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ABSTRACT

The thesis is presented as three papers examining the preparation and performance
of polyclonal sulfamerazine (SMR) enzyme immunoassays (ElAs), and the attempted
preparation of a monoclonal multirsidue sulfonamide EIA.

Competitor conjugates for the SMR ElAs were prepared using two different
methods (azo and hemisuccinate) for linking SMR to bovine serum albumin (BSA).
Hapten-protein molar ratios for the azo-linked conjugates were determined using a '4C
labeled sulfamethazine-BSA standard curve, N-chloroacetyl-L-tyrosine/N-a-acetyl-L-
histidine standard curves, and amino acid analysis. Hapten amounts for the azo-linked
conjugates were best estimated using the 14C labeled sulfamethazine-BSA standard curve.
Amino acid analysis indicated that hapten was predominantly linked to histidine residues of
BSA. SMR hapten amounts for the hemisuccinate-linked conjugates were derermined by
acid hydrolysis, and subsequent sulfanilic acid quantification. An azo-linked conjugate had
the lowest detection limit, requiring only 3.4 ppb of SMR 10 reduce absorbance in the assay
by 50%.

The best azo- and hemisuccinate-linked competitor conjugates (hapten-prosein molar
ratios of 4.3 and 6.4, respectively) were compared with two commercial tests (Charm 11
assay and CITE Sulfa Trio) using milk mplgﬁwnmlfmmﬂdsmeedm Three
cows were treated with oral doses of 3-Sulvit which contained SMR, sulfam ine and
sulfathiazole. Sunple:nfﬂi:m mkmaﬂhcﬂdm?dlys.iﬁ lOmbcm—uﬁ

mwﬂeucmoﬂdags.ﬂm:m!yfﬂmwmgmmmm ‘Iherlngnf
detection with the developed EIAs was 0.15-16.6 ppb of SMR.
mmmmm Wdhﬂbmmﬂ.
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INTRODUCTION



SULFONAMIDES

History of Sulfonamides
The introduction of sulfonamides in the 1930's marked the heﬁnnmg of the modem
microbial era. The following historical review, taken from the public 8 C
hm (1946), Anand (1975), Bevill (1984) and Mandell and Sande ( IDN). highlights
some of the significant events surrounding the discovery and evolution of sulfonamides.
The first sulfonamide derivative 10 be used therapeutically was the compound
prontosil. Prontosil, a sulfonamide containing azo dye (Figure 1.1), was synthesized in
1931 by chemists Mietzsch and Klarer employed at 1. G. Farben Industrie in Germany.
'ﬁlsdim'yofme, emotherapeutic properties of prontosil were the result of studies
j,ffiibythem:mhdmnroﬂ G. Fnrhenlndumie Gahnrd[)mngk In 1932
mmﬂdﬁhfwﬂmzhm metlgmin:lexpshmnhm
concluded that prontosil was active against streptococci in vivo, but that there was no
obeervable in vitro activity. Although there was little doubt as 10 the clinical effectiveness
of prontosil as a antimicrobial agent, questions were raised as 10 the nature of its activity.
Lﬂhlﬂmﬁ:uﬁ?ﬂhﬁghmmnhm
Wﬂmwmﬁmmﬂmmmumum
M(ﬁmll).mlhm; ;,,,’*mmms

Mdemmmgmmdhm
mwmmm mmmnﬁmm-mm-y
striking antibacterial results. Akhough prontosil had been pasensed by Mietzach and Klarer,
hwunﬂﬂmimﬂm:mkuﬂe pbial agent in prossosil
patent protected. This allowed pharmaceutical companies the world over 10 synthesiae







Early sulfanilamide derivatives were synthesized in an attempt to produce
compounds with greater clinical applications and to reduce the toxic effects encountered
with the vse of sulfanilamide. Synthesized in 1937, sulfapyridine was the first heterocyclic
sulfonamide (Figure 1.2). Patients administered sulfapyridine, however, often suffered
from the side effect of intense vomiting. Sulfathiazole, sulfadiazine, sulfamerazine, and
sulfamethazine, synthesized between 1939 to 1942, (Figure 1.2) were found to be less
toxic derivatives and produced higher therapeutic blood concentrations than sulfanilamide.
Sulfaguanidine, synthesized in 1940, and succinylsulfathiazole and phthalylsulfathiazole
synthesized in 1941, (Figure 1.3) were poorly absorbed from the gastrointestinal (GI) tract
and proved valuable for the treatment of bacterial dysentery and pre-surgical sterilization of

the gut.

3300 eumpnunch ,howevgr mly abnux 25 sulfonarmdcs are used in mﬁlm clinie:!

Chemistry of Sulfonamides

Sulfmmﬂensﬂﬁpsﬂﬂnﬂﬂum&nmmﬂhm
sulfanilamide (Anand, 1975). Sulfanilamide or p-amin nesulfonamide (Figure 1.1)
hmﬁﬁnmifﬂm(&ﬂﬂﬁﬁhﬂmmmnl
mrhgncnﬁmm.ﬁmdgmmﬁﬁdnmﬁWmnmfm
The nitrogen of the sulfonamide group is designated N! and is weakly acidic. The nitrogen
dﬂlemucmﬂmmﬁmgw:ﬂmunwﬂmmm,!m)i

Mm‘imumﬂyﬂeﬂlmﬁmmﬂmmﬂmamm
The sulfonamide salts provide for significantly gresser water solubility. Few sulfonam
detection can be achicved at nately 280 nm (Shepherd, 1991).

MﬂeﬂAdiﬂuﬂﬁMyMAﬂlvﬁ;ﬂm
ml:umﬂmlm«mhﬁmﬂ Oram-ne -
m“ﬁﬂﬂlhdy“hpwﬂmfm
ﬁmﬂ:qmnmﬂﬁhﬂﬂylmﬂﬂkw’:ﬂm
resume. thﬁn“hﬂeiﬂsﬁ:hﬁhﬂﬂhm
infection is contained long encugh for the body's own defense mec ns 10 destroy the
organisms (Brock, 1979).




sulfapyridine
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Figure 1.3. Structures of Sulfonamides Poorly Absorbed from the GI Tract.



The bacteriostatic effect of sulfonamides is derived from their analogous structure w0
p-aminobenzoic acid (PABA) (Figure 1.4) which is required by bacteria for the synthesis
of folic acid (Mandell and Sande, 1990). Sulfonamides act as competitive antagonists of
PABA by inhibiting the action of the enzyme dihydropteroate synthetase (Bevill, 1984).
oxy-6-hydroxy-methyldihydropeeridine pyrophosphate (dihydropeeridine) to form
dihydropseroate (Figure 1.4), an immediate precursor of dihydrofolate or folic acid (Anand,
1975). MMmymMuw:ﬂmﬁMybymnﬁngﬂg
mmawmmmmsymmmiymmmmu
down or prevention of the 1-carbon transferase reactions  for the blosynthesis of
proseins, DNA and RNA (Anand, 1975).

Abkhough sulfonamides have been synthesized with different chemical
compositions, certain structural characteristics of sulfanilamide have been shown 0 be
wr«m»umﬁmm\g mmpﬂmdhm

PAMMWM&MMM!M) Conservation of
the -SO;NH; group of sulfanilamide is not essential as such, although it is imporiant that
the sulfur be directly linked to the benzene ring (Mandell and Sande, 1990). A few
sulfonamides have been created through substitutions at the N4 position

0 be bacteriostatic, in vivo cleavage of the N* substituent is required 10 liberate the amino
group (Mandell and Sande, 1990). The majority of the sulfonamides are substituted at the
N! position with substituents that have included alkyl, acyl, and aryl groups. war
ummmuzmmmmmu serocyclic
MMMIAW-I!M llmﬂlff”

udmummwummdmm“

(Asand, 1975).
mwaulmuwuumﬁnmwﬂﬂ

niogen. Bell and Roblin (1942) demonstrated that sulfonem

rangs of 6-7.4 for the ionized nitrogen N' had the grostest bacteriostatic action. Bell and

Roblin theorized that in this pKa range, the SO; group of the sulfosamide is sbic 10

increase its negative character by absorbing eloctron demsity from the ionized N1

7



N NN

Y\ENlCH,+uﬁﬂ o —

dihydropieriding ’ p-aminobenzeic scld
\J Xﬁﬂwm
OzH
H HzN\r‘N

p:-llih ylgl nik acld g" CH;—NH
dihydreptereate

H,;N N. H v
2 YN
Ngnlcn,—nu
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An increase in electron density allows the SO; group to more closely resembie the COy
anion of PABA, which increases the bacteriostatic action of the sulfonamide.

In a review of the literature relating physicochemical properties of sulfonamides 10
their biological activity, Anand (1975) reports authors whose findings dispused the claims
of Bell and Roblin (1942) of a relationship between the jonization of N! and an increased
negative character of the SO; group. However, mmgfambqumsp.

bacteriostatic effect. ltwmlmmwdapedmfmunﬁﬂvﬁynhmﬁ
balance between the sulfonamide's dissociation and hydrophobic character. The molecular
(un-ionized) form of the sulfonamide is important since it relases s0 the sulfonamide's
transport across cellular membranes, while the ionized form of the sulfonamide is required
for enzyme interactions (Anand, 1973).

h&euﬁlW&mmmﬁnﬂimmm
sulfonamides and a group of compounds known as diami £S Were recognize
(Bevill, 1984). Wuhawfmm;@ amides |
inhibiting the function of dihydrofolase reductase, hmmﬂefwh
conversion of dihydrofolate (or folic acid) into the metabolic - ydrofc
folinic acid (Richards er al., 1991) (Figure 1.4). hhmﬂhmnﬂq
the 1-carbon transferase reactions in the biosynthesis of proseins, DNA and RNA (Anand,
1979). mdemﬁMm(ﬁmlﬂmmm
brodimoprim, tetronoprim, onmesoprim, aditoprim, pyrimethamine, and the most
commonly employed diaminopyrimidine, wrimethoprim (Rehm ¢t o/., 1986). Mammalian
cells and bacteria which are able 10 use preformed folic acid are not affectod by the

Administration, Absorption, Metabolism and Excretion of
Sulfonamides
intraperitoneal, intraueerine and topical rousss. hi_hgy u!l-iijhlm
are most conemon, and in animals, oral, intravenous, intramusculsr, and intrape "
weed (Bevill, 1984). haﬂymmnn—yﬂ-dhﬂh
.t.lhuia&ﬁbuapdud“mlyﬁﬁd“h

mumamuum(mh.mhp_m
or in various metabolic forms (Mandell and Sande, 1990).
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n Rl R2 R3 R4
trimethoprim 1 OCH; OCH;, OCH, H
diaveridine 1 OCH;, OCH;, H H
methoprim 1 OCH;, SCH; OCH, H
brodimoprim 1 OCH; Br OCH, H
oocoprim | OCH; O(CH)0CH, OCH, H
ormetoprim ! CH, OCH, OCH; H
adisoprin | OCH, N(CH;s), OCH, H
pyrimethamine 0 H a H CH;CH;,

3 (adapeed from Rehm et al., 1986).




Sulfonamides are metabolized in vivo, mainly by the liver. The major metabolic
pathway for most sulfonamides in animals is N¢-acetylation (Rehm et al., 1986; Juskevich,
1987; Mandell and Sande, 1990) although N¢-acetylation only plays a minor role in birds
(Vree and Hekster, 1983). menzymsyminvolvedinN‘wetyhﬁunhngN-
acetyltransferase-acetylcoenzyme A complex (Rehm er al., 1986). N¢-ace 1 is
dependent on the N! substituent of the sulfonamide, wmvryﬁddymmn
individuals and species (Vree and Hekster, 1985). Deacetylation of acetylated
sulfonamides also occurs, but it has not been determined whether acetylation and
deacetylation proceed through the same or separate enzyme sysiems (Rehm et al., 1986).

A number of other pathways, besides N¢-acetylation, are available 10 metabolize
and eliminate sulfonamides, although these pathways are generally used 10 a lesser extent.
These pathways described in Horwitz (1981), Bevill (1984), Vree and Hekseer (198S),
Rehm et al. (1986) and Paulson (1987) include hydroxylation, glucuronidation, sulfatation,
Hydroxylation is predominantly carried out by the cytochrome P-450 clusier, and results in
the oxidation of aromatic ring systems and substituted methyl groups attached at the N!
position. In glucuronidation, N!-glucuronides are the primary species, though minor
amounts of N¢-glucuronides and N-glucuronides in the N! substituent are formed.
conjugates at the N! and the N4 positions. Both glucuronidation and sulfatation can occur
in sulfonamides that have been previously hydroxylated. Deamination occurs through an
oxidative cleavage of the aromatic amino group from the sulfonamide, and unlike other
sulfonamide metabolic reactions, decreases the polarity of the sulfonamide. O-dealkylation
cmdummmummwﬂmm
(Vree and Hekster, 198S; Rehm er al. lmxhnthisfwnofw.bnlhmiufdym
importance for sulfonamides. Figure 1.6 illustrates some metabolises of sulfames
reported by Horwitz (1981).

The primary method of climination of sulfonamides both in native drug and
metabolits forms is in the urine, akthough small amounts may be excresed in the feces, bile,
vonal actions of glomerular filiration and tubular secretion, but the effectiveness of thess
processes may be hindered by active and passive reabsorption of sulfonamide in the renal
twbules (Vree and Hekmier, 198S).







jonized 10 a lesser degree than in alkaline urine. Because un-ionized sulfonamides are
body's production of polar sulfonamide metabolites generally serves 1o increase the waser

Adverse Reactions to Sulfonamides
The ovenll incidence of adverse reactions following the administrat
namides is about 5% (Mandell and Sande, IM).m:Im:hﬂm:imdwﬂm
mmhﬁebﬂy(m 1975). The types of reactions that are experience
hmmmm::f . toxicological, carcinogenic, and
sitivity. The following provides a brief description of some of the more common
mmm
The toxicological effects of sulfonamides are primarily the resukt of disorders
involving the urinary and hemastopoietic systems (Lioyd and Mercer, 1984). The urinary
mm&dﬂymm;x namide crystallization in the kidneys
resulting in subsequent lumber pain, mmhm),mm
mmm:m) ystalluria occurs whea glomerular filtration of sulfonamide
“hﬂﬂypﬂhﬂ.ﬁﬁhﬁﬁhﬂlﬂﬁﬁqhﬁﬁﬁﬁd
IHS). mm&mthﬁbﬁMd

m&m.kmhm&ﬂm-d
sulfathiazole (Rohm ef al., 1986). The risk of crystalluria may also be related 10 urinary
pH. As staed earlier, sulfonamides being weak acids are more soluble in alkaline than acid
jh:. m-mampﬂmmmmm
(Bevill, 1984).

— j’(nﬁﬂnnd’ﬂﬂ).-ﬂm(mmﬂ
mhﬁﬁuﬂ)(ﬂ-ﬁ ms) h“mhmﬁﬂmd
sulfonamides in the hemasopoletic Hoemolysis
ﬂqn“mmhﬂymnﬂinmmc
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Mymhﬁmdbﬂﬂkﬁ:umﬂgmlﬂ:mnﬂfﬂubhﬂ(mu
and Sande, 1990).

similarities 10 other potential carcinogens, and from direct studies of their actions.
Structural similarities betwoen dapsone, a suspected carcinogen (Griciute and Tomatis,
1980), and sulfamethazine (Figure 1.7) have led to reports expressing concern over
sulfamethazine's carcinogenic potential (Charm et al., 1988; Agarwal, 1992). In a study
reported by Littlefleld er al. (1990), Littlefield and colleagues found that sulfamethazine
Mhmﬂﬂ;(haﬁxdcﬂ )uﬂmulnﬂulgm)ﬁfﬂu

(Woodward, lm)mdlkepdcim (Sh:w :ml IBM)
Hypersensitivity reactions caused by sulfonamides can be the result of both sopical

and systemic sulfonamide administration. It is estimased that 3.5% of people given a
therapeutic dose of sulfonamides will exhibit adverse skin and upper GI reactions (Rehm of
reactions in humans ranges from 1.5 10 2%, (Huber, 1986) with one of the major
sulfamethazone/Arimethoprim for a urinary tract infection, acute arthritis of the knee, and a
middle ear infection, respectively.

Clossly relased 10 hypersensitivity are the idiosyncratic reactions. Idiosyncratic
reactions are thought 10 occur from the conversion of parent drug into reactive metabolites,
mmmﬂmﬂmmmm)m.nmby
M(ﬂ_'ﬁd lﬁﬁ). mmmmﬂnbm&
idicsyncratic toxicity ase the hydronylamines, and the rase of formation of hydroxylamines
hthhﬁnnkmﬁmﬁh(ﬁHﬂSﬁﬁlﬂl In the
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human population, slower acetylators are found to be at greater risk for iodiosyncratic
reactions because their metabolism results in more sulfonamide available for oxidation to
the hydroxylamine.

In most cases the adverse toxicological, hypersensitivity, and
reactions produced by sulfonamides can be stopped or reversed wilh mmm’
sulfonamide administration (Lloyd and Mercer, 1984; Rehm ez al., 1986; Cribb and
Spiclberg, 1990; Mandell and Sande, 1990).

Use of Sulfonamides in Animal Husbandry

Before the advent of antibiotics in the 1940's, sulfonamides were one of the few
therapy of human diseases, sulfonamides have persisted in veterinary medicine as
therapeutic or subtherapeutic nature. Therapeutically, sulfonamides have been used 10 treat
-ﬁmdwmmmymmmmm.mmm
and fish (Stecle and Beran, 1984). The use of sulfonamides in a subtherapeutic manner
nmm-mmﬂnnmhmﬁﬂmdmm
growth and efficient feed conversion (Franco ef al., 1990). The antimicro
action of sulfonamides in fighting bacterial infections has been well documensed: ho
nmnﬂmmhmwﬁmmhh&:

The practice of adding antiblotics 10 commercial animal foeds was initisted by a
1949 publication which deak with vitamin B3 supplementation of the diet of chicks
(Jukes, 1984). The observed growth in chicks was greaser than that which could be
m&ruﬁam-ﬂﬁmﬂmaum kt was suggested that the
presence of chloretracycline in the fermentation products fed 10 the chicks resubted in their
hmn-im Thﬂldd (lﬂﬂpqﬁhﬁbwh;,, echanism nnﬂﬁﬁ;

ﬂiﬁnmﬁh&ld“ vit Iﬁ:ﬁ,ﬁnﬁ.ﬂnﬂyﬁﬁ
mmmmmmmmmmm
ﬁ-ﬂﬂhmhﬂ:(&)ﬂhﬂgmhﬁﬂﬁwd icrooe n
nmmﬁm_mmmmmgmm
orgesioms within the gaswointsstinel wact; and (6) amtibiotics may improve the digestion
and absorption of certain sutrients. Kk should be noted that sulfonamides do not qualify as




by frecing energy for growth that the animal might have used 10 fight infection.
The perceived dangers of adding subtherapeutic levels of sulfonamides 10 animal
mmmum&wammmmnmmm&
L ;,,,,ﬁhmﬂ&ugﬂdﬂﬁ&ﬂ@mnd 1990). The
mmmmmnm ulfonamide administration are generally restricted
to those patients receiving thera ,,:,,;due:ofmm;heﬂmn;ehn
ﬂhﬁemsmnﬂﬂuyldnnmménﬂd 1986). Hn“vn' Eavill(ﬂﬂ)

mmmm&mmmmmﬂnmy
m:&mammm:mmmmmmmm
(Bevill, 1984). Enterobacee ¢ are of the greatest concem as they have plasmid-
mmwﬁmﬂﬁpﬁﬁnﬁmﬂnﬁknmm
MMHWEMmmnmﬁgiMGﬁem
Thompson ¢1 al., 1988; Larocque et al., 1990). Sulfamethazine was g ' ’

1 a few cows undergoing active treatment for discase; unintentional contamination by
mnhhqﬂmﬁﬁﬁdmghm“i

\azine in lactating cows by a few delinquent dairy farmers (Laroogque
Dver-the-count 5mmummmvmmm
wmm)ﬂ}mmmmvmm)mm
ﬁhmﬂhmhhﬂﬁymﬁ.ﬁnﬁhhwy—lﬁ
hmmﬁi:mnmﬂnmn-ﬁmmh
mm-ﬁdmumm-zs pnpnﬂﬁn@)
maxinsem residue level for sulfamethaxi hﬂ.ﬂmmnhﬁnmm
for all sulfonami mwﬁmad..lm). Uktimately though, controllis




the extent 10 which sulfonamides are present in the food we eat will depend, at least in part,
upon the development of reliable and sensitive methods of sulfonamide detection.

Analytical Methods for the Detection of Sulfonamides

Awﬁewdwmmmuenuﬁmﬁfﬁmﬁmm
The list includes colorimetric, chromasographic, microbiological, and immunolog
methods.
mechanism reported by Bration and Marshall (1939) for the determination of sulfanilamide.
In the Bratton-Marshall (B-M) reaction, the weakly basic aromatic amino group of the
sulfonamide is diazotized with nitrous acid, and coupled with N-(1-naphthyl)
ethylenediamine dihydrochloride 1o yield a colored azo compound. Colorimetric methods
later developed by Houston and Umsicad (1968) and Tishler et al. (1968) were based upon
the B-M reaction. Limitations of colorimetric methods lay in their lack of sulfonamide
possibility of interference by primary aromatic amines (from sources other than
sulfonamides) which may be present in body fluids and tissues from normal metabolism
(Horwitz, 1981).
have been studied extensively (Horwitz, 1981). Coupled with an amay of desection
chromatography (GC), high performance liquid chromasography (HPLC), and capillary
zone electrophoresis (CZE).

TLC methods for sulfonamide desection have been reporsed by Thomas er al.
(1983), Wyhowski de Bukanski ef al. (1988) and Unruh et al. (1990). A commercia
test, Sulfa On Site, has been produced by Eavironmental Diagnostics Inc. (Burtington,
NC). vmmummwmn&umm
1981). AmdMMhuMhmmm-d

analysis, however, amwumwmgﬁgnmhm
sulfonamides at a 10 ppb level (Agarwal, 1992).

GC analyses for sulfonamides have been reported by Masusik er ol. (1990),
Takatsuki and Kikuchi (1990), and Carignan and Casvier (1991). Methods of desection for
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with mass spectrum ¢

daﬁv;ﬁ;nﬂmpﬁml(ﬂﬁwim 1981) Ahqunplemﬂydnbyﬁtmhﬂ

;iiiqﬁpﬂﬂtmﬂhlgﬂyﬁmﬂmﬁﬂmmammm

mhm whichmylhﬂ:dnnﬂalityoﬂuuugfurmﬂnw
Many HPLC methods have been described for multiresidue sulfonamide analysis

(Asfucml l?!&AhﬁﬂdnndEl—Ginwy.IMthﬂd lmngeml 1990&;

Amlmnmmm IHZ.ZMﬁeml, 1992 Abﬂngrd, 19'93 Annnl
1993) and for individual sulfonamides (Houglum er al., 1988; Weber and Smediey, 1989,
Horie ¢t al., 1990; Long et al., 1990a). Frequently, detection of sulfonamides by HPLC is
mass spectometry (Pleasance et al., 1991), thermosp By mass spectrometry (Abidn er al.,
1993), and the use of a microbial receptor (Zomer ef al., 1992). HPLC methods are able 10
umufyhﬂm f;wmepmuin;hwdmmm Ahlm;hﬁ:ydo

:qhmﬂmmmhm-nmmqummmum

mmdﬁ;hx. 1990: ,,iiif;g:,ngl_i 1992; Ng et al., 1992). Through the use of
mwhyhknnnmmehadm-ﬂm Andvmp@.wﬁaem:p-dnﬂllc
ﬂlmﬁdﬁrm hnﬁyhymad (lﬁ:).ﬁudhm-n
seormined in pork meat extracts with a limit of desection of 2 10 9 pans per million.
mmmdmﬂ:ﬁﬁd‘mmm
(stomacher apparstus for 5 min), followed by centrifugation (4000 x g for 10 min), and
m&ﬂuﬁﬁlﬁ)phmnﬂyn
ological methods for sulfonamide desection have been based on two

formats: ﬁﬂﬁhﬂﬁaﬂﬂﬁwhmﬂmmm
recepiors. The Bacilius genus has been a common choice as the indicator organism for




(Read ¢t al., 1971), Bacillus subtilis (Bogaerts et al., 1981) and Bacillus
swearothermophilus (Charm et al., 1988; Vermunt et al., 1993). Many microbial inhibiton
tests have been commmercially produced, using B. ssearothermophilus as the indicator
organism, for the desection of sulfonamides in milk. These tests include the

BR-Test "Blue Star” and BR-Test AS (Entorotox, Krefeld, Germany), the Delvotest-SP
test (Gist-brocades Food Ingredients, Inc., King of Prussia, PA), and the Charm Farm test
The Chanmn Cowside and Charm 1] tests (Charm Sciences, Inc., Malden, MA) are the only
tests are markesed for sulfonamide detection in milk. The microbial-based tests are popular
due to their case of use, simple sample preparation, relative speed, multiple sulfonamide
directly, has an analysis time of 12-13 min per sample, and can detect a wide array of
sulfonamides at a 10 ppb level. Recenty, however, the ability of microbial based tests 10
provide accurate and consistent results for the detection of antimicrobials in milkk has been
questioned. Cullor (1992), Tyler 1 al. (1992) and Carisson and Bjiieck (1992) indicased
free fatty acids present in milk may affect the reliability of microbial based tests.

Many immunological methods for the detection of sulfonamides have been
developed (Flecker and Lovett, 198S; Dixon-Holland and Katz, 1988; 1989; Siagh e al.,
1989; McCaughey 1 al., 1990; Sheth ¢r al., 1990; Sheth and Sporns, 1990; Dixoa-Holland
and Katz, 1991; Hoffmeister e al., 1991; Sheth and Spomns, 1991; Assil er al., 1992).
The format wsed for the detection of sulfonamides in all cases was an enzyme immuncassay
(EIA). Akhough some studics have had limised success in mukiple sulfonamide desection
(Sheth and Sporus, 1991; Assil et al., 1992), development of ElAs has primarily contered
upon the desection of sulfamethazine and a fow other sulfonamides. Commercial EIA kies
have besn developed for the detection of sulfonamides in milk. These kits include the
LacTek toat (Idesek, Inc., Sunnyvale, CA), the CITE Sulfs Trio Test (IDEXX
Descham Animal Health, West Chester, PA), Agri-Screen ELISA (Neogea Corp.,
Lansing, Ml), and the EZ-Screen tsst (Eavironmental Diagnostics, Inc., Burlington, NC).
The EIA methodology for sulfonamids detection shases some of the sams asributes as the
micsobial methods in eass of wes, sisnple sample preparation, speed, and low detection
capabilities. An advantage of ElAs is that they are specific for individual sulfonamides,




although some cross-reactivity is found between compounds which are very similar in .
structure (Fleeker and Lovett, 1985; Singh et al., 1989; McCaughey e1 al., 1990). Also,
ElAs have performed reliably for the analysis of cows' milk under experimental endmnin
induced mastitis conditions where microbial assays have been found 10 be unreliable (Tyle

et al., 1992),




ENZYME IMMUNOASSAYS

Introduction

An enzyme immunoassay is an assay procedure based on the reversible,
noncovalent binding of an antibody to an antigen, using an enzyme-labeled antibody or
antigen to quantify the sysiem (Morris e al., 1988). The use of enzyme labels in
immunoassays was introduced independently in 1971 by Engvall and Perimann, and Van
Weeman and Schuurs (Rittenburg, 1990). The development of E1As provided a viable
aliernative 10 the use of radioimmunoassays (RIAs) for food and agriculture diagnostics.
RIAs were not perceived as entirely suitable for food and agriculture diagnostics since
sample analysis by RIA required expensive and specialized equipment (scintillation
counters), and special precautions for the handling and safe disposal of radioisotopes
(Ritsenburg, 1990). Conversely, enzyme labels used in EIAs are relatively inexpensive,
and stable if properly siored. The conversion of a coloriess substrate 10 a colored product
by the enzyme label provides for sensitive and easily visualized endpoint imserpretations
(Rinenburg, 1990). Since their introduction, EIAs have developed as important analytical
methods for the fast, simple and sensitive desection of a wide variety of compounds at
exceedingly low levels. To understand how ElAs function for food analysis, it is
mecessary (0 discuss the major elements of the EIA system, including the antibody, antigen,
enzyme label, and EIA format.

The Antibedy

Antibodiss belong 10 a ssucturally relsted family of glycoproteing known as
immunogiobulins. Immunogiobulins (Igs) are produced by plasma cells of the B-
lymphocyss lincage in response 10 foreign molecules (Harlow and Lane, 1988). Isotypes
or clasess of Igs which may be found in mammalian systems are IgG, IgM, IgA, IgE, snd
IgD. 14G is the principle Ig found in mammalian sera (Tijssen, 198S), aad is commonly
weed in EIA experiments.

IgG is composed of four polypeptide swbunits, two identical light chains and two
identical heavy chains. The sias of each light chein is approximaely 25 kDa and each
hoavy chein is approximately 53 kDa (Harlow and Lane, 1988). Each light chein and
hoavy chain is composed of a varisbie region and constant region linked sogether by
inwrachain disuifids bridges. Al four subunits in the compissed IgG moleculs are linked
together by inssrchain disulfide bridges 1 form a symmetrical Y-shaped molecule of
approximately 160 kDa in size (Harlow and Lane, 1988).
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Other classes of Igs share some of the same structural characteristics as IgG. The
ﬂzﬂﬂuﬂﬁteﬁﬂnnhmmm“chmofmmmmmudﬁﬂu

Gdiu.lﬂé) lgﬁ.lﬁm@mmmﬁh@mmﬂqﬂm

chains (Coleman et al., 1989). IgM is a pentamer and is composed of five Y-shaped
Common 10 all Igs are antigen binding sites (paratopes) created where the variable

mﬂﬁﬂmﬁdﬁlv;rcm:nd‘hkm le.l;Emdl]Dﬁehvﬂm

ﬁc(dﬂrﬁnn)mﬁhﬁy&dﬁgdﬁ.whﬂﬂ;ﬂmlo mmmmn
antibody binding sise interacts with antigen include hydrogen bonding, charged group
sttractions, van der Waals forces and hydrophobic bonding (Coleman et al., 1989).
Antibodies used in EIA may be polyclonal, monoclonal, or recombinant in nature.
However, most assays are prepared using polycional or monoclonal antibodies (Lee and
Hmlm)
lyclonal antibodies are isolated from the blood serum of an animal whose
mmmmmwmm To produce the strongest immune
response, any animal species other than that of the immunogen (or castier prosein used 10
nhhhﬁmn@ﬂmm:Mﬂm-’h
WMM)QEMMMHGEM

lymphocytes, although the use of mouse lymphocyses is the most common (Campbell,
1984). mhnmn"' ' omes ;ﬂhmmmnma:—

ﬂh&MﬂﬂhWﬂhmhﬁmam
idomas acquire the ability for MAD synthesis and the utilization of the
“Mh“”ﬂﬁw The myeloma cells
as ontinwously in cell culture (Tijssen, 1985).
§ , ?";;i:d-nhluﬁh’;f,,,,,;”p-hﬁiﬂ.
polyethyl ,,’Md“dﬁlﬂﬁdﬁ.lﬂ&hﬂlﬂlﬂ)c
MMIMMIM 'lhlﬁdﬂﬂﬂﬂehcmg_




ﬂy“ﬂﬁmﬂ“ﬁmﬂmﬁnﬂn“eﬂhﬁymﬂydﬁ
under culture conditions. The myeloma cell line chosen for the fusion has been previously
sslected as being hypoxanthine guanine phosphoribosy! transferase negative (HGPRT °) or
'ff”jﬁmnﬂuﬂt‘). Bdnglﬁﬁl‘l"c’ﬂ( |h3;; eloma cells lack the
ﬂmmxmmwmnymummmmwn
the mysioma cslls only have the de novo pathway for the synthesis of nucleotides, when
ﬁ“hm&uﬂh&. mlpzmmm ninopeerin is

ybrid 1”,;Aﬂﬂp§hh:fdﬁﬂmm“§hm&m
ﬂh%ﬂmqﬂﬁsdmm Aminopeerin does not
growth of hybridon aﬂhmmmnmmmm}w
hlﬂnuhnbmhﬂnpmrnhﬂdﬂs).
m&mm&::m }mnmm&nﬂﬂgm
mammm-mmhmmnmmw
roduciag cell. This ensures & homogencous population of antibodies.
Mﬁwgﬂhﬂ; roduction is commonly initissed. Large-scale
Quantisies of MADbs from the cloned hybridoms may be produced through cell culture or the
production of asciees tumors (Campbell, 1984).
For production of MAbs by cell culture, there are a varicty of media and culture
v_ﬁhwﬂﬁnm Media commonly used include fetal bovine serum
lomonted basal media (Roswell Park Memorial Institste modium 1640 (RPMI 1640) or
mmsmmmxmﬁﬁ(g—m-
—ﬁﬁﬂlyiﬁ—mqﬂ!QMIm).
nction of MAbs through ascises tumors involves the inoculation of the
,,ﬁwﬂ;““mﬁﬂynnm
M&thmhﬁ_gmhﬂhﬂﬁl-ﬂ
the tamor. The ascltic fiuid conmining the MAbs may bs tapped from an ansssthetiesd
m—ﬂuhnﬂﬁ.ﬁh—hﬁpﬂh—ﬁﬂﬂum
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Figure 1.8. Two Pathways in Normal Cells 10 Synthesize DNA Precursors
(adapeed from Tijseen, 1985), and the Structure of Aminopieria.



The efficiency of B-lymphocyse and myeloma fusion is often low. Even in the
most efficient fusions, only 1% of the initial cells are fused, and only 1 in 10° of the fused
cells form viable hybrids (Harlow and Lane, 1988). Although more difficult and time
consuming 10 produce, MAbs have the advantage over polyclonal antibodies in that they
provide for an endless supply of antibodies with identical specificities and affinities.

Antigens, Immunogens, and Haptens

Puark o1 al. (1987) defined an antigen as "a molecule capable of interacting with the
antigen-combining site (hyper-varisble region) of an immunogiobulin.” An immunogen
was described by Park and his colleagues as “a substance capeble of eliciting a specific
immune response manifested by the formation of specific antibodies and/or specifically
commitied lymphocyse.. To induce an antibody response an immunogen must possess
structurally and functionally distinct deserminants for activation of B cells and T cells.” The
distinction is made between antigens and immunogens in thet all immunogens are antigens,
but all antigens are not necessarily immunogens. This differs from some other authors'
mmmumﬁpdm-h-m(&ma
al., 1992). Antigens contain one or more regions called antigenic deserminants (or
m)wnw»mwm.mmwmu)a
the Ig. The size of the cavity of the antigen biading siss may vary, but an epitope of
approximasely S 10 7 amino acids in siss (roughly 7 x 12 x 35 A) can be sccommodased
(Cazzaz o1 ol., 1992). Macromolecules may contain many episopes, and prossins usually
have one epitope per 40 10 80 amino acids (Tijesen, 1985). Immunogenicity is ofien
correlated with the size of the molecule, and molecules are gonerally not considered 10 be
insnunogenic if their size is less than 1000 De (Gazzaz er ol., 1992). However, it should
bs noted that immunogenicity is not an intrinsic property of the size of the molecule and thas
m““mmhﬂd“u”mm
198S). The sorm hapten is wsed 10 describe molecules (gonerally of s low molecular
weight) which are able t0 provide one or more episopes for antibody binding but are sot
themssives immunogenic.

ummwmmuwmmw
casrier. Most ofton the casriers are serum albumias from various species (Tijssea, 1985).
Wwe-umuqummm
sulfhydryl and amino groups which may bs available on the hapeea (Roe, 1991). Hapton
donaities in the rangs of 3 10 23 (Ros, 1991) or 8 10 25 (Brianger, 1900; Tjsosn, 198S)
moles of hapien per mole of prossin heve been suggested for inumunization or successfil



ElAs. Toofewormmyhumnmdeenkspummobcule.mmymluha
poor immunological response (Tijssen, 198S).

The Enzyme Label

Enzymes used as labels in ElAs generally have the following characeeristics: a high
tumnover numbes, the ability 10 be easily purified, swability, easily coupled 10 prossins and
hapeens, and the availability of substrates which preduce easily measured products
(Rinenburg, 1990). A typical tumover rate for an enzyme label is at least 108 molecules of
WMMwMJWwﬁMuMW
(Rinenburg, 1990). The most commonly chossn enzyme labels for EIAs are horseradish
peroxidase (HRP), alkaline phosphatase and 8-galactosidase, and of this group HRP is the
most frequently used (Porstmann and Porsamann, 1988). HRP is a 44 kDa glycoprosein,
and ElAs commonly employ the "C" isozyme of the horseradish Armoracia russicana
(Tijssen, 198S). Popular water soluble substrates for HRP include 2,2'-
azinodi(ethylbenthiazoline)sulfonase, 3,3',5,5'ietramethylbenziding (TMB) and o-
phenylenediamine (Harlow and Lane, 1988). These substrates are added 10 ElAs as
coloriess solutions, and in the presence of hydrogea peroxide (H703), are conversed 10
colored products by HRP. An example of the mechanism HRP uses 10 convert the
coloriess substrase TMB 1o the colored product 3,3',5,5"-totramethyl- 1,1'-diphenoquinone-
44'diimoniumion is given in Figure 1.9. In ElAs the enzyme is conjugated 10 either an
antibody or an antigen, which provides the means of detecting the formation of an immuns
complex (commonly antigen-antibody or antigen-antibody-antibody). Eazyms conjugases
mummumu.mm.amm(m
specificity is for the Ig class of the primary “desection” antibody) or the antigon being
analyaed, depending on the EIA format.

Formats of Enzyme Immuncessays

Solid supports used in EIA's include glass, silica, nylon, scpharose,
polyacrylamide, agarcee, celluiose, cyanogen bromide-activased paper and aisoceliuloss
peper (Campbell, 1984; Rinenburg, 1990). The most populer EIA supports, however, are
polyviayl or polystyrens in the form of a 96 well microtiser plass. For the analysis of
hapten molecules such as sulfonamides, the most commonly used EIA formats are the
disect and indisect competitive imumuncassays. To achieve quatifisbls color development,
compstitive disect EIAs may wse eisther enzyme lsboled antigen/hapion, or an ensyme-
labsled primary “desection” antibody (Morvis et al., 1968; Rinenburg, 1990).
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Figure 1.9. mﬂmmmmamm
Substrase %0 Colored Product (adapeed from Porstmana and
Porstmana, 1968).




Color development is achieved in the competitive indirect EIA by use of an enzyme-

labeled secondary antibody whose specificity is for the Ig class of the primary "detection”
antibody (Rittenburg, 1990). Figures 1.10and 1.11 and 1.12 depict the basic steps
involved in each of the variations (enzyme-labeled hapten or antibody) of the competitive
direct EIA, and the competitive indirect EIA. Color development in each competitive EIA
system is inversely related to the amount of hapten in the sample being analyzed.
herefore, as the amount of free (or sample) hapten added 10 the system increases, the
mﬂmmmumm
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- well of microtiter plate coated with antibodies I I

- addition of froe and eazyme-labeled hapten
which compete for antibody binding sites

- coaversion of eazyme subsirate to colored
product by hapten-bound enzyme

g -

V> = hapion

Key @ - curyme

© = enzyme subsirais
e = colored product




3l
- well of microtiter plate costed with hapten- 1 ;
conjugated carrier protein .

- addition of enzyme-labeled antibodies and
frec hapten resulting in a competition
enzyme-laboled antibodies' binding sites

- comversion of eazyme substrate o colored
product by aatibody-bound ecazyme




- well of microtiter plaie costed with hapten-
comjugated carrier protein

- addition of primary asstibodies and free hapten
resulting in a competition between froe and
bound hapten for the primary antibodies'
binding sites

- addition of enzyme-labeled secondary asatibodies
specific for the primary anatibody

- coaversion of swbsiraste 10 product by
secondary antibody-bound ecazyme

*-nuﬂ.y-lhiy
Key v = hpin
‘-m

O = eazyms subsirale
® = colored preduct
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. 3
THE THESIS

Objectives

Recently, there has been a growing concern over residual sulfonamide
contamination in animal products destine for human consumption. One way of addressing
ﬂﬂ;mhmmﬁmumuvemfumm The three
mﬂﬁﬂﬂ:aﬁehmﬂ%hﬂﬂd&ﬂmﬁnﬁeﬁhd
nlfmnnidg. MMMmmﬁgfii

,mnmmm:

mmmmdumﬁmnmmgmmm;m

lilﬁldhndy

ation of competisor

mhsmm Moﬂﬂmﬂm“mﬁﬁﬁm

— 75;,,;;5&“;’ smrﬁm’ﬁ’
omperisons of competieo conjugaes were performed usiag tres conj
qm'ﬁﬁmwmm“ﬂﬂMIm

Mhmmﬁmmmhmm
m mn“mmmmmsmmmﬁ
each of the competitor conjugates could be desermined.

The second paper explores the use of competitor conjugates developed in the first
m; for the practical application of detecting SMR residucs in milk samples from

amide treated cows. ﬁ-ﬁﬂy lmmu“b_ﬁd
ﬁ*hﬁ““m“n“h“iﬁ
eﬂeﬂﬂnﬁnnﬁﬂ and aleo 10 commerci
sulfonamids EIA. In the first two papers, polycional antiserum wsed in ElAs hed 8
specificity for a single sulfonamide, SMR. The primary objective of the thisd paper was 1o




produce a MAD having multiresidue sulfonamide detection capabilities using the structural
region common 0 all sulfonamides. Other objectives of this study involved the
MdM«mMstbeM.MAbm Thne

sulfate precipitation and dialysis for MAD purification, wmab-mm;mym
UV spectrophotometric methodology for MAb quantification.

k should be noted that during the various studies in this thesis, all experiments
involving the use of animals were approved by the appropriase animal welfare commitsee
ot the University of Alberta. In addition, every effort was made by myself and others ©0
limit any discomfort experienced by the animals.
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Chapter: 2

AN ENZYME IMMUNOASSAY FOR
SULFAMERAZINE.
1. Evaluation of Methods for the
Determination of Hapten-Protein
Molar Ratios:

* A version of this chapter has beea accepsed for publication.
Garden and Sporns (1994). Journal of Agricubtural and Food Chemiswry.



INTRODUCTION

Sulfonamides are a group of compounds of considerable importance in the
treatment of microbial infections, both in humans and animals. From the numerous
sulfonamides which have been synthesized, 18 are of relevance for use in veserinary
medicine (Rehm et al., 1986). One of these, sulfamethazine (SMT), is commonly
employed for the therapeutic and subtherapeutic treatment of livestock. Studies indicating
that SMT can have serious implications for human health (Franco et al., 1990; Littlefield er
al., 1990; Shaw et al., 1990; Woodward, 1992) have led 10 concemn over the prospect of
residual contamination when SMT is used in animals whose products are destined for
human consumption. To control SMT residues, tests have been developed exploiting the
sensitivity and specificity of the immunoassay (Flecker and Lovent, 1985; Singh er al.,
1989; McCaughey 1 al., 1990; Dixon-Holland and Katz, 1991). However these tests are
specific for SMT, and will not detect other important sulfonamides such as sulfamerazine
(SMR). SMR is very similar in structure 10 SMT, and therapeutically SMR may be
adminisiered alone (Pleasance ¢1 al., 1991), or in preparations with other sulfonamides.
Although there are many commercially available immunochemical tests for the desection of
SMT (Medina et al., 1992), none have been produced for SMR.

mmmummmmmmw
(BIA) for SMR. During the development of the EIA, parameters such as the method of
hapten linkage, and the hapeen-prosein molar ratio, were examined 10 desermine their affect

on the assay's detection capability.



Instrumentation

The EIA analyses were pesformed in 96-well, Immulon 2, flat-bottomed microtise
plates from Dynatech Laborasories Inc. (Chantilly, VA)ML&\&@M&.MM
sealers manufactured by ICN Biomedicals, Inc. (Costa Mesa, CA) 1o prevent evaporation.
mm.mmm smzmmuuzmum
m&m;umﬁ;vmamm:vmemymm
Gardiner, NY) for lyophilization. Spectropl analys
musmmw,’_;m stometer

Sci (Qtnn.(’iN) FBS[LGIUVTLCphBﬁmﬁmmm
ﬁmmm Maidstone, England) and 8 Mode! UVS-54 lamp (254 nen ligiu
emission) produced by Ultra Violet Products Inc. (San Gabriel, CA) were used for thin-
mmm c::mumm,-»:mammgm
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pecopy lyses were all performed by the laboratories of University of
mmm NMR spectra were measured using a Bruker WH-400
mammm.mmmﬂmﬁmmm
ionization) for exact mass desermination. mymmMHqihtﬁ-
mm&mmfwmmﬂm Sulfur was determined using
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ninhydrin desection sysem. Integration of peaks was performed using Beckman Sysiom




Reagents

Sulfamerazine (SMR), sulfamethazine (SMT), sulfamethazine-phenyl-ring-UL-14C
(4CSMT), bovine serum albumin (BSA), Limulus polyphemus hemolymph (LPH), 4-
dimethylaminopyridine (DMAP), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC),
N-chioroacetyl-L-tyrosine (NCAT), N-a-acetyl-L-histidine (NAH), 3,3'.5,5'-
Tween 20 were obtained from Sigma Chemical Co. (St. Louis, MO). Sodium nitrite was
obained from Fisher Scientific (Ottawa, ON) and sulfanilic acid from Terochem
Laboratories Lad. (Bdmonton, AB). Succinic anhydride was supplied by BDH Chemicals
(Bdmonton, AB) and anhydrous N N-dimethylformamide by Aldrich Chemical Co. Inc.
(Milwaukee, W1). N-1-asphthylethylenediamine dihydrochloride (NED) was obtained
from MCB Manufacturing Chemists, Inc. (Cincinnati, OH). Freund's complete adjuvant
and Fround's incomplete adjuvant were obtained from Difco Laborasories (Detroit, Ml).
Urea peroxide and goat anti-rabbit peroxidase-conjugated antibodies were supplied by
Calbiochem Co. (San Diego, CA).

Al other chemicals were of reagent grade or better, and solutions were prepared
using water purified by a Millipore Milli-Q system (Miltipore Corp., Milliford, MA).

Preparation of Succianyisulfamerazine (SMR-SA)

To prepare SMR-SA (reaction (1), Figure 2.1), 1.33 g (5.03 mmol) of the acid
form of SMR, 2.67 g (26.7 mmol) of succinic anhydride, and 0.0588 g (0.481 mumol) of
DMAP, were dissolved in 1S ml. of pyridine. The solution was heated at $5°C for
approximately 3 h in an cil bath, and the endpoint of the reaction desermined by TLC. The
TLC solvent contained acetone: n-heptans: methanol: ammonia: n-butanol in a ratio of
72:21:9:10:10 (v/v) (Bregha-Morris, 1979).

Afer cocling, the pyridine containing SMR-SA was transferved 10 a separatory
funnel with 20 mi of water. This solution was washed 3 times with 10 ml. of methylens
chioride. The combined methylene chioride washings wese then washed 3 times with 10
ml addisions of 0.1 N hydsochloric acid, then oncs with 10 ml. of waser. The msthylens
“mn“mm*“ﬁhnuu-—ﬁd

Mﬂ“unmmv&m&(‘&%ﬂ;hb
powder (SMR-SA) was obtained. The SMR-SA powder was thea recrystaliised from
water with 8 46% yield of purified cryssaliine maserial.
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The structure of the purified SMR-SA powder was confirmed by NMR, MS and IR
spectroscopy. 'H NMR (400 MHz, DMSO-ds) 8 11.88 (very brs, 2 H, NH), 10.34 (s, 1
H, CO0#),829(d, 1 H, 5.1 Hz, ArH), 790 (d, 2H,8.5 Hz, Ar ), 772 (d. 2 H, 8.5
Hz, Ar H), 6.88 (d, 1 H, 5.1 Hz, Ar H), 2.57 (1, 2 H, 6.0 Hz, CH3), 2.51 (1, 2 H, 6.0
Hz, CH3), 2.27 (s, 3 H, CH3). Bxact mass (M-HSO3)* m/z 299 (2.42%) calcd. for
CisH 1sN4Oy: 299.1144 (measured 299.1148). Exact mass (M-H3S0s)* mvz 281
(52.78%) caled. for CysH) sN¢O;: 281.1038 (measured 281.1040). The IR spectrum of
SMR-SA showed 2 strong absorption bands at 1720.95 and 1673.50 cm*! which were not
present in the IR of SMR, indicating the hemisuccinae linkage had been formed.

Preparstion of Hemisuccinate-linked Competitor Conjugates

A goneral procedure was used for the synthesis of the hemisuccinase-linked
competitor conjugates (reaction (2), Figure 2.1). The synthesis of the lightly loaded,
hemisuccinate-linked, sulfamerazine-bovine serum albumin conjugate (SMR-SA-BSA(L))
involved dissolving 10.4 mg (0.028S mmol) of SMR-SA aad 11.0 mg (0.0573 mmol) of
EDC in | mL of aahydrous N N-dimethylformamide. A molar ratio of approximesely 2:1
(EDC:SMR-SA) was used in the synthesis of all hemisuccinste conjugases. The SMR-
SA/EDC solution was added dropwise 10 a rapidly stisting solution composed of 75.12 mg
of BSA, 1 mi of water, and 20 L. of 6 N sodium hydroxide. Six hours laser, 10.7 mg of
EDC (approximately 2 times the initial molar concenwration of SMR-SA) was added 10 the
reaction mixmre which was left 10 stir overnight at room temperature. Table 2.1 provides
the molar concentration of reactants weed for the medium and heavily loaded conjugates,
SMR-SA-BSA(M) and SMR-SA-BSA(H), respectively.

The next day the SMR-SA-BSA conjugates were transferred from the reaction flask
0 Spectra/for 2 membrane tubing with washings of 8 M ures, and dialysed against 1 L. of
8 M wrea for 16 h. The dialysis twbing and contents were then transferred 10 2 4 L beaker
containiag 30 mM ammonium bicarbonese and dialyaed for 12-16 b, followed by dialysis
against 25 mM ammonium bicarbonate for a further 12-16 h. Pinally, the conjugate was
semoved from the dialysis bag and fresae-dried. These dialysis and lyophilization
proceduses wers common 1 all sulfonamide-prossin conjugates.

Preparation of Ase-linked Competiter Conjugates

A goneral proceduse was weed for the synthesis of all the aso-linked conjugates.
The syathesis involved the production of an SMR dissonium ion (resction (3), Figuss 2.1),
which wes further reacted with & prosein 10 form an 230-linked conjugate (reaction (4),

Fgwe 2.1).
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Table 2.1. Concentrations of Reactants used in the Synthesis of Azo- and
Hemisuccinate-linked Conjugates

Azo-linked Conjugates Hemisuccinate-linked Conjugases
Conjugse Diazoniumion Protein Conjugate SMR-SA Protein
(mmoles) (mg) (mmoles) (mg)

SMR-BSAL) 0.0267 257.5  sMR.3A-BSAQL) 0.0285 75.12
SMR-BSA(M) 0.0522 207.0  sMR-3A-BSAOM) 0.0832 78.12
SMR-BSAH) 0.376 2558  SMR.SA-BSAH) 0.101 $3.4

—IMRLPH 0.0261 106.9




mLafS,SNhy&u:Msﬂ MwnfauwgﬂbyﬂnddiﬁmdoAnghli
aqueous sodium aitrite (0.0580 mmol) and then 19.6 mg (0.172 mmol) of ammonium

The SMR diazonium ion solution was added dropwise (with rapid mixing) to 257.5
mg of BSA dissolved in 4 mL of PBS (pH 7.3) in a 10 mL pear-shaped flask. The
from a pasteur pipet 10 raise the pH of the solution 0 greater than eight. The flask and
contents were wrapped in foil and lsft 10 stir overnight at 4°C, then dialyaed and froeae-
dried in the same manner as the hemisuccinate-linked competitor conjugates.

For the synthesis of immunoge (SMR-LPH) and the medium and heavily loaded
competisor conjugates (SMR-BSA(M) and SMR-BSA(H), respectively), the amount of
SMR diazonium ion and BSA used are given in Table 2.1.

Preparstion of the N-Chloroacetyl-L-tyrosine (NCAT) and N-a-
hydroxide and ranged from 3.510 10 0.4712 umol SMR/nL.. For the NAH standard
curve, SMR dilutions were prepared with 0.1 N sodium hydroxide and ranged from 175 10
23.6 smol SMR/ml..

—hmmm Aﬂ.ﬂd.“cﬁ!l(lﬂﬁmﬂhﬂno."s
mL of 3.5 N hydrochloric acid and vigorously mixed. Next, 0.23 mL of a 1% aquecus
solution of sodium nitrite was added, followed by 0.35 mL of 2 0.8% aqueous solution of
standesd curve, the next addition was either 0.75 ml. of 2 13.52 mg NCAT/ml. 0.1 N
sodium hydroxids (52.46 umolml.) solution or 0.7S mL of » 10.34 mg NAH/ML 0.1 N
sodium hydroxide (52.43 pmoliml.) solution. Pinally, 0.75 mi. of 6 N sodium hydroxids
ﬁﬂ.dh“ﬂﬁhmﬂﬁnm ﬁhuﬁﬁiﬁ:n
shetiouting 0.75 ml. of 0.1 N sodinm hydroxide for the SMR dilution in the first sep of

52



Oy, CH,
Orafon  OT,

N-chloroacetyl-L-tyrosine (NCAT) N-a-acetyl-L-histidine (NAH)

H,C

e

sulfamerazine (SMR)

Figure 2.2. Structures of NCAT, NAH, SMR, SMR-NCAT and SMR-NAH.
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The following day the absorbances of all the standard curve solutions (SMR-NCAT
solutions) and at 436 nm (the absorbance maximum of the SMR-NAH solutions). The
absorbance values at 492 nm and 436 nm for both SMR-NCAT and SMR-NAH solutions
relationships were obtained, with each having a coefficient of desermination (r2) of 0.98 or
greater. The slopes of the lines were used 1o calculase equation (1) and (2), which
NAN), respectively.

Mguma.NCAT = [12.0(As020m) - 3.83(Aq3gam)] X 104 )

Msa -NAH = [5.53(Ag36am) - 3.98(Agg20)] x 1073 Q)

An accurately weighed sample of each of the a20-linked competitor conjugaes was
dissolved in 0.6 N sodium hydroxide in a 10 mL volumetric flask. Absorbance readings
for each of the ao-linked conjugats solutions were messured at 492 nm and 436 am. The
in Table 2.2.

Preparation of Ase-linked, Carben 14 Labeled Sulfamethazine-

Bovine Serum Albumia (MCSMT-BSA) Standard Curve

A “hot stock” was prepared by dispersing 50 uCi of lyophilised CSMT in 200 ul
of PBS (adjusted 10 pH 8.2). “Hot and cold stock” was prepared by combining a 50 L
aliquot of the “hot stock” with 250.84 mg of SMT in a S ml. volumenic flask (dilueed ©
volume with 0.1 N sodium hydronide). BSA (1.3093 g) dissolved in 10 ml of PBS (pH
7.3) was used as the "BSA stock” solution. The “hot and cold stock” (90.17 mg SMT/ml
0.IN sodium hydroxids) and "BSA sock” (150.93 mg BSA/ml PBS) wers ueed ©0
synthesiss each of the “CSMT-BSA conjugates for the stendard curve.

The synthesis of the “CSMT-BSA conjugases was performed following the same
series of seaceions (reacsions (3) and (4), Figwre 2.1) weed 10 prepare the aso-linked
conjugates. hmﬁ&hhﬁhﬁ“hﬂmﬂ
conjugate, 0.4 mi. of “hot and cold stock” and 0.4 mil. of 3.5 N hydro were
combined in a test subs. ﬁmmyhﬂnﬂuidli*
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Table 2.2. Hapten-Protein Molar Ratios Determined for Azo-linked
Competitor Conjugates

Method of Analysis Aso-linked Competitor Conjugates
NCAT/NAH standard curves  Mamancar® 8.1 176 900
Mavr-nan® 1.3 30 s
toual 9.4 20.6 95.5
NAH standard curve 1.5 36 79
(Acsam)
4CSMT-BSA standard curve 43 10.0 222
Amino Acid Analysis azotyrosines 0.3 0.6 ad*
(glycine) azohistidines 2.1 1.7 nd
sotal 24 83
Amino Acid Analysis azotysosines 0.2 0.1 nd
(arginine) aschistidines 20 7.3 ad
soal 22 7.

¢ valuss for moles hapien/mole were calculated for sach the molar
masmwwmuumwmﬁ of prossin
weed for sbeorbance measurements.

® valuss for moles hapten/mole mmmqun—ﬁ
masm equation (2), and the known concontration of protsia
“hmm

¢ ad denctes thet results were “not determined” for this conjugae

¢ magative value a0t considered in toml



nitrise, then 16.6 mg of ammonium sulfamase, mixing the solution well between each
addition. To prepare other CSMT-BSA conjugates for the standard curve, the ratio of
MCSMT 10 BSA was varied by decreasing the volume of "hot and cold stock” that was
used. Sodium hydroxide (0.1 N solution) was added before the addition of 3.5 N
hydrochloric acid, as required 10 keep the total volume in the test tube constant from
conjugate 10 conjugate.

with rapid mixing, 10 a pear-shaped flask containing 1.0 mL of the "BSA stock” solution
and 1.3 mL of PBS (pH 7.3). Finally, 0.4 mL of 0.6 N sodium hydroxide was added 10
the reaction mixture in the pear-shaped flask 10 raise the pH above eight. The flask was
then wrapped in foil and left 10 stir overnight at 4°C.

The next day the contents of the pear-shaped flask containing the MCSMT-BSA
conjugate were transferred 10 Spectra/Por 2 membrane tubing, and dialyzed and freeze-
dried as described for the hemisuccinste-linked competitor conjugases. Afver lyophilization,
lMWMdh@ﬂﬂMhbsHmm&l
10 ml. volumeric flask. This solution was used for spectrophosometric analysis and for
radicactive decay measurements.

430 am (Aqsenn/mg of protsia conjugase/ml. 0.6 N sodium hydroxide) versus the moles of
MMM(mwmmy)hﬂﬂhwm

was derived (12 = 0.99). uqqu—axnhnmm&mmg
reported in Table 2.2.

AOum ®

0.123

m = moles of sulfonamide per mols prosein

Amine Acid Analysis of the Aze-linked Competiter Conjugates

hmummmmh“mm
qdb*uuﬁhsndh&;m:ﬂm
0.1% phonol) in 2 10 x 75 mm borosilicass culasre tube. The t0p of the tube was elongated



in an oxygen flame, the tube evacusted using a vacuum pump, and the neck of the tube
sealed. ‘nnmbewﬁphﬂdinilm‘f:mm;m, muxidiyhnpd‘membe

hm:mm;h. Thmbmmnmﬂndva,dh nmm,.doizumm
Whuﬂyﬂunmﬁmﬂmsﬂmﬂﬁhﬁnhﬂﬁuﬁghﬂdyﬂ
prossia conjugates. To provide a protein standard for comparison, BSA was hydrolysed,
ummwmmnummnnmm
ﬂdbm&hﬂmﬂﬁmﬁ(ﬂmmnnmﬂmm
using equation (4).

n-[m'"’m"ech/(‘-fl-ﬁl}m @

A = tyrosine or histidine

C = glycine or arginine

N = tyrosine or histidine molecules/molecule of BSA (tyrosine, 20; histidine, 17)
( h-mdhmﬂhm

(B-M) seaction similer 10 that described by Low & al. (1989). Aquecus dilwtions of
sulfanilic acid used 10 prepare the curve ranged from 3010 5 ug/ml.. An aliquot of each
sulfanilic acid dilution (1 mi.) was added 10 4 ml of 6 N hydsochioric acid, and | mil. of

L1



solution blackened with time.

Modified B-M Reaction. To 1 mL of each of the sulfanilic acid/hyd
ﬂﬂmmﬂﬂﬂﬂﬂ.ﬂqmﬂuﬁmdﬂmmﬁg nﬂﬂiunluﬁm
vigorously mixed. This was followed by the addition of 200 uL of 3.3% aqueous
ammonium sulfamate solution, 500 uL. of 98% ethanol, and 200 UL of the 0.8% aqueous
NED, mixing the solutions well between each of the additions. After 15 min in the dark,
the absorbance of the solutions was measured at 534 nm. A standard curve was created by
mh&mummanm;ﬂmmﬂm
The slope of the curve was 5082 (absorbance units/M) with r2 = 1.00.

Hydrolysis of Hcﬂlileﬂnle-lllkﬂ Competitor Conjugates

Each of the hemisuccinate-linked competitor conjugates was hydrolysed, and the
m-protein molar ratios determined, under the following set of reaction conditions.

An aqueous solution was prepared containing between 2 and 7 mg of a freeze-dried

hemisuccinate-linked competitor conjugate, in a 10 mL volumetric flask. A 1| mL sample
mﬁhh“ﬁﬂdﬂnJiﬂéHmm This
mmﬂhﬁmﬁiiﬂmiﬁsﬂﬁm
acid/hydrochioric acid dilutions. For each hemisuccinate competitor conjugase, an
m*ﬁﬂﬁWMﬂﬂlmmhlﬂ
m&n*sm&ﬁﬁdﬁmmnm
m::IlSAhhmh—mﬂhm The molar ratios of SMR-SA
0 BSA for each of the hemisu conju ¥
2.3.

of sodium cltrats were mixed in proportions 10 produce 2 0.1 M clerate buffer solution wish
apHof 4.0.



Table 2.3. Hapten-Protein Molar Ratios Determined for Hemisuccinate-

Method of Analysis




Phosphate-buffered Saline (PBS and PBST) Solutions

The PBS solution was prepared by dissolving sodium chloride (9.0 g), disodium
hydrogen phosphate (1.108 g), potassium dihydrogen phosphate (0.3 g) and thimerosal
(0.1 g)in 1 L of water. PBS, prepared without thimerosal, was autoclaved and used in the
preparation of the immunogen (SMR-LPH). To prepare PBST, 0.5 g (0.05%) of Tween
20 was added to the PBS solution prior 1o dilution to volume with water. The pH of the
PBS or PBST was adjusted to0 7.3 with sodium hydroxide or hydrochloric acid as needed.

Polycional Antibody Antiserum Preparation
ulus polyphemiss hemolymph (LPH) was chosen for the preparation of the

imﬂﬂLFH).nhwanudpnﬂaimulmﬂn
which was calculased m;nlﬁmmmm This was within the range
dsnxmmmnnmmfammmmwm

(1980). For the production of antiserum, two 12 week old, female, Flemish Giant x Dusch
w&m“ﬁhﬂﬁﬁ:mMMMﬂlum
LPH dissolved in 1 mL of PBS (pH 7.3) and 1 mL of Freund's complete adjuvant. The
rabbits were injected subscapularly (2 x 0.5 mL) and intramuscularly (2 x 0.5 mL).

mﬁmﬁmm( xime ,ﬁ, ﬂﬂ;ﬁﬂhm mm
blood was allowed 10 clot for at least 1 h (22°C), and the antiserum was decanted and
audhl.slﬂ.-nldmu E‘E Anﬁemﬁhmnmg[
both rabbits were of equal strength & ormance. Because strong titers were obtained
ﬂﬂl’iﬂ&ﬂyﬁmm{ﬂﬂﬂﬁhﬂmm

Aﬁﬂ“#mﬁﬂﬂ“dl 10 part per billion
(pb) sohution (wv) of an as0- or hemisuc | competitor conjugas in PBS. The
hﬁﬁ“hmﬁ-ﬂhlﬂ--ﬂﬂﬂnﬂ;
The next day the coating solution was shaken from the wells and the plete costed wish s 1%
BSA in PBS solution. The plate was sealed with s piate scaler and left 10 incubase for | b




at room temperature. Aﬁerlh.unl%BSAinPBSsoludonwusMwnfmnthcm
and the wells washed 3 times with PBST, shaking and blotting the PBST from the wells
onto paper towels between each washing. Aqueous sodium SMR dilutions (10 pg/ml. - 1
fg/mL) were added (100 uL/well) as a source of free hapsen in solution. To some of the
wells, 100 uL of water was added as a control. Antiserum diluted 500,000 times with
0.05% BSA in PBST was added (100 puL/well) and the plate sealed and incubated for 2 h.
Following the incubation, the solution was shaken from the wells and the plate was
washed and blotied 3 times as previously described. Goat anti-rabbit peroxidase-
conjugated antibodies diluted 3000 times with PBST were added 10 all the wells (200
muxmummwmmmmr«.mzhummm.
mmummnﬂum.mummummm
mg/mlL) and urea peroxide (1.0 mg/mL) dissolved in 0.1 M citrase buffer, pH 4.0) was
added 10 cach well. The enzyme-substrase reaction was stopped after 7 min (azo-linked
mm)asmwmmmmjm)wmmmasomna
. 2.0 M sulfuric acid, and the absorbance read at 450 nm.

EIA Data Analysis

The Iso value (ppb of SMR) was used as a comparison point for each of the
conjugates. The I3o value was the inflection point of a best-fit, four parameter curve
(equation (S)) calculated by SOFTmax (version 2.01) software (Molecular Devices Corp.,
Mealo Park, CA).

a-d
y-——s+d (S)
1+(3)

Where: aand d are the upper and lower asympiotes
b is the slope of the linear portion of the curve
¢ is the inflection point (middie) of the curve (I5g)

nmuuhumm.mmnumm
subtracted from the measured absorbance value for each well. The blank valus for the plase
was measured by taking the averags sbeorbance from at least 12 wells on the plate, whess o
19 BSA in PBS solution was used for costing the wells instead of either an 220- or

6l



hemisuccinate-linked competitor conjugate solution. All other additions of solutions 10 the
plate were the same for the 1% BSA in PBS coated wells as that used for the competitor
conjugate coated wells. Once the blank value had been removed from the absorbance value
of each well, a value for B (sbeorbance of a well containing SMR) divided by By
(absorbance of a well without SMR) could be calculated for each well. The B/Bo values
and their corresponding concentration of SMR (ppb) were then processed by the SOFTmax
software. For additional information, refer 1o Appendix I for samples of competitive
indirect EIA data, and a sigmoidal curve and its parameters generated from competitive
indirect EIA data, using SOFTmax software.



RESULTS AND DISCUSSION

performance (Sheth and Sporns, 1991; Wie and Hammock, 1984; Vallejo er al., 1982).
When an immunogen is injected into rabbits, antibodies are created which have affinity for
the carrier prosein, the hapeen, and the region by which both are linked (the linking arm).
uwmymmmmmmmmmmww
antibodies in the antiserum can be preferentially utilized, allowing for better compe
and a decreased background. ﬁhmhmﬂdﬁdwumﬁdjﬁmm
proseins for the immunogen and the conjugate used 10 bind the hapien 10 the microtiter plase
ﬂl(mmﬂm).ﬁhdmﬁuhmmmmmm
wmmmn&sMunmmermmMﬂ
hapeen bound 10 the well of the microtiter plase is limited (Ekins and Chu, 1991; Manning,
hapten, there is a requirement for less hapien in solution 10 compete for the hapien-specific
antibody in the antiserum. A range of 3 10 25 molecules of hapten per molecule of prosein
In this study we examined not only the effect of a change in the hapten (SMR) 10
proseia carrier (BSA) linking method, but also the effect that a change in the number of
mmmmmmwmmhmmmwﬁe

Determination of Haplen-Protein Molar Ratics for Azo-linked

Conjugates

For the azo-linked conjugates, the following methodologics were explored 10
descrmine a relisbie technique for measuring the number of hapien molecules bound 10 the

Microanalysis Method. SMR contains 49.98% carbon, 4.58% hydrogen, 21.20%
ﬁmlllﬂﬂl‘: and 12.11% oxygen. Microanalysis of the conjugates led w0

tig ,,i,;f'minmhhmimm-im

mﬂ‘hm mmmm*nmmum




mmunological Method. Th f immunological methods for determining
mmnmmmmm&awmad(mmmwgm
Hammock (1984). Genenally, the protocol used in this form of determination, and which
and bound SMR. Afver the competitor conjugate solution was used 10 coat the wells of the
and as a source of liquid phase hapeen (a20 conjugate for coating and in solution, azo
costing and in solution, hemisuccinate conjugate for coating and azo conjugase in solution),
were compared 10 standard curves prepared from competitive indirect E1As (where the
same competitor conjugate had been used for plase coating) using SMR as the source of
hﬂdpﬁmhﬂﬁfwmﬁm wmmmmum
mnqnnhiﬁniﬁ. 'l'h-ﬂ:n.*:f;i’:)ﬁ uhnﬁrhiq:ﬁ-iﬁnmﬂi
ratios of the competitor conjugates could not be determined using this methodology.

MCSMT-BSA Swandard Curve Mathod. The YCSMT-BSA standaed curve
approach involved the desermination of hapien-protein molar ratios through the preparation
of a radioactive prosein conjugate from commercially available “C labeled SMT.
lmm“uﬂmmmsm-mm hm
could safely be equatod 10 that prepared with SMT for the following reasons. SMR is very
similar 10 SMT in structure and absorbance spectrum. The diano reaction used in the
production of the sulfonamide chromophore utilizes the amino group at the opposite end of
ummmnm&«-:nﬁﬁmmmmm
(Figure 2.1). In addition, it has been reporied that the molar absorptivities of the
chromogenic products of all diasotized sulfonamides are approximaely equal (Horwitz,
1981). Therefore, a standard curve was prepared relating the A oum Of the YCSMT-BSA
mnhmmdwhmmmm
by radicactive decay. From this standard curve, knowing the Agyoum. hapien-
mmhnmmmmmmux m
method was determined 10 be the best for estimating the degres of hapten linkage, because
ﬂ“mﬁuﬂynﬁdn“ﬂhmmm&




Amino Acid Analysis Method. Amino acid analyses were performed on only SMR-
BSA(L) and SMR-BSA(M), as SMR-BSA(H) had not yet been synthesized. The
hemisuccinate conjugates were not suitable for analysis since their hemisuccinate linking
arm would be susceptible 10 hydrolysis during sample preparation. The theory behind

these analyses was that the conditions of hydrolysis required for sampie preparation would
not affect the azo linkage between SMR and the individual amino acids. This would resuk

in a modified amino acid residue of either tyrosine or histidine which would elute from the
cation exchange column with different retention times than the unmodified amino acids.
Equation (4) was used 10 quantitate the degree of amino acid modification through
comparison of the amino acid composition found for BSA, and the compositions found for
the two azo-linked competitor conjugates (SMR-BSA(L) and SMR-BSA(M)). Individual
caiculations were performed using either the concentration of glycine or arginine as an
internal standard. Glycine and arginine were chosen because their structures were not
affected by the conditions of the acid hydrolysis. Also, these two amino acids were elued
from the column before (glycine) and afier (arginine) the tyrosine and histidine residues.
This made them suitable amino acids 1o compensase for the varying concentrations of
protein hydrolysate applied 10 the column for analysis. The values of N for tyrosine and
histidine, 20 and 17, respectively, represent the number of tyrosine or histidine residues of
the 383 amino acid residues which comprise a BSA molecule (Hirayama et al., 1991).
Examinstion of the results (Table 2.2) revealed that the primary amino acid involved in our
aso-linked prosing was histidine, and that thers was minimal involvement of the tyrosing
residucs in the light and medium loaded a20 conjugates examined. This proferential linkage
10 histidine in our conjugates was possibly dus 10 the method of conjugate synthesis whese
the conditions were not very basic. Assisting the reaction of the diazonium ion with
tysosing is the deprosonation of the hydroxyl group of tyrosine (pKa of 10.07; The Merck
Index, 1989). In comparison, the pKa of the ionizable nitrogen on histidine is .97 (The
Merck Index, 1989). Because our reaction of the sulfonamide diazonium ion with BSA
was carried out at a pH greater than cight, the majority of the histidine residues, and not the
tysosine residues, would be ionized. The slightly lower values for the hapten-prossia molar
ratios obtained with amino acid analysis, compared with those reporsed by the Y CSMT-
BSA method, may have resulted from the inability of amino acid analysis 0 account for the
contribution of az0-linked tryprophan residues. Trypiophan residues account for two of the
383 amino acids in BSA (Hirayama et al., 1991), and were considered by Howard and
Wild (1957) 10 be possible sites for 830 attachment in prossins. Trypiophan, however, is
destroyed by the acidic conditions required 10 prepare the conjugates for amino acid



analysis, and therefore the extent of involvement of this amino acid in the azo reaction is
unknown,

NCATINAH Swandard Curve Method. Spectrophotometric analyses were attempeed
mm»m«mmmmmmdmm
primarily involved the amino acids tyrosine and histidine (Howard and Wild, 1957). This
spectrophotometric method for determining hapeen 10 carrier prosein ratios was reported by
Fenton and Singer (1971) and was subsequently used by others (Dargar 1 al., 1991;
McAdam et al., 1992) for similar azo reactions but with different hapiens. Hapeen-protein
group (Tabachnick and Sobotka, 1959). In preparing the NCAT and NAH standard
curves, the reaction conditions employed closely mimicked those used 10 produce the azo-
linked conjugates. However, this method for the determination of SMR 10 prosein ratios

To examine why the NCAT/NAH standard curve method did not provide the
ths reaction of NCAT with SMR, the slope of the NCAT standard curve (1082 sbeorbance
wnite/M), was approximately 10 times less than the extinction coefficient of 10,° 0
our reaction conditions may not have been suitable 10 produce the maximum amount of
in the reacsion. anhﬁﬁmm-mmdh
hapeea-protsia molar ratio could be determined specwop cally, if only the NAH
standasd curve was ueed. ﬁhdhﬂﬂﬁﬁmn&gha&_d
the molar concentration of SMR was 22,460 sbeorbance units/M (12 = 1.0). This was very
closs in valus 10 the sxsinction coefficient of 22,600 reporsed by Traylor and Singer (1967)




standard curve, the results using the NAH standard curve at 436 nm still underestimated the o
With direct measurements of radioactive decay as the best estimation of hapien-
protein molar ratios, a radioactively-labeled SMT conjugase ('4CSMT-BSA(2)),
mwamm-nmmucsmmnmhdm was
used in a final evaluation of the spectrophotometric methodologies. The results obtained
hhhmpwhmnﬁmmdﬁwmnhmmmhmn Amino
ocould not be satisfacworily guaraneed. The trend in the results observed for the aa0-linked
wmpmw-m-unumraﬁﬂcsmnsummm The
NCAT/NAH standard cusves overestimated while the NAH standard curve (436 nm)
underestimated the hapten-protein molar ratio for YCSMT-BSA(2). Only the 14CSMT-
BSA standard curve was able 10 provide an estimation of the hapeen-protein molar ratio that
was reasonably close 10 the value calculated from radioactive decay measurements of the
1CSMT-BSA(2) conjugate. It was concluded that, for our hapsen, the validity of
comparing the absorbance of a chromophare derived from a single individual amino acid
derivative with that of the same amino acid while pant of a larger prosein structure is
Questionable, and may lead 10 erroncous results.

Mbhmdummmmm&lﬁ')ﬁﬁe
synthesis of the hemisuccinae-linked competisor conjugates, experiments were performed
using the N-hydroxysuccinimide and dicyciohexyicarbodiimide (NHS/DOC) reaction for
active ester formation, and succinylsulfamerazine linkage 10 BSA. However, in the
astempts that were made using the NHS/DCC method, only minuse quantities, if any, of
homisuccinate-linked conjugate could be produced. Observed precipitation of the SMR
active ester on addition 10 the BSA solution, and poor yields of conjugate, were probably
b“deuyﬁhmﬁyﬂ“Mﬂkﬁﬂﬁzn The
occusrence of a cyclic form during the formation -linked ~onjugates has
boen described by Tatake er al. (I!D!)ﬂlmnd,(lm).

mmwc-u mm:umumw:_m




Table 2.4. Hapten-Protein Molar Ratio Determined for the
MCSMT-BSA(2) Conjugsate

Method of Analysis ~ MCSMT-BSA(2) Conjugaie
Radioactive Decay 6.0

NCAT/NAH standard curve (MSMR-NCAT®) 13.7
(Mspm NAHY) 1.7
(rotal) 15.4

NAH standard curve (A43¢am) 2.1

4CSMT-BSA standard curve _ 3.2

for abeorbance measurements.

for absorbance measurements.



group of sulfanilic acid would then be free to react under the conditions of the modified @
form of the B-M reaction to produce a quantifiable color. The length of digestion was
sulfanilic acid, SMR, and SMR-SA standards.

Comparison of Azo- and Hemisuccinate-linked Competitor
Conjugates in s Competitive Indirect EIA

categorized as light, medium, or heavy depending on their hapsen-prosein molar ratios. The
linking method were appro quﬂ Tulhﬂﬁﬂiel&ﬂﬂin:ﬂhﬁmdh
performance of all six competitor conjugates, a common set of conditions was establishe
for the competitive indirect EIA through the use of a checkerboard EIA. A 10 ppb dilution
ﬂmmﬂlm@mmuﬂnnﬂmMHhﬂnh
the best compromise of conditions for the intra- and iner-cos e comparisons.

petitive Indirect EIA Results. mmmdmﬂh
mwmmmu&mmzs; The values
ﬂm&hlﬁm etior conjugates were distinctly superior 10 the

link 'mm ﬁﬁmnmmdmk

mhwmf:"' es, SMR-BSA(L) and SMR-SA-BSA(L), that ow
their more heavily loaded counterparts (refer 10 Appendix [ for competitiv
data, and SOFTmax processed competiti tmmmrgsm-M)ﬂsm
SA-!SA(L)) memnMwyﬁhmmdiﬁuhﬂn
competior conjugates were gonerally superior 10 the hemisuccinste competisor conjugates.
kinked competitor conjugates, and away from haptes in solution. This should have led 10
*munﬁbm&hmmm h
was also thought that by using a hemisuccinate linking arm for the Competitor conjugates,
ﬁﬁﬂﬁ%“ﬁmnﬁﬂhlﬂﬂh
eliminsted. This should have decreased the antibody biss for the plate-bound hapten of the




Table 2.5. Ise Values for Azo- and Hemisuccinate-linked Competitor
Conjugates

_Isg Values for SMR

SMR-BSA(L) 3.4 (12p
SMR-BSA(M) 7727
SMR-BSAH) 7.0 (29)

SMR-SA-BSA(L) 31(108)
SMR-SA-BSAM) 53 (189)
SMR-SA-BSA(H) 66 (231)

* ppb value followed by equivalent nM value in parenthesis
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mmmnmmmedemmdm
improving competition and lowering detection limits (or lowering lso values) for these
Therefore, this st dy revealod that the azo-linked competitor conjugates
outperformed their hemisuccinate counterparts, contrary 10 theoretical expectations.
(SMR-SA-BSA(L)) were determined 10 be the competisor conjugates with the lowest levels
of detection for SMR. Chapter 3 details the next phase of evaluation where SMR-BSA(L)
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Chapter: 3

AN ENZYME IMMUNOASSAY FOR
SULFAMERAZINE.

2. Evaluation of Assay Performance
with Milk Samples:

* A version of this chapter has been accepted for publication.
Garden and Spoms (1994). Journal of Agricultural sad Food Chemistry.
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INTRODUCTION

imicrobial agents are important agricultural tools that animal producers use to
keep l,ivc;m:k healthy and their businesses economically viable. Unfortunately, the

therapeutic treatment of livestock with a group of antimicrobial agents known as
sulfmnd:: lm become a recent concern as mlfanlmide lendues h;ve been dimvemd in

Cnlhns—ff,,,,, yson et al., 1988. umqu: et dL. IBM); Sul,ﬁ;ﬂ:ﬂndes endlnger humn
health through allergic reactions (Huber, 1986), and their suspected carcinogenicity
(Listlefield et al., 1990). They also pose an economic hazard through the inhibition of the
growth of dairy starter cultures (Schiffmann er al., 1992).

Many commercial screening tests for sulfonamides have been developed for milk.
Some tests, such as the Charm I microbial receptor assay and microbial inhibition tests,
ﬁiﬂenmmmﬂzmpmyafmlfm However, Cullor (1992) and Tyler et

al. (1992) have suggested that th plogical response of cows could result in the

mugdfﬂemuwsfwmyﬂmgmmmy;mdmemlygnﬁeeafm:

Ence was a competitive enzyme immunoassay (Tyler ef al., 1992). Enzyme
immunoassays (EIA) are sensitive and reliable analytical techniques, and te=*s such as the
LacTek (Idetex Inc., Sunnyvale, CA) are capable of a 10 part per billion (ppb) detection
Iinil for sulfamethazine (SMT). However, commercial EIAs desect only individual

namides, and most detect only SMT. The United States Food and Drug

M(FDA)hnmmgmﬁaﬁglomnlnfem&'m
ﬂmmaﬂl 1992) MfmﬂmulnedfqrEmmm

Mﬂkﬁrm:ﬁ'?mﬂmAFﬂB IM)mmmm“ddﬁnﬂa
sulfonamidc contaminants in milk is sulfamerazine. While sulfamerazine (SMR) is very
similar in chemical structure 10 SMT, ElAs are 30 specific that a SMT EIA would be
considerably less sensitive for SMR. To our knowledge, there have not been any
ﬁﬁhmdimmmehnm Imﬂnldy md‘h

mﬁmmmn“smaﬁsm“mmn
aqueous sulfonamide supplement, 3-Sulvit. In addition to the SMR ElAs, two commercial
tests (the Charm 11 assay and the CTTE Sulfa Trio test) were used 10 analyze the
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sulfonamide content of the milk from the 3-Sulvit treated cows. The Charm 11 assay and

the CITE Sulfa Trio test are capable of detecting sulfonamides in milk at levels of at least 10
ppb, and were useful for evaluating the performance of the SMR ElAs.
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EXPERIMENTAL

Instrumentation

The EIA analyses were performed in 96-well, Immulon 2, flat-bottomed microtiter
plates from Dynatech Laboratories Inc. (Chantilly, VA) with Linbro nonsterile acetate plate
scalers manufactured by ICN Biomedicals Inc. (Costa Mesa, CA) to prevent evaporation.
Absorbance measurements were made using a Model EL 309 microplate reader (Bio-Tek
Instruments, Inc., Burlington, VT).

Reagents

Sodium sulfamerazine (SMR), sodium sulfamethazine (SMT), sodium sulfathiazole
(STZ), sodium sulfadimethoxine (SDX), bovine serum albumin (BSA), 3,3, 5,5'-
setramethylbenzidine dihydrochloride (TMB), thimerosal, and Tween 20 were obtained
from Sigma Chemical Co. (St. Louis, MO). Urea peroxide, and goat anti-rabbit
peroxidase-conjugated antibodies were obtained from Calbiochem Co. (San Diego, CA).
3-Sulvit was produced by Sanofi Santé Animale (Victoriaville, PQ).

Homogenized milk obtained in 1 liter containers (having 3.25% milk fat as reported
on the container) was produced by the Northemn Alberta Dairy Pool Litd.(Edmonton, AB).

All solutions were prepared using water purified by a Millipore Milli-Q system
(Millipore Corp., Millford, MA) and all other chemicals used were of reagent grade or
better.

Preparation of Sulfonamide-treated Bovine Milk

A herd of 53 holstein dairy cows managed by the University of Alberta Dairy Unit
was the source of raw milk for this study. The herd was milked twice daily using a single
8 herring bone milking parlor and the milk was swored in a refrigerated bulk tank. At the
time of this study, the cattle were not undergoing any antimicrobial treatment, and the bulk
tank was the source of sulfonamide-free raw milk. Three cows with identification numbers
8421, 8881, and 9020 were chosen for treatment with 3-Sulvit (composition shown in
Table 3.1) based on their stage of lactation and the number of days into their milking cycle.
the throe cows are given in Table 3.2. Milk samples (100-200 ml.) were taken from the
three cows prior 10 the administration of 3-Sulvit (day 1/am), which provided for the
background response level for each animal.



Table 3.1. Composition of 3-Sulvits

Active Ingredient Amount % Weight

per package based on package weight
450 g)
Sulfamethazine, sodium 170.50 g 379
Sulfamerazine, sodium 6740 g 15.0
Sulfathiazole, sodium 136.30 g 30.3
Vitamin A 240,000.00 1.U.
Vitamin D3 80,000.00 1.U.
Riboflavin 200.00 mg
Niacinamide 300¢g
d-Pantothenic acid 700.00 mg
Vitamin B2 2.30 mg
Magnesium sulfate 200.00 mg
Sodium acetate 280g
Sodium chloride 3.15g
Calcium chloride 250.00 mg
Potassium chloride 250.00 mg

8 composition of 3-Sulvit as defined by package label
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Table 3.2. Statistical Data of Treated Cows
Cow  Approximate Stage of 3.Sulvit  Average Milking
Identification Weight Lactation Administered in kg/day*
Number o ® (day 1/am-7/am)
8421 630 7 60.8 25.3

17 6

8

8881 580

9020 525 1 60.1 25.2

* daily milkings varied by no more than + 3 kg
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3-Sulvit treatment was administered 10 €acs .ow (apr- -vimates= § h after the day

1/am milking) by means of a stomach drench. Swae-.:. ¢ ¢ wermived pumping, from
a plastic container, an aqueous solution (approx==: el ») of me 3-Sulvit through a
hose directly into the cow's stomach. This wa. - “dvwe:1 by pumping 1 102 L
of water to wash any remaining 3-Sulvit into th« woni.. © . -m the plastic container and
hose.

The level of 3-Sulvit chosen for treatwes=: 4 th. .w\ was based on package
recommendations with some modification. The packape s.agested dissolving one pouch
(450 g) in 1350 L of drinking water, when adwan: +-=i 1o cattle. With each holstein cow
drinking, on average, 120 L of water a day (ese=- - '~ the University of Alberta Dairy
Unit manager), a cow would then be expected w ingent 40 g of 3-Sulvivday. For this
study, a treatment of 60 g/stomach drench of 3-Sulvit was chosen (1.5 times the calculated
daily intake) to ensure that an adequate dose of the sulfonamides was excreted by the cow
into her milk. With sulfonamides composing approximately 83% of the package weight of
3-Sulvit, the oral dose that each cow received would be (on average) 87 mg of
sulfonamides/kg body weight. Other authors who have orally treated cows with
sulfonamides have used from 26.4-220 mg of sulfonamide/kg body weight (Paulson ef al.,
1992a). There have also been reports of dairy cattle tolerating single intravenous doses of
approximately 160 mg/kg body weight of SMR, SMT and sulfathiazole (STZ) (Rehm er
al., 1986).

Treated cows were tagged and milked separately from the rest of the herd, and 100-
200 mL samples of their milk were collected from the total morning (am) and evening (pm)
milkings, and immediasely frozen for later analysis. There were approximately nine hours
between the am and pm milkings for each cow. Afier sampling, the remaining sulfonamide
contaminated milk was discarded. This process was continued until the treated cow's milk
contained less than 10 ppb of residual sulfonamide as determined by Charm [1 analyses.
When the cow’s milk contained less than 10 ppb of residual sulfonamide, it was
determined 10 be safe 10 put the cow back on-line with the rest of the herd. The treated
cows demonstrated no apparent ill afier effects from cither the stomach drenching
procedure or the 3-Sulvit treatment.

Testing of the pre-3-Sulvit and 3-Sulvit treated cows’ milk sampies, for each cow,
were run on three consecutive days. The moming of testing, the milk samples from one
cow were thawed, and all three test formats (Charm 11, SMR EIA, and CITE Sulfa Trio)
were performed on the milk samples that day, while keeping the samples in an ice bath.



Preparation of Sulfonamide-spiked Homogenized Milk Samples

Homogenized milk (produced by the Northern Alberta Dairy Pool Ltd. but
purchased from a retail store) was used for the preparation of a SMR standard curve and
for cross-reactivity studies with SMT, STZ and sulfadimethoxine (SDX). Each of the
sulfonamides was first dissolved in water, then a 10-fold dilution of the aqueous solution
wasmidewimmilk Thesulfanamideﬁnﬂkmlmianimthenuiedmmﬂiefmher lO

mndml curves, imLk dllutmns af sulfcmﬂﬁde ranged from 1 ugl'mL to 0.01 fy'ml_—. ;nd
for the cross-reactivity studies, milk dilutions of sulfonamide ranged from 10 ug/mL to

0.01 ng/mL.

Charm II Microbial Receptor Assay Procedure
ﬁﬁmllmﬂygsmpafmﬂitmcmmmlﬂﬁwm

(M;lden,MA) ‘ﬁgmg:ugdmuulysmgmemﬂkmpk:mﬂg mnmicmhﬂ
sulfa drug sequential assay", as outlined in the operator's manual for the Charm II assay.
The Charm 11 assay, by the manufacturer’s claims, should detect all three sulfonamides
(SMT, SMR, and STZ) found in 3-Sulvit. In the sequential assay, sulfonamides present in
the milk sample were given the first opportunity 10 bind to the receptor molecule. Then a
3H labeled SMT drug tracer was added 10 the milk sample which bound 10 any remaining
receptor sites. The receptor/sulfonamide complex was centrifuged, any unbound
dummngmplexmmnnﬂnﬁsﬂ:ﬂﬁmd tion fluid. The amount
of radioactivity in counts per minute (cpm) is inversely proportional 10 the amount of
sulfonamide in the milk sample. By performing the sequential assay on a "positive control”
(a reconstituted milk powder containing 10 ppb of SMT) supplied by Charm Sciences, a
mmummy(m)mmuuyw;mmsmm

mcﬂimmﬁmmmmmmh
mﬂ:mﬂ.ﬂhnmmﬁrﬂg S&ﬂ'ﬂzﬁd
SDX. As described in the CITE Sulfa Trio test kit manual, the test utilizes competitive
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binding for antibody binding sites established between residual sulfonamide in the milk, "
and an enzyme-labeled sulfonamide standard solution added to the milk sample. Afier
washing, and upon addition of substrate, a blue precipitate, proportional to the amount
bound enzyme-labeled sulfonamide, is formed by the enzyme reaction. Therefore, the
formation of blue precipitate is inversely proportional to the amount of sulfonamide present
in the original sample. Visual inspection of precipitate in each of the sulfonamide
designated regions of the test cups was used to determine whether the milk samples
contained greater or less than 10 ppb of SMT, STZ or SDX. From analyses performed by
SMR ElAs and Charm 11 analyses, the range of milk samples which could provide
information using the CITE Sulfa Trio was nasrowed 10 4 or S samples. Milk was tested
until a sample was found which could be visually identified by the test as containing
approximately 10 ppb of SMT or STZ.

Piosplme-luﬂered Saline (PBS nnd PI!S'I‘) Soluuoni

hydrogen phosphate (1.108 g), potassium dih: 4rogen phosphate (0.3 g) and lhlmemul
(0.1 g) in 1 liter of water. To prepare PBST, u.S g (0.05%) of Tween 20 was added to the
PBS solution prior to dilution 10 volume with water. The pH of the PBS or PBST was
adjusted to0 7.3 with sodium hydroxide or hydrochloric acid as needed.

Preparation of Polycional Antibodies and Competitor Conjugates

A description of the preparation of the polyclonal antibodies and the azo- and
hemisuccinate-linked competitor conjugates that were used for milk analysis was given in
chapeer 2. Briefly, polyclonal antibodies were derived from the serum of a Flemish Giant x
Duwich Lop Ear rabbit, injected with an azo-linked sulfamerazine-Limulus polyphemus
hemolymph conjugate. When tests showed that the serum had sufficient titer for use in the
EIA experiments, the rabbit was bled out and the serum stored at -20°C.

The lightly loaded, sulfamerazine-bovine serum albumin azo-linked competitor
conjugate, (SMR-BSA(L)), was prepared using an azo linkage between the N* ierminal
amine group of SMR, and BSA. mmmmmmmﬂum
of SMR per mole of BSA. The preparation of the lightly loaded, sulfamerazine
serum albumin hemisuccinate-linked conjugate, (SMR-SA-BSA(L)) was accomplished
with the use of a succinate linkage between SMR and BSA. This resubted in a hapien-

protein molar ratio for this conjugase equsal 10 6.4.




Competitive Indirect EIA Procedure 8

Each well of a 96 well microtiter plate was coated with 200 uL of a 10 and 20
ng/mL PBS solution of the hemisuccinate and azo-linked competitor conjugate,
respectively. The plate was protected from evaporation with an acetate plate sealer and left
overnight at 4°C. The next day the coating solution was shaken from the wells and the
plate coated with a 1% BSA in PBS solution. The plate was then sealed with a plate sealer
and left to incubate for 1 h at room temperature. After 1 h, the 1% BSA in PBS solution
was shaken from the plate and the wells washed 3 times with PBST, shaking and forcibly
blotting the PBST from the wells between each washing. For the SMR standard curve,
sulfonamide cross-reactivity studies, and 3-Sulvit medicated cows' milk samples, 100
uL/well of each of the serial dilutions of sulfonamide in milk was added to the wells as «
source of free hapten. To some of the wells, 100 uL. of milk (homogenized with no
sulfonamide added or premedicned ca'ws‘ milk unq:vle:) was :ddnd asa csnn:ml Serum

ulmu)udthepluenabdudmhuadfmzh. dewmglmhmﬂgmlmm
described. Goat anti-rabbit peroxidase-conjugated antibodies diluted 3000 times with

PBST were added 10 all of the wells (200 pl/well), and the plate was incubated with plate
scalers for a further 2 h at room temperature. After washing the plate with PBST as before,
200 uL of a substrate solution (TMB (0.1 mg/mL) and urea peroxide (1.0 mg/mL)
dissolved in 0.1 M citrate buffer, pH 4.0) was added 10 each well. The enzyme-substrate
absorbance at 450 nm was read.

EIA Data Anmalysis
mmmmmuuwnm.mmm;smm(mmn
software (Molecular Devices Corp., Menlo Park, CA) into a best-fit, four paramester curve
(equation (5), chapser 2). mmﬂMd-wmmmm
mu&el”m(ull).melmuﬂgmﬂn&ﬁuﬁ: eoer 1

absorbance value for each well. The blank value for the plate was measured by taking the
wahahncefmnaleul!wﬂhmﬁephg.m:liminﬂsm




additions of solutions to the plate remained the same for the 1% BSA in PBS coated wells

as for the mnpenmr canjugnie cnated weils Qnee the blank value had ltcn dedur:ted from

;ulfonnmdg emnmnlﬁad mxlk) dm,ded by Bo (absafhinse of a well wuh milk but no
sulfonamide) could be calzulated for each well, and the B/Bg values then processed by the
SOFTmax software. For the standard curve and cross-reactivity studies the values of By
were obtained using homogenized milk (no added sulfonamide) and for the 3-Sulvit treated
cows’ milk sumples, Bo was obtained from the day 1/am milk (milk sample taken prior t0
3-Sulvit treatment) of each cow.

Data Processing for SMR EIA Standard Curves, and Sulfonamide-

contaminated Raw Milk Samples

Sigmoidal standard curves were produced using SMR-spiked homogenized milk
and the SOFTmax software, for both the SMR-BSA(L) and SMR-SA-BSA(L) competitor
conjugates (refer 1o Appendix Il for competitive indirect EIA data). The equations of the
sigmoidal cusves for each competitor conjugate were used to conven the absorbance values
(B/Bo) from the 3-Sulvit treated cow's milk samples into numerical values expressed in ppb
(refer 10 Appendix II for parameters used in the best fit, 4-parameter equation). All values
less than lmmmmfﬂtdﬁmlkmbi A 20-80% reduction from the upper
asymptote of each of the sigmoidal standard curves represented the linear region of the
curves, and ppb values derived from this region were considered the most accurate. For
the sigmoidal standard curve produced using SMR-BSA(L) as the competitor conjugase,
the concentration of SMR within the lincar region was from 0.68-16.6 ppb. Triplicate
analyses were performed on each of the SMR dilutions used 10 prepare the standard curves
region of the curves. For the SMR-BSA(L) sigmoidal standard curve, the V, avesage was
3.4%, and for the SMR-SA-BSA(L) sigmoidal standard curve, 12.4%. Analyses of the
cows ﬁkm‘vmdﬂ erformed in wriplicate. For all the sulfonamide
minated cows' ﬁkmm:vmpVAfwnMVﬂmMUm;h
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RESULTS AND DISCUSSION

Sulfonamide Contaminated Milk Sampies

SMR-spiked Milk Samples. Preparation of the SMR standard curve was attempted
using sulfonamide-free raw milk obtained from the bulk milk tani at the University of
Alberta Dairy Unit. When 10-fold serial dilutions of SMR in the raw milk were tested in
the ElAs, it was found that there were substantial fluctuations in the absorbance values of
the highest dilutions. These fluctuations made it difficult to obtain a consistent standard
curve and especially difficult to obtain an accurate Isg value from the sigmoidal curve. It
was believed that the fluctuations we.« the result of the dlﬂ"iculry in spiking raw milk,
which is a two phase system (predominantly f | minantly aqueous phases), with
SMR at very low levels. Th:ﬂucmnmsmlm values of highly diluted SMR
samples did not occur with homogenized milk. Although the fat content in ed
mlkunppmxmﬁelyth:masthnuhhenwmﬂkmmehampmzdmlk unhke
the raw milk, did not separate out during the 2 h incubation step. Even though all of the
samples were mixed vigorously between dilutions, the hydrophobic SMR (Long e al.,
1990) was likely in greater concentrations in the predominantly fat layer of the separated
raw milk. Minute changes in the fat 10 water ratios in raw milk could have contribuied
significantly 10 the dilution problem, especially in the samples with low concentrations of
SMR. Also, the layered raw milk system may have prevented the SMR (associased with
the predominantly fat phase) from competing with bound SMR (competitor conjugate) for
antibody at the surface of the microtiter plase (predominantly aqueous phase). Although
there were problems in preparing the standard curves using raw milk, the curves that were
obtained were virtually the same as those prepared using homogeniz | milk except for the
N;hmﬂmyfu:dfmdgmméidsm mﬂdvmugshﬂgmuf
enized milk were that it provided a consisient fat content in the milk from trial 10
Mﬁmgmmmhﬁmmym

amide EIA Cross-reactivity. Sulfonamide cross-reactivity studies were

mhmﬂmmmmmﬂmmh

hh}mnkﬂ:mymlmmsmfwmhmm
(Cullor and Chen, 1991). It was also important
mmn;mnmhmwmnmmﬁbm
the Charm I1 assays. The results of the EIA cross-reactivity
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Table 3.3. Cross-reactivity of Sulfonamides with EIA Competitor
Conjugates
Sulfonamide SMR-BSA(L) SMR-BSA(L) SMR-SA-BSA(L) SMR-SA-BSA(L)
Iso cross-reactivity® Iso cross-reactivity®
(nM) (relative %) (nM) (relative %)
Sulfamerazine 5.2 100 11 100
Sulfamethazine 97 5.4 227 4.8
Sulfathiazole 1655 0.31 1803 0.61
Sulfadimethoxine >10000 <0.02 4816 0.23

¢ calculased from the corresponding Isg value (nM) for each conjugate



Both competitor conjugates demonstrated that the polyclonal antibodies had a strong
specificity for SMR. Litde affinity for STZ, and especially SDX, was demonstraied by the
antibodies. Even the structurally similar sulfonamide, SMT, showed only a 5.4% or less
cross-reactivity when compared with the same molar ratio of SMR. Other authors have
found 30% (Flecker and Lovett, 1983), 12.1% (Singh et al., 1989) or 10% (McCaughey et
al., 1990) cross-reactivity with antisera produced against SMT when tested with samples
containing SMR. Antibodies prepared against SMT may find it easier 10 accommodate the
smaller SMR into their binding sites, whereas SMR specific antibodies may find it more
difficult 1o fit the extra methyl group of SMT into their binding sites.

3-Sulvit Treated Cows. 3-Sulvit is a mixture of sulfonamides, vitamins, and
the product was easily obtained from a local pharmacy without a prescription, a fine print
warning on the package mlesdm}Sulvit treatment mumhe;ivenm:ninﬂ; within
obvious reason for this waming inhntln;h levels of mlfanm:de lendue willbefound in
the meat or milk soon after the intake of 3-Sulvit by the animal. Using 3-Sulvit as a way of
introducing sulfonamides into the cows' milk was desirable for test evaluations, especially
in ligit of our difficulty in spiking raw milk at very low sulfonamide levels. The
administration of 3-Sulvit would also allow for evaluation of the effect of sulfonamide
metabolites on test performance. Various sulfonamide metabolic products are formed by
the cow, but commonly sulfonamides are acetylated at the N¢-position (Rehm et al., 1986;
Medina er al., 1992; Paulson et al., 1992b). Paulson et al. (1992a) also reported that a
major metabolite in milk can result from lactose conjugation at the N¥¢-position of the
conjugation 10 the carrier protein at the N4-position, the EIA should be able 10 recogniae the
N¢ altered metabolites of SMR. The ability of antibody-based tests to recognize N4
sulfonamide metabolites has been reported by Sheth er al. (1990) and Medina et al. (1992).

Analysis of SMR EIA Conditions

The production and characterization of the azo- and hemisuccinase-linked competitor
mmwumz Mjhm mmmm
optimised 10 accommodate all six conjugates with aqueous SMR dilutions. This swudy,
however, required mikk dilutions of SMR for the preparation of standard cwrves. Using
Mﬁ&mﬁuhmhm&ﬂﬂmﬂ:ﬂmmﬁh-
overall decrease in the maximum absorbances (fewer antibodies binding 10 the competis




conjugates), but improved SMR detection capabilities for all conjugates. This effect has !
been noted in other systems (Assil and Spoms, 1991), but since homogenized milk is a
complex mixture of fats, proteins, sugars and salts, it was still surprising that the detection
clpﬂmaﬂmmﬁemjummmdmnﬁdmmdgmﬂmof
these potentially imerfering compounds. Improved EIA detection capabilities in a food
:ynem.m:hummﬂkElAs.myhuxpldnedbymeghcdmdlnﬁm‘wimhijhe
birdin;llﬁnitie:fﬁsmmmeplyehul;i;; 1. The lower affinity antibodies in the
Fnr this study, aniy SkleBSA(L) and SMR-SA-BSA(L) were chosen for further
evaluation. These two competitor conjugates had the best detection levels, similar hapeen-
comparison of the competitor conjugates under similar conditions to attain the maximum
ﬁmfm&hmnm“hmmmm:ﬁﬁsm

hﬂm-linhd mﬁ emjupt: (SMR-SA-BSA(L)) fequhed lnlf die
n for coating of the microtiter plase and polyclonal rabbit serum as the azo-

mmmmjum(sm mm))mmmﬂﬂyﬁmi,,,,,,,,,i’

mﬁﬁpwﬂmmﬂﬁwﬂﬁﬁbhﬂym Baﬂmlhe
polycional antibodies were prepared using an azo-linked immunogen, it is presumed that
akthough a different casrier prosein was used, more antibodies would have compatible
binding sites for SMR-BSA(L) than SMR-SA-BSA(L). Therefore, if the ability of the
MMM)nmnhmm“qﬂhmm

L ; *famummmhminmmnsm

mmawmﬂ Pas mﬁuh:me\rﬂyhﬁlﬁdm&n
lower detection limit for the SMR-SA-BSA(L) conjugate. 'lﬁm“ﬁhmnh
SMR-BSA(L) conjugatc was the most seasitive. The answer 10 these 2 ns May
be in the nature of the azo-linked competisor conjugase.
mmmvﬁhmum) tperime

, ﬁiﬁm

ﬂgﬂmm ﬁﬂ:ﬁhmﬂ‘h , ) Iilhpﬂ!ylﬂ
10 & more stable antibody-antigen interaction for the plate bound hapeen, resulting in less
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effective competition by free hapten. Also, more plate bound hapten may be exposed by
this flexible arm, resulting in an increased concentration of antibody bound to the plate.

Analysis of Sulfonamide-contaminated Raw Milk Samples by SMR

EIA, Charm II Assay, and CITE Sulfa Trio Test

The results of the analyses for the three test cows’ milk samples are focused around
the detection of sulfonamide in the milk at the 10 ppb level, because this was the level
which the CITE Sulfa Trio and Charm II microbial receptor assays have designated as a
control point. Within Tables 3.4, 3.5 and 3.6 are the results of the milk analyses for cows
8421, 8881 and 9020, respectively. Day 1/am milk for all cows, as indicated by the Charm
II assay, contained less than 10 ppb of sulfonamide. Within approximaiely $ h of treatment
(day 1/pm), all cows had sulfonamide in their milk above the 10 ppb level, as determined
by the Charm Il assay and SMR ElAs. Examination of results from day 1/pm until day
7/am demonstrated the sulfonamide detection capabilitics of each test.

For the SMR EIlAs there was a measurable decrease in SMR content of the milk
from day 3/pm to day 7/am. Taking into consideration only the ppb values determined
from the linear regions of the standard curves (numerical results <100 ppb and not
proceeded by "~") it was found that there was considerable agreement between the azo- and
hemisuccinate-linked competitor conjugates as 10 the amount of SMR in the milk near and
below the 10 ppb range, for cows 8421 and 8881. However, slightly less agreement as 10
the SMR concentration of the milk, desermined by the two competisor conjugates, was
observed for cow 9020.

The CITE Sulfa Trio test was used 10 determine SMT and STZ contents of the
cows' milk. Although the CITE test will also determine SDX, this sulfonamide was not
present in 3-Sulvit, and the test spots for SDX were consistently negative in tests with the
cows’ milk samples. The CITE Sulfa Trio test was used 10 desermine the sulfonamide
content of the milk through the examination of a range of milk samples that were known 10
have a 10 ppd sulfonamide concentration by Charm Il analysis. At times it was possible 1o
distinguish between the concentration of STZ and SMT through the intensity of the spot
that was formed. This provided the resukts at day 4/pm for 8421 and 8881, where the SMT
spot could be reported as being >10 ppb while the STZ spot was <10 ppb.

The operator’s manual for the Charm 11 assay sets the criteria for a safe level control
point for determining negative samples, as the control point (which was determined 10 be
1100 cpm) plus 15% (= 1263 cpm). For the pusrposes of this study, there was oaly an
interest in quantifying the sulfonamide concentration in the milk at a 10 ppb level,



Table 3.4. Results of 3-Sulvit Treatment of Cow 8421
Milking SMR-BSAQL) SMR-SA-BSAQL) CITE Sulfa Trio Charm Il assay
(8421) EIA EIA

_day houn _ Gob)  (oph) (pb) __(cpm)® (opb)®
1/am 0 € € — 1431 <10

1/pm 9 >100 >100 >10 789 >10
2am 24 >100 >100 - 828 >10
2/pm 33 >100 >100 — 959 >10

3am 48 >100 >100 856 >10

jpm 57 ~294 ~73 >10 926 >10
4ham 72 5.2 5.4 — 857 >10
4/pm 81 s 3.7 >10 996 >10
(SMT only)

Sam 96 1.1 1.1 =10 1056 >10
Sphm 105 0.64 0.73 <10 1062 >10
Gam 120 . . . .

&pm 129 0.41 ~0.24 — 1826 <10

Tam 144 0.16 ~0.10 — 1700 <10

& the CITE Sulfa Trio test is able 10 detect <, >, or =10 ppb of SMT, STZ, SDX
® 1100 cpm =10 ppb concentration of sulfonsmide in the milk
¢ sample was inadveriently discarded prior 10 analyses



Table 3.5. Results of 3-Sulvit Treatment of Cow 8881

Milking SMR-BSAQL)  SMR-SA-BSAQL) CITE SulfaTrio Charm Il assay

(8881) EIA EIA

gy hours  (ppb) (pb) _ (ppbM  (cpm (ppb)e
1/am 0 € ¢ — 2504 <10

pm 9 >100 >100 _ 946  >10

2/am 24 >100 >100 976 >10

2pm 33 >100 >100 864 >10
3/am 48 >100 >100 _ 931 >10

pm 57 ~384 >100 934 510

4/am 72 ~20 ~40 >10 987 >10

4/pm 81 ~11 ~18 >10 1024 >10
(SMT only)

Sam 96 59 6.5 =10 1052 >10

Spm 103 6.9 6.8 <10 1178 <10

6am 120 1.7 24 — 1156 <10

Gpm 129 1.4 2.2 _ 1270 <10

Tam 144 0.31 ~0.46 _ 1373 <10

-umsmm-mmumm:,s u-lﬂmhf.ifSMT STZ, SDX
» II@@SIO#, inth




Table 3.6. Results of 3-Sulvit Treatment of Cow 9020

Milking SMR-BSAL) SMR-SA-BSA(L) CITE Sulfa Trio Charm Il assay

(9020) EIA EIA
day _ hours (ppb) (ppd) (ppb)* (cpm)® (ppb)®_
l/am 0 c c — 2234 <10
1/pm 9 >100 >100 — 814 >10
2am 24 >100 >100 — 923 >10
2/pm 33 >100 >100 - 940 >10
Jam 48 ~25 >100 >10 837 >10
3pm 57 ~11 ~44 >10 936 >10
4/am 72 33 8.2 >10 1023 >10
4pm 81 2.8 1.7 =10 1218 <10
Yam 96 0.89 2.1 <10 1239 <10
Spm 108 1.2 2.1 —_ 1334 <10
6m 120 0.24 1.4 _ 1918 <10
&pm 129 0.19 ~0.59 — 1993 <10
Thm 144 ~0.14 ~0.58 _ 2529 <10

¢ the CITE Sulfa Trio test is able 10 detect <, >, or =10 ppb of SMT, STZ, SDX

¢ monanide il gl B VAR B e ik

¢ samples for SMR EIA

¢ "~* quantifiable results that fall outside the linear region of the sigmoidal standard cusves



herefore, 1100 cpm was chosen as the control point. This meant that values of <1100 cpm

mﬁnmﬁmﬂﬂfmﬂehﬂgnﬂkﬂﬂom and values of >1100

cpm represented a sulfonamide concentration of <10 ppb. By day 7/am, results of the
Considering that there were three individual cows and four test situations used to

examine the sulfonamide-contaminated milk samples, all test results were in relative

mﬂnﬂﬁeﬁﬁwﬁnhmﬁmﬁmminﬁemﬁm&n&m

mydﬁymmnﬁmmmtlﬂppb,uemuygxmﬁ However,
since day 6/am milk was not available, determinations had to be made based on day &/pm
results. The different daily concentrations of sulfonamides in the milk samples may be
attributed 0 three factors. First, there were the different levels of the three sulfonamides
rase of excretion of sulfonamides into milk. Rehm et al. (1986) reporied that there are
hmm Ahn.ndnmoﬁnninﬂnn(iﬂgsulfmhnhmfm:ﬂb

d‘ ) ,,,TZQ mﬂﬂvilyafmhm Fmenﬂwle.dummulﬁrﬁe
Mnmymmﬂﬁmyﬁz.Sﬁmmmnsmﬁﬂm:hun
SMT, for which the 10 ppb level was established. This increased sensitivity 10 SMR and
The structural similarities between SMR and SMT, and the availability of SMR in
ommercially produced sulfonamide preparations, may make future deserminations of
msmum-mm mmmmmsmmm




Table 3.7. Identification of a 10 ppb Cut-off Date for Milk Samples using
Sulfonamide Assays

SMR-BSA(L) SMR-SA-BSA(L) CITE Sulfa Tha B Charm II assay

& sulfonamide(s) detected by assay
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Chapter: 4

AN INVESTIGATION INTO THE
PREPARATION OF A
MONOCLONAL ANTIBODY FOR
MULTIRESIDUE SULFONAMIDE
DETECTION
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Sulfonamides are a group of antimicrobial compounds whose bacteriostatic
properties are used 10 control infections in humans and animals (Sieele and Beran, 1984).
mmﬂﬂMMMhMMMDmmﬂm
1988), veal (Wilson et al., 1991; Bames ez al., 1990), poultry and eggs (Horis et al., 1990;
Agarwal, 1992), fish (Pleasance et al., 1991; Uno et al., 1993), milk from dairy cattle
(Larocque, et al., 1990; Charm ¢r al., 1988) and honey from bees (Sheth and Sporns,
sulfonamide ingestion (Rehm et al., 1986). Recently, milk has been the focus of many
mhgmd:uhpdinmmnm, mﬂ‘mﬁdginnke With the

mmmmmmmm&uwsﬂmmmm
tion as a safe level for all sulfonamides (Zomer et al., 1992).

nm ",,,;;",ﬁMWﬂﬁﬁdﬂmﬂ:mﬁ
Minhnﬁ(ﬂnmﬂd 1992). Commercial immunc en
mhmm s, particularly sulfamethazin (Meﬂnuul I'HZ).
UAORSSS ﬂgﬁ@hmmwnysmhm
Pmm:t”:1,mummm(lm)mmﬂd (1992) has
mmmmmnmmuﬂmynm-ma
wmides. Sheth and Sporns (1991) demonstrated that a population of antibodies in
mmmmmmmuma—n
competitive indirect immunos by careful choice of the competitor conjugate used %0
cont the wells of the microtieer plme. Also, Assil es ol. (1992) found that affinity
purification, in conjunction with the careful choice of the competitor conjugate, was eves
mﬁﬂwhhﬂﬁ;hﬁdnﬁﬂhhm ntisorum Aﬂq

m&m#&d‘h__y “ﬂ“pﬂﬂ

hpﬂyﬂ, tioon ;ii:ﬁaﬂ“ﬂgpﬁﬂdmw
pulation, this study describes the atsempt at the production of monocional antibodies

Mﬂmmmm
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Reagents

Sodium sulfaquinoxaline (SQX), sodium sulfadimethoxine (SDX), sodium
sulfamethazine (SMT), sodium sulfathiazole (STZ), sulfanilamide (SNM), phenyl-ring-
UL-4C sulfamethazine (14CSMT), thimerosal, Tween 20, 3,3',5,5'-tetramethylbenzidine
dihydrochloride (TMB), oxalacetic acid, D L dithiothreitol, bovine serum albumin (BSA)
and ovalbumin (OVA) were purchased from Sigma Chemical Co. (St. Louis, MO).
Jolla, CA). mmnﬁ(mmmdmméusmm?smm
(Burlington, ON). All other chemicals used were of reagent grade or betier.

The following were purchased as sierile solutions from Gibco BRL (Burlington
ON): L-glutamine supplemente mumumuhmmﬂnmm
Hyhmmsmmybuannmﬁemﬂmn).? utamis (‘ImmM),femm

sreptomycin sulfase). Also
ww:::dngbnﬂuinnmhymmmum:lhﬁ).
Aminopeerin was purchased in the form of a 100 x sierile powder which was reconstitused
with water.

Phosphate-bufiered saline (PBS) was prepared from sodium chloride (154 mM),
mmnﬂ\pmﬂ-ﬁmm.mﬁmmmazmx-d
thimerosal ( 0.247 M), pH adjusted 10 7.3 with sodium hydroxide and hydrochloric
PBST was prepared from PBS with the addition of Tweena 20 (0.05%, wh)hiﬁwpﬂ

adjustment.

i isation
The synthesis of the conjugate used in the imununizas A amide-lin
methyi-S-{2-(4-carboxyethyl- 1 -hydroxyphen ,)l-m-z-mﬂyl ulfanilami s
mmm(lmﬂmmbAﬂad (IHZ)

structwre of 1-LPH is given in Figure 4.1.
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Figure 4.1. Structures of Competitor and Injection Conjugates.
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The immunogen was prepared using the Ribi Adjuvant system for mice (Cedarlane
Mmihﬂby th)mwﬂchwudﬂduuﬂ,ahoam; 1- LFHprmL

mdo.lml.heqailmnl_ mmmammmmzlaﬁmmm
injection, and boosts were adminisiered on days 38, 42, 49, 63 and 98. Bleeds from the
tail of the mice (200 L) were taken on days 26 and 69, and the blood was processed using
Microtainer brand serum separators tubes (Becton Dickinson and Co., Rutherford, NJ).
By day 101 mice had been sufficiently immunized for a fusion.

Approximately 9 months laer, lﬁﬂdlﬂd‘lﬂhﬁhﬂmpﬁ:ﬁmﬂ:m
remaining after the first round of immunizations. 1-LPH (0.38 mg/mL sterile saline) was
Mfawmhmmmmfﬁm and was administered using
the previously described injections sites and inoculation amounts. Beginning on day 342

Culture Collection, Rockville, MD), was used for the production of hybridomas. Several
mwmﬁmhmuﬂm-ﬂmm
mlmmm“hﬂEMﬂﬂﬁmﬂbﬂWﬁ:
concentration of 2 mM. Also added were penicillia (100 units/mL), streptomycia (100
prepared by adding fetal bovine serum 10 serum-free RPMI ot a concenwration of 20% (W),
:,:lﬂﬂ(:l))mmm
RPMI plus sodium hypoxan ,’f(INMﬂM(ISM HA'I‘—ﬂ-nﬁi
m““ﬂﬁﬁﬁﬁiﬁ“iﬁﬁhm

concenvation. m-—i—_muﬁua—i—mﬁﬁm
formerty sustained the growth of NS-1 cells) theough 8 0.2 jim fileer. ‘The filer sserilined
modium was further fortified with L-ghutamine (2 mM), penicillin (0 wnit/nl.), and
swepromycia (SO ug/ml.).



Cell Fusion and Selection 106

Harlow and Lane (1988) and McCullough and Spier (1990) were used as general
mmmmmmmm-nmm

mnm.mns-mmmmmmmmmmzsm
CO; and 90-100% humidity). Cell density was maintained between 0.5-3 x 10° cells per
cells were combined from several growth flasks into a 30 mL conical sserile centrifuge tube
(Coming Inc., Coming, NY). Cells from each growth flask were pelleted (250 x g for $
of serum-free medium 10 a single centrifuge tube. The complete RPMI decanted from the
myeloma cells was filiered through a 500 mL, 0.2 um cellulose acetase bottle top fiker
(C‘ﬁn'C'up WM)Mnmmmmm Thhnaﬂunm
hﬁmmmmmmm)mmm;ﬂm
serum-free medium per wash. Aﬁh““hmﬂhhm
lﬁﬂmmﬂuﬁ;: ometer, and stored in a 37 °C, CO; incubstor until the
ﬂlg@;dh*mf,,"’,,,,,,ymﬂﬂp“b:ﬁlhpﬂ‘iﬂ
containing 10-15 ml of serum-fres RPMI. Cells were removed by making small tears in
the apleen sac, followed by repeated injoctions of the surroundiag serum-free RPMI into
hmﬁjmﬁhﬂmmmnmmﬂdmm Once the
mmﬂyﬂdeﬂhh“mmﬂnlﬂﬂgm

mﬂmmmwﬁnmdanﬂmmmm-
washing, 2 hemocytomeser was used 10 desermine the sumber of splenocytes in the 10 ml.
6.7:1, respectively. The serum-free RPMI was removed after contrifugatios nﬂ:;h
Sii. Alﬂ.dﬁmdﬂllﬂlﬂhlﬁ:hﬂrmﬂmﬁ“d




addition of 8 mL of serum-free RPMI (with stirring) over the next 3 min. The supernatan
was decanted after centrifugation (250 x g for S min), and the cells resuspended in S0 mL
of compless RPMI. The cells and medium were transferred 10 a tissue culture flask and left
overnight in the 37 °C, OO; incubasor. The next day the complete RPMI was removed by
centrifugation (250 x g for S min), decanting and discarding the medium, and the cells
resuspended in S0 mL of HAT medium. The cells in HAT medium were distributed in 150
uL aliquots to the wells of 6 swerile 96 well plates (ICN Biomedicals Canada Lud.,
Mississsuga, ON). Thres days after the fusion, and before the first subculture with HAT
medium, the number of wells positive for hybtridoma growth were recorded. The cells
were subcultured in HAT medium every 2-3 days untll the 11th day after fusion. At this
subcultured into HT medium ir the wells of a 24 well plase (ICN Biomedicals Canada Lad.,

Mississauga, ON).

Cell Cloning

Cells were cloned from the 24 well plase by limiting dilution into soft agar. Prior %0
the day of cloning, 8 2.4% (w/v) solution of Jow meiting point agarose in 0.15 M NaCl
was prepared, sterilized by autoclaving, then stored at 4°C. On the day of cloning, the
agasose was melted and diluted 10 0.48% (w/v) with conditioned medium. A 0.5 ml.
aliquot was taken from the well of the 24 well plate chosen for cloning, and six, 1:1 serial
dilmtions of the cells were made with conditioned medium. A 100 uL sample of each serial
dilution was added 10 2 ml of the 0.48% agarcee, and after vigorous mixing, the cells in
agarose were distribused ineo 4 wells (in a single column) of a 24 well plase.

Afver 7-10 days of growth ia the soft agarose, individual cell clumps derived from
the division of a single hybridoma were transferred from the agarose 10 100 uL of
Wn&nhhﬂkdaﬁhlﬂt“ﬂmﬂmm:ﬂ&“
Cocksysville, MD). The wansfor was performed using an inverted phase microscope
laminer flow hood, and & mouth pipesting apparatus. The mouth pipstting apparatus
Mdﬁh”ummm-idﬂ“ulﬂh
coanected 10 & micropipet mouth piece vis approximately two fest of sterilised lassx tul
(3.2 s inner diameter). mummudmmmmm;_
Millex-GS fikers (MiBlipore Corp., Bedford, MA). W-ﬁ,ﬁ;iﬁ
condisioned madium of the wells of the BBL Minitsk plates were subcult
RPML lwmm“w*mpﬂnﬁh
desised smtibody, the hybtridomes were transferved from the miniesk plase 10 a 24 well plase.
Feom the 24 well plase the cloning process was performed a second tims 0 enswe the
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stability of the cell line. The isotype of the MAD produced by each hybridoma clone was
determined using a Mouse Monoclonal Ab Isotyping Kit (1SO-1) from Sigma Chemical
Co. (St. Louis, MO)

Competitive Indirect and Screening EIA Procedures

Each well of a 96-well Immulon 2 flat-bottomed microtiter plase (Dynatech
Laboratories Inc., Chantilly, VA) was coated with either 200 uL/well of 1% BSA in PBS
solution or 200 pL/well of a 6 10 7 ppb solution (w/v) of one of two competisor conjugaies.
The choice of competitor conjugates were: an amide-linked, N'-(4-methyl-$-{2-(4-
carboxyethyl- 1-hydroxyphenyl)}-az0-2-pyridyl jsulfanilamide-bovine serum albumin
conjugase (1-BSA) or an amide-linked, N-{4-(carboxymethyl)-2-thiazolyl Jsulfanilamide
ovalbumin conjugae (OVA-TS), dissolved in PBS. Thlyndildsdl-BSAhdn:ﬂﬂl
by Assil et al. (1992) and the synthesis of OVA-TS by Sheth and Spoms (1991). The
structures of both of these competitor conjugates are given in Figure 4.1. The plate was
per well of 1% BSA in PBS. The plase was sealed with a plase sealer and left 10 incubste
for 1 h at room temperature. Aﬁslhmlimhmﬂuﬁnmmmn
mmmmmﬁnm Mﬁmhﬂmmnﬂyhn

Fﬁ’lME&lWﬂLH“ﬂﬂmmﬁm(ﬁﬂ)
was added 10 the plases, which were then sealed and incubated for 2 h. For a competitive
ElA, aqueous dilutions of one or more of the sulfonamides, SNM, STZ, SMT, SDX, or
SQXMAJ)mdﬂ(ImM)ugmdhmhm To
mdkdﬁ.l(ﬂﬂdmmdﬁdnnm Hybridoma supernatan

tuted fi [ - mmum-—
ﬂnﬂﬂﬂﬁ%&h(l@g&hﬂ)ﬂhﬁmﬁﬁ
incubated for 2 h.
ﬂtﬂdﬂhﬁﬂSﬁﬂimmﬂ h-iym-ﬁ-i
l@hﬂﬂ!‘nﬂﬂmmiii
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(diluted 6000 times with PBST) were added 10 individual wells (200 uL/well) of the

microtiter plate. Once the hybridomas were serotyped as IgM, only the goat anti-mouse
IgM antibodies were used. After the addition of the peroxidase-conjugated antibodies, the
plate with plate scaler was incubated for 2 h. Following the incubation, the plate was
washed with PBST as before, and 200 uL of a substrate solution (TMB (0.1 mg/mL.) and
ures peroxide (1.0 mg/ml.) dissolved in 0.1 M citrate buffer, pH 4.0) was added 10 each
well. After sufficient color had developed from the enzyme-substrate reaction
(spproximately 0.2-0.8 absorbance units), the reaction was stopped with the addition of 30
Hlswell of 2.0 M sulfuric acid, and the absorbance read at 450 nm.

MAD Collection and Purification
lines on complete HSFM, followed by ammonium sulfate precipitation of the MAb from
the supernatant, then dialysis. Hybrl mﬂpﬂmwﬁmmmw
mmmmmnmmm Hyhﬂam:ﬁulnh
complete RPMI(SR) were grown 10 a density of 1-2 x 10° cells per mL.. The hybridon
anmummwmmmsm.nmﬂsmm
HSFM. Mlzm&mﬁnﬂﬂhmﬂmﬂﬂyﬂdnm
in complese HSFM, they were prepared for growth as a “suicide culture” based on the
procedure described by Seaver (1992).

Cells actively growing in complese HSFM were resuspended in fresh complese
HSFM &t a cell density of 1-2 x 10° cells per mL. The cells were then grown unatil the cell
visbility was less than 10% (suicide culture), as desermined using trypana blue exclusion as
asnoniem sulfae.

Using the table supplied in Harlow and Lane (1968), ammonium sulfase was added
©0 the supermatant from the suicide culture 10 8 concentration of 60%. Once the ammonium
sulfate was dissolved, the supernatant was slowly stisred for 30 min at room temperats
Mhﬂdb”ﬂh“ﬁmﬂﬂmmdm:
8 for 30 mia). The supsrnstant was decanted into a sccond 250 mi. contrifugs boule and
the peliet resuspeaded in S ml. of 0.1 M ammonium bicarbonese (pH adjusted 0 7.9 with




mg Amﬂpﬁﬁnhﬂmmeﬂhﬁﬁﬁﬂlﬁgdﬂﬂmnﬁm t
ncentration (in the 6G0% supernatant) 10 80%. The 60-80% supernatant was stirred,

mwmmwumwudhﬂzmmummﬁﬂm

MnM?(ﬂMMuﬂmMﬂﬂ)mm

against 1 L of 0.1 M ammonium bicarbonate (pH 7.9) for 24 h, and then the contents of the

MADb Quantification

ms&mmnymbmmmm Mississsuga ON)
and ulraviolet (UV) specuopl ology were used 10 estimate the MAD
mmuummhmﬂsm The Bio-Rad prosein assay
mﬂnﬂﬁmﬁﬂbmhmﬁﬁéﬂmmm
after ammonium sulfase Amﬁdmmmmkﬁ(m
byli&lﬂ)wumanllnHAbfi centration using the microassay procedure
outlined by Bio-Rad for cuvets.

WWMﬂMbmmmwnﬂ
dialysed or reconstituted lyophilized material, from the ammonium sulfase precipitations.
MﬁMAMmthﬂmmm
Mississauga, ON) was used 10 make the measurements required for MAb quantitatic

wsing equation (1).

)

IgM (mg/mL) = 13

Equation (1) is a modified form of the equation for IgM spectrophotomet
mantieation given i Harlow and Lane (1988). mman_._.m_
_m“mmbﬁﬂmﬁmnlﬂ_
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SDS-PAGE Procedure for MAD Evaluation

Bio-Rad's Mini Protean 11 separation system (Bio-Rad Laboratories Canada Lad.,
Mississauga, ON) was used 10 prepare 1.5 mm gels used for protein separation by sodium
dodecylisulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The SDS-PAGE
procedure was based on the gel electrophoresis described by Lacmmli (1970) with some
modifications. The separatory gel was prepared using 0.375 M Tris-HC1 (pH 8.8)
containing 10% acrylamide, 0.1% sodium dodecylsulfase (SDS), 0.05% ammonium
persulfase, and 0.1% tetramethylethylenediamine (TEMED). The stacking gel was
propared using 0.125 M Tris-HQ1 (pH 6.8) and contained 4% acrylamide, 0.1% SDS,
0.05% ammonium persulfate, and 0.2% TEMED. To dissociate the MAD before loading
onto the gel, a 1:1 mixwre of MAD in solution and sample buffer was hested in boiling
water for 2 min. The sample buffer consisted of 100 mM dithiothreitol, 2% SDS, 32%
(wh) glycerol, 0.1% bromophenol blue in 0.0625 M Tris-HCl buffer (pH 6.8). Gels were
run using a Bio-Rad power supply (20 mA constant current) and the proseins stained using
0.1% Coomassie Brilliant Blue R-250 in 25% isopropanol and 10% acetic acid. Gels were
destained using 30% ethanol and 7% acetic acid and then siored in 7% acetic acid.

Two standard preparations were used 10 determine the approximase molecular
weights of proseins in gels prepared by SDS-PAGE. One standard preparation was &
serum/plasma rabbit IgG (Calbiochem Corp., La Jolla, CA), obiained as a lyophilised
powder and reconstituted in water. The other standard preparation was a high moleculer
weight standard mixture (for SDS-PAGE) purchased from Sigma Chemical Co. (St. Louis,
MO). The standard mixture contained the following proscias with the approximate masses:
myosin from rabbit muscle (205 kDa), 8-galactosidase from Escherichia coli (116 kDa),
phosphorylase B from rabbit muscie (97.4 kDa), bovine plasma albumin (66 kDs),
ovalbumin (45 kDa), and carbonic anhydrase from bovine erythrocyses (29 kDa).

MAL-1“CSMT Biading Experimoent

A stock solution containing 14CSMT dissolved in 0.1 N sodium hydroxide was
prepared, and determined 10 contain radicactivity level (decays per minwts, dpm) of
6,334,952 dpviml.. To a microcentrifugs wbs containing 0.69 mg of purified, lyophilised
IgM MAD (from hybridoma cell line HSFM A1) dissolved in 1.2 ml. of 0.1 M ssumoniem
bicarbonase (pH 7.9), was added 100 uL of the 4CSMT sock solution. To a second
microcentrifugs tebe, another 100 uL of the “CSMT stock solution was added %0 3 mg of
BSA dissoived in 1.3 mL of 0.1 M ammonium bicarbonets (pi 7.9). Both solutions in the
microcentrifuge tubes were incubated for 16 h at room temperasurs and thea transfersed %o
individual dislysis chambers prepared from Specera/Por 1 membrane tubing (6000-8000



CA) and dialyzed against S00 mL of 0.1 M ammonium bicarbonate (pH 7.9) for 24 h. At
the end of the dialyses, the radioactivity (measured in dpm) of samples taken from outside
mmnmmnpmMinm All radiosctivity

urements were made in a LS 1801 uqddScindnﬁnnCumngnMB
lnc mmgmmmmmmﬁnmmmmwﬂﬂ: Ouawa,
ON) and EcolLite+ scintillation cocktail (ICN Biomedicals Inc., Irvine, CA).
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RESULTS AND DISCUSSION

This work describes the continuation of research in our laborstory directed at
producing an immunoassay with multiresidue sulfonamide desection capabilities. The
ma:wawmmmymmmwawm
common to all sulfonamides; however, difficulties have arisen when trying so direct an
immune response against the common region due to its small size. Sheth and Spoms
(1991) described the production of an EIA capable of detecting nine commercially available
sulfonamides. Seven of the nine sulfonamides required five part per million (ppm) or less
of sulfonamide per assay (maximum concentration required was 22 ppm) 10 reduce the
absorbance measured in the assay by 50%. Using a different immunogen, Assil er al.
(1992) were abie 10 increase the spectrum of sulfonamides that could be detected, and
demonstrated through affinity purification that increased EIA sensitivity and decreased
background absorbance levels were possible by isolating a desired population of antibodies
from the polycional antiscrum. With the maximum posential of the polycional antiserum
exploited in the first two studies, it was desermined feasible 10 attempt 10 produce a MAb
using the immunogen produced by Assil er al. (1992).

Hybridoma Production and Selection

The fusion produced 192 wells that were positive for hybridoma growth owt of 360
wells sooded (53%) determined 12 days post fusion. At this time, all 360 wells were
screened for the presence of antibodies having affinity for 1-BSA, the BSA conjugated
equivalent of the immunogen 1-LPH. From the 192 wells that were positive for
hybridomas, 27 screened positive for 1-BSA binding and were transferved 10 two 24 well
plates. At the 24 well plate stage, hybridomas were evaluated using 1-BSA and OVA-TS
as competisor conjugates for costing the wells of the microtiter plate, and serial dilutions of
an aqueous mixtwure of five sulfonamides. The sulfonamide mixture contained SNM, STZ,
SMT, SDX and SQX, and aqueous dilutions of the mixture had total sulfonamids
concentrations ranging from 5000-0.5 ppb. OVA-TS was employed as a sscond
competitor conjugase 10 restrict any preferential antibody binding 10 the linking arm thet
may arise with the use of 1-BSA. OVA-TS provided a different hapien from the
imxmunoges, and was used successfully in competitive ElAs by Assil er ol. (1992) whea 1-
BSA did aot provide any compstition. Competitive EIA tests were used 10 sslect 10 wells
containing hybridomes from the 24 well plates for cloning. Wells that were chossa
demonstrated at least 8 20% reduction in absorbance with the addition of 0.5 ppm of mixed
sulfonemids versus water. Afier the second cloning, three of the 10 hybridoma cell lines



m;mmmanSWNﬂm: fonan
competition when using 1-BSA or OVA-TS as competitor conjugases. Auhhpdmths
competitive EIA tests were expanded 10 evaluate the sensitivities of the MAD from the three
cloned hybridomas 10 each of the 3 sulfonamides in individual tests using only OVA-TS as
absorbance was observed with all hybridomas when a solution of each sulfonamide in the
affinities of the MAbs and increased MAD production. Serotyping tests showed that all
three hybridomas were producing immunoglobulin M (IgM) MAbD. For our purposes it
WMMimmWhMmﬁﬁy(uMhlhiﬂHMIﬁ
nhdy)mﬂhsnhﬂeﬁuhwuﬂhﬁqmﬁheﬁ:ﬂﬁwhﬂm

paamide binding. k was felt that the promising level of competition observed using the
mehwﬂmm&nnmh& To provide enough
pﬂhdl;MMAbﬁrEAjjf” ation and sulfonamide competition experiments

pmas were grown on complese HSFM.

Complete HSFM was chosen for MAD production as it contained only insulin and
wansfesrin as the defined proeias in the medium at & level of 20 jg/mL, thus simplifying
downstream MAD purification. mmm-»mflSMhm
Ihul-,’if’ Minued. mmmﬂmmmmmmm
referved 10 as HSFM A1 and HSFM A6, and were prepared as suicide cultures for larger
scals antibody collection. Mﬁnﬂﬂhmmﬁmmbtﬁv&
TS and not for sulfonamide competition, as it was believed that eartier competitiv
had provided encugh proof of the MAbs sulfonamide detection capabilities.

R was during the production of MAD from HSFM A1 and A6 suicide cultures thet
h#“iﬁﬂfff}[ ,ﬂkﬂlﬂhmm
morage vessel. However, the MAD would appeared 10 redissolve when the supermatant
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was warmed 10 37°C. Morris and Inman (1968) reporsed of a similar occurrence when

experimenting with IgM isolated from serum. The cold precipitation of prosein in the
supernatant was not immediately recognized as being problematic. It was thought that this
supernatant characteristic would only aid in collection of IgM MAD by ammonium sulfase
precipitaton. The ammonium sulfate precipitation procedure initially used involved a 4°C
incubation step after the addition of ammonium sulfase 10 the desired percentage of
saturation. Incubation at 4°C is suggested by Harlow and Lane (1988) and Scott e7 al.
(1987) in their precipitation protocols %0 maximias the amount of MAb collected.
However, when using this protocol, MAb collected from different ammonium sulfate
microtiter plase coated with 1% BSA in PBS solution. 1% BSA was used as s competitor
conjugate 1o check for MAD binding 10 protein which was not hapeen specific. It was
polymerization of the IgM MAD during the cold sworage. To overcome this problem new
procedure without subjection 10 cold storage. The modified ammonium sulfase
precipitation procedure had only a 30 minute, room temperature incubation siep %o
precipitate the IgM MAD, followed by 2 high gravitational force cemrifugation step, dialysis
and lyophilization of the MAb. This eliminated any further problems with background
binding of the MAD 10 1% BSA as a competisor conjugase.

taken 10 examine the purity and activity of the fresae-dried MAD collected in different
that MAD could be found in all ammonium sulfase fractions from O s0 80% saturation.
However, most of the MAD with the greatest purity could be collected with up 10 a 60%
ammonium sulfste saturation of the supernatant. Figuse 4.3 displays a SDS-
polyacrylamide gel of supernatant samples from HSFM A1 collected before ammonium
sulfas precipitation (preammonium sulfase) and of the 0-60% and 60-30% ammonium
sulfe fractions.

observed with the main bands in the lans represeating the heavy chains (upper band) and
light chaing (lower band) of the igid. Relative 10 the molecular weight standasds (lans 5)
the migration of the heavy chain indicased thet its siss was betwesn the 97.4 kDu and 66
kDa. This molecular weight estimate corresponds 10 the molecular weight of ~80,000
seporsed for the heavy chain of the mouss igM (Goding, 1986). The heavy chain of the
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Figure 4.3. SDS-PAGE of Ammonium Sulfate Fractions ﬁnm HSFM Al
Suicide Culture. Rabbit IgG standard (lane 1), preamma }
mmmzxmmmmm
(lane 3), 60-80% ammonium sulfate precipitation sample (lane 4), high
molecular weight standasds (t0p 10 bottom) 205 kDa, 116 kDa, 97,4 kDa, 66
kDa, 45 kDu, and 29 kDa (lane $).




mumwmalﬁm:md—ssmmmm, nsﬂ)mm
(Harlow and Lane, 1988; Goding, 1986), and migrated 10 a similar distance within the gel.
ﬁsﬂ#eﬂn@ddhlﬂmmﬂﬁnﬁmhﬂhhﬂﬂmhlﬁﬁm
from a polyclonal source containing light chains of slightly varying structure. -
dhm&ntdnhﬁlmtﬁd:mHmEmm;nnﬂeuh
mm:um&m.ﬂ was probably the J chain of the IgM. The J chain is
smaller than the light chain having a molecular weight of ~15,000 (Goding, 1986).

In the 60-80% ammonium sulfate fraction, & protein contaminate corresponding o
the molecular weight of the heavy chain of IgM was evident. This prosein was discernible
because it increased the intensity of the heavy chain versus the light chain in the 60-80%
fraction. The contaminating prossin was thought 10 be transferrin a proscin additive in the
mﬁemﬂm mmﬁﬁdmnmnhhﬁwﬂ

ﬂ;hﬂi@.ﬁkc&lﬂnlﬂﬂmmuﬂnbfmﬂhqih
k is worthwhile 10 nots that the purity of the preammonium sulfae fraction (lane 2).
mmm* - diemnjahy jo "d'ﬁpuh"’ . ’ﬁmﬁﬂ | Thm sulfme

mﬁgw\bﬁm

of solutions were taken 10 determine amount of MAD present. Afier the the cells had besa
removed from the suicide culture, supsrnatant samples were taken prior 10 ammonium
sulfas precipitation (preammonium sullfe). S-i-mﬂnﬂnﬁrﬂyﬁi_h
0-60% and 60-80% ammonium suifats fractions after dialysis, and after reconst nof
mmamm-ﬁnm

pwric analysis were weed for
orm ”,’;,;;hmhﬁ_m ﬁh_mmhuv
»p hotosnetric analysis could not be accurately weed on pressswmonium suifess
m“hm-ﬁeﬂm&ﬂﬁmﬂﬁ-ﬂﬂh&_
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mh-HSFMprhrmhybﬂnmm Amﬂmfm;ﬁ;;;,hglmm
mhmﬂﬁmmwﬁh&nﬂmﬂd&whwﬁdhmmﬂu
mmm'ﬂehﬂm_, trophotometric analysis, the source of the
mophores in each case was quite different.
'ﬂi:muh;ﬂmwnhﬁbledlm&lmdqupedb:ﬁmfﬁmmm
Alﬂeﬂam&muﬁuhﬂlqmﬂﬂaﬁmmm; 101 ally, both
the Bio-Rad prosein assay and UV spectrop ’,i,’,'immhminh
mdhﬂﬂbmhhm mm“:mdpdﬂmt
discrepancies such as the protein content of the prefreeze-dried
Mﬂm@nMMIﬂlﬂmhmmﬂMbhm
of collection 1, and the 60-80% ammoni mﬁmamﬂmz The
discrepancies in the MAD content of the prefreeze-dried solutions of the 0-60% amwnoni
sulfase fractions of collection | and 2 resulted in the large differences in the sotal MAb
collected, as determined by the two methods.
mmmnmwmmymhwmum
amount of IgM MAD produced by the hytridomas, prior 10 purification (preammonium
ﬂanLMMHnIEWﬂmHﬂ This compares
avorably with reponied production levels of MAD using serum-free media of 50 pug/ml
medium (Harlow and Lane, 1968). It may also be observed from Table 4.1 that there was

,nmmw mnmmftf”““
mm&&&uﬁhﬁgﬂﬂyﬁmﬂ Iﬂhmwﬂh
concentration (Perrin and Dempeey, 1974), and tesis on buffer alone demonstrased that it
mﬂyvﬂkmhm&hhnhﬁ_ﬁeﬁh“
ii—iﬁlmhlmﬂm cartbonate, A change in buffer




Table 4.1. Determinations by Bio-Rad Protein Assay and UV
Spectrophotometric Analysis of the Amount of IgM MAD Collected from
Ammonium Sulfate Fractions from HSFM A1l Suicide Cultures

Methodof 7mbmﬂm3umcmm(w
Deserminadon __ Collection | Collection2__ ¥

Preamemoni 'r-m Bio-Rad* 12.0 26.2 9.4

MAD in 0-60% Bio-Rad 8.965(12% ) 14.1 (23%) 393 (17%)
Ammonium UV Spec. 13.8 (20%) 9.52 (23%) 3.61 (17%)

MAD in 60-80% Bio-Rad 2.96¢ (35%)4 3.84 (28%) 3.18 (32%)
Ammonium UV Spec. 353 (31%) 3.53 (40'%) 395 31%)

Towal MAb BioRad 1.9 199 9.11

174 15.1 9.56

r:;ﬁmdﬂm

.ﬂ_,_ the amount of IgM MAb the ml of
ﬁﬁﬁngz pﬁhndby hybridoma (g per

« toral prosein




This would decrease the volatility of the ions during the lyophilization procedure. Thhwnm

the explanation for the low percentage of recovery of IgM MAD in the purified, lyophilized
Alhough the 60-80% ammonium sulfate fraction was shown 10 have a higher

percentage of MAD in the lyophilized maserial than the 0-60% ammonium sulfase fraction,

the 0-60% fraction was used in further experimentation because of the greater purity of the

MAD present. It was thought that the larger amount of ammonium bicarbonate salt present

the MAb.

tion of the Sulfonamide Detection Capabilities of the IgM

MAbs
It was only afer sufficient IgM MAD was collected from HSFM Al and A6, and
optimization tests were begun, that problems were encountered with the affinities of the

IgM MAbs for various competitor conjugates. mmmﬂmmﬂg
potential of the IgM MAbs for sulfonamide detection. ' _
mﬁhﬂqﬂﬁd‘hlﬂhﬂpﬁhmﬂqhmﬂh
MADbs for sulfonamide detection. Although the majority of the testing was performed using
Problems with OVA-TS as a Competisor Conjugase. The problems associated with
background binding 10 BSA as a costing conjugate were solved with the changss meds 0
the MAD purification procedure. However, carly attompts at solving the BSA binding
previously proposed 10 overcome the problem of MAD binding 10 BSA was 10 replace BSA
t this time for competitive ElAs, OVA was a logical choice as a blocking proseis for the
nination of nonspecific binding 0 the casvier prossin. Surprisingly, it was found that
ﬁﬁthﬂmdﬂyhm& However, this was iliogical since the mics (0
our knowledge) had not been exposed 10 OVA as an immunogen. In Table 4.2 the affiaity
of the four competieor conjugates OVA-TS, OVA, 1-BSA and 1% BSA are compared.
When first discovered, OVA binding was thought 10 be the result of the same florces which
ﬂ&n—ﬁﬁﬂgm‘ﬂmﬂeﬂ ,::Zi” MAh !-i

_ﬂln!. H-“ ﬁmnuhhm Lﬁiﬁhﬂpﬁﬁu
peoblems were eliminated, the MAD still bound swongly 10 OVA. Since the performance of
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Table 4.2. Absorbance Values Obtained using Various Competitor
Conjugates and IgM MAD from HSFM Al Supernatant

- __Competitor Conjugate Average Absorbance per Well (430 nm
OVA-TS (6.35 ug/mL PBS)* 1.012 (0.0339)®
OVA (57.5 ug/mlL PBS) 1.013 (0.0171)
1-BSA (6.6 mg/mL PBS) 1.030 (0.0336)
BSA(10mg/mLPBS) ____0.082 (0.0077)

¢ concentration of competitor conjugate added 10 each well
® standard deviation “s” of average absorbance (n = 6)



OVA-TS in past EIAs was not superior to 1-BSA, and the problem of OVA binding could '
not be eliminated, mdwmmsmm'ﬂﬁuﬂn[ 1-BSA as the only compettor
conjugate for further expe

PMMPHFEHMMMBMM During testing of purified MAD from
HSFM A1, a problem was noticed with the use of PBS or PBST (PBS/PBST) instead of
the maximum absorbance values are obtained from wells 10 which water has been added
compared with those which have received an aqueous dilution of sulfonamide or another
competitive solution. However, no absorbance was found in wells that had received
PBS/PBST as the competitive solution. It was as though PBS/PBST alone, without
sulfonamide, was preventing binding or possibly unbinding of MAD on the EIA plate. The
results also indicated that the MAD seemed 10 have a threshold tolerance for PBS/PBST.
MAD dissolved in PBS or in 0.05% BSA in PBST still bound 10 the EIA plate, but when
bound 10 the plate responded as would be expected for aqueous sulfonamide dilutions
(Table 4.3). To evaluate which of the chemicals in PBS may have imerfered with MAb
mm&:ﬂmmmnmm
Mmmmm hwnhﬂhﬂyhﬂlmnh
sodium chloride solution demonstrase IIEMFBSMEMA
mmmmmnmnmwnm,,:t ra
Wumm-ugm,, pontrations could inerfere with ionic
mmﬁthﬁdnﬂnmum

SMCMM hmmmmmngm
MSNH,S‘IZ.SMT snx.-dsox, mmwngn
MAD, and the problems associased with nonspecific binding 1% BSA and PBS/PBRST
Mhnhﬁhhmmiﬂmmﬁm
sulfonamide desection capabilities 10 those observed in previous comg
mm-&nmmmnnmwm
sulfonamides were now a0t competitive, even at individual sulfonen =¥
high as 100 ppm. ﬁ“nﬁ“ﬁmnﬁpﬂm-ﬁ
mmwﬁna—udnﬁ.mﬂnmm
experiment was prepared. Using YCSMT, an experiment was devi
mMsmmhmﬂmnm ’ﬁuﬁ
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Table 4.3. EIA Results with PBS and PBST Solutions

" Aqueous Dilutions of PBS and PBST __ Average Absorbance per Well (450 nm)
(100 uL added per well) on 1-BSA Costed Wells
100% PBS* 0.05$
0% PBS 0.070
10% PBS 0.098
1% PBS 0.103
0.1% PBS 0.106
100% PBST® 0.064
0% PBST 0.083
10% PBST 0.106
1% PBST 0.120
0.1% PBST 0.119
__control (1 - _ 002
* 100% PBS re ummfmhmummmmmu
EXPERIMEATAL. This was the PBS formalation from which afl sther dilusions were

sent hmfmm“mm

v i&mﬁaﬁwﬂ(&ﬂm)aliﬂhﬂsm%(!mnm)
was 0.
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residual sulfonamide contamination (Charm ez al., 1988; Singh ¢r al., 1989; Barnes et al.,
1990; Larocque et al., 1990; Fischer et al., 1992). Also, the immunogen (1-LPH) was

The conditions of the MAb-4CSMT binding experiment provided a liquid phase
MADb-sulfonamide imeraction, which would be free of the constraints involved in the solid-
liquid phase interaction of a microtiser plste experiment. Results of the MAb-1CSMT
ﬁuﬂﬁyﬂkhﬂbnﬁﬁﬂfm

ﬂgﬂnpumuMMbmmmm;Mmmmﬂnmm
structure, it was thought that the MAb's affinity might be specific for only the original
hapten of the immunogen. Since the overall structure of the original hapeen used 1o

using 1-BSA as both the plate coating conjugate and as the source of competitive hapien.
Referring o0 Figure 4.1, it can be observed that although the carrier proseins differ, 1-BSA
has the same hapten and form of conjugation as 1-LPH. Therefore a competitive EIA for
the source phase of free hapen in solution. If the MAD recognised the original hapeen, the
1-BSA i solution should be able 10 compete equally or betser for MADb with plase bound 1-
BSA. Experiments indicased that wells of a microtiser plese exposed 10 a highly
absorbance than wells exposed 10 water. However, the significance of these results was
diminished by the groater than S0% absorbance reduction observed in wells exposed 10
PBS. This experiment suggested that if the MAD binding site was involved in the
attachment 10 1-BSA on the plae, it was not indicating any substantial affinicy for hapien
on the immunogen.

Nonspecific Binding 10 Test Competisor Conjugases. Although it had been shown
that the purified igM MAD had listls or no recognition of sulfonamide or the original
immunogen, the fact that the MAD would bind 10 1-BSA and not 1% BSA as a competisor
hapten, and it was shown that the MAD seemed 10 have lictle if any affinity for the hapten,
binding 10 1-BSA could only be explained by the MAD recognizing some other




Table 4.4. Results of MAb-'1YCSMT Binding Experiment

Measured 0.69 ’ 3.02

Measured 927.202 817,966

Measured 4,291° 19,045¢

Measured 2,176 2,133

& measured value of 0.69 mg of purified based on 3.01 mg of weighed Iyophilized
mm-mmy * e

¢ calculation based on the addition of a stock CSMT containing
¢

”,',hndni:“ﬁﬂghdmhﬁﬂmhm
ﬁgﬁlﬁaﬁpﬁm
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Table 4.5. Absorbance Values Obtained for Purified IgM MAD from HSFM
Al using Competitor Conjugates 1-BSA and 1% BSA

ompetitor Conjugate : Ance 1] (43
1-BSA (2.0 ug/ml PBS)* 0.330 (0.0157)®
BSA (10 mg/mL PBS) — 0.082 (0.0072)

¢ concentration of competitor conjugase added 10 each well
® standard deviation "s" of average absorbance (n = 24)
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structural feature of 1-BSA. A possible source of recognition for the MAb was the

modified lysine residue through which the hapten was linked to the carrier prosein. To test
this theory two new competitor conjugates were used.

The first competitor conjugate was a hemisuccinase-linked, sulfamerazine-BSA
conjugate (SMR-SA-BSA(H)) whose synthesis was described in chapter 2. In SMR-SA-
BSA(H), sulfamerazine was linked 10 the lysine residues of BSA through the
hemisuccinate group attached at the amino-terminal end of sulfamerazine. SMR-SA-
BSA(H) was very different from 1-BSA not only in structure and size, but most
link. The SMR-SA-BSA(H) conjugase had a substitution rate of 22 sulfamerazine
molecules per molecule of BSA and its structure is given in Figure 4.1.

The second competitor conjugase was an amide-linked, fumagillin-bovine serum
albumin conjugate (BSA-FA) synthesized by Assil and Sporns (1991) for use in a
fumagillin EIA. The substitution rate for BSA-FA was 2 fumagillin molecules per
molecule BSA and the structure of BSA-FA is given in Figure 4.1. There would be no
reason for our MAb to recognize SMR-SA-BSA(H) or BSA-FA conjugates other than the
fact that they are conjugates utilizing a hapten-lysine linkage 10 BSA. Table 4.6 shows the
results obtained when 1-BSA, 1% BSA, BSA-FA and SMR-SA-BSA(H) were used as
competitor conjugates in a competitive EIA format where waser was used as the competitive
solution. Finding that the MAD had a greater affinity for BSA-FA and SMR-SA-BSA(H)
than for 1-BSA, provided the final evidence leading 10 the termination of experiments using
the purified MAD.

Test of Mouse Bleeds from Second Immunization for Fusion Potential. Having
discontinued any further experimentation using IgM MAb from HSFM A1 and A6, efforts
round of immunizations. A probable explanation for the failure of the first fusion was that
umummmmnmummhug
Even though a low affinity MAb would be required for broad spectrum sulfonam
mummwunwmmmh
encountered with the IgM in purification and quantitation migit not arise if an IgG MAD
was produced. Therefore a second set of imsmmmizations was performed with the mice
remaining from the first round. The objective of the second immuniantion was 10 prepass &
populstion of IgG antibodies with a greser affinity for the hapien on the carrier protsin then




Table 4.6. Test for Nonspecific Binding of Purified IgM MADb (HSFM Al)
to Various Competitor Conjugates

Competitor Conjugates Avenage Absorbance per Well (450 nm

1-BSA (54.6 ug/mL PBS)* 0.244 (0.00841)"
BSA (10 mg/mL PBS) 0.082 (0.0029
BSA-FA (61.6 ug/ mL PBS) 0.358 (0.00968)°
SMR-SA-BSA(H) (56.4 ug/mL PBS) 2.430 (0.0322)®

s concentration of competitor conjugate added 10 each well
® standard deviation "s" of average absorbance (n = 6)
¢ standard deviation "s” of average absorbance (n = 4)
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evaluation of simply titer (1-BSA binding) and into the characteristic of nonspecific
binding o the conjugases SMR-SA-BSA(H) and BSA-FA, nnd competition with SQX.
SQX was chosen for competition because it was the sulfonamide with the lowest level of
,,:,;:—,Q’,;hdiepﬂy:hnﬂmmmtvquﬂd (1992). Since both mice had
responded & ymunogen, Table 4.7 contains the results of the
Hﬂaﬂm&w“mnﬁiw:mﬂmdm The
polyclonal serum from each of the mice had affinity for the conjugates SMR-SA-BSA(H),
BSA-FA, and at 2 high concentration of serum (1 in 1000) 1% BSA. Akhough a small
degree of competition was observed at a high SQX concentration (100 ppm), it was
hﬂmmmm“ﬂml&ﬂymgymm
Unforwnately, this study concluded without the produ ,
multiresidue sulfonamide detection. Howvuhkmhﬂgdmwphﬁhhm

afmm&m.pﬁﬂeaﬂmudqmﬁfmwﬂlﬂmhmmfum
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Table 4.7. Test of Mouse Bleed for Nonspecific Binding and SQX
Competition using Various Competitor Conjugates

Average Absorbance per Well (450 nam):
Control Solution ' re Solution

_Competitor Conjugate o (waterp (lm&@;;

1-BSA (6.83 pg/mL PBS) 2677 (00323¢  1.865 (0.0309)
BSA (10 mg/mL PBS) 0.167 (00067)  0.163 (0.0039)

BSA-FA (61.6 ug/mL PBS) 1040 (0.0387) 0926 (0.0371)

SMR-SA-BSA(H) (564 ug/mL PBS) 2420 (0.0439)  2.276 (0.0283) _

1000 times dilution of of mouse serum with 0.05% BSA in PBST

00 ﬁm&hﬂmﬁmmﬁﬁﬂﬁi BSA inPBST

Awmlmihl(mm)

1-BSA (6.83 ug/mL PBS) 0.521 (0.0110) 0.223 (0.0211)
BSA (10 mg/mL PBS) 0.068 (0.0066) 0.0687 (0.0040)

BSA- FA(S!GuymLFBS) 0.102 (0.0138) 0.111 (0.0344)

sorum
¢ concentration of competitor conjugate added 10 each well
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Chapter 2

Chapeer 2 of this thesis described the preparation of competitor conjugates for the
production of a sulfamerazine (SMR) enzyme immunoassay (EIA). In this chapter many
Mmgmmmmmmmm&umm
competitor conjugates. The best methods for the estimation of hapeen amounts were a
carbon 14 labeled sulfamethazine-bovine serum albumin (1CSMT-BSA) standard curve
(ﬁhmmmﬁmﬁw)mlﬂfmﬂhmﬁm:m(ﬁm

uccinate-linked competitor conjugates). Confidence in the hapeen-prosein molar ratios

erminations, made by both the MY CSMT-BSA and sulfanilic acid standard curves, were

ﬁivdﬁmexmﬂuﬂmdﬂnzmhmmg The results of amino
lﬁdmﬂyﬁiﬁmmnwuﬂgmﬂumdmmmmﬂe

mnemjm Pﬁﬁbﬁbnpﬁmghmnﬂd(&hﬂhad lmm
the tyrosine residues were the primary attachment sises for azo-linked sulfonami
compounds. The weakly basic conditions used in the synthesis of the azo-linked
conjugates may have been responsible for the limited participation of tyrosine in the azo-
reaction. N-chloroacetyl-L-tyrosine/N-a-acetyl-L-histidine (NCAT/NAH) standard curves
have been commonly used for the desermination of hapien-prosein molar ratios for azo-
linked conjugates (Fenton and Singer, 197] Dargar et al., 1991; McAdam et al., 1992).
This study's attempt at using the NCAT/NAH standard curves demonstrated the lack of

pﬁihﬂmdiﬂv&dm:ﬁ

”’f,ﬁ::mevﬂundiummmm The
e, SMR apien-prosein molar ratio = 4.3) and the

pisuccin *mmsm&mmwmm-u)m
ﬁﬂbhﬁhﬂr""'” conjugmes from each linking method, providiag the lowest
SMR detection limits. These results were not entirely unsxpecied. By kimiting the amownt
of plate-bound hapeen (accomplished by using a lightly loaded competisor conjugass for
plate costing), there is a requirement for less hapeon in solution 10 compese for the hapion-
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SMR-BSA(L) and SMR-SA-BSA(L) (synthesized in chapeer 2), using milk samples from
elecmlylimpm eparstion }Sulvit. }SQﬁlwmf&mmmnwnm

Mmﬂbm mmnmymmmmmmmmg
namides at the 10 ppb level. Recently, a 10 ppb level of desection
;jlﬁﬂhww‘sﬁlkmmhmwﬂmm&r
mﬂbpﬂﬂm ﬁshlﬂyﬂﬁﬁmmﬂwm

such as the Joint Food and Agriculture Organ ¢

(FAQG/WHO) and the United States Food and Drug Administration (FDA) have ,
solerances for sulfonamide residues found in milk (Larocque e1 al., lmiﬂZﬂH’ﬂGI
1992). The results of our study gave no reason 10 question the manufacture's claims of
demonetrating a potential for commercial application. The SMR ElAs were superior 10 the
commercial tests with respect 10 their ability 10 provide a quantifiable numerical result as 10
the amount of SMR present in the milk samples at low ppb levels. The SMR-BSA(L)
conjugate had a SMR quantification range from 0.15-5.7 ppb, and the SMR-SA-BSA(L)
conjugme had a SMR quantification range from 0.68-16.6 ppb. If another set of
experiments was 10 be proposed for the future evalustion of these competitor conjugates, it
ocbeerved. iumﬁm&-mmﬂyﬂﬁ‘hﬂg

wum M)n&;m-ﬁdyhsm-mxdﬁ
sesult was unexpected since the inununogen wsed for antibody production was an aso-

lnked conjugaee. haﬂhﬁﬁﬁmqmmhﬁim
and extonsion the hemisuccinas linkage provided hapten on the SMR-SA- .
competitor conjugate. mwmmm-n—mnp_mhp—n
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ﬂglduﬁmfﬁmﬂbndyﬁlﬂingmmwupmﬁbhfﬁsm -BSA(L). Also, with the

unogen being an azo-linked conjugate, it was surprising 10 discover that SMR-BSA(L)
had the lower SMR detection limits. This contradicts the theories that the best ElAs are
produced with a change in hapten-protein linking methods, which serve 10 eliminase the
undesirable participation of the linking region in the antibody-antigen interaction. The
rigidity of the azo-link may serve to weaken the antibody-antigen in m;m:
antigen's (or hapten's) ability to conform 10 the contours of the antibody's binding site A

Chapter 4

Mﬂmﬂlm4mdydidmmlﬂewithhmdnmm
multiresidue sulfonamide EIA, the effort was not without its accon
WNHMMMMﬁmINMMan
techniques that were acquired for MAD quantification, will have implications for future
ybridoma research performed by myself and others. What should not be overiooked is
hmﬁqﬂhﬂhmiﬁdﬂym It has boen less than 20 years since
Kbhler and Milstein (1975) first introdu hm:\l’mm This
m“hmm:nmﬂlhﬂ Eﬁ;mmmnl
compound of this small size is sufficiendy complicated without imposing conswraints on the
desired response. The MAD appropriate for our competitive EIA had 0 be specific enough
nMWMhmnqﬂennMﬁmﬂm

\amides which could be detected. Limited success in this endesvor was demonstrated

byShindSm(lHl)ndhﬂrbyAﬂgd (1992). lﬁlnma- whuAlﬂlad

kmmﬁnh,; populati ﬂﬂﬁunpmﬂdy(ﬂiﬂh
gﬁm It was the very few B cells producing this small fraction of antibodies in
hMmﬁnmmhthMd
hybridomas. Chapeer 2 demonstrated that it is predominantly the histidine residucs on the
ﬁhpﬁ.-ﬂﬁhqmmwﬁnmnmﬁ
linkags. The immunoges 1-LPH was designed with an a30-tyrosine rather than an aso-
““wﬂﬁwmm-jﬁmﬂ—mhpﬂﬂ.h
“Mﬂwm“nhm&mgﬂﬂﬁﬂ
8 MAD would have besn well worsh the effort.
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IMPLICATIONS FOR FUTURE RESEARCH

Production of EIAs for Haptens

The production of an EIA for a hapten represents the most difficult type of EIA o
produce. The knowledge gained from the preparation of the SMR ElAs has considerable
value in its implications for the production of all hapsen based ElAs. It was discovered that
hapeen-prosein linking methods and hapsen-prosein molar ratios are extremely important for
attaining the maximum EIA performance. These two aspects of EIA preparation are often
overiooked and sometimes trivialized with respect 10 all of the other facets involved in EIA
production. The detailed characwerization of conjugates 1o be used as immunogens and
competitor conjugates should be an integral part of any EIA production.

The conjugate used for immunization and the competitor conjugase used for plase
costing are the foundation of the EIA. 1t should be considered part of the production
mdmmanWuMummumm.
used for immunization, because it represents the templase for antibody production. When
dealing with the immune system of an animal there are many variables which can not be
controlled. It is not necessary 10 add t0 the complexity of the process involved in
producing antibodies with desired affinities, by not carefully evaluating the nature of the
immunogen. mmwmmmumumn
characteristics of the competitor conjugate, because it provides the basis for EIA
competition. It has been demonstrated in this thesis that suitable understanding and
manipulation of the competitor conjugate can aid in improving E1A desection levels.
Howsver, these considerations seem 10 have besn ignored by other investigators who have
developed ElAs.

When first examined, it was surprising 10 discover how little ressarch had been
performed on the evaluation of hapten-prosein molar ratio for prosein conjugates. After
thumm-ﬂhunmmmh
enited ressnsch that was available had boea applied. There are 50 universal methods
availabie for the detormination of hapien-prosein moler ratios. The only accurste methods
ase based on reaction mechanisms which closely, if not identically, mimic the systiimts
conditions of the conjugas being messwred. A definits mistaks when determining hapen-
protsin moler rasics, is 10 attempt 10 characteriss an entise prossin based on the reaceions of
individual amino acids. By 20 means were the problems selased 10 hapten-protein moler
tatio determinations sescived withia this thesis. Thers is still an encrmeous amount of work

soquised in this ases.



was shown 10 be an excellent method of hapien attachment for both the immunogen and
competitor conjugate. When utilizing other linking methods for the production of both the
immunogen and competitor conjugase, the outcome is often an unsatisfactory EIA. In these
ElAs, meaningless levels of competition have resulted from antibodies binding 1o the

en-protein linking region. Therefore, in situations where other hapten-prosein linking
the azo-link may provide a viable ahemative for EIA

ﬁdntmyhe; pblematic,
production.

The discovery that the hemisuccinate-linked competitor conjugate had the sbility w
number of antbodies it contains. Extending this limited supply through the use of the
EIA development.

Abuﬁmnpiﬁyﬂheﬂmﬂhm mlhﬂqm:d

gt Chmlﬁy)ﬂ:ﬂbhﬁﬂg
nmmmﬁm hhhpd&nﬁmmgﬁiwmﬁmmb

mﬂhmﬁ%ﬂﬂbﬁwﬁahﬂﬂﬁﬁﬂuﬁﬂ

amides were first recognized as a concern in foods, the primary
uifamethazine in pork and milk, and sulfachiazole in honey. Today, the
mdMMMMMMMhQE
lﬂiﬂlﬂlﬂﬁﬂﬁﬂgﬂmhm Almost every animal used in food
production seems 10 be at risk of sulfonamide contamination, and the number of
“d‘m“nmmyﬁ Curreatly, the microbial based
multivesidue tests are dominating the sulfonamide test market. m:n
mdmmmmm:: b0t s of
succeed mi -bas ’m-hph-yﬂﬁhm* hﬁh
hnﬂ-ﬂhﬁ'l ommescial sulfonamide tets with aot only low detsction capahilisies,
bbﬂﬁﬁummm The idontificasion of individusl
_ ;:idmmhllmhﬁh“dhiﬂ




Immunoassays are one of the few, if not the only analytical technique, which can e
identify sulfonamides with great specificity at very low levels. Adding 10 their attribuses
dilutions of SMR. This was a surprising finding because it was presumed that the
components found in milk would serve 10 interfere with and not enhance EIA competition.
Purther research is required 10 disclose the nature of this observation. The consequences of
such research may substantially influence the future use of immunoassays in the food
analysis.

Bydlhﬁcdmghmﬁnnnﬂnnmmhfuﬂnﬂm
in the future. Whether the enzyme immunoassay format remains the dominant form of
immunoassay is of some speculation. Recenty, new acoustic, optical and
mawm lnthefum,i,; ’mnydimmuh
mmymm“inﬂnpunmmmmenﬁdmmy

MAD for Multiresidue Sulfonamide Detection
desection capabilities are small if at all possible. The pro [,:;,,,,dmﬂ:nmﬂym
mummma-ﬂmmm The possibility of producing
8 MAD for muktiresidue sulfonamids detection might increase if other methods of produciag
MAD were employed besides the traditional mouss hybridoma. G—-rn-uluﬂub
specificity may be attainable if methods such as phage or recombinant DNA schaolog
were used for MAD preparation. ﬁmdﬂahﬁnﬁhﬂﬂ“mﬁy
varisbles 10 the discretion of the animal’s immune system.

Recent liserature has scen a surgs of interest in the area of serum-froe and prowin-
mﬂummwmmﬂnndmm Public
opinion hes drastically changed towards the use of animals for experimentation. The
production of ascitic fluid is probably one of the crueiest forms of experimentation
performed on mice. Mmhmhﬁﬁuhm-ﬂpﬁhnﬂ:
costs. This has mads the commercial uss of thess media a visbls alernative 10 ascites.
courss of our MAD investigation. Thesefose, it was not surprising © learn from others that
ealy for the prospect of producing higher affinicy MAbs, but also 10 eliminats problems




lndiemd.ithuheenniddmmnunmehmtgmm:um“mMz
do not succeed as ones that do. With respect 0 all of the research that was involved in
preparing this thesis, from the development of a SMR EIA 10 the attiempied production of a
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APPENDIX |

ElAs using SMR-BSA(L) and SMR-SA-BSA(L) as Competitor
Cenjugates and Aquecus Dilutions of SMR

Equation used for a best fit, 4-parameser curve: y—%*d
1+(3)

Competitive Indirect EIA Data obtained using SMR-BSA(L) as the Competisor Conjugate
aad Agueous Dilutions of SMR: Conjugase

SMR Conceneration  B/Bofor Individusl ~ Meanof B/B;  Standard Deviation

hmgﬁﬂiﬂ Wells* of B/By

0.003 0.001

D006 sTixi0d

Bo = shoorbance of & well (430 am) without SMR (vaius of 24 by deduciing
o background shesrben ahﬂ (valus of By corvected by deducting
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mmmmfmsmmmm)mmm

Mean Vailue of B/Be
E

100105104103 102107 10%10 0 102103104 108

Concentration of SMR (ppd)

oquation for the 4-parameter curve). Data used 10 produce the sigmoidal curve was
and aguecus dilsions of SMR.
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for SMR-SA-BSA(L) and Aqueous Dilutions of SMR: __

Competitive Indirect EIA Data obtained using SMR-SA-BSA(L) as the Competitor
Conjugate and Aqueous Dilutionsof SMR: —
hmrerhilﬂon Wells* , of B/By
x) )

1000 -0.003, -0.00S, -0.006 0.001
-0.003, -0.007 _

0.707, 0714
0.955 0938

Be = sbeorbance of & well nm) withowt SMR of
. a «ﬂ*ﬁ‘m (value l.mty*h
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APPENDIX 11

Supplementary Dats and Processed Data for Competitive Indirect
ElAs using SMR-BSA(L) and SMR-SA-BSA(L) as Competitor
Conjugates and Miik Dilutions of SMR

for SMR-BSA(L) and Milk Dilutons of SMR: -
a b __c(Isg Value) _d  Coefficiem _

_1.00 0.761 0923 00823 0.9
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Competitive Indirect EIA Data obtained using SMR-BSA(L) as the Competitor Conjugate

and Mik Dilutions of SMR:
SMR Concentration B/Bo for Individual Maean of B/Bo Standard Deviation
in billion Wells® of B/Bo
8 ®
1000 0.01 J .o #oos. 0.002 0.011
1000 . olo". 0004 —o01T
~30.00 . M” 008 0.005
~10.00 %m. 083 —00%
— 3000 o:.m AL 0010
1,500 ~0.537, 03T —003%
0.554
0.300 303, 0.373, EL1 ] 0048
0.592
0100 %3, 0T3S, .55 0047
0.030 l.lmoh s, 1.047 0.087
0.010 lm‘ . 0.937, 0.5%¢ 0.0
T o5 LT; o8 TR
1.00 x104 Iﬁm 0980 00N
1.00x 105 W 0543 0.053
1.00x 108 unz.;}t.m 0587 0.080
0.929, 0.991,
1.027, 1.084,
0.993, 0.853,
0. 1.043,
1.14}1, 1. 174.
0750, 0.875, 1.034

¢ I-md well (450
a well ( ﬂﬁ”(ﬂdlmww

-m« well without SMR
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