918 6.683E6 1.543E7 3.831E6
P00558 2.134E7 7.269E7 1.076E8
P00338 3.106E7 1.207E8 9.530E7
060814 4.364E5 1.445E7 2.561E7
K7ELWO0 7.355E5 3.822E6 1.302E7
I3LIL3 2.314E5 5.600E5 2.714E8
H3BMH2 1.737E5 3.315E6 3.109E7
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Figure C-1. Blue silver stained gel of human saliva supernatant separated by 2D-e.

Red circles indicate the spots that were excised to be analysed by MS-seq. 85-98 kDa: A (pH 6.0-6.1); 68-64 kDa:
B (pH 4.9-5.1), C (pH 5.2-5.3), D (pH 5.5-5.6), E (pH 6.0-6.1); 33-29 kDa: F (pH 4.3-4.4), G (pH 4.5-4.7), H (pH
4.8-4.9), I (pH 5.3-5.4); 25-24 kDa: J (pH 5.3-5.5), K (pH 5.7-5.9), L (pH 6.1-6.3).

Table C-3. List of proteins found in human saliva supernatant separated by 2D-e.

The UniProt accession number is listed on the first column. The spot where it was detected indicated in the second
column (see Figure C-1 as reference), and the predicted molecular weight (kDa) on the third column. Cells shaded in
yellow correspond to possible interactors with pAb H2.0.

Spot(s) where LB
. . . Molecular
Protein accession it was .
detected WEHT
(kDa)
J,K
BPIFA2 F,G,H, 1 27
C
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LK
ZG16B F,G H,I 20
E
L
AMY1A B, g’]I), E 58
A
IGKV2-40 L 11
TPI1 L 12
L
ALB B, C,ID, E 69
A
HRNR F]’)I 282
DSP F 332
CA6 F.GHI 35
E
AZGP1 F,G H,I 34
CLU F,G,H, I 24
CST1 F,G,H,I 16
PRSS1 F,G, 1 27
AMY1B F 26
LEGI1 F,G H, I 38
DSGI F, 1 114
JUP i 82
ACTA2 G 42
MYH2 G 223
MYHI1 G 223
MYH?7 G 223
PIP G, H, I 17
GAPDH (A} 28
APOE H, 1 36

266



AMY2A H 24
PRSS8 I 36
PRSS3 I 19

CRISP3 I 28

I
PIGR B,C, E 83
A

GLOD4 I 35
S100A8 I 11
FCGBP B 445

IGHV3-72 C E 11
NUCBI 54
HPX 52
TPP1 E 61
A0A0J9YY99 E 13
PRSS1 E 27
IGHV3OR 16-13 E 13
IGHV3-43 E 13
IGHV4-28 E 13
IGHV3-15 E 13
AIBG E 54
UBAG6 E 118
DSP A 2871
LTF A 696
FLG A 4061
HSPB1 A 205
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Figure C-2. Comparison of sequences between BPI fold-containing family A member 2 (BPIFA2) and
the domain used to create H2.n pAbs to hCABS1 (CABS1_H?2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. s: small, h: hydrophobic, p: polar.
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Figure C-3. Comparison of sequences between zymogen granule protein 16, homolog B (ZG16B) and
the domain used to create H2.n pAbs to hCABS1 (CABS1_H?2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. u: tiny, s: small, h: hydrophobic, p: polar
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Figure C-4. Comparison of sequences between carbonic anhydrase 6 (CA6) and the domain used to
create H2.n pAbs to hCABS1 (CABS1_H2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. h: hydrophobic, c: charged, s: small, p: polar
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cov pid 1 [ . . . . : . . . B0
1 AZGP1_HUMAN_zinc-zlpha-2-glycoprotein 189.0% 180.8%
2 CABS1_H2 4.7%  2B.6% - -- -- -- ————-
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consensus/1ae%
consensus/9e%
consensus/2@8%
consensus,/78%

e

Figure C-5. Comparison of sequences between zinc alpha 2 glycoprotein (AZGP1) and the domain used
to create H2.n pAbs to hCABS1 (CABS1_H2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. t: turnlike, h: hydrophobic, p: polar, a: aromatic, u: tiny
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cov pid 1 [ . . . : . . . 8@

1 CLU_HUMAN_clusterin 18@.8% 180.0% THES =0/ E-DOQT SDNE S0E . SNQ < SKY. NKE! QN .\ N = KO0UKT S SEKTNEERKT & USN CEE |, KKK]

2 CABS1_H2 3.1%  1.8%  -------mmmmmmemmmmmeem oo DEADM-----------=-=-------mmmme— oo
consensus/188% i i isasesssassasaaaaaas |
consensus/93% e aesaaaaaaaas =
CONSEensus/88% i iisasssessssssssaaaaaas |
CONSEensUS/TEE e iiaaeesaassaaaaaaaan e

cov pid 81 . 1 . . . . : . 168

1 CLU_HUMAN_clusterin 100.0% 1@@.6%

2 CABS1_H2 L
CONSENSUS/LBBE i i e s e sas e aa e se e E s e s ea e s s aa e e s e e e s ee e e
CONSENSUS/ PR e aa s e aa s e e s e s e s s e e e e e e s ee e e
CONSEN5SUS/BAE s saaaasssasaasasasasasasssasssasasasassssE s ns s s e s
COMSENSUS/TER i aaaas e e e s s e e s e e s e e s m e aa e e e e

cov pid 161 . . . 2 . . . . 248

1 CLU_HUMAN_clusterin 160.8% 160.0%

2 CABS1_H2 3.1%  1.8% 0 mm e e e e e e e e
consensus/IBBE e i i i e s sesaanaieasaseesaaaasaasaseseaseseeseasaaaaaeeean s
COMSENSUS/DIRE e aa s e aa e e s e s e s s e e e e e e s ee e e
CONSENSUS/BEE e aaas e aa e e s e e s e e s e e e e e e e s ee e e
COMSENSUS/TER e s aaas s aa s e s e e s e e s e e e e e e e s ee e

cov pid 241 : . . . . 3 . . 320

IRV TR ST DT N e L1 N S FO . UE HEL 00L1 D HFHS 2 FQH LI EF RE “DDDRT. [WRE:RHNST <4 'R KDQUDKSRE (1S DeSTNN S0

2 CABS1_H2 3.1 1.8% 0 oo
consensus/ 188K i e s sassa s e e saa s s e s eaa e s s aa e s a e e s ae e e
Lty B
CONSENSUS/BERE e aaae e aa s e s e s e s s e e s e e e e s ee e
CONSENSUS/TER i h e e saasaiaasasesaasaceasasessaasssaasaeeaeaseesesaas e e

cov pid 321 . . : . . . 4 400

1 CLU_HUMAN_clusterin 180.8% 120.8% K 'RRE 'DES 50/, ER “TRKYNE 5 "KSYOQWK | ENTSS ©CEQ ENEQFNW' SRE. N ETQ EDQYY IR, TT

2 CABS1_H2 3.1% 1.6%
consensus,198%
consensus/9a%
consensus/ 8%
consensus/ 7a%

cov pid 401 . . . . ] 449
CLU_HUMAN_clusterin 180.0% 190.8%
CABS1_H2 3.1% 1.6%
consensus,/192%
CONSEnsus/9a%
consensus/ 8@
consensus/ 78%

L

Figure C-6. Comparison of sequences between clusterin (CLU) and the domain used to create H2.n
pAbs to hCABS1 (CABS1_Hz2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. t: turnlike, p: polar, 1: aliphatic
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cov pid 1 [ . . . . H . . . B@
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Figure C-7. Comparison of sequences between cystatin (CST1) and the domain used to create H2.n
pAbs to hCABS1 (CABS1_H?2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. c: charged, h: hydrophobic, s: small, p: polar, u: tiny

272



cov pid
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Figure C-8. Comparison of sequences between trypsin 1 (PRSS1) and the domain used to create H2.n
pAbs to hCABS1 (CABS1_H?2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. t: turnlike, h: hydrophobic, u: tiny, s: small, I: aliphatic, p: polar
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Figure C-9. Comparison of sequences between human protein LEG1 (LEG1) and the domain used to
create H2.n pAbs to hCABS1 (CABS1_H2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. s: small, u: tiny, p: polar, h: hydrophobic
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Figure C-10. Comparison of sequences between human prolactin inducible protein (PIP) and the
domain used to create H2.n pAbs to hCABS1 (CABS1_H?2).

Consensus patterns (%) are based on sets of residues that share a predefined property based on the classification by
W.R. Taylor. s: small, ¢: charged, h: hydrophobic, p: polar, a: aromatic, l: aliphatic
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Appendix D - Immunohistochemical analyses of submandibular
gland and testicular tissue with monoclonal antibody 15B11-1
(target: hCABS1)

In late 2021/early 2022 a collaboration with Dr Lakshmi Puttagunta and Ms. Sarah Canil resulted
in immunohistochemical images depicting presumed localization of hCABS1 in human
submandibular gland and testis. These images show preliminary data and have been left out from

the main body of this dissertation because the protocol may require further refinement.

In SMG, hCABS1 seems to localize throughout the cytoplasm of duct cells (Figure D-1 B, C). In
testis, hCABS1 localizes in Leydig cells outside seminiferous tubules and in primary

spermatogonia in seminiferous tubules (Figure D-2 B, C).

Immunohistochemistry: Human submandibular gland

No antibody 15B11-1
(negative control) (target: hCABS1)
A
ATV T A ST b S N i 4% . o I s |
by o D, :
2 i ; .
;& .

37

Transversal view

Figure D-1. Immunohistochemical analysis of human submandibular gland. (add serous and mucinous cells in B —
change panel C for the one used in the PPT)

(A) Background signal observed when analyzing without antibody targeting hCABS1, 200 X. (B) Strong staining is present in duct cells

(white arrows). In comparison, serous cells show less intense staining and mucinous cells show no signal (striped arrows, light purple
cells), 40 X. (C) Staining is present throughout the cytoplasm of duct cells, 630 X.
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Immunohistochemistry: Human testicular tissue

No antibody 15B11-1
(negative control) (target: hCABST1)

Figure D-2. Immunohistochemical analysis of human testicular tissue suggest CABS1 localizes in Leydig cells and
primary spermatocytes.

Transversal view

(A) Background signal observed when analyzing without antibody targeting hCABS1, 200 X. (B) Strong signal indicates that CABS1 is
present in Leydig cells in the interstitial space between seminiferous tubules (dotted arrow). Inside seminiferous tubules, strong staining
is present in primary spermatogonia adjacent to the abluminal side, and staining seems to decrease as sperm mature and relocate
towards the luminal side (black arrow), 200 X. (C) Strong staining is present in primary spermatogonia (white arrow), 400 X.
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