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‘ABSTRACT . -

Eleven forms of molecular variat1on reported for the
,chicken was re- examined Variation was demonstrated for

hemoglobln, alkallne phosphatase, and "Hl" agglutinogen.

.dfThree hemogloblh phenotypes were found, conflrmlng an ear-

'lleq report._ The phenotypep appear to be determlned by a
.Zpalr of co domrnant alleles., Three phenotypes of. alkallne
4dphosphatase Were’round,~rnvagre:ment Qlth one report and
""‘1n dlsagreement wu:h'anclzmti{xer-.'~ Two-phenotypes Were found
.for the "Hl" system,yln agreement w;th earller reports.l

;The'"Hl"’system 1s based on the agglutlnatlon of ery-

'throcytes from adult females by lectlns from Plsum arvense.,

5hThe condltlons of thls agglutlnatlon and the characterlstlosl
of the lectln were examlned in some detall | Agglutlnatlon
was . lnsen51t1ve.to temperature and pn.and to pre treatment
uhof the erythrocytes w1th neuramlnldase and was inhlblted by

R

D mannose ; Agglutlnatlon was not inhlblted by several other“

. , R : - ' -
sugars reported to be 1nh1b1tory Fluoresceln labelled lec—

.tlﬂ labelled agglutlnable erythroaytes establlsﬁlng that theA
lectln actually blnds to the erythroayte ‘The agglutlnatlng
.act1v1ty was found in two protelns separated by 1soeledtr1c

focu51hg These twe protelns migrated differently in thlﬂ.

'_xlayer SEPHADEX gel .The molecular welghts estlmated from

»hthese mlgratlons are low for lectrns and may represent a de—

,Lfgree of blndlng to SEPHADEx.“.ff ‘ﬁ~ o

N
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Introduction

il The chicken was -one of\the first animals in which Mpndelian in—
:.heritance was demonstrated. This animal has been the Snb~ect of genetic
research for economic as well as scientific reasons. ‘hsui consequence,
la number of morphological and molecular markers have been uncovered
vBefore discussing the markers, it iS desirable to review the linkage

- map- of the chicken.,: |

.Ig. The Linkage ‘Map of the chicken f,shf y.

. N B ' 4
The first 1inkage map of the chicken was published by Hutt in 1936 j

Since then, a number of additions to the linkage groups has been ‘made;
. despite slow progress in the mapping of morphological and molecular j’a
markers.' Basically, the linkage map of the chicken conSists “of 14 oc1."'
honlthe sex chromosome (Z) and 16 autosomal loc1 in 4 or 5 linkage groupsf
’as shown on the next page.l'It may be of interest to note that mo;t
traits on the sex chromosome (2) are recessives, while most of the others
are dominantsiﬂ .
A number of mutants are known to exhybit sex—linked inheritance but
have not been mapped.__‘,..::‘ | o
(i) sex-linked lethal (x1) - a condition in ‘which the pullets fall'
into a semi—comatose state in the mornings and die usually
‘Awithin a few hours (Hutt, F B., 1960)
1(ii) .Jittery (3) - expressed as a- neurological disorder which leads
‘to death soon after hatching (Hutt, F. B, 1960) - R
'f(;ii) gasper (g) - a recessive sex—linked mutant, expressed as ;~'

‘respiratory defect, cauSing bronchial gasping (Price, D, J.,, .,f”

‘et al.. 1966)
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. (iv) Colobome (co) ; a sex-linked mutant which expresses e primary
| Zi gfect ‘on. beak and eyes and both sets of limbs, greatest re-
" auction of the wings (Abbott, u. x., ot al,, 1967, 1970)
.'(vj':'dwarfing (dw ) - a mutant which maps in the regiOn of s end X.
| ’; has been reported hy Jaap (1969, 1971) who also suggested that
;;'this gene mhy e an ellele-of the recessive dwarfing gene (dw)
.tfvi)Afnaldness (ba) “a gene shown to be a sex~linked recessive by

«

" Somes (1970). R

' (Vil) " chondrodxstrop%i(chz) - a 1ethal, sex—linked receSsive qene

o which causes defects in certilage formation (Mann G E., 1963)

Ki

.;(viii) -z histoantigen (z) - an histoantigen rocus hypothesized by j" Ly
‘- o j.sacon and Craig (1967) . " ' " L " o

i .[t(iX)‘ ladykilier llk) - a genswhOse phenotypié expression is very

| x:slmiler to the prenatal (pn) gene was identified by sheridsn
T (1964) : It is possih&g that the genes pn. and 1k are identical,[f
:'but unfortunately classical tests for allelism cannot be’ --t"
'tihcarried out as only carrier meles axe available for breeding;_‘;

(x):7d1plopodia-4 (dp ) - a sex—linked recessive lethal to the heml--‘

'~zygous females during the termlnel stages of incubation (Abbott;}

U, Ky -1967) . f~ . 1.1,:5"Q'-"ff -;.,ﬂ 4“_54-,'if5-; »

- /

51ﬂ31arly, a number of traits of 11nkage group III has been recentJ

Ly assmgned to. chromosome l but not mapped ‘ | R |
gerosis (pe) - an autosomal receesive gene responsible for the»':

:hlt congenital conditxon known as- "slipped tendon”; it is believed

to be 1inked to. the sleepy eye locus.



ather'achromatosie'(mi) ;'an autoéémal recessive gene "'.
////;ausing reduction in melanin deposition; possibly linked tq

the pea comb gene (Washburn, K We, ‘and Smyth, J. R., 1967)

%‘. .
(iii). tardy feathering (t, ) -~ a locus determining a bare back °

K condidion, recessive to normal allele (T) for normal feather-l

)

ing (Hutt, F. B., -1949) e
K The various assignments of blood group and histocompatibility locf.

-to the linkage groups fre tentative and presently rather uncertain in
osome cases.. From.a study of the linkage relationships between lo-blood

/

igroup loci and the loc1 of 7 morp~ologica1 traits, Briles et al (}967)
S
‘assigned the P blood group locus to chromosome 1 based on its iinkage

with naked neck'of 29 percent. In ;ddition, the authors also added
1the J blood group locus to this linkage group, based on 40 7 peroent
_linkage with pea comb and H blood group locus with white skin based on

3a linkage of 22 l percent Lastly, the B locus coding for the major .

o

_histocompatibility antigens has been assxgned to the D—Po 1inkage groupf.

dby Briles et ai (1967), based on a suggested linkage of 46 l crossover*

.‘ [}

~units between polydactyly (Po) and the B histocompatibility locus - How=-.
ever, subsequent work reveéled that the suggested linkage between Po and

,B 15 rather dubious._ Since no eVidence exists to suggest that the B

J

histocompatibility 1ocus belongs to the other linkage groups (Briles, c.,

1., l950),_it 1s quite likely that the B locus may . resxde in'pne

<

of . he many microchromosomes (Pazderka, F et al., 1975)

It should become apparent that progress in aSSignment of blood o

group and histocompatibility loci to other linkage groups or micro—"
chromosomes will ultimately depend on the number of morphological and

molecular markers that will become available to us, CQnsequently, a

- . .
A .. . T e



i search for new molecular markers and'confirmétion of reported markers:
is fully justified for the f'ollowing reasons. As one accumulates a

number of molecular and 1mmunological markers, ong may discover that

'some of ‘the markers might be associated with 1mportant functlonal
differences. If optimism permits, one mlght be ‘able to: demonstrate

* that a partiéular biochemical variant (marker)serves a specific

" function iﬂvvdvo. Even if one fails to find functional aschiations}

establishment of an'arrey of molecular markers will at least provide
useful probes forﬁgepeti¢ and physiological research.,

ﬂuf;wheh épe.embarks‘quaesé%rcﬁ?for meleculer-merkers, one is-feced
Jﬂ%ith the:prebiem ofvwhatttbvuse .as a-sourtevdf brochemical variemts:
. _Strategrcally, onerhould use materla' whlch is ea511y and repeatedlyv
tdaccessxble and remdval of whlch aee; nct lmpalr the anlmals' v1ab111tyk
or health,' Thls gllmlnates tlssue samples (obtalned via blopSIES)
-Blood (especxally serum or plasma) as ..a- source of.bio;d*berne markersr
\seems to be the soundest!choroe.a PromrSLng markers present in . the
-abIOOa of the cq¢cken.need ‘not come from blood cells. Seme areh

W K

’ syntheslzed by the llver or 1ntest1nal eplthellum ' The cell sourcesi

for the merkers to be dlscussed later are as follows"v"_v



Marker: ) Main Cell Source:

transferrin . - “ hepatic cells

‘albumin | ‘ hepatie cells
prealbumin -.. o hepatic cells’ _
‘catalase .‘,‘v - r. erytnrocytes; b
hemoglobin ‘ ’ o erythrocytes
\riboflavin '

‘binding-protein o ‘ ‘hepatic cells

1Hi agglutinogen | ) . erythrooytes .

. ’ S
amylase. ) | ‘ bepatic and pancreatic cells
alkaline phosph;tase ‘ osteoblasts and 1ntest1nal

- " eplthellal cells'
.leucine,aminopeptidase," . ' intestinal epithe;ial cells

110 A Survey of Genetic Markers in the Chlcken

The purpose of the sectrons to follow is to attempt to brlefly out-

‘ 9
llne some of the blochemlcal variants or gene*lc markers in the chlcken.‘

Transferfin
s ) Transferrln, an 1ron blndlng proteln present 1n enleken eerum rs .
rpolymorphlc . In 1962, usrng starch gel electrophoresrs Ogden et al.li_f;
reported the presence of three transferrln 1sozymes 1n chlcken sera.,
"They proposed that the 1sozymes are the products of two alleles at a _
:r51ngle autosomal locus; The genotype designatlons used by the authors“‘

o

were Tfa and be for the alleles, and Tf-a, Tf-ab and Tf-b for the threeq

'Tobserved_phenotypes. ey



'

Contrary to Ogden's flndings, Vyshlnsky and Muraviev
(1968) reported flnding flve transferrln phenotypes out a
proposed list of six expected phenotypes usiné diso gel
'acrylamide electrophoresis. Based on the.varlatlons ob-'
served, they suggested that ohlcken transferr1ns arevoon-
ntrolled by three alleles at one-loous_with six”correspon?-
" ing phenotypes and not by two alleles with three corres-
ponding phenotypes as'proposedpby.Ogden et al. (1962l.

However, the'results of blood analysis of' ffsprlnq from

matlngs of transferrln typed parents are 1nconclu51ve due»

to small sample sizes and: lack of approprlate matlng types..'

Conflrmatlon of- Ogden s flndlngs wads provided by Stratll
(1968);six years.later. USLng starch gel electrophores1
._autoradlography, and approprlate.matlng studles, Stratll
demonstrated that dlfferences ln transferrlns .are determlned

-by three alleles,'namely Tf ’ be; and Tf

Attempts to conflrm the mentloned flndlngs were unsuc-

. @
<

cessful._ U81ng dlsc gel acrylamlde electrophore51s, plasma

asamples from out stock of chlckens were tested for the pre-

sence of transferrln varlants employlng the iron spec1f1c
: . W " .

stalnlng technlque of Muelle t l (1962). dNo visible

fbands could be detected after stalnlng Perhaps more Fe+ *

1ons 1n the form of ferrlc ammonlum sulphate could have been-‘

”-added to the plasma samples prlor to electrophore51s or pos-

'51bly the level of transferrln 1n the- samples was too low to

_be detected by the above mentloned detectlon techn;que.

.



Albumin
Albumin, a major protein in chicken serum, is also polymorphic.“
051ng starch gel electcophoresis, Mclndoe (1962) observed “two genetic ‘

‘ variants of albumin for which he gave the designations F for the fast
migrating variant: and s for the slower migrating variant McIndoe re-
ported that u51ng the alkaline buffer systems of Smithies and Poulik's,
heterogeneity of the serum. albumin could not be demonstrated ‘In his ,“
electrophoretic separations, the author used a buffer system with a pPH
of 5.4. ‘In the same study, the resultsﬂof matings 1nvo1ving SF X'SF,

S X F, SF X S and S”XLS were shown by McIndoe‘to be consistent_with a
simple Mendellan inheritance of ‘the  two variant albumins. | |

A preliminary experiment involving 35 plasma samples from chiv(ens
of a w1de range of B genotypes revealed that the two variants of a.rumin;
do indeed exist. The plasma samples were sub]ected to disc gel acryl-1

.amide electrophore515 usxng a Tris~glyc1ne buffer of pH 8 3 Following
completion of the electrophoretlc run,‘the gel columns were stained with
Buffalo Black (0. lt in 7% acetic ac1d) to reveal the albumin bands. The"‘
vstained gel columms were scanned.densitometrically and- the migration»
‘dictances from the origin were measured for‘all the albumin bands frqm
the'obtained densitometric records. :. o

The migration distances-were lelSible generally 1nto two groups.

’a fast group w1th a mean’ migratlon distance of 13 7 am (as measured from
the'scan records) and a slow groupvwith-a mean migratxon distance of
12, 2 cm. . Contrary to what was expected the number of observed fast
albumin:variants (n—28) was greater than the number of slow migrating

. albumin var1ants_(n=7). The results of the Students' t-test showed that‘.

‘the mean migration distances between the fast and slow groups are’

1



v

‘.statistically significant (P(O 01). » p . o ’ -

It must be noted that the difference in migratory dista‘Les>

between the fast albumin and eloW'albumin variant is not dramatic; there o

 were some acrylamide gel columns in which one could not: readily claeeify
or type the albumin band without a known fast or slow albumin variant

on hand for comparison.

“Prealbumin

Variants of prealbumin are believed to exist in the serum of
| chlckens.‘ Employing starch gel’ electrophoresis, Stratil4(1970) observed '
“three dlfferent varxants of prealbumln. Two of the variants were re-
'Jpresented by one.stronger band and one weaker, more anodic band The‘,‘:
third varlant consisted of four bands located in the positions of the

“zones of the. above mentloned varlants.l The.reported:varlante;may be‘

shown dlagramatically as follows.

. . - R
‘- - ' K
L i _' ____'_._.__'_‘i‘ origin - o L | . T

A " "AB - 7. B
The resultsvof mating studies‘seem toﬁsuggest that the prealbumin pheno-
’1types are genetxcally determlned at one: autosomal locus by two codominant
alleles, Pa and PaB;
_ : . - : . ,
It appears that prealbumin may be ‘a good potential genetlc marker.
hHowever, prelimlnary experiments revealed that the prealbumin bands were

‘too falnt to permlt undubious typing.. Perhaps larger sample volumes

~~(greater than 20 microliters) might make the prealbumin bands nore _



- 'intense 80 as to ailcw'positive“identigicaticnr7’

Catalase' » ‘ »
While studying iron metabolism in chickene infested with erythro—
:blastosis, Bather et al. (1963\) found that the blood catalase levels of’

East Lansing Line 15 White Leghor fall into three sharply defined
QS

«

A
: -

coups: |
(i) - 100-500 units of‘cetalase activity
(i) 700—1200 units of catalase activity
(iii) over 1300 units of catalase activity :'v
:These workers proposed that the catalase levels are‘the results of three
‘genotypes, cc with little catalase ac*ivity, Cc and CC with higher
”vcatalase act1vities.» ’ ﬁ» | | R
Confirmation of the reported findings was obtained about nine
’yeare later.. While attempting to correlate the frequency of blood.group _:
iantigens w1th blood catalase levels, Etmencova and - Shabalina (1972)
'discovered that the blood catalase level of six breeds of chickens fall
: 1nto three classes,lnamely 1ow, intermediate, and. high._ In the same'
Ie: year, shaballna (1972) employing starch gel electrophoresxs and the
"catalase detectlon technique of Tudhqpe (5565) managed to demonstrate'}':

'\ L

Vfthe existence of electrophoretic variants oﬂ catalase in the chicken.
.()

The three catalase isozymes observed by Shabalina are diagramatically

1

-represented below. “

" B o N ! [
——— Semme—me e r——eeee origin ~- .



-catalase isozymes are ugder simple Mendelian control \
A preliminary experiment employing diSC gel electrobhoresis and
k-

. the catalase detection method of Baumgarten (1963) gave rather dubious

"results Twelve hemolysate samples from chickens of a wide range of B 7

4

’higenotypes were subjected to disc acrylamide electrophoresis for 1& hour.
‘After completion of the electrophoretic run, the gel columns were treat-
_ed with o—dianisidine according to the catalase staining method of
FQBaumgarten (1963) to locate the sites of catalase activity.j Each
f;hemolysate sample gave rise to a single faint band approximately 2 mm

"aWay from the origin. It seems that the slower migrating catalase

vvariant was’ detected _but it is not safe to maké suoh a claim until the .

"intensity of the catalasa bands is 1mproved

' Ribofiavinésinding Protein N R

Certain families of Single Comb White Leghorns are defiCient in a

,riboflavin-binding protein In fact, the deficiency is so great that

unless the embryos of these chickens are given supplements of riboflavin,l'

Tthey will all die between the 10th and l4th days of incubation }Jl
‘.(Maw A. J. G. 1954) | - L
Haw (1954) was the\first to suggest thatva'recessive‘gene:is,
»responsible for the inability of homozygous (rd/rd) birds to lay eggs
.'ith sufficient riboflavin to enable the embryo to survive.' Twelve

years later, Cowan et al (1966) proposed that the recessive gene

.expresses itself by altering the renal rlf sorptive mechanism for free

: 11
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ltrihoflavin. As a result o:wthis_alteration, the absorbed”riboélavin‘
1‘isfrapidly excreted via'the urine after absorption and'hence it does :

ﬂnot4accumulate in the~blo0d With a rather limited supply of ribo- '

‘5.flavin in the blood, transfer to the egg is restricted e

ui”,. Studies of riboflavin binding capacities of serum, alhumin and

:volk using the technique of equilibriumvdialysis revealed that one

' could differentiate Rde from ‘rdrd (recessive) chickens on the basis
'i‘ of the riboflavin binding capacities of their sera. The reported |

i;ribqflavin binding capacities of serum are as_follows:‘ (Winter, W. P., -

et al. 1967).

&

Genotxpg:.' ‘“' rRiboflavin Binding‘Capacity

: | (in microgram/ﬁl) i
Crdra o S L oaz

.vPresnmablv, serum from alheterozygous bird (Rdrd),will-haveia-riboflavin-'
' capaCity mid-way between the previously mentioned values. If this

' should prove‘to be the case, then one should be able to type any

‘chicken purely.on the basis of riboflavin binding capacity of its serum.’

.égzlaseif";

Usinc disc acrvlamide electrophoresis, Heller and Kulka (1968)
_discovered‘tvodisocynes of:amylase'in homogenatdi -£€ chirk pancreas.
: Studies\on pancreatic hcmogenates.of individual chicks revealed three _

phenotypes'whichlmay‘be shown diagramatically as follows:

Bose
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vThe'authors suggested’that the slow and fast amylase iaozymes are the

4products .of . two allelic genes. In view of these findings, it is quite

" p0551ble that amylase isozymes might also be present in the serum.

Prellminary work indicated that thls posslbility indeed exists.
However, the amylase bands were very weak possibly due to low levels
.Jof amylase in serum. . It appears that once a more appropriate amylase
‘detection technlque is atta1ned amylase may become another added

- geneth marker. o ‘V'

Leuc1ne Amlnopeptidase

According to Law (1967), two phenotypes of leuc1ne.amlnopeptidase
‘GXlSt in the plasma of chlckens. The fast mlgratlng form consists of |
two baqu and the slow form con51sts of two bands with one band migra~
.tlng_close tovthe origin. .The‘obseryed phenotypesvmay'be,illastrated

~as follows:

g : S ~- origin - .



Law. also reported the observation that the two electrophoretic variants

of leucine aminopeptidase show a direct association with the two

9
genetically controlled forms of: alkaline phosphatase. In other words,

all plasma samples showind'the fast form of leucine aminopeptidase also ‘

exhibited the fast form of alkaline phosphatase (Ap ). The author

.

postulated that the two forms of the enzymes may be due to the presence
: or absence of a single gene (perhaps coding for a sialyl transferase)
controlling the attachment of sialic acid. to alkaline phosphatase and

leucine aminopeptidase.»
The above findings were later confirmed by Csuka and Petrovsky

(1972) These authors also pOinted out that only one slight band
appeared after staining unless a five-fold increase of the substrate

concentration was used.

A preliminary experiment in which 48 plasma samples from chickens

- of a wide range of B genotypes revealed only a SLngle migrating band

w1th a mean mobility of 47 4% Simply on the basxs of this finding,

one could not determine whether the observed band was the fast leucine;'."

aminopeptidase isozyme or the slow migrating form. Perhaps use: of a- l
higher substrate . concentration as pointed out by Csuka and Petrovsky A
‘(1972) might resolve this problem. | |

The three other remaining genetic markers, alkaline phosphatase,
“hemoglobin, and "Hi" agglutinogen,'not discussed in thlS general survey
of available markers, were investigated in greater detail in the present
study.. Investigations and attempts at confirmation of these markers
have turned up significant, novel findings which are.presented_in the

three chapters-to follow.
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Introduction._

"Thevagglutination Of.erythrocytes,by plant extracts has been'known -

since the turn of the century (Makela, 0., 1957; Bird, G. ﬁ.vG., 1959;
Boyd, W. C., 1963; Sharon, N. and Lis, H., 1972) The agglutinations
are due to proteins which are most readily obtained from the seeds of
legumes, but are present in roots, leaves, and bark (Bird, G. w G., t
1959; Boyd, W. C., 1963; Makela, 0., 1957; Toms, G. C. and V‘Western”,vA.','
1971). Extracts:of_snails,‘hprseshoe crabs, and'some.other .v_. :
invertebrates and lower vertebrates-show shmilar.activities:(?ardoe,,
ér-I. and Uhlenbruck G;, l970)¢. The~ternsi“thtoagglutinins""and:
phytohemagglutinins" introduced to indicate the origin of the first o
'active extracts have been superSeded by "1ectins" A lectin is a.
v_naturally oCCurring non-enzymatic proteinzwhich binds to ef?throoyte
’ surfaces ' This definition is subject to qualification as, our knowledge
‘}of protein interactions grows, - |

o ..

The binding of lectins is not limited to erythrocytes.A sé@é'*i

.lectins bind to lymphocytes and stimu}ate them ‘to proliferation (Nowellﬁo

: 1960) ' Some combine with blood group substances obtained from cells K

‘other than erythrocytes. Some discriminate between cultures of normal

- and transformed cells (Aub J. C. et al., 1963 Burger, M M., and

.' Goldberg, A R., 1967 Inbar, M. and’ Sachs L., 1969 Sela, B A, |
A:et al., 1970).: These reactions are initiated by combination of the
v lectin with' a nonosaccharide constituent of an oligosaccharide Side-‘ ;
chain or-a 1onéer‘and more complen saccharide side—chain of a protein

The,gross effects on cells are attributed to alterations of the cell

.

‘ surface secondary to the initial binding.. It ‘is usually presumed that T e

a lectin has more than one: binding site per lectin molecule and the S

16
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receptor protein has more than one binding site per receptor molecule,'\'
(SharOn, N and Lis, H.. 1972) The reaction is a mixed ponmerization d] a
tantamount to the reaction of antibody and antigen. The specificity of

these reactions is thought ta be entirely due to the initial binding to'f T

- monosaccharide. The best evidence for this is the selective prevention

of lectin-induced effects by the preSence of an excess of & particular ",:L~in}

S

monosaccharide (Makela, ,,.1957 Goldatein, I et al.,11965)

'fy Different lectiﬁs are inhibited by different moncsaccha'ides.: This -_;zsy;ffff
selectivity permits us to deduce the identity of the structure which |

combines with the lectin.; To date this'is always a monosaccharide."A“,.”

S reaction initiated by a lectin has, therefore, the potential of serving

: as a tocl for the detection of a particular glycosyltransferase activity.,
At present a pOSltiVe reaction is taken to indicate the preSente of the
; appropriate monosaccharide in a terminal or a sub-terminal position in a fff”ﬁ“f

B oiigosaccharide side—chaiA and the identity of‘the glycosyltransferase

o is. necessarily ambiguous if the identity of the next, proximal mono- -

; saecharide is unknown,u_A:negative reaction means that the appropriate r?-

N .‘ R

monostccharide is not accessib ’

':”butfdoes not mean that it.or the j;;i'

appropriate glycosyltransferase are necessarily abSent.fﬁ 3'~*

The natural functions of lectins are unknown (jMost zectins have
: I

@f oligosaccharide Side-chains of their own and are classed as glyco-';

proteins (Sharon, Na and Lis.,:1972) Thus they are glycoproteins

which can combine with other glycoproteins. Mannose, glucosamine,-»

galactose, xylose and arabinOSe are the most -commion mqnosaccharides of :Eivcd‘

lectins D—mannose, N—acety1~D—galactosamine, L-fucosl D—galactose

and N~acetyl—D—gLucosamine are, the monosaccharides which bind with one

or more lectins (Sharon, N and Lis, H., 1972). Aspartié, serine, and



:1fthreonine are pafticularly abundant in lectins and cysteine and
;Ffmethionine are nearly orocompletely absent, in’t most lectins (Sharon,:Nﬁ

: iyand Lis, ., 1972). Lectins ranqe from 26 000 to 400 000 Daltons in ,'
wlmolecular weight‘(Burger, M. M, and Goldberg, A R., 1967; Burger, M.
“*:VM., 1969; Gould, N. R. and Scheinberg, 5. L., 1970 Marchalonis, 1. 3.

| :and Edelman, J M., 1968) Many, if not all, are polyvalent for the’ .\'7
h:smonosaccharlde they recognize (Sharon, N. and Lis, H., 1972) |

| I haVe examined an. unusual lectln.- The lectin reacts with and
"‘jagglutxnates the erythrocytes of some chickens and some othet species,

!:ibut the reaction w;th chlcken erythrothes is under genetlc and physio- '

loglcal control.. The genetic control is- sxmple.‘ PositiVe anlmals are

&7e1ther +/b or: +/—.and negatlve animals are -/— (Scheinberg, S L. and

”h'Reckel, R._P., 1962 Durand L and Merat, PL, 1971) The reaction is
ig‘restrzctedwto hens,vbut males show the reaction after treatment with
'Q%jestrogen,prov1ded they carry the appropriate allele. The-reactlon was ’ ], .
ihklnhibited by more than one monosaccharide (Reckel, R P andecheinberg, o .;f
t“is L., 1960) I have conflrmed the 1nhibit1on w1th one sugar, D—mannose,_‘}
m?and have Separated the actlvity into two fractlons by LsOelectric—;%ﬁ‘v
:,yfocuSLng and SEPHADLX gel flltrat;on in SEPHADEX. The remarkable>
fn:features of these molecules are thelr low apparent molecular weights, .

{_ about 7 X lO3 Daltons, and their thermal steblllty These character—: ; l':'
';zlstics suggest that these are the simplest of the known lectxns, that ’7

r'they should be amenable to complete structural characterlzatldk, and

;;that they possess relatively few bindlng sites.“



Materials and Methods

b

I Preparation ‘of Saline Extract of Pisum Arvense

Two hundred grams ‘of peas (Pisum Arvense) were soaktd 1n 1000 ml

‘of dlstllled,water overnight The peas were then homogenized and a
clear yellow flltrate was collected via vacuum flltration through no.. 1
Whatman fllter paper.A Tho “pH of the filtrate was adjusted to pH 6.7
with SM NaOH. The flltrate was ac1d1fied after stlrrlng for 1 hour at‘

5

room temperature by additlon of 6M HCl to pH 4. 6 The resultant,
‘prec1p1tate was flltered out ‘and subsequently discarded lhe protelns.
‘contalned 1n the clear yellow filtrate were then salted out Wlth solid
‘ammonium sulphate (50% saturatlon). The precipitate was resuspended in
\200 ml of dlstilled water. and’ dlalyzed against dlstllled water at 4 C

untll the .ammonium sulphate was completely removed Lastly,,the

. dlalyzed extract was lyophlllzed ' - o 'h]'j

II.. Agglutination Assay

In all subsequent experiments; agglutlnatlon test was‘performedvas
follows.‘ Heparlnlzed blood was obtalned from the chlckens. The serum
‘was removed by centrlfugatlon at lSOOIRPM for 10 mlnutes in a c11n1ca1
centrlfuce Follow1ng centrlfugatlon, the serum was. dlscarded‘and the
remalnlng erythrocytes were washed repeatedly in excess volume of
sallne for at least three tlmes, each wash consisted of suspen51on of
the erythrocytes 1n excess volume (i e. 20ml) followed by centrl—.
fugatlon at 1500 RPM for 10 minutes. The trlply-washed erythrocytes
were then resuspended 1n a suitable volume of PBS (phosphate—buffered

sallne) to yxeld a cell count of 3. 00 x 10 cells/ml as.determined by a



Fisher’%utocytometer (cell;counterl} For test‘of"agglutination, 0.5 mlf
of cell suspen51on plus 0.5 ml of pea extract solutlon (ZSmg of total
lyophlllzed pea extract/ml of PBS) were . placed 1n Sml plastlc culture

tubes. . The. experimental control con51sted of 0 5 ml of cell suspension

1

nd 0. 5 ml of Just PBS . The cell mixtures were‘then allowed t0'1ncubate :

at 37 C‘for 1 hour. Follow1ng lncubatlon, the cell mlxtures were

centrlfuged at’ 1600 RPM for 10 mlnutes.\ Finally, the cell mixtures were

Vgently resuspended by shaklng on a Vortexnuxer for lO seconds. Ag—h
v;glutination'was then_assessed for each cell mixture both macrOScopl;
cally (i.e. visual examination) and microscopically. Any clumping of
ﬂthe erythrocytes after gentle resuspensron was con51dered to be in-
dicative'of agglutination:‘arbitrary values (i.e; ++, +++, or:++++).were
ass%gneﬂ;to each agglutination reading'dependlnglon the'relatlve‘

~ diameter of thefcell clump obtainedr A |

Nt

TI. A rtellmlnary Survey for Chlckens With "Hl“ Agglutlnogen-'
beazring Erythrocytes

A preliminary survey fdr chickenstithl"Hi" a§q1utin0§en—bearing_
erythrocytes Qas undertaken ©In thls partlcular experlment, 65 adult
whlte leghorns of known B genotype and 40 adult females Qf mlxed breed
(generously donated by Merat)’were»tested for presence or absence of
"Hi"'agglutinogenebearing erythrocytes, Five milllliter samples of
heparinized blood were obtained from each'blrd.: éreparation of the
erythrocytes and agglutlnatlon assay were performed as descrlbed earller.

Positive agclutlnatlon‘reactlons were observed mlcroscoplcally

using a Leitz Ortholux microscope at 2sox magnlflcat;on. Photomlcro—

graphs of typical agglutination reactions were taken with Tri-X Pan

20
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black and white film. =~ . . @
A. . i v'b ’

IV. Test of Agglutinability‘of Leukocytes

'Leukocytes were tested for agglutinability by the pea extract. A

;eukocyte.preparation~was obtaiped from bird #1337-38 which was pbgitive
for thé."Hi"'égQIutiﬁdgen pheﬁotype. Isolation of fhe ieukogytes fr@m‘

é ml of héparinized'ﬁiood was éécomplishedAas follows. Foéur milliliter#_
‘of dilgted ;lood'(z ml of wﬁole biood-+ 2 ml of Alséver}s.solutioni were
layered on top Qf 3,6=ml of Lymphoéfép (a comhercial preparation qf
:ficdll) in a‘lO Ml.centrifuge tuﬁe._ The mixture was centrifuged at 1500
RPM for 30 minutes.‘ TheAresultant white band of ieukocytes at the.inter~
ﬁ}éce betWeethhé‘tiph?prep'and thg sérum‘was rémoyed with a Pasteur
pipette. ’The leukOCYtes'wete then15uspended in lO,volumes.of PBS
(phosphatefbuffer:séline,'pH‘7.0) qﬁd‘centrifuged agéin aé 1500 RPM fér
10 minuges. Follbwihg'b;ntrifuéétion,‘tbe supernatant was.femOved and
saline was a&dég té the gelis totresﬁspend them. Lastiy,rﬁhe cell; Qere :
| w&shedA;epeétedljr 3 cimes in éaline;(each @ésﬁ consisted of re-

v sqspensibniin iO’mi~of‘saline>foiiowed by céntrifugatidn at 1500 Rﬁﬁ);
After the final wash; an appropgiaﬁe vqume o}v§$1ine Qas‘added td the
leukocyte suSpénéioﬁ-to yiéid é.céll cbunt of S;Q‘X i06 c¢l1s/ml‘%S‘
de;éfmiﬁed by a fishe; autééytométer (ﬁodel‘II);' Nekt, thé obtéiﬁed
. ieukocytes were tested:fo: agglutinability by the pe; éxtract. Half
m111111£¢r of péa extract (25 mg/ml in‘saline) was added to cach 0.5 mi '
suspeﬁSion 6f.leukod§tes. Thé eiperimen;al ¢bntrol consisted of .5 ml
of saliﬁe'and..s ml of celi.suﬁpension; and the poéitive con;rol'consist-

. ed of the same number of "Hi" agglutinogen-bearing erythrocytes from the

same donor bird suspended in .5 ml of saliﬁe + .5 ml of the pea extract.



Incubation of the cell mixtures was allowed to take place at 37 ¢ for

1 hour and agglutination was‘assessed,as before. ] .

V. Dilution Study (test of the‘poteacy of the pea extract)

-To determine(the relative strength of the activity of the'pea‘
extract, two fold serial dilutions of the extract in *.5 ml volumes were
made in 5.0 ml plastlc culture tubes and .5 ml (3, ox 106 cells/ml)
samples of "Hi" agglutinogenfbearihg erythrocytes fromvblood donors
'#26751 #1337, #28229, and #2427 were aaded to each dilution of the
‘extract The controls conslsted of 51mp1e .5 ml of saline arrd .5 ml of
the same number of erythrocytes in sallne. The cell mlxtures were

incubated at 37 [of for 1 hour and agglutznation was agssessed as described

earlier.

. VI. Haptenic: Inhition Tests

ASugars have beeh'known to'inhibit'the aqglutination of erYthrocytes

by lectins. In thls partlcular experlment, an- attempt was made to find

*

‘_a sugar which would 1nh1b1t the agglutlnatlon lnduced by ‘the pea extract.

Ten mllllgram samples of each the following sugars were dissolved in O. 5”

mlvof pea extract (25mg/m1 in.saline):

D-melizitose D-turahoses'i. 'Dfsucrose

B D-fructose ' D—treﬁaIOSe-'_; .p—éelactose D-glucose
_D-mannose D—xyiose : “‘-Dflactose chellobiose
L-rhamnose N D;rAffinose‘ ' bfribose' v § D~1yxose"
L;sorboscf 5 E Demeliziose?‘ | D-arabinose .‘L—fucOSe

The resultant sugar—pea extract mixtures were incubated‘in 5 ‘ml plastic

culture tubes for 1 hour at 37 €. The experimental controls consisted

22



\
’.of incubating the same sugars (20mg/ml) in .5 mls e} 4 saline for l hour
at 37 C. Followzng completion of the 1ncubation period .5 ml erythro—

cytes (3. 0 x 107 cells/ml in saline) from "Hi" agglutinogen pOSltive

bird #1337 was added to each sugar-pea extract mixture and'cohtrol

(.

tubes. Finally, agglutination was assessed as described previously.‘

"

VII.: Effects of Mannose on the Agglutination Process.

Hav1ng shown that  mannose has an inhibitory effect on the ag—
glutination process induced by pea extract, the effects of different

\ .
dilutions of mannose on'the agglutxnation were tested.‘ A 0.2M solution

- of D—mannose was used to make O. 5ml volumes of two fold serial dilutions
ranging from 1 to 1/2048 (dilutions were made ‘with saline). Dilutions '
of a O ?M solution of D-fructose, shown to be non-inhibitory to the ag-
-_glutination process, were also made 'up. The sugar dilution were each
incubated With Sml of peayextract (25mg/ml in saline) for 1 hour at 37
Cin 5 ml plastic culture tubes. P051tive controls conSisted of -3 ml
of saline + Sm of the pea extract which were also incubated at 37 C for

1 hour. Follow1ng incubation; .5 ml of" “Hi" agglutinogen positive

_ervthrocytes from donor bird #1337 (3. 0 X 107 cells/ml in saline) was

‘ vadded.to sugar dilution and controls. vLastly,,agglutinationvwas_assessed

as described earlier.

xVIII.: ﬁffects;of Trygsianreatment.on the Agglutination Process

»In this experiment, an'attempt»was made to seeiwhether or not
trypsin:is capable of exposing or removing-the'“ai% agglutinogen receptor
sites onl"Hi" agglutinogen positive erythrocytes.. Trypsin treatment was

effected as follows. Ten milliliters of triply-washed erythrocytes from
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' dondr bird #28279 were added to 10 ml' of PBS (phosphaﬁé;buffered saline,
.;pH 7. 0) containing 2, 5 mg of trypsin (Difco, 1:250). The "Hi" s,
agglutinogen posiéive cells were incubated at 37 € for 1 hour, Aé .
'ﬂcontrols, 10 ml of the same cells were incubated in 10 ml of PBS only

;fo: 1 hour at 37.C. After ;he trypsin treatment, the,cell suspensions

were Qashed'fhrne‘tines in'saiiné.and appropriate volumes &f fresh’

bnsaline Qére aéded to.thg cell suspénsiqns to yield a cell count of
'5,01x1107 ce11§/nl. Next, .5 ml of pe@;exirnét (25mg)ml.in‘salinéi' . | {}
was aadeq to each of 5 snmélen.of .5 ml volumgé of the‘trypsin-treaiéd

cells and controls. Agglutination was assayéd ns outlined earlier.

IX. Effects d£ Tempgrature on the Agglutlnation Activity of the
Pea Extract

Thé fhérmallstability of tne éea extract was testediin this
experiment. Five'.S‘ml voiumgs of the crnde'pea*nxtract (ZSmQ/ml in
saline) were inéubated_at 37‘C,'50 c, 56 C,'and‘90 C for afdnratiqn'of -
* 1 hour. Following thecincubatibn»period, .5 ml (3.§ X 10 cells/ml) of
"Hi" agglutinogen po#itive.erythfqéyteé.froh bird donorv#145ﬁ6 was
wnddeq to each nf'the heat#treatéd ééa extract. }?he controls consisted
of .5 ni 5: théignme cell suspension piué :Sgniz$f unﬁrea;ed pea extract.
.'Finally,»thé cell mixfures weré tested for aggiutinatidn as desnribed
Aenrlier.; | | |

-

X. Effects of Neuraminidase on the Agglutination Process

In this particular experiment, the possible role of sialic aciad
residues in the‘agglutinatibn induced by the pea extfact was exgmined
psing_néuraminidase. Two fold serial dilutions 6f neuraminidase (frdm

Cl.perfringens, Type VI obtained from Sigma Chemical Co.) ranging in



.S
abtivity from 1/2 Unit/ml to 1/2048 Unit/ml were made up with PBS
(phosphate—buffered gsaline, pH 5. 7) in .5 ml volumes. Next, each
enzyme dilution was added‘to .5 m1~of'"Hi" agglutinogen positive
efythrocytes (3.3 X 107 cells/ml in PBS, pH 5.7) obtained from bird
donor #14546. As:experimental'controls, .5 ml of PBS,lpH:S 7 was
_added to .5 ml‘samples of the same cell suspension. Two other controls
were also used negative control no. consisted of 5 ml of erythro-
cytes plus .5 ml of neuramlnldase (1/2 Unit/ml) and controi no. 2
consisted of .5 ml of‘PBS{(pH’S.?)-plus .5 ml of thepsaneucell' .
suspension. dAll the'cell suspensions4were lncubated for»l_hour at 37 C
Next, the cell suspensions were washed‘three times ln sallnehtofremove‘
the released'sialic'acid residues and neuraminidase.b FolloWing the
"_sallne washes, the cell suspensions were. made up to 5 ml agaln with '

- fresh sallne. Lastly,. S ml of pea extract (25mg/ml in sallnea was -

~added to all cell suspensions except those of control no. l and control

‘no. 2. Agglutlnatlon was assayed as described earlier.'

rﬁ

IXI: ‘Effects of pH on the Agglutlnatlon Process

The effects of pH on the agglutlnatlon process were 1nvestlgated in
this experlment.' Phosphaterbuffers (,2M) of‘the follow1ng pH's were
.prepared: pH 5.7,.pH 6.0, pH 6. 5;‘pH 7.0, and pn 8.0. Samples of .5
‘“ml volumes of pea extract (25mg/ml in buffered PBS): were added to .5
‘ ml volumes of each of the dlfferent phosphate buffers in 5 ml plastic
culture tubes. Next:—.S ml volumes of "Hl" agglutlnogen posxtlve cells
from donor #14546 were added to each of the phosphate buffer-pea

extract mixtures. The experimental controls-used in:this study

consisted of two controls: positive control no’, 1, consisting of 5 ml

25
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of PBS (ph 7.0) + .5 ml of pea extract + .5 ml of: erythrocytes and
negative control no. 2, consisting of Sml of cells + 1,0 ml of the
buffer of the pH being tested, “Incubation of the cell mixtures was
allowed to continue for 1 liour at 37 G. Following incubation,

agglutination was assessed as described earlier.

' XII. Test for Species Specificity
\

The speCifiCity of the agglutinating actiVity of the pea extract

was tested in this experiment Heparinized blood samples were obtained
1] .
from the folloWing animals trout, human, coyote, ground squiryel, -

i
rabbit, and newt., -The hlood samples ‘were prepared and’ washed as
.'described in the agglutination assay Appropriate volumes of saline
were added to each triply-washed suspcnSion of erythrocytes to yield a
cell count of 3, 4 X 10 cells/ml Pea extract in 5 ml volumes. (25mg/
"ml in’ saline) was added to ‘5 ml volumes of eaCh cell suspension in |
.plastlc culture tubes and agglutination was tested as described before.
As controls, "Hi" agglutinogen positive cells from donor bird #14546
-_were also reacted 1n..5 ml volumes with .5 ml V01umes of the pea extract
‘.(25mg/ml in saline) and the negative controls conSisted of 5 ml of
saline + .5 ml of the "Hi" agglutinogen positive cells (3. 4 X 107 cells/
ml_) . ‘

Y

XIII. Test for Cell Electrophoretic Mobility Differences

~The question as‘to whether'or'not the- presence of the "Hi"
gagglutinogen.receptors on the cell surface endows the erfthrocytes with
a different electrbphoretic mobility or cell surface charge was posed in
" this experiment. Blood samples (heparinzed) were obtained from "Hi""

agglutinogen‘positive donors #14546 and #14428 and two “Hi"‘agglutinogen
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negative bird donors #1333 and 313277. The blood samples were centri-
fuged at 1500 RPM to remove the serum and the erythrocytes were washed |
three times in saline as described previously. Electrophoretic mobility
vmeasurements were made for each of the erythrocyte samples using a
microelectrophoresis apparatus described by Bangham, AX D. et al, 1958,
' The electrophoretic measurements consisted of measuring the time in
seconds required by a sinéle cell to traverse a 45 micron path in the

"electrophoretic field. Twenty-three ‘such measurements were made for each

blood sample. The electrophoretic conditions used were as follows-

voltage ’ ,4# 40 volts D._C.
temperature = 25C
" migration path = 45 microns

cell susPension ' .145 M 'NaCl

med:ium

X1V, Fluorescence-Microscopy.of "Hi" Agglutinogen-bearing Cells

The purpose of this experiment was to demonstrate that- the "Hi"-_
agglutinogen is located on the cell surface of the reactive erythrocytes
vThis experiment was carried as follows. First of all, a fluorescein -f
conjugate of the pea extract was prepared as follows. FiveTmilliliters
of pea extract - (20mg/ml in distilled water) were reacted’ Wlth 5 mg of
| fluorescein isothiocyanate in a carbonate-bicarbonate buffer, PH 9. 0
(.SM)\and34 ml_of..ISM NaCl solution at 4 C' The mixture was left.fi
stirrin§ at 4'C for 18 hours. Next the mixture was dialyzed against
..s 1 changes of phosphate—buffered saline (pH 7.0) until the dialy21ng

?ida no ‘longer sh_owed fluorescence. 'l'he conjugate‘was "lyophilize_d and’
stored at -20 C:inva smallivial. o |

Pl

Once the.fluore8cein conjugate'of-the;pea_extract was‘ohtained,'



the "Hi" agglutinogen positive erythrocytes of bird #14546 and #14428
were. subjected to- fluorescence‘microscopy as follows, Five milliliters
of blood was obtained from each "Hi" agglutinogen positive bird and as
”controls, 5 ml of blood was collected from each of the two "Hi" agglu- -
tinogen negative birds (#1333 and #13277) ‘The bldod samples were wash-
ed three times in saline. Next, blood smears of each blood sample were
made by spreading very rapidly, a drop of cells across a microscope slide
with the aid of another slide. After drying the smears, the slides were ‘
fixed in 95% ethanol for 1 minute drained, dipped in phosphate-buffered
saline, and air dried. After the smears were thoroughly dried they were
then covered completely with ‘the fluorescein—pea extract conjugate (lOOmg/
ml in PBS,,pH 7.0). As-controls for autofluorescence, some smears wvere

' covered with pea extract only in the same concentration. All slideu‘were,
next incubated for 1 hour at 37 cC. Following the 1ncubation period the

- ‘o
slides were washed in three changes of phosphate-buffered saline and one
o:final change of distilled water for 5 minutes each Next, the slides
were mounted with buffered glycerol (9 parts glycerin 1 part phosphate
buffered saline) and subjected to fluorescence.microscopy.
The prepared slides were examined under a Leitz Ortholux microscope

-.equipped Wlth optics for ultra—violet, phase, and transmitted light
microscopy. Ultra—Violet illumination wasfsupplied by two"HBO 200 lamps

in separate housings to proVide both transmitted and inCident exc1tation
“of fluorescent speCimens. It was found that inCident excitation gave the
best’ fluorescence intensity, and hence most of - the prepared slides wvere.
examined u,der.inCident excitation. Photomicrographs were taken of

fluorescent cells using Kodak High-SPeed Ektachrome colour slide film

(ASA 160). The exposure times required-ranged‘from 10 geconds to 120
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seconds depending on the intensity of the observed fluorescence.

XV, Determination of the Total Protein Content of the Pea Extract

As an- initial attempt at characterizing the pea extiact prepara-
tion, the total protein content J&s determined using the biuret method
: USing this method, protein measurements were made as follows.- Samples
of the pea extract in 1 milligram quantities were dissolved in 1.0 ml
of distilled water and incubated Wlth 8 ml of biuret reagent (obtained .
~from Fisher Scientific Company) at room temperature for 30 minutes. At U
the end of the incubation period the optical denSities of the resultant Ni
| colours were determined on.a Spectronic 20 spectrophotometer at 550 nm, |
vIn order to obtain a. standard calibration curve, bov1ne Serum albumink
Y(Crystalline, from Nutritional Biochemicals Corporation) was made up in
_the follOWing dilutions-' | . -
0 mg/ml in’ distilled water,_S mg/ml, lO mg/ml, 15 mg/ml 20 mg/ml
and25mg/m1 | o S
One milliliter,samples_of.eachialbuminiconcentration uerevreaCtéd<wiﬁhi
S.81ml of-biurettreadentiand the'optical densities were measured | A graph
bt'optical density as a function of protein concentration was compiled

_to permit graphical estimates of the total protein contents of the pea

. extract samples.

- XVI.. Determination of the Total Carbohydrate Content of the Pea
Ve Extract

/-
l

The total carbohydrate content of the pea extract was estimated in.

this experiment uSing a ferricyanide method (Keleti and Lederer, 1974)
Samples of pea extract (lyophilized) in .5 mg to 1.0 mg quantities were

added to 1.0 ml of carbonate—cyanide reagent (1.33 g Nazco + 162.5 mg



KON +. distilled water to. yield a final volume of 250 ml) and 1 o ml of
's'ferricyanide reagent (125 mg K] Fe(CN) + distilled water to yield a: f :
r;final volume of 250 ml) The mixtures were thoroughly shaken and I
fpsubsequently placed in a boiling water bath for 15 minutes. After ;ilfit
.[cooling to room temperature, 5, O ml of ferric-irOn reagent (375 mg FeNH4 | Eeg

-

. (504)2 + 250 mg sodium lauryl sulphate + osm sté to 'a fina BT

lof 250 ml) were added to each sample.: The samples were allowed to stand_

'at room temperature for 15 minutes.c Lastly, the optical densities of

e -

'AIn order to obtain a’ standard calibration curve, dilutions of glucose
- ranging in. concentration from X midrogram/ml to 2 0 microgram/ml were

;,prepared and treated as described for the pea extract samplée.; A gr ph

‘of optical den51ty as a. function of carbohydrate (glucQSe) concentration
. was compiled to. allow graphlcal estimates of the—total carbohydrate -

S

'content of the pea extract samples.'! T : ' ' :

"TXVII. Qualitative Disc Gel Acrylamide Electrophoresis of the Pea
B ) Extract v e T ROl

The crude pea extract was sugjected to disc gel acrylamide»»;.'

'electrophoresrs to obtain a. genera& picture of the minimum number oi

’ protein components that 1s present in.the extract Samples of 20

oy e

' microliter volumes of the pea extract (10m§)ml in distil ed water) were.
mixed w1th.equal volumes of 40% _sucrose solutlon and laye ed on top of.
acrylamide ger cQIUmns which had been prepared according to the method iﬂ"
of Davis (1964) _f :. R ‘ Electrophoresis was performed under‘j

“the - follawing conditions; k AT?F‘ ’ ;V»}J_E‘ f'ffi"



‘:'.;’_v:,‘-.' Lo e

1. electrophoresis buffer - Tris-glycinev pH 8 3

‘”f(consisting of 1 2 grams of tris (hydroxymethyl) aminomethane +

:3}5 76 grams of glycine + distilled water.to yleld a final volume of

-

2. 0 litres) 'j‘- ‘;:f_;7 j{giti;

2, ‘_fvoltage - 3oo volts pulsed D c., 3oo pulses/sec., \1 o mfd., and

fﬂ 30 mllliamperes provxded by a 4100 Pulsed Consﬂant Power Supply

“COrtec Corporation)

An.attempt was made-to'xsolate the actlve agglutlnins from the

crude pea extrac'_o preparative scale us1ng an 1soe1ectrofocusing

~:Qtechn1que. A 10 ml sample of pea extract (10mg/ml 4n dlStlllEd water)

- 31 .‘

. was electrofocused as follows.. A 11near sucrose density gradlent (totalif L

I

: volume 440ml) was flrst prepared w1th the a1d of a- LKB Amphollne
3 Gradlent Mlxer (LKB—Produkter, Sweden) usxng the follow1ng gradlent

f“solutlons.-;



{l:’:dense'gradient>solution -:dfd;il
sucrose - 107 5 g | E
.volume Af .fl'l- rﬁfiai:i;flf fe ;:v Sl

. 320 +- 7 0 ml of Ampholine - ‘150 ml |
‘:total volume - 215 ml ‘ *‘;?‘-[;;51 s ff_;d:;f3;

concentratmn of sucrose - SOX(W/‘V)

fzrdlllght gradlent solution _ludi*ATd] ;_llglrly'”fi7§‘» ?'i-.
ffsucrose‘—vlo 75 g - o o :
lvolume of ; o +13.75 ml " o e el [ '

;of Ampholine - 207 ml : | =
,total volume - 215 ml B
concentration“of sucrose._-g%'(w/V).' ':4 lfgv

The Amphollne used to establish a pH raqge of 3. 5 - 10%0 was a sterlle

40% solution of carrier ampholytesrifrom‘Lxsf—SwedeﬁT"with a pH~range

: of 3. 5 lO«O, the final concentration of ampholytes 1n the sucrose

density'gradzent was ftg*The sucrose densxty gradient was set up in a

'hKB 8100 440m1*isoe1ectrofocuszng column (LKB, 5weden) The pea extract

_sample (lOOmg:totalwlwas added to the dense gradient solution durlng

preparation of the sucrose density gradient_; The electrode solutions

employed for the electrophoretlc run were as follows- “:;

rfcathode electrode solution - (pH 11 7)

:48 0 g of sucrbse + 30 ml of H 0+ 20 ml of lM NaOH

'7;ﬂanode electrode solutlon —'(pH T\g)

- ja}s ml of - lM H3PO4 + 34 ml - of H2

Theslsoelectrofocusinq column was set up 1n a refrlgerated walk*in cold

L room and electrophoresxs was performed under the follow1ng experimental

conditlons., ﬂtﬂ;ﬂw,'



.

30 milliamperes, flnal 0.5 mllllamperes

!’PO volts

1. current - initial

. 300 volts; final'

2. voltage‘— initial

‘3. power - initigl = 9.0 Watts; final = 6.0 Watts
4. . temperature QE'ruh = 4.C o
5. total-duratiln offrun=— 24 hours ﬂ_

" The electric current was supplied by a/model 3371E D C. Power Supply
“(LKB 5weden) Fol QW1ng completlon of the electrophoretlc run, a. total
_of 70 fractrons of 40 drops each (approxlmately 5 O«ml) was . collected
from the bottom of the cofumn v1a a dralnlng outlet, u51ng a IXB
fractlon collector. The absorbance of each fractlon was measured at
280 'nm in order to obtaln a protein elutlon proflle.» The pH of each of
the 70 fractlons was also measured to yleld a pH proflle of the

separated fractlons
| The' last step of this 1se1ectrofocu51hg experlment con51sted of
testing- the reSultant six major proteln fractlons for agglut-natlng

. ,ﬁfﬁ

act1v1ty. Half mllllllter samples of each of the peak fractlons were
addedAtov.Sml Of‘"ﬁl" agglutlnogeh positive cells obtained from bird -
‘donor‘#l4546 in 5 ml plastic culture tuhes 'As controls, .5 ml of -
saline‘was addedvto .5 ml<of the same cell suspension (3 2 X 107_cells/
ml-in saline);-PThe mlxtures were 1ncubated at 37 C for l hour ahd
agglutlnatlon was assessed as descrlbed prev10usly. |

XIX: Sucrose Density Gradlent Centrlfugatlon Fractionation of the
4 Pea: Extract A o 0

In thls experlment, the crude pea extract was fractlonated by
sucrose dens;ty gradlent centrlfugatlon Samples of 5 mg of pea » C

extract (dlssolved in .5ml of dlstllled water) were Iayered on top of -

four 15 35% contlnuous sucrose den51ty gradlents (35m1 volume, total)

L
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which were prepared beforenand in cellulose nitrate tubes" ll" dla. X
3 1/2", Beckman Instruments.Inc }. using a Beckman den51ty gradlent
'former (Beckman Instruments Inc;).‘ High speedvcentrifugation uasl
performed in aIBeckman'L2~GSE Ultracentrifuge,using'a swinginé‘bucket
rotor (Sw—27;_Beckman Instruments Inc.l..‘A speedvof 25,000 RPM was
maintained for ZOdhours at.a runningtteﬁperature_of 4. C, ,Follouing
centrifugation, 20 drop fractlons;(aéproximately 2 nl) were collectedu
4£r0m tne bottom of each'gradientll_The,obtained fractions uere pooled l
and tne absorbance of tne.pooled-fractionS'was measured‘at 280 nm on a.
Beckman ‘Du-2- spectrophotometer in order to obtaln an elutlon proflle.
Lastly, the major peak proteln fractions were tested’ for
'agglutlnatron_act;v1ty, galf'm11l111ter_sanp1es_of each peak_fractlon
géréfaadée to .5 ml of_AHi"‘agglutinogen posltive_erjthrbc?tes donated
by’ bird.‘#l4'546 (3.2 X 10/ cell‘s‘/xvnl.in saline) in -5 ml plastic culture
tubes. ‘ihe controls consistéd ofr.S'ml-of saline élus .5 ml of cells.

£,
The cell-proteln fraction mlxtures were 1ncubated at 37 c for 1 hour

and agglutlnatlon was: assessed as descrlbed earlier.
‘A\: .

e

. . ’ ',,4‘ ) v . .
SXXy Fractlonatlon of the Pea  Extract Via sephadex Gel Column
' Chromatography ,é{‘ . .

Kl o -t;
._Sephadex gel column chromatography was. resorted in thlS experlment

A Sephadex gel column (3 cm internal dia. X 45 cm) was set up usxng

R Sephadex G-25 (Pharmac1a Co ) The Sephadex gel was soaked for three.
:5days/1n"85% NaCl contalnlng 0. 001% sodlum a21de and packed 1nto the

‘ coluﬁnuat 4;C., Prlor to use, the packed column was eluted wzth 2 llters

of .85% NaCl in order ‘to allow the gel to: equlllbrlate and ellmlnate
’ contamlnants from tne‘column.' A lO mg sample of crude pea extract
(disSolQed“ln;g,Qnml of .85% NaCl)-was applled onto the column with'a' .

~



syringe and elution was effected at 4 C with 85% NaCl buffer. Five

. milliliter fractions were callected (approximately 50 drop fractions):

: »

with the aid of a LKB fraction colleétor (LKB, Sweden) The absorbance
of each,fraction was measured at 280 nm in order to .obtain an elution

profile‘.- .
LaStly, the maﬂor protein peak fractions were tested for
‘agglutinating activity. 'Half milliliter samples of each peak‘fraction

: I
were added to 5 ml of "Hi" agglutinogen positive cells (donor #14546)
in 5m1 plastlc culture tubes.* As controls, .5 ml of saline was added
to 5 ml of the same cell suspen51on (3.3 x 107 cells/ml‘in saline).
.‘ihe cell nixtures were.incubated at'37 C for 1 hour and agglutination ,
"was assessed’as described preViouslyt |
bTenimicroliter saﬁples of thenma”or protein peak’fractionsvand
: crudo pea extract (10 mg/ml in distilled H 0) were also subjected to .
idisc gel acrylamide electrophore51s according to the technique described

-prevxously under the follow1ng electrophoretic conditions:

-1, electrophoresxs buffer - Tris—glycine, pH 8.3 -

2. current - 300 volts pulsed DiC., 300 pulses/sec., 1.0 mfd.,
and 30 milliamperes (supplied by an Ortec Pulsed

Constant Power Supply) , 0

3. running‘temperature —_room temperature (23 ¢}y
;4._ durationvof\run'—il houru

\ S e

',At the completion of the electrophoretic run, the gels were removed

“from the glass tube° and stained in 7% acetic acid containing .2%
Buffalo Black and destained for several days 1n 73 acetic ac1d with
) frequent changes of the destaining solution. Finally, a photograph of

the destained gels was taken to recordJFhe protein bands observed.

35



36

‘XXI. Estimation of the Molecular Weights of the Active Components

The agglutination active Peaks IV and VI from the isoelectric-. .
_focusing experiment ‘were subjected to thin~layer gel. filtration in order
to obtain estimates of their. molecular weights. Using proceduresn
similar to those of Radola (1968), estimations of the molecular weights
of Peaks IV and VI were carried out as follows. 5 thin layer of
Sephadex gel (O.B‘mm thick) was prepared on a 20 cm X 40 cm-glass plate
by spreading a slurry conSisting of 9. 0 grams of’ Sephadex gel G—2OO
(Pharmacia Co.) in 200 ml of phosphate-buffered saline. The_resultant
gel layer was rlaced in a thin-layer gel chromatographic‘chamber |
(Pharmaoia Co.) and allowed to equilibrate overnight withdthe eluting
buffer (PBS). Once'equilibrated 20 nacroliter samples‘of Peaks'IV
and VI and. other protein standards with known molecular weights were
' applied 1.5 cm fromlthe upper end of the gel layer. The.protein
o standards used were aldolase, chyvotryp51nogen A, ferritin (from horse
spleen), and ribonuclease A. Next, the two ends of the gel layer
were connected to the eluting phosphate-buffered saline reserv01rs v1a
strips of Whatman #l filter paper measuring 20 cm X 5 cm. The gel
layer was tilted at an angle of 30°from the horizontal and descending
gel filtration was allowed to proceed at room temperature for 9 hours.J
At the end of the run, a duplicate'of the~gel layer was obtained by
layering a sheet of Whatman #1 chromatography paper (20 cm.X 40 cm)

& . R

gently on top of the gel layer. Using this‘technique,,all the resolved
protein samples were completely transferred from the gel onto the paper

iy

without any changes in their migration positions. ‘The paper}duplicate

-,

‘was next stained for lS_minutes in PonZEau S and destained,in 7% acetic

acid. Following de-staining, the migration distance.(from the origin)'



' ﬁas;ﬁeaehred fofieacy seﬁp~e.and the‘relative mobilityu(i.e.‘reletive

to ferritin).ef each‘sample was éalculated as follows:

\\

Relative Mobxlity = mig;ation distance of sample
: migration distance of ferrltln

Lastly, a graph of relative mobilities versus log of molecular weights

was plotted to allow interpolation of the molecular weiéhts of Peaks

f’sand VI. . In order to obtain a?etage molecular weight estimates, two

such gel filtration trials were performed.
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.Results

The agglutinating'actiwity'of extracts of Pisum arvense was
- tested with erythrocytes from two kinds of chickens.; The first was
drawn ‘from the mixed breed for which Durand and Merat (1971) described

the agglutination of erythrocytes by extracts of” Lens culinaris. Two of

v‘38 adult femalés were positive. The second population was drawn from
-White Leghorns whose B Blood type was known ' The adult males were
negative. Six of .the 42 adult females were positive (Table 1). There
:Iwas no indication of an association of the p091tive reaction with any
:-:of the seven B alleles represented in this population (Table la) On.
'the basis of earlier information that the Bi agglutinogen 1s widely
'fdistributed among all breeds and can be detected with extracts of
'either Pisum arvense or Len culinaris (SCheinberg, S L. and Reckel,

!

.:R.u .,.1961b) it was assumed that the "Hi" agglutinogen of the White"

| iLeghorns is identical with that which Durand and Merat (1971) had
described and for which they had confirmed the mode of inheritance as
iescribed by Scheinberg and Reckel (1962) | e
The classxfication_of-chickens as Hi pdsitive or‘negative.was done‘

by incubating 1.5 X 10 e"ry;mgyte's with 12.5 mg protein of extract in
‘a final volume ofilio.ml.ofvsalinefat 37 C for l_hour{ bnder'these
_.conditionsrthevreactions'are,unamhiguous.(figure.l),‘-Thg effect of
'diluting the extraCt.was'tested,with.erythrocytes from four'hi‘positive
chickens (Figure32). Arbitrary classification:of the'reactions accord-
ing to the 51ze of the agglutinates demonstrates a reduction/in the
reaction when the extract is diluted to 1.56 mg prdtein per ml and a

_disappearance.of the>reaction when the extract is diluted to 0.10 mg

protein per ml.,
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Leukocytes from the blood of one Hi positive chicken were mixed :
with extract under conditions comparable to those used to demonstrate .
the presence of the Hi agglutinogen on the erythrocytes. These‘tests
did not differ from those in which saline was used in place of ‘extract-
and are regarded as negatlve.

‘The reaction with erythrocytes was,used tovtest the inhibition of
lectinﬁbrndlng by free monosaccharides and oligosaccharldes. Eleven
monosaccharides, six dlsaccharldes, and two trlsaccharides‘were tested.

' The monosaccharides were Dfarabionse,vD—fructose~ L—fucbse D—galactose,
D—glucose, D—lyxose, D—mannosek D—rlbose, L-rhamnose, L-sorbose, and
‘Dfxylose. The disaccharides were D—celloblose, D-lactose, D-melibiose,
D-trehalose, D-sucrose,_and D"turanose, The tr15acchar1des‘were
D-melizitose, and DeraffinQSe. A mixtnre'of sugars was also tested.
Only the mixture and D-mannose inhibited'the agglntination.x This :
.confirms an'earlier report that D—mannose inhibitsgthe agglntination
but fails to confirm the report that‘the'nonosaccharide, D-fructose,

and the dlsaccharldes, D-sucrose, D~trehélose, and D-turanose and the .
trisaccharide, D-melizitose are lnhibitory (Reckel, R. P. and SChelnberg,,
S. L., 1960). The two monosaccharldes were compared (Flgure 3)
D~fructose was non-inhibltory at all concentrat1ons tested. D—mannose.
was inhibitory at ahfinal concentration of 6.25mM. Inhrbition was
greater at'higher concentrations, but - complete inhibition was not seen
at 200 mM, the highest concentration tested; Mannose is not a constit-

.

uent of ‘any of the disaccharides or trisaccharides tested.

\

Trypsin is known to degrade cell surfaces (Kornfeld, S.. and

s

Kornfeld, R., 1969; Winzler et al., 1967) and is a conventional means

of enhancing the agglutia;tion of cells treated with antibodies. Hi
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positive erythrocytes-from,one chicken were treated with'trypsin as a -
test of the susceptibility of Hi agglutinogen to alteration by
proteolytic enzymes. The agglutination was neither enhanced nor re-
“duced.~ If the Hi agglutinogeh‘was’partly removed by trypsin, the loss
must have been compehsated;by increased susceptibility to agglutination.
| Soﬁe iectins'are.sensitive to temperature. An extract of Pisum .
_ arvense was incubated at 37, 56, 56, or 90.C for one’hour prior to
testihg'its.reactionvwith Hi positive-erythrocytes'at room temperature
‘(Figure 4); The agglutination decreased as the temperature of pre-
incubation increased but was not abolished. Compared to other lectins
the lectin activity of Pisum arvense is relatively stable.

Neuraminidase is csed to enhance or depress some ceil surface
reactions_(Bdrger, M. M. and Goldberg,_A. R;, 1967; Uhlenbruck, G. and
"Winiler; G., 1970). #nhancement~is usually interpreted.as evidence |
;,that»sialic-acidvresidues»shield the reactive.site of the receptor.
vaepression-may be interpreted as evidence that sialic acid is oart'of'(
the reactive site of the‘receptor>or it'may‘meanﬁthat‘Sialic\acid
residues actlin_a secondary hanner to fa?our agglutination;initiated at j
a'reactive site which does not include sialic acid. Treatment of Hi
-positive erythrocytes from one chicken depressed the agglutination. -
The depre551on was a function of the concentration of neuraminidace :

(Figure 5). : | - o ' '2 .
The sensitivity of Hi agglutinogeh.to modest variation of pH was
tested:(Fiéure 65. The‘erythrocytes of ohe'chicken were mixed with a
"cohCEhtratioh oflextract which causes strohc agélutination} No |

effect was seeri . ® The possible effect on wcak~agglutination was not



tested. )
.; The biologicalhselectiyity»of Hi agglutinogen was tested with
erythrocytes from rebresentatives of several species' Human erythro-
cytes of type 0 and rabbit erythrocytes agglutlnated as strongly as
Hi p051tive chlcken erythrocytes (an agglutinatlon score of 4 was.

: thained for all.three cases).v Coyote erythrocytes‘showed intermediate‘
agglutination (anzagclutinationvscore:of‘3) and ground squirrel
erythrocytes showed weak agglut;nation (an agglutinatlon score of 1).

A‘Neither newt nor trout erythrocytes showed any agglutlnatlon - The

v

susceptlblllty of these agglutlnations to the presence of D-mannose
: was_not tested, ‘ | ﬁ
.The.erythrocytes of two Hiﬁpositive females and two Hi negative
males were compared electrophoretically as a test of the p0551br11ty
_that H1 agglutinogen is assoc1ated w1th a gross dlfference in cell
"surface charge, i. e.-one wh1ch greatly exceeds 90551ble other causes.
‘Each“sample‘of erythrocytes was tested 23 times and the variation in
these testsvwas analyzed for dlfferenc;s between repetltions and for
differences between 1nd1v1duals (Table2 ). The dlfferences between
.reéetitions were signlflcant (p(O 025) and the dlfferences between
- individuals were non—signifidﬂnt.(O.lOO)»p)0.0SO); The firStbtests
varied.more than'the‘others and were renoved from the analysis. 'This
reduced the differences?among tests to non—significance; Thevnean |
differences among individuals remalned non—51gn1f1cant (0. 100>p)0 050) .
The greatest source of variation in the remaining data were the
repetltions for one Hi posltlve female; the other H1 p051t1ye female

gave the least variation, The analysis does not demonstrate a

difference between Hibpositive females and Hi negative males, but it



- ‘does suggest that a difference might'be found if the test was repeated

“on a larger scale. It is not possible to infer from these data whether

such-a'difference would appear as due to sex, Hi, or unknown indiyidual
factors;‘ S ' o o o
An extract was treated with flnorescein isothiocyanate} the free
flﬂorescein was removed by dialysis, and the 1abe11ed‘extract was in;
cubated with Hi positive.erythrocytes (Figure'7); The Hi positiye
erythrocytes fiuoresced brightly. The fluorescence was unrformly |

distributed over the cell surface of the Hi’positiye erythrocytes No

such fluorescence pattern was observed in the Hi negative erythrocytes. »

The proteln content of one extract was estlmated as 82 percent of
the dry weight. Presumably the amount of this proteln whxch has lectin
actlvity is relat1vely small, but the amount of total proeln corresponds

to that of other active extracts (Tcms, G. C. and Western, A., 1971),

T
g

that for Glyc1ne max (88 percent) and Phaseolus vulgarls (81 percent)

Lectins are presumed to ne-glycoprotelns largely because_of‘the i
.:protein—bound carbohydrate f:und in'active extracts; The extract'fron

. —
Pisum arvense contalns 4 percent carbohydrate whlch ls the percent of

carhohydrate in extracts of Phaseolus lunatus (lima bean), Phaseolus

!glg aris (black kidney bean), Trlticum vulgarls (wheat), and Agarlcus o

ﬂamggstrls (meadow mushroom), but higher than that for Pisum satlvum

(Sharon, N. and Lis, H., 1972), 0. 3.percent The Hi agglutinin is
llkely to be a glycoprotein since thls term is applled to- protelns;whlch
.are 1 to 80 percent carbohydrate (Splro, R.:G ) 1973), but no d1r4ct
_proof that the carbohydrate is bound to or complexed thh the proJeln
was attempted. | | .

~~ - The molecular homoqeneity of the agglutinating activity was
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examined by sucrose denSity gradient centrifugation (Figure 8), The

first five of the seven peaks identified by absorbance at: 280 nm

contained activity The looation of activity in the first fractions

 implies that the activity is found in the larger proteins.- The .

umber of active peaks could be an artifact of diffusion which is

'difficult to control. Homogeneity was further examined by passing |

crude extract through SEPHADEX G—25 selected because the. other grades

of'SEPHADEx absorb. plant 1ectins very- strongly (Entlicher et al., 1969) .

.One distinct peak containing most of the activity was followed by two

: smaller, possibly artifactual peaks (Figure 9)-. This suggested that

.

'the activity is assoc1ated with proteins of modest 51ze, in contrast

1‘to the impression obtained from suorose density gradients. The three _A

:peaks were examined separately by acrylamide electr0phoreSis (Figure 13).

The second and third peaks did not show bands and are presumed to have

been~too dilute.v The first peak gave a banding pattern which seemed

- to correspond to'a dilution of crude extract. Thisvimpliee that the

extract is electrophoretically'heterogeneous, having 10 or 11 distinct

~mobility classes (Figure 15),

'to:molecular size.

but is relatively homogeneous with respect

“The eleCtrophoretic heterogeneity was examined more critically '

by 1soe1ectricfocu31ng This resolved six peaks (Figure 14). Act1v1ty

- was found 1n Peaks IV and VI

.The isoelectric p01nts are pH 8. 2 and

- 7.4. These two peaks were subjected to SEPHADEX gel filtration in a

thin layer. Both peaks have molecular weights near 7 X lO Daltons

(Figures 10, ll, and 12)._ The estimates for peak IV are 6310 and 7080

and the estimates for peak VI are’ 7080 and 7944. ‘The second estimates

are 11 percent greater than the first estimates.
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DISCUSSION

The dlscovery toward the end of the last century that animals

[

agglutlnlns produced by immunizatlon led to a search for protective

substances in plants. Extracts of some seeds, partlcularly the seeds

"of legumes, were found to have agglutin;ns for human and/other erythro—,“

cytes. There 1s a selectiwlty assoc1ated w1th the sourCe of the

filproduce substances which agglutlnate the erythrOcytes of other animalsfw;fiw

- and the reallzation that these agglutlnating substances were similar to:f“nf};:

agglutlnrn and the source and type of the erythrocyte.. The agglutlnins-{;f;'n

_They are natural and 1nvar1ant products whose reactions are remarkably ‘

N

c0n515tent. ThlS 1s ln'contraSt'to.lnduced:ntibodies which v

one antlserum to another and which we now know to be mlxtures of

'-proteins of . dlfferlng spec1f1c1ty and structure. Although antlbodleS"

1.and plant extracts may share‘{he abillty to dlscrimlnate between very

Vslmllar, but dlfferent, structures by blndlng more'strongly to _

-

ﬂmolecules of one conflguratlon, tne blnding 51tes of plant extracts

'appear to be smaller and to be dellneated more- exactly. All‘plant o

.~51ngle mobosaccharlde constltuents of larger molecules, 1ndependent '

1

~

bthese may Kinder: access to the target monosaccharlde.- Such sterxcs

hindranCe'seems common becauseyall cell*surfaces'are presumed to have

some of the target monosaccharrdes as’ constltuents of larger molecules,
.yet each plant extract fails to react WLth many krnds of erythrocytes

i and other cells."Sequentlal degradatlons and systheses‘of human

blood group substances indicate that the plant extracts react with

-clearly dlffer from: those induced by 1nmunlzatlon of hlgher vertebrates,’h ‘

'_agglutlnlns appear to recognlze srngle monosaccharlde molecules, ord.' B

» of the presence cf nelghbourlng molecules, or constituents, except as .7




'»fof glycoproteins . The identlty of the terminal group is usually

..termrnal monosaccharide constrtuents of oligohaccharlde chalns‘vhether S

—fthe monosaccharide terminates an axtal chaln or srde charn of a v}. ﬂf“fxﬁf'r'
"lbranched oligosaccharide. The agglutrnatlon of erythrocytes appears .
,:f€t° be due to unexplalned alteratrons of the cell surface Secondary tozv"lﬁ

’ fthis binding to terminal constituents of the carbohydrate side~chalns :',;5

” 1nferred from the identlty of the free monosac&harxde which is most 555-ﬁif:'

'¥<effect1ve as an inhibitor of - the- agglutlnatlon This 9eneral
'”Q;interpretatzon also/applles to extracts of lower anrmals whlch have Rt
:'vagglutinatlng propertles comparable to those of extracts of plants ;j\g:,

The term "1ect1ns" encompasses alI natural proteins whrch

: V;r;salectively combzne W1th monosaccharide, either free or as a COHStl-(i:lﬁu4j'

';_?“plants or lower anlmals and their natural role is as great a mystery

',tuent, withOut evidence of enzymatac"action comparable to that wh1ch~f{ S
°jaccompanres such naturally OCCurrlng reactions as the combinatlon of:;ufl"'""
| :alysozymes w1th the bacter1a1 cell wall. The secondary effects of the
;‘“combinatlon of leCtins with cell surfaces may be equally profound hut Lrl-i,_:.
v rthey have interpreted as representing an enzymatlc activity of the-f;y";‘~

"j.lectin. Lectins are not known to play a protectlve role in elther ;,&fﬁ*

'”';as ever
Lectins have techn1cal value because of. thexr select1vrty and

f}consistency. They can be used to detect the presence of an access;ble,

'ﬂzf;presumably termanal, monoaaccharide constltuent of a glycoprotern

1:component of the cell surface, The reactlon leads to the rnference
'“fthat the cell possesses a qucosyltransferase WhiCh attaChes the target -
.ﬁmonosaccharide to. the carbohydrate side—chain of the glchProteln-

’lQSince the identity of the monosaccharlde rmmediately proxlmal to the Tn_
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dl-;target is usually unknown, the ldentlty of the glycosyltransferase isl

sually unknown A non-r eactlon leads to the 1nference that this
;glycosyltransferase is absent or cannot act bé!%use another glycosyl-

: ;Htransterase which acts‘earlxer Ln the constructlon of the sxde—chain
1ls-absent.. Another,.as yet untested possxbility 1s that a. glycosyl—
-'transferase on another cell normally adds the target monosaccharlde to
the test cellr.andAhence, a n}nreactlon‘represents a defect.in thls';;

:unknown cell whlch mlght be'a flxed constltuent ofithe tlssues 1n
.H”which the erythrocyte~matures These biochemical_uncertaintles dd.not,

~,vhowever, lmpair the use of lectlns as genetlc tools when the reactlon

':ZW1th lectxn follows 51mp1e genetic rules.c Such xs/the ba51s for“thelj

”dreactlon of 1ect1ns from Plsum arvense and Lens cullnarls wlth the

.'erythrocytes of some.mature female.chlckens = | V

I haveiexamlned thelreact1OnnW1th'chlckenhcells;in:order7tol.

'Vl:determanedlts spe01f1c1ty whlch has not been'examlned-31nce the orlglnal
Jhreport.“ I dld not re-examlne the lﬂhe tance of’the reactxon slnce thisv
i has been conflrmed (Durand L and Merat, “, 1971),n I obtalned stock

‘used 1n the genetlc conflrmatlon by Durand and Merat (1971) and

,'.demons tratedthe reactlon of the erythrocytes of two 1ndlv1duals with

'5§an extract of»Plsum.arvense. There 1s, t erefore llttle doubt that the ”
(’-reactlon wlth erythrocytes of local B~ genotyped chlckens lS the same'
‘reactlon as that orlglnally désprlbed as "Hl" by Schelnberg and Reckel

(1961 b)

The Hl agglutlnln of Plsum arvense agglutinates the erythrocytes

' of some mature female chlckens. The genetlcally controlled Varlatlon
‘of thls reactlon should permlt the reactxon to be used as a marker for

) detectmonjofjco—;nheritance:w;thuother character;stics, Before it can

"be'usedfthis}way therhaSicifeatures oflthelreactﬁonfshould belbetter,4



known' The ‘reaction:is inhibited by D—mannose, but not by other
carbohydrates which Reckel ‘and SCheinberg g9o0) described as 1nh1b1tory
- In fact, the variety of 1nhib1tors they described was remarkable.
hectins are relatively spec1f1c and their description was not lnlkeeping
, withtexpectatioh.’ The fact that only D—mannose proved inhibitory makes
the Hi system much more acceptable | Theidecrease in agglutination with
dilution of - the Hi agglutinin and the decrease in 1nh1bit10n with
dilution ot D-mannose are linear ‘which is what we would expect—for a’
:'reaction initiated by combination of a lectin w1th D—mannose v
Isoelectricfocu91ng shows that the Hi agglutinating act1v1ty
"occurs in two differently charged molecules. The migration of these

in th1n layer SEPHADEX suggests that both are large polypeptides rather
- than proteins ’ If the estimates of molecular weights 7 X lO3 Daltons.
bare reasonably accurate, the Hi‘lectins are about one “half as large
.Jas the.variable region of -a polypeptide chain ofvan 1mmunoglobulin

'iIt is pOSSlble that‘the migration a SEPHADEX is misleadlug because
‘“some grades of SEPHADEX bind lectins quite strohgly (Entlvcher et al
.1969) ' There are two observations which tend to support the SEPHADEX
_‘estimates. The Hi agglutinating act1v1ty is relat1Vely stable at

ten eratures “above 37 C, which 1mplies a high degree of 1nternal Cross--
linking, a high netbpositive charge, or small size. The degree of |
scross-linking cannot be estimated but the isoelectric p01nts rule out
the second-alternative. The second ‘observation conSistent with small
size is tbe fact.that the. lectins isolated by isoelectricfocu51ng ‘were
submitted to hollow fibre dialysis with fibres whose cut of £ poznts are

‘equivalent to 5 X 103 paltons. Thus the estimated molecular weights,,éég

for both lectins, o£ 7 X 103, are not incon51stent w1th the steps takeﬁ



t

. The dialysis would, however, have retained larger molecules better

than smal; ones and cannot be inﬁerpreted as proving that the molecular

3 ' -
weight is as low as 7 X 10° Daltons. I conclude that the slow migratioh

in SEPHADEX should be re-examined to learn if it represents binding to
SEPHADEX or low molecular weight. 1If the latter alternative proves:

correct it means that the lectins of Pisum arvense”are the smallest

Lectins yet descrlbed and ralses a serious questlon about our present \
lnterpretatlon of proteln-proteln aggregatlon in the cell surface. :It,

should be noted that the attempts to separate Hi agglutlnatlng act1v1ty

iby centrlfugatlon in sucrose den51ty gradierits did not indicate that

.the activity was restricted to protéins of smali molecular wéight.”
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Introduction

Law and Munro (1965) demonstrated the presence of two mutually
. exclusive forms of alkallne phosphatase in the plasma of chickens.
051ng starch gel electrophoresxs, the two phenotypes observed were
variant F, a rapldly mlgratlng band between the albumin and transferrin
\reglohs and varlant S, a slower mlgratlng band ghlch,appeared in the |

transferrln region. The alkallne phosphatase phenotypes may be

represented as follows:

’_Analyses of pedigreed famllles revealed that the fast phenotype Ls
determined by -a 51ngle athSOmal dominant gene whlch is allellc to a
\rece551ve gene respon51ble for the slow mlgratlng.phenotype S. The

vauthors assxgned the symbols _Ey-and _Ef't° the genes for fast and slow
,forms, respectlvely. In a heterozygous 1nd1v1dual _Er-excludes the
appearance of the product of the _pf-allele. ‘Consequently, chlckens

'lhav1ng the  F phenotype are either homozygotes(__g_z'/ ) or
heterzygotes (A@rvﬂqrﬂ‘v

The work of Law and Munro was later conflrmed by WllCOX (1966) who -
clalmed that the ‘mode of 1nher1tance of the alkallne phosphatase |
isozymes observed in his 1nvestlgatlon was in agreement w1th that

proposed earller by Law and Munro. Further conflrmatlon was prov1ded

by Csuka and Petrovsky (1972) o . R



-

~ In 1970, Tamaki and Tanabe observed a new alkaline phosphatase
phenotype consisting of a fast migrating band and a slow migrating
band in addition to the previously mentioned S and F phenotypes
Strangely enough, this phenotype had never been. reported by Law’ and
Munro, nor by other workers who later conflrmed~EHE{; findings.

. The purpose of thie study was‘to'resolve whether or not only

two phenotypes of alkaline phosphatase exist as claimed by Law and

Munrov(1965). Resolution oflfhis question was felt to be .a necessity'

before_eny attempts to confirm the éenetice of this marker could

validly proreed. . ' - o o - .
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‘Materials and Methods

Serum samples were collected from 26 adult chlckens whose B
genotype was known.  Ten microliter volumes of each sample‘here R
subjected to dlsc gel acrylamlde (5 percent) electrophoresis accord;
‘ing to the techniques of Smith et al. (1965). The electrophoretlc /f'
condit}ons employed were: ‘ | o

1. Tris—borate huffer pH 9.5

2. 300 volts pulsed D. C., 300 pulses/sec., 1.0 mfd., and
'-20 milliamperes. : o . _ A

3. duratlon of electrophoretic run - 35 minutes.
Following completlon of the electrophoretlc run, alkallne phosphatase
: bands were detected by the stalnlng technlque of the same authors

(Smlth,vI. et al.,'1965). The electrophoretlc mobillty of each
\

observed alkallaf phosphatase 1sozyme relatlve to the added bromophenol.

‘blue. dy marker was determ;ned and expressed as percent mobilities.

52



Results C | | o

The al#aline phosphatase phenotypes obsefved.were contrary to
what was reported by previous invest%gators (Table 3) (Law, G. R.,
‘end Munro, S. §., 1965: Wilcox, F. H., 1966; Csuka, J. and Petrovsky, E.
1972), a single slow—migrating band (S) with a mean relatlve electro-‘
| phoretic moblllty of 50 percent (i.e. relative to the electrophoretlc
mobrlity of an added marker dyeT bromophenol blue), a fast*migrating
band (F) with ‘a mean mobility of 60 percent and a third phenotype
'consisting of two bands (D) were observed (Flgure 16) .- The distributibn'”

of the.three phenotypes is presented in Table 3. No assoc1ations

. between the tested B genotypes and alkaline phosphatase phenotypes are

[y

apparent



_.biscussion
Genetically determined protein variants can differ by carbohydrate
components == neuraminic acid, for example The alkaline phosphatase
isozymes of the chickern seem to provide support for this statement
-Law (1967)'reported~that after neuraminidase'treatment, the fast-
migrating'alkaline phosphatase’isozyme was retarded in eélectrophoretic
- mobility to a point similar'to the slow—migrating‘isozymej theb
electrophoretic mobility of the slow-migrating isozyme was unaltered
after neuraminidase treatment These findihgs strongly suggest that
the alkaline phosphatase 1sozymes of the chicken differ only 1n the
amount of neuraminlc acid bound to each isozyme Law (1967) proposed
‘that perhaps an enzyme system exists which attaches neuraminic acid
units to alkaline phosphatase during 1ts synthesis is respon51ble for
the occurrence of alkaline phosphatase isozymes; the Presence or
absence of a gene controlling the attachment of neuraminic acid units
| ‘could account for the observed dominance effects. |
If Law_s proposal is correct then'the occurrence-of'a fast-
fmigrating and slow-migrating alkaline phosphatase isozymes is adequately
| explained Unfortunately, my findings seem to suggest that this enzyme
has more than two isozymic forms My diSCOVery of a double-banded
phenotype (isozyme)implies that the mode of 1nheritance of alkaline
:phosphatase might not be as 51mple as that proposed by Law and Munro
L‘v(l965) My findings seem to be 'in closer agreement With those of Tamaki
.1and Tanabe (1970), but their observed double—banded varlant may not be
:identical to mine. Only further experiments and breeding studies can

' resolve this uncertainty.,
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Introduction

In 1968, Washburn repoxted the presence of a mutant hemoglobin in

~ the Athens-Canadian randombred population of chickens which migrates .

-

electrophoretically faster than the normal hemoglobin. Using\celiulose

acetate membrane electrophoresis, the three hemoglobin phenotypes

1]

observed by Washburn may be shown diagramatically as follows:.

o : °

o —— +
-—
v -———
- - -
- - : : ; ~--- origin -
Type I Type II =~ Type III

~

Inheritance SguAies'inVQIVing Fl' F2 éndbbaékcross progeny revgaled
that d;fférenceS'in tﬁe minor hemoglobin édmponénts are Cue to'q set of
»aiieiic codominant-genesjvindividuals'hémozygous for eiﬁher allele have
a‘éinglé‘minor component eithef.fést or slow, in Addiéion to the normal
majdr hemogldbiﬂICOmpoﬁent 4washbu£n, K.Aﬁ,;.lééa).';

;'In the present s?u&y,_coﬂfirmétioh»oftthe'th;ee_hemoglobin phenotypes
“and tbe hpde of.inheriﬁaﬁce_of thé mérkefﬂas.deécribed byiwashburn (1968f

was sought; A



Materials and Methads

Hemoglobin samples from 19 White Leghorns of (both sexes) known
B genotypes were subjected to cellulose acetate membrane electro~
phoresxs according to’ the techniques described by Washburn (1968).
The electrophoretic conditions used were: //
1. Tris-EDTA-borate buffer, PH 9.6

7 2. 500 volts pulsed D. C., 300 pulses/second, 0.5 mfd., and
' 10 milliamperes.

3. Duration of the electrophoretic run = 45 min.

P
Pl

Following completion of the electrophoretic run, the cellalose acetate
ﬁembranes were(for lSvminutes)stained in a solution consisting;of 0.59
of Porfceau S, 7.5 g of trichloroacetic acid, 7.5 49 of’solfosalicyclicn
acid in 250 ml of distilled water. After staining, the cellulose
acetate membranes were destained in 7 percent.acetic'acid.

Genetic confirmation of.waShburn's findings (1968) was accomplished
as follows. Two White Leghorn females possessing hemoglobin ohenotype I
‘Qere‘mated to a male,of~hemo§lobin-phenotype II (originally derived
from Washburn;s mutant stock) -The resulting four F progeny were
tested for hemoglobln phenotype using the electrophoretlc techniques
described earller. Next the four Fl progeny were set up as two matlng
palrs in separate breedlng pens. ~All F progeny resultlng from these

two matlng palrs Were typen for hemoglobln. The ba51c hreeding scheme

may be summarized as follows:

AY
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White Leghofn fMale‘(deriVed from ;‘1 ‘White Leghotd‘f

female . o ' ‘Washburn's  -female
P, X mutant stock) X =
Hb I . .

F Male X  Eemale

Hb III

Hb IIIX
F2 Fz progeny “' Fz_progeny typed for

typed for v » hemoglobin -

hemoglobin



”Resultsvti . A o .
) All the 19 White Leghorns tested pOSSESsed hemoglobin Type I
No associations between hemoglobin type and B genotype are apparent.
/ The results of the breeding study are ‘as. follows All the-Fl f"
?progeny tested possessed ymoglobin type III In accordan(:e wlth -
_expectations, all three hemoqlobin phenotypes'were recgvered from

;\

the F progeny (Table 4 and Flgure 17)



'”;Dise;;gion' | |

| Similar to Washburn s findings (1968), all the. White Leghorns
Thtested were found to. have hemoglobin type I. Type I 1s the hemoglobin
found in the majority of domestic fowl (Washburn, K W 1968), and
yﬁ“hence it should be considered as the normal phenotype for the species.

The results of the breeding study demonstrated that all three

~vphenotyp1c classes, namely type I, II and III could be recovered in |

the F generation (Table 4) . The recovery of these three classes

'supports washburn 5 claim (1968) that the observed hem09lob1n types

f

are °°“tr°113d bY a Pair of co- dominant allelic genes.’d T

N

All three hemoglobin types descrlbed by Washbuxn (1968) were

.;‘fobserved (Figure 17) A major hemoglobin band was, found in afi thgee

,:hemoglobin types. Type I and II possessed a’ 51ngle minor hemoglobin"

Aband of differing electrophoretic mobilities.. Two minor bands were

;_present in type III, one wlth the same migration rate as the minor

L

o hemoglobin band of t I and the other with same migration rate as ’

o

" the. minor ‘band of hgmoglobin type II, ‘The differences in electro~:ﬁ

I3

vphoretic mobllities of the minor - hemoglobin bandS'are presumed to be

' i due to differences 1n ‘one or more. amino ac1ds in one of the gIobln

"fpolypeptides (Washburn, K W., 1968), B
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.vTable 1. . Results of Agglutination Tests of Erythrocytes
From Chickens of Known B Genotypes.

s
No, Showing Agglutination
5 Reaction

Test:Samples. ‘

6 - 26




Table la. Results of Agglutination Tests of Erythrocytes fram
.~ Female Chickens of Known B Genotypes. . ,

“’
~ -
‘ _‘B_ allele 'Repx;esénted . - : No. Showing
in the Cells Tested ‘(\ - Agglutination
El : B! v 2
, EE- S o 8
X "
B o 1 N
2 o 2 14 oy
gﬁ : e 1 12
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Tablel 2« Cell Electrophoretic Mobility Measurements of "Hi"
o Agglutinogen Positive and Negative Erythrocytes.

¥ '..‘ - N t
v V4 3

.k e . -~ »

7 ’/ o . . )
+ Tron b 4 - _ - T
"pi #1 - nﬁn ‘ &.2, L Ltk #3 ".Hil'l #4 f

\3P‘ ak"7§E§£;1 Electrophorétic;ﬁépiligg,;( (u/sec/v/cm)
. : W - Iy > -
;2;:‘

K3

S Pl .

vt , e .

g 1. -7 1.4 %716 0.76 1.35

72 S MO8 N 0.45. ©0.93 . 0.90
3. . - “@lea, - 1.17 - 1.00 . 0.91
4, 77 1,084 - "1.08 - 1.20 ° 0.68
5. . N % 2 SV 0.86 - 115 1,06 -

6. Cb.87 . 105 1.1Q- »~ :0.75
1. @0.72 . 1.35 “0.96° . 0.76
» ..'8. . 0.81 1 0.49 - 1.08 ~0.53
- ~0.74 . 1,04 S 0.90 - 0.86
1. -, 0.95 0.57 - 0.96 0.89
11, - 0.74 - 1.04 - 0.77 - 0.80
12, . 1.00 . 0.67 ©1.09

13. © 1,06 1.04 - .0.78

4. - 1.04 . 1.06 0.98 "

5. . - 0.72 . .0.93 7 0.70

16. 1 0.89 -+ '0.68 - 1.59

17, . . ¢0.70 . - 0.90 . 0.76 -
- 18, 4 0.92 1.5 - 0.20 .

19. . 0.74 0.95 0.68 .

20. 0.95" - 1.59 . 0.96

O
)
J

. da

o
~
0

(@]
O
W

NONFHFOO NN
NP0 WU OAWVW

"OHOMNOMOMO
* [ .

- 21, ° 0 0.86 1.35 - 0.68 o,
22. .. 104 - 1.5 . 120 1.
23. . 0.68 - 0.55 0.0 0.
. R . '. ; ) “:g.
A
sample Size = - e
w23 L 3 23 23
' Mean ¥ o.89 1.04 cloe - o.81 .
Standard : ‘ -
Error. : ~ 0.04 0.08 - 0.04 - 0.06
; - - ~ - :
Lo N e - . g ) '
"Hi? - §1 = #14546 female ."Ei" #2 = #14428 female
) rEi*T #3 = #1333 male SBHI"T  #3.= #13277 male

! w
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Tab1e>3. The Observed Alkal:me Phosphatase Phenotypes of Chlckens
of Known B Genotype

" Tewg

B (?enot.:me o | . No. of Observed Phenotypgs .

Fast (F) Slow (S) Double (D)
1

Bu/aa 3 - -

B’l‘S/B]"'i 1 4 -

phd/pld 1* - 1

B%/8? - 3 1

_BJ'/E; » - 3 2

phd/pld - a QIR

’ S . ‘:"?_

gt?/p¥ -- -~ )



Table 4. Numbers of Progeny With Different Hembglo_bin Phenotypes

v
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Hemoglobin 'Phen'q:ypesv

Type III

_ Cross Type I Type II
N . g .
» g P L :
Py 1 1 0.
o ’ ' ?
F, 0 o 4 S
Fy 3 3 B %"" |
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o -
, a‘|:l f" Ry

;'.’3'*.45""
'ﬁf%j§ure 1. Photomicrographs'of typical agglutination of erytrhocytes‘

induced by the agglutinlns of the crude pea extract

ufggﬁy‘. Incubation of 0 5 ml of “Hi" agglutlnogen—bearlng cells
, '(3 o x 107 cells/ml) with 0.5 ml of pea extract (25 mg/ml
in saline) for l hourfgt 37 C resulted in a typical |
agglutlnatlon reactlon as shown in photograph (a) o:

agglutinatlon of‘the samevceIIS;was observedlwhen 0.5
. - .ml of the cell‘suspenslon vasLincubated with 0.5.ml of

saline for 1 hour at 37 as shown in photoqraph (b)

> - Magnlficatlon 250x. o



6&




68 .

Figure 2:

The effects of ser1a1 dllutlons of the crude pea extract on :

the agglutlnatlon procéSs.' Half mllliliter sampLes of "Hl"

Jaaf"
agglutinogen-bearlng erythrocytes obtaxnﬁﬁ*from donors #26751,

! .’.

‘#1337 #28229, and #2427 were 1ncubated thh 0 5 ml of two—

fold serial dilutions of pea extract for 1 hour at 37 C and

agglutinatloﬂs were assessed ‘,
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Figure 3.

The 1nhibitory effects of D—mannose on the agglutlnataon

process induced by the agglutinlns of the pea extract

- }Serial dilutlons of 0. 2M solutlons of D-mannose and

D-f:uctose were prepared with saline and~the resultant

sugar dilutions were each incubated with 0.5 ml'pea

_ extracqor 1 hour at’37. Following incubation, 0.5 ml
of “Hi" aggiutinogeh oositive erYthrothes obtained

'from donor #1337 (3 0 x lQ cells/ml in saline) was added

to each sugar dilution and agglutination was‘determined.

,~V:The sugar dilutlons are expressed in mg/ml (flnal

concentration)
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-Figureﬁ4.

The effects of tziperature ‘on:: the agglutlnatlng activity'f;
of the pea extract. Five 0 5 ml volumes of the crudebuc

pea extract were lncubated.‘g 37 c, 50 C, 56 c, and 90 C

for a duratlon of 1 hour. Following the pre-incubation ;“"

H

- . period 0. 5 ml of “Hi" agglutinogen positive erythrocytes:

‘pea extract and agglutlnation was assessed.

~from donor #14546 ‘was qdded to each of the heat- treated

o A

¥
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'The effects of neuramlnldase on the agglutinatlon process

'linduced by the agglutinlns of the»pea extract Half

W

ii'milliliterudilutiOns of neuramlnidase were incubated w1th

- AR

f 0. 5 ml vo s of "Hi“ agglut1n0qen positive erythrocytes :

,(3 3 x 107 cells/ml in phosphate—buffered salxne, pH 5. 7)
’for l hour at 37 C. Followinq neuramlnidase treatment,‘the'f

"cell mixtures were washed three times 1n saline and 0 5 ml

of crude pea extract was added to each cell mixture and

’fagglutination was asseSSed Dupllcate trials were xarrled

Ti.out for each test dilution. The neuraminidase dllutions_f

yare expressed in Units/ml (final concentration) A.Unlt ‘
,of activity is defined as the amount of enzyme which wlll
l>liherate 1 O mlcro—Mole of N—acetyl neuramxnlc ac1d pef

nfminute at pH 5. 0 at 37 C.,w{ b:
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by agglutinins of'tﬁe crude péa extract.  Samples of °

;0.5 m vblumps of "Hi"'aggiutinogen positﬁbefefythfocyées

v ) Vo

The effects of pH on the agglutination process induced

0:5 ml volumes of pea extract were added to 0.5 ml

R . . p k. “
volffhes of phosphate buffers of pH 5.7, 6.0, 6.5,-7.0, ~

7?5,;anq'8.0 andﬁlncuhaﬁéd:for 1 hour-at 37 C with e .

a

e R

L

A

" from donor #4546.. 'Following inc&bat%lubinatﬁdn el :

Y

‘was assessed. ' : N

‘@ ‘ .
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- IIGSOJ}VBQ by dzsc gél acrylamlde electrophd}:esxs and ’ g‘;}:} ‘

- a curregt&oﬁ/ 10 mllia.ng s _Scan

.!“'\

Dens:.tometrlc ‘scan of a 20 micro‘lgter sample of crude"‘)pea
: )y ) . \l . " ’ :
extract (10 mg/ml ;.n &stxlled water) wluch%d Qen

r ".\

,subsequently sta:.ned for proteir& yn.th 0:2% Buffalo Black

a

(in 7% acetlc a?i'da) . Electréphoﬁisis Was carr;i.ed out on

bands following sﬂta:.m.ng \was perfo'

1th an automauc stage

.a Model 501 H Phot tgx
; 3

Transm.ss on Dens:.ty Unit equipped

Pl

and a type C phototube connected t

(Photovolt Corp. ’ 1115 Broadway.,
t

Y., NoYi).

ve/
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" Figure 8. - Elution proflle of a sucrose den51ty gradlent centnfugatlon' -
e

gm Saﬂtp}es of 5 mg of pea extract were lﬁerad .on top
woT t# w “ Lt

- B,
of f % 3}5% sucrose density gradlqgnimmq hxgh speed

~~
% (’

centrifug&tion was perfqrmed m aﬁeckmaﬂz 6'53 UltracentrJ.- |
] _'_fuge using a swinging bucket rotor (sw-27 Qeckm Insgruments-
. o Inc.) ‘.A speed 'of 25 OOO ‘RPM was maintaj,ned for 20 hours” v

v at a running temperature of 4,:C. Following centrlfugatloﬁ

' 20 drop fractaons were collected from the botﬁom of eaph
. Ko
gradﬁntw, The fractions from all four grad:.ents we: e pooled

and the a.bsorbance of the pooled fractlons were measured at '

-

280 nm. 'I‘he ma]or peak prote:m fx‘actmns werA tested for‘
r _ B ‘ v

dagglmt:i.natz.ng dctivity as. \described prev1ously. b '
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Figure 9.

. SIS
Moy
Kt

_fwas measured on a spectrophotometer.~ The major protein

5
" a :6
- , . v
_ | " P . N
: . b bty L
- ’ . 3 N
Thides &
4 .
e v
o 4 ey
R s !
“Eeg - , P oL
o ¥ wr 'b -
1 v " = .
B ).{l .o - ‘e S ".;‘ . i
flémgf a 10 mg sample of“crude pea extract

%

ample of pea extract (dissolVed in. 2. 0 ml of .

. 'a. . ' o

0. 8§% NaCl) was applied onto a cclumn 63 cm‘internal

A

'dia X 45 cm) of Sephadex G—25.‘ Elutlon was\gffected with

5. 5

'0 85% NaCl as an elutlng buffer.» Fxfty drop fractions‘

'~;were collected“%ﬂd’the absorbance of each fractlon at %50 nm

&

'fzfrgctlons (Peaks) were tested for agglutlnatlﬂg act1v1ty as

1 -

V:Seﬁhadex —%§'9e1 chqpmAtbgraphlc analysis.‘ o
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. . » - A
Fiqyre 10 Moltcular weight estimates of agglutinaéﬁon—active Peaks :

o

ﬁgv and’ VI The grgph is a plot of relative mobilities

;‘l‘. A:‘veéﬁus ioglo’of molecular weights. Using the calibration,xf

’L.sze derived from the protein standards, namely ferritinl};
(Horse spleen), aldolase, ribonuclease A,‘ d7chymotryp— d

) Sanan A, the moIecular weights of Peaks IV and VI were'f?'

\

Q.estimated graphically as shown by the otted lines.b>The’:'

vdﬁ; estimates of two 1ndependent trials were qs follaws 'l:f”d,'
,v'-"I‘rial #1' T KR L Al‘j__,‘y-f '

(N e l;_'eéegx;xv, 6310 Dalton$

'~ w. Peak VI = 7080 baltons,
0 Trial w2 ;

-

Jeak v’ 7dBO Ddl;t_otm ' ) . SRR

7944 ‘Dalton -.

Al

‘ Peak“VI
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'f‘ig,ure' 11.

Y
4

Migr'ation positioné o-f the agglutinvetioxxféctivo

- :(l‘

- components of Pisum arvense. 'rrial #1 This is a ‘:Z
"replica of%e migration posi'tions of Pﬁ; IV and VI \ '
(agglutmatlon-active components deri@ed from the f

’1soelectric focqsing experiment) and protem standards

.

. obtained following sr:#mm:x thin-layer gel flltratlon,

The eluting buffer used was phosphate-buffered saline.e :
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' 'F‘ig'ure Mlgratﬁ@ &aosi&:ions of the agglutima(iongact‘iVe components
o .. ‘
a0 of P.isu;p,;arvense.. ’I‘rn.al #2 This is. a repllca Qf the
. Vaow T : R PR
- ;,mig'ra'tion pos t{ons of Peaks IVa,,nnd VI (agglufination-active

.

't vnponents dex ‘d from the isoelem:rlc foCus:.nq experiment)

' W

o o CoE va'd protem standards obta:.ned following ;ZEPHADEX thin-layer

L 'a,el fa.ltra‘tion.‘ The %uﬁlng buffe:c used,,
\Quffered saline.- _’ : !

. !

s phosphate~ .
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Figure 13.

~

Photograph of protein bands obserQed ih.acrylamide gels

following electrophoretic analysis of -the major protein

” peak fractions (derived from the 'Sephadex gel chromato-

graphic experiment) and samples of the crude pea extract.
The: electfophoretic conditions and staining procedures
used were the same as thoge "described earlier (See Materials

. : \
and Methods section). Samples: a = Peak I b\f Peak I

c, d, e, and £ = crude pea extract. Ten microliter volumes

were applied for all samples.
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*

\Figur; 14. ’Th;'fesults.(eluﬁipn p¥ofile9 of anvisbéléétr0£oéusing
analysis of tﬁgfiéa extract. A 10 mg s;ﬁple of.tﬁé‘crude
péa exﬁract;i;Al;b m;'of distilled water was_appliéd‘tsAa

Sucrose gradientf(440’m1f‘and suﬁjeéteq.toliséeléctrofbcusiﬂé

. . )
.in a LKB 8100 isoelectrochusing'CSlumn (430ml)‘ﬁnder the

followihg‘conditibné: ’

1. curfent - initial = 30 mA; final = 0.5 mA ‘

3. . voltage - initial = 300 v; ‘final = 1200 v.

3.‘ pd&ei -iinitié;,= 9.0 ﬁatts; final.= 6.0 Watts

~

-

-4. ;uhning temperatuie - 4cC

5. total ﬂufatibn ofrrﬁﬁ.r 24 hours.
Folloying.§he eiectrophdrefi; f;n, 7d fractions of 40 ;rops
each (agoﬁt $.Oml) were eollected and the absdrbance»df éaéh
fraction w&s measured at 280 nm. The pH's of the f:aqtions“
were a1§o~measuied and 0.5 ml samples of éach major protein

(Peaks) fractions were tested for aéglutinating'activity with

e 0.5 ml “Hi" aggihtinogen positivé erythrocytes from donor #14546.
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"Figure 15.°

Photomicrographs of typlcal fluorescent "Hi" agglutlnogen

Jp051t1ve erythrocytes folloW1ng 1ncubation of these cells .

w1th fluoresce1n—labelled°pea extract. Magnification

- -

= 1000X.
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Figure 16. Alkaline éhosphatase phenotypes. Diéc gel electrophoresis
was .used to resolved the alkaline'phosphatase\phenotypeé.
The electrophoretic conditions used Qefe:_ A -
1. Tris—bprate bﬁffer, pPH 9.5
2. 300 volts pulsed D. C., 300 pulses per seéond
1.0 mfd., 20 milliamperes
. ‘ _ : :‘3; \Duratibn.qf~the élgct}ophorgtic run was 35.miﬁutes.
The observed alkaline'pﬁpsphatasevphehotypes weré:'
| S (slow—migfa;ing) - e and f
\- F’kf‘ét-migrating) -c ané d

D (double~banded) - a and b
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Figure 17.

\

Hemoglobin types (phehétypgs). Celluwlose acetate meﬁbrahe

€lectrophoresis using Tris—EDTA—bofate’buffer,.pH 9.6

was used to resolve' the hemogibbin types. The electroﬂhoretic

-

ébnditions,usedeeré}- Ve
1. 500 voltﬁ,éuised.n; c., 300 pulses éer seconé,.
0.5 mfd. and 10 milliamperes. _ |
2.  Duration of the electrophoretic run was 45 minutes

The observed hempglobin phehotypes'were}

Type I = a and b
, : -
\\\/$§pe'II = f and g
<, d, and e \
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