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ABSTRACT 

In the present study, antisera to male specific antigen(s ) 
was produced in female mice of C57BL/6 inbred strain using skin 
transplantation o f skin grafts from the syngeneic male mice as 
primary i mmunizat ion followed by first and third booster 
immunizat i on with skin grafts and second and fourth booster 
immunization wi th intraperitoneal inoculations of spleen cell 
from the syngene ic male mice into the female mice. For 
immuni zatio n with skin graft transplantation, skin grafts from 
the tail o f mal e mi ce were punched out (40 to 55 mm2 size ) using 
grafting punc h, and grafted onto the reciprocal punched out skin 
sites of t ho r ax region of fema l e mice. The grafts of first skin 
transplanta t ion exp eriments got rejected between 18 and 20 days 
post transplantation, second skin transplantation between 8 and 
10 days a nd the third skin transplantation between 6 and 7 days 
post-trans pl a n tation, indicating immunization protocol was 
effective. 

Sera from immunized female mice collected at different 
occasions of immunization were tested for antibody activity 
against ca t tle and buffalo spermatozoa. Indirect 
Immunofluores cence Assay (IFA) using goat anti-mouse polyvalent 
immunoglob u lin FITC conjugate wa s conduted with an aim to develop 
immunoprob e s f or sexing spermatozoa of cattle and buffalo . Sera 
from ear l y immunizations i.e . post primary immunization (Serum­
I ), first and second booster immunization (Serum-II and Serum-II I 
respectively) did not have antibody activity as there was no 
fluorescence o f spermatozoa wi th Serum-lor only 4-8 per cent 
with Serum- I I and I II, respect i vely. Serum post third and fourth 
booster immuni zat i on (Serum-IV and Serum-V respectively) were 
positive f o r antibody activity at 1:10 dilution and the 



percentage of fluorescing spermatozoa was approximately 54% in 
buffalo spermatozoa and 52% in cattle spermatozoa. Serum-IV and 
Serum-V were also tested at four fold higher d i l ution (1 : 40 
dilution) and there was no detectable ant i body activity in the 
IFA. The results showed that antibody titres were low in the 
antisera and antibody activity was detectable in t he I FA only 
after hyperimmunization . Pattern of fluorescence observed was 
that in general the whole spermatozoa, including t ai l, showed 
fluorescence. The fluorescence wa s more intense in t he acr osomal 
cap suggesting differential distribution of HY antige n. 

Results of the present study showed that de t ection of male 
specific protein (HY antigen) was approximately on 50 per cent of 
cattle and buffalo spermatozoa , which suggests that the 
fluorescence positive ones could be V-chromosome bearing 
spermatozoa and the non-fluorescing ones c ould be X-chromosome 
bearing spermatozoa. However, the present study did not p r ove it 
and is an important question which needs to be reso l ve d in future 
studies. 

The present study results will serve as a pre- r equisite to 
further develop monoclonal antibodies to HY antigen so that large 
amounts of anti-HY immunoprobes having high specificity become 
available for further use in sorting bovine X and Y chromosome­
bearing spermatozoa and used in artificial i nsemination. 
Producing offsprings of pre-determined sex, will have an immense 
potential in the livestock industry . 
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CHAPTBR 1 

INTRODUCTION 

Producing the offsprings of predetermined sex has been the 

goal of domestic livestock producers and researc h workers with 

obvious interests that have immense potential in the livestock 

industry whereby the sex ratios could be altered to fulfil the 

needs of mankind for efficient livestock farm management. In 

India. cattle and buffalo are the major source of milk and draft 

animals. In case of buffalo, it is also used for meat. Selection 

for female calf birth is obviously required for milk production, 

while birth of male calves demands their disposal. Due to the 

religious ethics, slaughtering of male cow calves is not 

permitted which poses management problems to the dairy farmers. 

On the , other hand, under the National Planning of 'creating high 

pedigree mother bull farms , birth of male calf is desired both in 

cows and buffaloes to achieve the production b f bulls of high 

pedigree . Thus, sex pre-selection of female or male calf birth 

could be of great help in planning animal breeding in the country 

for improving management and development of dairy industry. 

Sex pre-selection can be done: (i) before ferti lization, i.e., 

spermatozoa sexing followed by artificial insemination (AI); (ii ) 

after fertilization, i.e., embryo sexing f ol lowed by embryo 

transfer (ET). 

Embryo Sexing: Embryo sexing methods are classified as invasive 

or non-invasive depending upon whether or not a biopsy of 

embryonic tis,ue is required (Betteridge, 1989 ). Obviously, 

non-invasive methods are considered op timal because they ma intain 



the integrity o f the e mbry o (Bet ter idge , 1989) and so are less 

likely to impair the potential for successful embryo transfer and 

implantation. 

Amongst various invas i v e methods for sexing embryos 

mentioned in the literatu re, o ne of the mos t c ommon method is 

polymerase chain reac t ion (peR) based on detection of Y 

chromosome DNA in a sing le bla stomere take n from the dissected 

embryo (Schroder et al., 199 0 ; Appa Rao ~ i!.l " 1993). . Using I 

embryo splitting, one c el l is u sed for s e xing and the rest of the 

cells are frozen (c onsid e ring all the c e ll s t o be identical ) and 

later used for breeding . 

The other method i s karyo typing in which cells are 

microscopically examined fo r i dent i f icatio~ of X and Y 

chromosomes (King, 1 984 ; P i c ard gt a l ., 1985 ) . 

Amongst the no n - i nvasive methods a r e (l) mon itoring the x­

linked enzyme a c tivi ty (l i ke H. P . R.T, · A.P .R. T etc.) prior to x­

chromosome inactivatio n (Will iams , 1986; Monk et 21., 198 8) or 

(2) immunoreac tion of embryos with antibodies to sex - specific 

sur face antigen, i . e. , the H-Y antige n have been used and 

monitored by: (i) Cytotoxicity assay (Krco ~ i!.l " 1976) and (iii 

Immunofluorescence as s a y (And e r son, 198 7) . 

Prac tical utility of embryo sexing is dependent on the 

availability of success f u l s tandardi zed embryo transfer 

techniques. The embryo t rans f er t echnique for animal breeding 

based on e mbryo s e xi ng is more t e d ious and disadvantageous than 

using pre sexed sperms f o r artificia l i nsemi nation . It needs more 



expertise, and involve s indiv i dual handl ing of the e mbryos for 

sexing which could be damaging and a l so afte r sex pre-

determination, fre e zing of embryos i s required f o r e mbryo 

transfer technology (ETT). In India , embryo t r ans fer in cattle is 

yet being done i n expe r i mental laborato r ies and sti ll not 

applicable at field l evel. In b uf f aloes which , in certain a reas, 

constitute more than 50 per c en t of t he dairy population, the 

physiological conditio ns are no t yet ful l y understood f o r . e mbryo 

transfer technology (ETT ). The r efor e, use of s exed embryos does 

not seem promising quite for some t ime du e t o unava i labil ity of 

standard embryo trans fer technology (ETT ) in the c ountry _ 

Spermatozoa Sexing 

It involves separa tion o f X and Y chromo s ome ,bearing sperms, 

followed by the use of s o r t ed X or Y chromos ome bearing s perm 

populations for art i ficial i nsemination . Art i f icial insemination 

is an already establi shed te c hno l o gy and has become ' a 

conventional tool o f animal breeding at f ield level in our 

country. 

Various methods for sexing of spermatozoa are: 

(i) Sperm sorting based o n di f f erenc es i n DNA content using 

Hoechst dye 33342 method (J ohnson ~ sl .. 1989; 1994) . The 

principle of this method is tha t the X chromos omes carry more DNA 

than the Y chromosomes I and this fl uor escent dye binds t o DNA 

helix in an amount propor tiona l to the amount o f DNA . Bas ed on 

this diff e renti a l fluorescence of X and Y chr omosome bearing 

sperms, fluorescence activa t e d cell sor t er (FACS) can be u s ed to 



separate the X and Y chromosome bearing sperms. 

The disadvantage i s that the difference in DNA content 

between the X and the Y chromosome is very less, there could ' be 

some overlap of X a nd Y chromosome bearing sperms in the sorting 

procedure. Thus, the fluorescence activated cell sorter (FACS) 

has to be tuned up to sort out minor differences in the intensity 

of fluorescence between the X and the Y chromosome bearing 

sperms. An objective of exclusive fluorescent staining of one 

type of sperm can be accomplished by using specific immunoprobes 

for male sex-specific determinants expressed on the Y chromosome 

bearing spermatozoa surface. Eichwald & Silmser (1955) showed 

that the male skin grafts transplanted onto females of the same 

inbred strain we re rejected while all oth~r skin graft 

combinations were accepted. This incompatibility was attributed 

to the male-specific antigen, i.e. the HY ~ntigen. This H-Y 

antigen is associated with the heterogametic sex and the molecule 

conferring HY antigenicity is phylogenetically conserved. 

HY antigen occurs in two forms, (i) Soluble and (U) Cell-

membrane associated form on male tissues. 

Production of antisera to HY antigen could be done in inbred 

females which differ from the syngeneic males with respect to 

only the male specif ic antigens, such as HY antigen, using either 

grafting/t ransplanting the skin isografts of male mice onto 

female mice (Billingham, 1961) or inoculating the spleen cells of 

syngeneic male mice i ntra-peritoneally into inbred. female mice 

over an extended period (Wachtel, 1974). 



Production of monoclonal a n t ibodies can be done by fusion 

between the spleen cells of hyperi mmun ized females and myeloma 

cells for infinite supply of mono s pecific antibodies (Booman ~ 

ll·,1989). 

It was speculated that antibod ies to this antigen may be 

used to detec t male specific factors on the embryos and 

spermatozoa and may be useful in sex det e r mination. 

Immunoreactio n between the anti H- Y antibody (poly.clonal/ 

monoclonal) with the HY antigen on embryos o r spermatozoa can be 

monitored by serological tests (i ) immunofluorescence assay 

(Anderson et al., 1987 i Wachtel e t a l . , 1 984) i (ii) cytotoxicity 

assay (Krco et al., 1976; Wachtel ~ ll., 1984). 

1) Cytotoxicity assay (Compleme nt depend~t) : The basic 

principle behind this t est is that the anti- HY antisera is 

incubated with cells carr ying HY antigen and l at e r complement is 

added. Cells carrying HY antigen are lys e d . The lysed cel-ls 

represent those carrying HY antigen, i. e . males and the unlysed 

ones female (Goldberg ~ ll., 1 97 1 ) . The disadvantage of 

cytotoxicity assay i s that this procedu re being cytocidal to the 

Y sperms leaves only the X sperms viable o r intact and thus 

separation of intact Y chromosome bearing spermatozoa is not 

feasible. Alternate methods which could s epar ate X and Y sperms , 

leaving both viable, will be a more practical advancement. 

2) lnununofluorescence assay: The a n ti - HY antibody is reacted 

with HY antigen carrying cell s (sperma t ozoa/embryo ), the 

conjugate to mouse antibody is added a nd the fluorescing cells 



are considered to be positive for HY antigen (Wachtel, 1984 ) . The 

fluorescence activated cell sorter (FACSl can be employed to sort 

the fluorescing and non -fluorescing cells. 

The present study was planned wi t h the f ollowing main 

objectives : 

(1) To raise antisera to male-specific antigen (s) using inbred 

mice strains. 

(2) To study its react ivity with cattle and buffalo spermatozoa. 

(3) Developing i mmuno fluo rescent assay with t hi s immunoprobe for 

spermatozoa. 

Availability of such polyclonal antibody probes will be a 

pre-requisite for development of monoclonal i mmunoprobes and also 

useful to plan future studies of sort ing X a I)d Y chromosome 

bearing spermatozoa using fluorescence a c tivate d cell sorter 

(FACS) and use for artificial insemination to analyse the pre­

determined birth rates in domestic animals . 



CHAPTER 2 

REVIEW OF LITERATURE 

Definition of MY antigen a selective marker for sexing 
germplasm 

Interest in controlling the sex of mammalian of f spr ing has 

continued because of the economic impact sex c o n trol might have 

on livestock production (Garner ~ al., 1983 ) . 

Through repeated brother-sister matings , o ne is abl e to 

develop genetically uniform strains of laboratory animals, and i t 

has become a rule of transplantat ion biology that grafts of s kin 

and other tissues are accepted when exchanged among t he members 

of the same gender of such strains (Snell and Stimpfling, 1966). 

Eichwald and Silmser ( 1 955) observed that female mice 

rejected skin grafts from the syngeneic males of "t he same s t rain 

and all other sex combinations, usually were accepted . Since this 

mouse strain is highly inbred and esserytially homozygous , failure 

of grafts of male tissue on fema les must have been due t o a 

particular requirement of male tissue. 

Subsequent studies by several workers reported a "second 

set" phen?menon with male-to-female isografts. The l i ves of 

subsequent male grafts being demonstrably curtailed on femal es 

that had previously rejected male grafts {Eichwald a nd Silmser, 

1955; Eichwald ~ £1 . , 1957; Krohn, 1958; Sachs and Heller, 1 958; 

Billingham and Silver (1959). 

This transplantat io n antigen was de fi ned as 

histocompatibility antigen associated with the Y sex c hromosome 

named HY antigen (Billingham and S ilvers , 1960). 



Biological properties and functions of HY antigen 

In inbred mice strains, the genes of MHC modify the amount 

of HY antigen expressed on various tissues (Wachtel et al., 1973; 

Krallova and Demant, 1976) . Mouse strains identical at the f-1HC 

(major histocompatibility complex), that is having the same H-2 

genotype, show male graft rejection (Klein, 1975 ). 

Ohno (1977a , b) postulated that MHC antigens conjoined with 

82 m serve as anchorage sites for HY antigen. 

HY antigen is associated with antigens of the MHC (Beutler 

et li., 1978). 

Wachtel et al. (1975b) ; Wachtel (1 983b and 1984) proposed 

that HY antigen is the mammalian testicular - organizing factor 

responsible for differe ntiation of the indiffer~nt gonad into 

testis . 

Information involved in the HY generating system is located 

normally on the short arm of the Y-chromosome (Koo et 21., 1981}. 

Wolf (1981) concluded that the V-chromosome has an essential 

role in HY antigen production because of the strong association 

between the presence of both the V-chromosome and the HY antigen. 

HY antigen is controlled by a gene on the V- chromosome, is 

expressed on all normal male cells of mammals except erythrocytes 

and pre meiotic germ cells (Muller, 1981 and Wachtel, 1983a). 

Wachtel II al. (1975b) and Ohno (1977) hypothesized that HY 

antigen may be involved in the primary sex determination of the 

male. 



HY has been proposed as the differentiation signal that 

causes the formation of the testis from the undifferentiated 

gonad (Simpson, 1983). 

HY is a single molecular species responsible for triggering 

the indifferent gonad to differentiate into the testis (Goldberg , 

1988) . 

HY is thought to be a male-determining substance in mamma l s 

because of its almost perfect correlation with maleness a mong a 

varie t y of mammalian species (Shapiro, 1981). 

The presence of the Y-chromosome is related to male 

differentiation. HY hypothesis suggested that the presence of a 

male specific antigen called HY controlled by a gene {s ) o n the Y­

chromosome was responsible for the differentiation o f the 

primitive gonad into a testis (Cuevas et ~., 199 0) . 

Wiberg (1985) proposed that a Y-chromosome bear ing 

spermatozoa must have the necessary structural gene (s ) o n ·an 

autosome as well as a regulatory gene on the Y-chromosome. 

The primary development of a male rather than a female gona d 

in mammals is determined by the presence of a Y-chromosome. The 

other property unique to the Y-chromosome is the occurrence o f a 

cell - surface antigen (designated HY) which distinguishes male 

f rom female (Goldberg, 1988) . 

Immunological resp onse t o HY antigen 

According to Eichwald and Silmser (1955, 1958); Billingham 

~ li (1965) and Silvers (1968), the response of 'female mice to 

male - specific HY antigen, called the Eichwald and Silmser effe ct, 
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has been best characterized i n the C57BL/6 mice strain. 

Although female mi c e of some strains regularly reject male 

skin isografts, females of o ther strains usually accept s uch 

grafts i . e. interstrain variation of male to female gra f t 

rejection pattern. (Gasser and Silvers, 1972). 

Although the Y- ant igen is u s ually regarded as a we ak or 

minor transplantation antigen , in some strains, notably C57BL/6 , 

the median survival time of male t o female grafts may be as s hor t 

as 16.5 days (Billingham and Hings , 1 98 1 ). 

In the past, the murine system has been used mostly for the 

study of HY antigen (E i chwald a nd Silmser, 1955 and Silvers and 

Wachtel, 1977) and t h e s ubsequent p r oduction of HY antibodies 

(Shalev et al., 1978; Simpso n, 19 83 ) . The usual procedure has 

been to immunize female mice by i n tra peritoneal or intrape dal 

injections of syngeneic male spleen ce l ls over an extended 

period, 

Genetic factors are very important in determining 

responsiveness, however, their responsiveness can be modified by 

immunization procedures (Simpson, 1 983) '. However other factors 

can also influence the immune r e s ponse t o HY antigen. Sen a ~ 

gl. (1976) demonstrated that graf t s of ear skin and tail s ki n 

from male donors significantly outlive thos e of a trunk skin whe n 

transplanted to syngeneic fe mal e hosts, an observation 

subsequently extended to t he HY a n tigen (Silvers ~ ~ . , 1977) . 

Possible explanations f o r t h i s di s parity in graft: survival a re 

(a) variation in mucopolysacch~ride content of the skin in 

different regions of the body (Mathieson ~ li., 1975) and (b ) 
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variation in the density of dis tri bution of epidermal langerhans 

cells (Bergstressor ~ al . , 198 0) . 

Phylogenetic conservation of HY antigen 

Wachtel U a1. (197Sa, b) and Sh a l ev U £1. (1980 ) provided 

evidence that the HY antigen, recogn ized serologically, appears 

to have been largely conserved t hroughout the evolution of 

vertebrates and perhaps more widely . 

Wachtel et al. (1 97 4) and Wachtel U a1. (1975a,b) reported 

that antiserum against mouse HY antigen reacts with antigen on 

heterogametic cells of other mamma l s (including the human), and 

of birds and amph i bians, e v e n whe r e the female is the 

heterogametic sex. 

Wachtel ~ al. (1975a ) reported exclusive. presene of HY 

antigen in the mammalian male c ells . I n mammals, the findings 

that male tissue fro m e v ery species studied reacted as HY 

positive led to the specu latio n t hat HY antigen was a male 

determining substance (Wachtel et ~., 1 975b) . 

Serologically defined HY antigen has been h ighly conserved 

during vertebrate evolution (Mulle r and Wol f, 1979 i Pechan ~ 

£1., 1979) . 

Murine HY antisera c ros s r eacts with HY antigen in both 

vertebrates (Silvers and Wachtel, 1977; Wachtel, 1983b) and 

invertebrates (Wachtel ~ 2.1., 1 975a) . Use of HY antisera to 

detect HY antigen of a differen t species would thus seem 

feasible. 
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The cross-reactivity o f HY ant i g en between mouse, rat and 

human was demonstrated by the spec i fic removal of mouse HY 

antibodies by male rat and human, but no t by fe ma l e rat and human 

WBC (Shalev ~ ~ . , 1976). 

Spec i fic antisera from female mice r e cognizes male cells of 

other species, as HY is highly conserved during evolution and can 

be used to detect human soluble HY antigen (Hal l and Wachtel, 

1960) . 

Murine anti-HY- antisera were sho wn to c r oss-react with HY 

on cel l s from numerous species ranging fro m fish t o man (Wachtel, 

1963) . 

Re l a t ion s h i p between HY antigen recognized by ant ibody 
(serol ogical s ystem) and cell mediated immune res ponse 

U!lcertainity remains as to the nature of t he male-specific 

prote i n and perhaps more than one sex-specific protein exists 

(Simpson et al., 1982; Silvers tl 21., 1 983 ~ . Wachtel tl §.l., 

1964) . 

I t was determined that male grafts were rejected by 

other wise histocompatible females of the same i nbred strain and 

HY specific cytolytic T-cel1s were produced b y these grafted 

mice . Females grafted with male skin produced ant i body def ining a 

serologically de t ectable male antigen (wh ich mayor may not be 

t he same as HY antigen) (Goldberg, 1966 ) . 

Silvers tl 21. (1982) reviewed differences i n immunological 

reactivity of cell-mediated systems f or the d et,ection of HY 

(transplantation) antigen as well as se r ologi c al detection of HY 

antigen on various tissue types. They sugges ted two male-specific 
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proteins, HY (transplantat ion ) antigen and a serologically 

detectable male antigen. 

Silvers tt li· (1 982) prov i ded evidence s uggesting that 

male-specific antigen ( 9 ) defined by graft reject ion or by cell 

mediated lysis are not identical to serologically defin ed male 

specific antigen . The former would be c alled HY a n t i g en and later 

S . D.M . (serologically d e fined male) antigen. 

Wachtel et al. (1 984 ) r e por ted cross- r eactivity be t ween a 

monoclonal HY antibody and bo th t issue HY ( transplantation) and 

soluble (SOM) HY antigens, sugges t i ng that these ant igens are 

either the same or have very s imila r properties. 

HY antigen is defined as a ma le histoincompatibi l ity antigen 

that causes rejection of male skin grafts by fema~e recipients of 

the same inbred strain of roden ts. Ma l e s p e c ific or HY ant igen(s} 

are detected by cytotoxic T cells a nd antibodi es (Muller, 1997). 

Chemical properties of HY antigen 

The first attempt to isolate s e r o l ogi c al HY antigen was made 

by Nagai et al. (1979). The culture medium o f Da udi human male 

Burkitt lymphoma cells which secre te HY a ntigen was u sed as a 

source of soluble HY . An extremely hydrophobic protein f raction 

was isolated from the secreted Daudi p roteins . This frac t ion was 

composed of protein polymers de rived f rom molec ular weight 18,000 

subunits. The molecular weight 18, 000 polymers absorbed anti -HY 

antiserum and the molecular weight 18,000 subunits prefere n t ially 

got bound to b ovine ovaries whi c h appear to be endowed wi th a 

gonad specific receptor for HY antigen (Muller ~ ~ . , 1 978a) . 
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Hall and Wachtel (1980 ) gave estimates for the size of 

serological HY. Using mo us e anti-HY antiserum, they could 

immunoprecipitate amo ng p o lypeptides of various molecular 

weights, a protein of mo l e cular weight 16,000 to 18,000 from 

Daudi cell secreted prot eins . 

The estimated molecular weight of the specific 

immunoprecipitate of Daudi-secrete d HY antigen was 15,000 to 

18,000 Daltons (Hall ~ a l ., 1981 ). 

Considering that the molecular weight 18,00 0 subunit 

isolated by Nagai ~ al. (197 9 ) ha d the best HY receptor binding 

activity, it was speculated tha t HY antigen physiologically 

occurs as a monomer of mo lecular we i g ht lB . 000 (Muller tl li .. 

1988) . 

The exact nature o f the serologica l HY antigen is unknown. 

Although molecules of 18 K Da have been detected with 

antisera against the serological HY a n tigen (Wachtel, 198 3e), 

proteins of larger molecular we i ghts have also been reported 

(Bradley and Heslop, 1985b; Goldberg a nd Reill y , 1987) . 

Bradley and Heslop (1985a ) i de ntified 3 polypeptides wit h 

estimated molecular weight of above 200,000, 50,000 and 20,000. 

HY antigen is a glycoprotein , t he serological determinant 

most likely being a carbohydrate chain with a galactose-terminal 

residue (Shapiro and Erickso n, 1981 ). 

HY polypeptide is hydrophobic a nd made of 160 or 250 amino 

acid residues to which no more than 5 glucosamine residues are 

attached (Ohno ~ sl., 1981) . 
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The serological determinan t recognized by anti-HY antibody 

is a glycoconjugate containing t e rminal non-reducing and internal 

galactosyl residue (Shapiro and Go ldberg, 1984) . 

Amice ~ al. (1992) demonstra ted that the serologically 

detected, male predominant HY antigen was a surface glycoprotein. 

Source and distribution of HY antigen 

HY antigen(s) occur in four diffe r ent states (1) As an 

integral part of the plasma membrane o f almost all male. cells 

with exceptions of diploid germ cells (Zenzes ~ gl ., 1978 ) and 

perhaps murine erythrocytes (Crichton, 1980). (2) Attached to the 

membrane of human erythrocytes (Muller ~ al., 1980) , (3) Free in 

solution (Muller ~ al., 1978b, 198 0 ; Wachtel ~ al., 1980 ), (4) 

bound by its gonad-specific receptor (Mull e r et al .. , 1978b, 1979; 

Nagai ~ al . , 1979; Wachtel and Hali, 197 9) . 

The justification for using Daudi c e l l secretions as the 

source of HY antigen was based on the a s s umptio n that the testis 

organizing factor would have a highly c onserve d structure, a 

postulate supported by conservation o n the surfaces of many 

v ertebrate cells of serologically active HY c ompone nt (s) (Wachtel 

II al., 1975a). 

Brunner et 21. (1984) confirmed the observations of Zenzes 

II al . (1978) and Nagai ~ El. (1979) providing clear cut 

evidence for secretion of HY in cell s of t he t e st i s, notably the 

sertoli cells and also in cultured Daudi cell s . 

In as much as secretion of HY i n Da udi cells is correlateo 

with the reduced presence of the mo l e cul e a t the cell surface 
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(Beutler et 22., 1978) favouring the hypo thesis of Ohno (1977a), 

according to which HY is anchored to the membra~e of extragonadal 

cells in physical association with B2m and products of MHC. 

The ' rationale for postulating secretion of HY antigen as an 

essential factor in testis formation has been weakened by the 

accumulating evidence that neither the serologically detectable 

HY antigen nor the HY transplantation antigen is consistently 

associated with phenotypic males (Silvers et 22., 1982) . 

Sertoli cells are closely associated with the germ cells 

during spermatogenesis (Bellve and O'Brian, 1983 ). 

Bradley and Heslop (1988) suggested that the HY antigen 

appearing on the surface of male meiotic cel ls was derived from 

sertoli cells. On the other hand, evidence that HY antigen could 

not be detected on spermatogonia of neonatal testis but became 

expressed on late spermatocytes and remained present on 

spermatids suggested that the HY genes are al~o expressed in the 

haploid germ cells (Koo et al., 1973; Koo et 22., 1979 ) . 

The putative HY antigen is secreted by different iated 

sertoli cells (Zenzes et 21., 1978) and by an embryonic sertoli 

cell precursor (Ohno ~ al . , 1979; Ohno, 1979 ) . 

Soluble HY antigen has been reported in the supernatant 

fluids of Daudi cell cultures (Nagai ~ 21., 1979 ), test icular 

cell preparations (Muller ~ El., 1978a) and sertoli cell 

cultures (Zenzes ~ 21 . , 1978). 

Muller ~.el. (1981) provided evidence that HY is secreted 

or shed into the surrounding medium and that it can be taken up 
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by receptors that are present in gonadal cells but not 

extragonadal cells . 

According to the findings of Muller et al. (1978a) and 

Zenzes ~ 91. (1978), HY antigen is secreted by sertoli cells. 

HY antigen is found in the serum of male mammals and in the 

supernatant of cultured testicular cells (Muller et al . , 1978b). 

Furthermore, epididymal fluid seems to be rich in HY antigen. 

HY antigen is detectable on almost all male mammalian cells 

and is actively secreted by testicular sertoli cells (Zenzes ~ 

1Il., 1978; Muller ~ i!.l" 1978a). HY antigen occurs in two 

different states, soluble and as an integral part of the plasma 

membrane. TO this respect, it resembles immunoglobulins that 

occur as soluble molecules and sessile in the plasma membrane of 

B cells. 

Sertoli-cell secretion of HY seems to be a pre requisite for 

HY function (Muller, 1980). 

Gore-langton ~ i!.l . (1983) presented the findings which do 

not support the contention that sertoli cells secrete a prote in 

having the properties of serologically detectable HY antigen. 

Evidence against haploid expression of HY antigen on Y­

bearing spermat o zoa is that sertoli cells but not germ cells 

synthesize HY antigen (Brunner et ~., 1984; Zenzes ~ a1., 1978) 

and tha t spermatids have the ability to bind HY antigen (Koo ~ 

sl . , 1979), suggesting that spermatozoa passively become HY 

positive regardless of sex-chromosomal composition. 
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Tests to detect HY (male specific) antigen 

Severa l tests to detect male-specific antigen, commonly 

called HY antigen are : (1) Graft rejection assay: In an isogen~ic 

system, female r ecipients of some strains of rodents reject male 

but not female skin graf t s (Eichwald and Silmser, 1955; Review 

Billingham and Hings, 1981); (2) Cell-mediated lysis tests : 

Immune (sensitized) lymphocytes from femal e mammals that have 

been exposed to male cells lyse male target cells in-vitro under 

appropriate conditions (Simpson and Gordon, 1977; Simpson ~ 21., 

1981); (3) Serological assays: Antisera against the male specific 

antigen could be raised in female rodents by i mmunization with 

male cells (Koo, 1981 ). 

Goldberg tl al . (1971) demonstrated that t.issue rejection 

was accompanied by antibody formation to the presumptive HY 

antigen. 

The complement- mediated, cytotoxicity test monitored by dye­

exclusion is a sensitive t echnique for detecting cell surface 

antigens on nucleated cells. Cytotoxicity tests have been used to 

identify several antigens on mouse spermatozo a including HY 

(Boyse et al., 1964, 1 970) . 

Goldberg g.t. ll. (1971) reported ant iseru m to this male­

speci f ic antigen was cytotoxic to sperm and could be used to 

detect the presence of this antigen on all male murine tissues 

tested using c~totoxicity assay with murine epididymal 

spermatozoa as a source of HY antigen, antiserum from sensitized 

female mice, and rabbit complement . The reaction of HY antiserum 
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with HY antigen on the sperm surface in the presence of 

complement causes lys i s of sperm cell. Modifications of the 

original assay included replacement of spermatozoa by epidermal 

cells (Scheid et al .• 1 972) I fixation of cells and use of vital 

stain (Dooher et al. I 1977) and quantification of A. T. P. use by 

spermatozoa as a measure of cytotoxicity (Piedrahita and 

Anderson, 1985). 

The assay for cytotoxic HY antibody could be best .carried 

out on sperm or on male epidermal cells because other cells are 

insensit ive to lysis by HY antibody and complement (Goldberg M 

li . , 1979). 

Detection of HY a n tigen on spermatozoa - a marker for sexing 
spermatozoa 

Keo ~ al. (1973) visually l ocalized HY a 'ntigen on mouse 

sperm using antibodies against the HY antigen and tobacco mosaic 

virus (as visual marker). The patt~rn of labelling HY with 

tobacco mosaic virus implied the presence of HY in the acrosomal 

cap, little or no labelling in the post-acrosomal region, 

connecting piece I , mid-piece and tail. The disproportionate 

representation of HY on the sperm s urface led quite naturally to 

attempts to eliminate Y- bearing cells with HY antibodies and 

thereby to influence the s ex-rat io among the progeny of females 

inseminated with serum-treated spermatozoa. The expectation was 

that a preponderance of HY in Y-bearing sperm could provide a 

basis for immunoselection . 

Bradley gt al. (19 86) reported detection of HY (male ­

specific) antigen on the plasma membrane of both Caput and Caudal 
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ram spermatozoa. In these spermatozoa, the d i stribut ion of HY 

antigen was confined to both the poste rior region of t he head and 

the mid-piece region of the flage l lum. I n addition, Caput 

spermatozoa exhibited on the flagellum a t the base of the head on 

the plasma membrane from flagella of caudal sperma tozoa, a male 

specific protein with molecular weight 25 - 27 Kd. 

Using indirect immunofluorescence t echn ique. the HY an t igen 

was localized on the acrosomal membrane of mouse epididyma l and 

washed ejaculated human spermatozoa and o n the e n tire membra ne of 

male mouse splenocyte and thymocyt e . I mmu nohistoc hemical 

localization of the antigen in the testicular s ecre t ion indicated 

HY antigen (5) presence on the membrane of s p erm heads (Iyer ~ 

21., 1989). 

"There are lack of reproducible serological tests (HY 

antigen). Many of the difficulties in this fi e l d r elate t o the 

unsatisfactory nature of the available serological tests " The 

background noise in most tests is high and both polyclonal 

antisera and monoclonal antibodies have low tite rs . This has 

precluded the use of such antibodies making sero log ical assays of 

HY extremely difficult (Koo, 1981) . 

Analysis of male-specific HY antigen is diff icult, in part, 

because of the tendency of male specific antisera to bind cel l 

surface components f o u nd in male and female cells (Brunner ~ 

21., 1988 ) . 

Booma n ~ al. (198 9) reported that, on l y a low percentage of 

mice show a good antibody response to HY antigen a nd their sera 
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are usually low titered and of low affinity. 

The anti-HY antisera have been assayed using a variety of 

methods, most of which have required repeated testing to ensure 

the validity of the results (Koo, 1981 ). 

Since conventionally produced polyclonal antibody in HY 

antisera has low titers and the methodology for HY detection 

differs among severa l investigators, it has been difficul t to 

quantitate a nd compare experimental results (Goodfellow and 

Andrews, 1 982) . 

Use of polyclonal antisera to HY antigen may give rise to 

relatively high degree of non-specific background (Piedrahita and 

Anderson, 1985). 

It can be concluded from the above literatu+e that HY tests 

are difficult t o perform and require experience and adequate 

training of the investigator. Difficulties in HY testing arise 

from the foll owing: (a) Their titer is comparatively low (ranging 

from L 2 to L 32) ; (b) The quality of target cells for detection 

of antiserum activity is essential. The preparation of viable 

cells in the procedure is critical . The cytotoxicity test using 

Raji cells as targets is susceptible to errors due to the 

dependency of HY expression on the growt h phase of Raj i cells. 

and non-specific cross-reactivity of the mouse / rat antisera with 

the human Raji cells (Muller, 1982; Goodfellow and And r ews. 

1982). (c) Differential tissue distribution of HY antigen makes 

appropriate controls necessary. If carefully performed, however, 

HY tests are no less reliable than many immunological assays 
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(Muller, 1982). 

Bradley and Heslop (1985a) introduced a method fo r the 

production of high titer HY antisera. Antisera with titers as 

high as 1: 200 to 1: 400 were obtained by transplanting syngeneic 

male skin into the spleen of female recipient. This was a great 

breakthrough of HY serology considering that conventional a n t i-HY 

antisera had titers in the range of 1 : 2 t o 1 : 32 using e ach high 

titer antisera for the immunoprecipitat ion of Daudi secreted 

proteins. 

Ha p loid expression of HY antigen 

An immunologic approach to separation of sperms is based on 

haploid expression of X- or V-linked genes provided that s ome of 

t hese gene products are present on the sperm plasma membrane. 

Because the expression of HY antigen requires genes on the x - as 

well as the Y-chromosome, a haploid Y- chromosome-bearing 

spermatozoa could not produce HY antigen which suggests that all 

spermatozoa may have acquired the antigen from sertoli cells 

(Ohno ~ al., 1982). 

Specific HY antibody binds to approximately half of 

mammalian sperm as a result of haploid gene expression of Y­

chromosome bearing spermatozoa (Ali ~ ~ . , 199 0) . 

Immunolog ical markers for separation of X and Y chromosome 
bearing spermatozoa 

There are at present two potential ways of influencing the sex 

ratio. (1 ) separation of sperm into viable fractions of x and V 

bea ring sperms (van Vliet et al., 19 89) and (2) the' diagnosis of 
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the sex of pre-implan t ation embryos (van Vliet et 21., 1989). 

Although numerous sche mes have been devised and promoted for 

the putative separat i o n of X and Y chromosome bearing 

spermatozoa, none has gained wi despread acceptance. The 

possibility that Y- chro mosome b e a r i ng spermatozoa express a male­

specific antigen on the plasma membrane, but that the same 

antigen is absent fro m X- c hro mosome bear ing sperm has been re-

examined. Immuno-histoc hemica l studies with high titer 

serologically detectable, male- specific antiserum revealed that 

serologically dete ctable , mal e specific antigen is present on 

approximately 50% of s permatozoa and is located on both the post­

acrosomal region of the head and t he mid piece of the flagellum. 

Similar results have also been descr ibed by other investigators 

working with bull sperma tozoa (Bradley , 1989) . 

The percentage o f sperm l y sed specif~cally by anti-HY 

antibody often exceeded 50 per c e nt , s uggesting that at least so'me 

of the X-bearing sperm possess the Y antigen. This is important 

as it suggests that the Y-ant igenic constitution of mouse sperm 

is determined by its precurso r ce l ls ra t her than the genetic 

material contained in t he spe rm. I f borne-out, this would 

preclude the use of immuno l ogi cal methods of either 

distinguishing or separating X or Y bearing spermatozoa (Gasser 

and Silvers, 1973). 

The proportion of epididyma l s permatozoa that are HY 

positive is grea t e r than 50% (Keo and Goldberg, 19 78; Koo ~ ~ .. 

1973; Zaborski, 1979), while normally one would expect t o find 
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equal proportions of x- a nd V-bearing spermatozoa. 

Bennett and Sayse (1 973) artificially inseminated mice with 

spermatozoa that had b een exposed i n-vitro to HY antibody and 

complement and repo r ted a sl i g h t if significant skewing of sex 

ratio in the offspring o f female mice inseminated with sperm 

pooled from epididymis and vas defer ens and reacted with 

conventional HY antiserum a nd complementi control litters 

contained 53 per cent males while there were 45% males in trea ted 

litters. 

Bryant (1980 ) and Ali e t a l. ( 1 990) investigated and 

reported that the sex ratio o f mu r ine offspring after treatment 

of spermatozoa with HY a nti s erum was signi ficantly altered. 

Of numerous methods to separate spe r m into two sex-specific 

fractions, only flow c y tometry as des c r ibed by Garner g1 21. 

(1983) has been successful (Johnson , 1 98 8 ). rhe preparat ion for 

flow cytometry can interfere with t he viabi l i ty of the sperm~, 

but Johnson g1 al. (1989 ) described modif i cations which were 

compatible with sperm survival in rabbit s . 

Ali et .al . (1990) summarize d tha t severa l approaches have 

been applied to the problem of sepa ra ting Y- from X-chromosome 

bearing spermatozoa. Among the sep aration methods are 

centrifugation, galvanization (based o n net e l ectr ic charge), the 

use of antibody probes and quanti t at ion of DNA by fluorescent 

stains. Centrifugation and ga l va n i z ation appear to be 

ineffective. Treatment with antibodies to sperm cell surface 

antigens has been un s uccess ful possib ly as a result of 
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experimental variables including a nt igen-antibody specificity, 

sorting technique, and consistency of appl ication. Utilization of 

DNA fluorescent stains (Johnson e t 21 ., 1 989) and their effects 

on sperm viability and fertilizing capabili t y (Johnson, 1988 and 

Johnson et al., 1989) are under investigation. 

Techniques for separation of X- and Y-be a r ing spermatozoa 

have not withstood testing in controlled e xperiment s involving 

agriculturally important domestic animals (Amann and Seidel, 

1983 ) . 

Ali et al. (1990) demonstrated that HY antigen appears to be 

expressed on the plasma membrane of haploid Y- c hromosome bearing 

bovine spermatozoa , and monoclonal HY ant i b ody can be used in 

conjunction with fluorescence activated cell sorte r to enrich the 

proportion of Y-or X-chromosome bearing spermato z oa in semen. 

Before applying this technology for control of sex ratio in 

cattle, insemination of cows with samples conta i n i ng sorted 

spermatozoa will provide a final test to eva l uat e fertility of 

the processed semen. 



CHAPTER 3 

MATERIALS lIND METHODS 

3.1 Experimental animals 

Inbred C57BL/6 male and femal e mi ce of 8-10 weeks age and 

weighing 18-22 grams were used. Mice were procured from National 

Institute of Immuno logy, Aruna Asaf Marg I New Delhi. The:le 

animals were maintained at Animal House , Department of Veterinary 

Immunology, Punjab Agricultural Uni ver sity, Ludhiana. F~ed for 

mice was procured from Mis Jwanda Feeds . Village Shankar, 

Ludhiana. These mice we re used for raising an t ise r a against the 

H-Y antigen. 

3.2 Production of antisera to male speci f ic ant i gen (HY antigen) 

HY antibodies were raised in adult C57BL/6 female mice using 

immunization with skin transplants and s p lee n cell inoculations 

from the syngeneic male mice. The detail s a r e given below: 

Plan of the immunization 

3 . 2.1 Skin transplantation 

Male mice were used as donor of skin grafts and female mice 

as recipient of skin grafts. The skin tra n s plantation was done 

essentially according to the technique descr ibed by Billingham 

(1961) . 

3.2.1.1 Preparation of donor male mice for obtaining skin grafts 

Male mice were anaesthetized wi t h Ke tamine (0.2 ml/20 9 

mice, intramuscularly) and maintained with anaesthetic ether and 

secured to a small operating board. Circula r s kin grafts of 40-55 

mm2 size were punched out from the t a il skin wi t h t he help of a 



grafting punch. From one animal, 2 or 3 grafts were taken. 

3 .2. 1 . 2 Preparation of recipient female mice for skin graft 
transplantation 
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Female mice were anaesthetized with Ketamine (0.2 ml/20 9 

mouse, intramuscularly ) and maintained with anaesthetic ether and 

secured to a small operating board. The thorax region was 

prepared for transpla nt at ion of grafts by shaving off the hair at 

the site. Circular pieces of skin grafts were punched out from 

the thorax region to create sites for transplantation of the male 

syngeneic skin grafts . Male mice tail skin grafts were fixed in 

place onto the female mice thorax region. The grafts were covered 

with a strip of adhesive bandage (Steri-strip Sterile ) u9 

dressings. 

'The dressings were removed 4 - 5 days after transplantation 

and graft survival appraised. The day, the graft got totally 

dislodged was scored as the day of rej~ction . 

Primary and Secondary (Booster) Immunization 

Skin graft transplantati on was used for primary 

immunization. Secondary/ booster immunizations we re done using 

either skin transplantation and at some intervals using intra-

peritoneal inoculation of female mice with spleen cells from the 

syngeneic male mice (Protocol shown in Table 1) . 

Preparation of skin grafts and transplantation was done 

similarly for both primary and secondary immuniz.ation. Skin 

transplantation was done with the help of Dr ~. K. Mirakhur, 

Department of Veterinary Surgery & Radiology. 



3.2.2.1 Preparation of spleen cells for secondary/booster 
immunization 

28 

Male mice were anaesthetized with anaesthetic ether. They 

were then sacrificed by the cervical dislocation of spinal cord. 

These were immersed in 70% alcohol to disinf ect externally. 

Spleens were dissected out and teased with forceps on stainless 

steel wire mesh kept in a petriplate containing serum free RPMI-

1640 to remove connective tissue and homogenized for dispersion 

of cells. Then, the solution containing dispersed spleen cell s in 

RPMI-164 0 was centrifuged using Sorvall Centrifuge at 1200 rpm 

for 10 minutes. Supernatant was di scarded and pellet was 

resuspended in RPMI-1640. The resuspended cells were again 

subjected to centrifugation at 1200 rpm ~or 10 minu tes. 

Supernatant was disca rded and cell pellet (whole spleen cell 

suspension containing both leukocytes and erythrocytes) was 

resuspended in RPMI-1640. 

3.2 . 2 .2 Determination of s pleen cell viability and concentration 

10 ~l of spleen cell suspension from the above step 3.2.2.1 

and 90 ~l of trypan blue were mixed thoroughly . A drop was taken 

from it and placed on glass slide to determine the viability. 

Dead cells take up the stain while live ones do not. A viability 

count of more than 80 per cent were used for immunizing 

inoculations. Cell density of the final suspension was determined 

by use of a hemocytometer observed under microscope (OLYMPUS 

VANOX; Olympus Optical Co. Ltd., Japan). The concentration was 

adjusted at 25Xl0 6 whit e cells per ml with RPMI-1640. 



3.2.2.3 Spleen cell inoculations for secondary (booster) 
immunization 
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Primed female mice were injected intraperitoneal1y with the 

male mice whole spleen cell suspension. Approximately 0.2 ml 

(5XI0 6 white cells) per female mouse using disposable plastic 

tuberculin syringe (4G needle) was injected . 

3.3 Collection of mice blood for antisera 

Immunized female mice were bled from the tail at different 

times post skin transplantation and spleen cell inoculations as 

per the schedule shown in Table 1. The blood was pooled from 

different immunized female mice. The pooled and clotted blood 

was kept in the refrigerator at 4°C for 24-48 hours for 

separation of the serum. Serum was separated and stored at -20°C 

till further use in immunofluo rescence assay. 

3.4.1 Preparation of spermatozoa 

Semen preparations of sexually ma,ture cow bull and buffalo 

bull were used for the study. Semen samples were transferred to 

the laboratory and were immedia tely observed under light 

microscope for acceptable quality as judged by sperm morphology 

and motility . Each sample was subjected to centrifugation at 1000 

rpm for 5 minutes. The superna tant was discarded and pellet 

resuspended in RPMI-1640. 

3.4 .2 Determination of spermatozoa viability and concentration 

For viability, one drop of the spermatozoa suspension and 

five drops of eosin and nigrosin stain were plac~d on a glass 

slide and mixed well by blowing air. A smear was made and dried 

for 30 seconds to 1 minute. Slide was examined under light 
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microscope for viability . Dead cells take up the stain and live 

cells do not. Preparations with more than 80 per cent viability 

were used for further studies. 

For adjusting the concentration, the suspension was charged 

into haemocytometre and observed under microscope (OLYMPUS VANOX; 

Olympus Optical Co. Ltd. , Japan) and concentration adjusted at 

2xl0 6 cells per ml with RPMI-1640. 

3.5 Indirect immunofluorescence assay for detection of HY antigen 
positive spermatozoa 

Goat anti-mouse polyvalent immunoglobulin (IgG , IgA, IgM) 

FITC conjugate, product No. F-1010, Sigma , USA was used. 

The test was carried out as shown in the text below: 

1) Spermatozoa suspension 
in .RPMI-1640 

2) Mouse anti-HY serum* 

3) Diluent (RPMI-1640) 

Tube A 
(Test sample) 

200 III 

Tube B 
(Control sample ) 

200 11.1 

Incubation on ice (for 30-40 min.) with occasional mixing 

* Final testing dilution was 1: 10. In some experiments as shown 

in results, a further four fold higher dilution (i.e. 1:40 final 

dilution) of the serum giving positive fluorescence was also 

tested . 

First wash with 4-5 ml RPMI-1640 at 1000 rpm for 5 minutes. 

Supernatant discarded and pellet resuspended in RPMI-1640. 

Second wash at 1000 rpm for 5 minutes with, 4-5 ml RPM!. 

Supernatant discarded and pellet resuspended in 200 ~l RPMI-1640. 
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To the washed spermatozoa suspension (200 ~l volume), 20 ~l 

of antimouse polyvalent immunoglobulin FITC conjugate was added 

in both the tubes. From this step onward, t.he reactions were 

carried out in dark. The spermatozoa suspension was incubated for 

30 minutes on ice in dark. After incubation, washing was given at 

1000 rpm for 5 minutes with ice cold RPMI-1640. Finally the 

pellet was resuspended in 100 ~l RPMI-1640 for further use. 

3.6 Fluorescence microscopy 

Ten microliters of the spermatozoa suspension prepared as 

above was placed on a clean glass slide, covered with a clean 

coverslip and observed under UV microscope (Olympus AHC-RFCA; 

Olympus, Japan). 



Table I IMMUl\'1ZATlON PROTOCOL 

S.No. lmmunization No.of grafts! No.of No. of Days to Collection of blood 
amount of female male donors rejectioni for preparat ion of 
immunizing mice for skin Result anliserum(days post 
inoculations grafts transplantation or 
(per female or spleen cell spleen cell 
mouse) preparation inoculation) 

A. Primary Immunization 

I. First skin 3 grafts 10 12 18-20 days 20 days - Serum I 
transplantation 

B. SecondarylBooster 
Immunization 

I. Second skin 2 grafts 6 8-10 days 10 days - Serum IT 
transplantation 

2. Spleen cell 0.2 ml(5xI0' cells) 4 7 days - Serum ill 
injection (intra peri-

toneally) 

3. Third skin One graft 6-7 days 7 days - Serum rv 
transplantation 

4. Spleen cell 0.2 ml(5xI0' ce lls) 7 days - Serum V 
injection (intra peri- ... 

'" toneaJly) 



Fig. I : Circular pieces of skin grafts (size 40-55 mm' ) punched out from the tail of 
C57BU6 inbred strain male mouse for transplantation onto the female mice. 





Fig. 2 : Preparation of skin sites at thorax region of the receipient C57BU6 inbred strain 
female mouse for plunting skin grafts from the syngeneic male mice. 





Fig. 3 : 
Group of C57BU6 inbred strain female mice with skin grafts planted onto thorax 
region for immunization. 





CHAPTER 4 

RESULTS 

Studies were carried out on spermatozoa of cow and buffalo 

bull using anti-HY antisera p rodu ced in C57BL/6 inbred strain 

mice. 

4.1 Production of antiser a to HY ant igen 

Skin transplantation and rej ec t ion of skin grafts 

A group of 10 f emale mi c e of C57BL/6 inbred strain were used 

for transplantation of skin gr a f ts from male mice. 

The day the gra ft got totally dislodged was scored as the day 

of rejection . 

The primary skin grafts were rejected between 18 and 20 days. 

Rejection of secondary (fi r st booster immunization ) skin 

grafts were seen between 8 and 10 days. 

Rejection of subseque n t skin grafts (third booster 

immunization) were s een between 6 and 7 days . 

Rejection of s ki n grafts was an indication of primary and 

booster immunization (Table 1 ) . 

Serum collectio n 

Time schedule of s e ra collected at various t ime intervals 

post immunizatio n is outline d i n Table 1 . These sera were labelled 

as Serum I, Serum II , Serum II , Serum IV and Serum V, collected 

respectively after p rimary and f irst, second, third and fourth 

booster immunization . 

4 . 2 Immunofluorescence s tudies 

Serum coll e cted from i mmunized female mice post skin 

transplantation or splee n cell inoculation were tested for 



antibody activity to spermatozoa using immunofluorescence test as 

described in section 3.5. 

(1) First serum preparat ion collected 20 days post primary skin 

t ransplantation (Serum-I, Table 1) showed no antibody activ ity as 

there was no fluores cence of the spermatozoa 

(2) Second serum preparation collected 10 days post s e cond skin 

transplantation (Serum- II, Table 1) gave no fluorescence of t he 

spermatozoa or occasionally very few spermatozoa gave fluor.es cence 

under different microscopic fields 

(3) Third serum preparation collected days post second booster 

immunization with intraperitoneal spleen cell inoculation (Serum-

III, Table 1) gave similar results as that of Serum- II 

preparation . Either very few spermatozoa showed fluorescence or 

there wa~ no fluorescence of spermatozoa 

(4) Fourth serum preparation collected 7 days post t h ird booster 

immunization wit h skin transplants (Serum-IV, Table 1) gave 

fluorescence of spermatozoa (Table Z , Table 3) . 

In immunofluorescence assay on buffalo spermatozoa with Se rum 

IV I of the total 90 spermatozoa counted, number of fluoresci ng 

spermatozoa was 49 . Percentage of fluorescing spermatozoa was 

approximately 54 % in buffalo (Table .2 ). Control samples without 

antiserum did not s how any fluorescence. In immunofluorescence 

assay on cattle spermatozoa with Serum-IV, of the 88 spermatozoa 

counted, the number of fluorescing spermatozoa was 46 (Table 3 ) . 

Percentage of fluorescing spermatozoa was a pproximately 52 % in 

cattle (Table 3). Cont rol samples without antiserum did not s how 



any fluorescence. 

After determining the positivi ty of Serum-IV, experiment with 

four fold higher dilu tion (1 , 40) was set up of the previous l y 

tested Serum-IV at 1, 10 dilution . At this higher dilution, th" 

immunofluorescence was negative in both cattle and buffalo 

spermat.ozoa 

(5) Fifth serum preparation (Serum-V, Table 1) was collected ., 

days post fourth booster immunization using intraperitoneaJ 

inoculation with s p l een cells. There was fluorescence of 

spermatozoa (Fig . 5 ). 

In immunofluorescence assay on ca t tle spermatozoa with SeruUl 

V, of the total number of 95 spermatozoa counted, number 01 

fluorescing spermato zoa was 49. Percentage of fluoresc l n~1 

spermatozoa was approximately 51.5% in cattle (Table 4 ). Con troJ 

preparation of spermatozoa without antiserum did not show any 

fluorescence. 

Immunofluorescence assay was conducted on spermatozoa usin~j 

four fold higher d ilu tion ( 1 , 40) of the positive Serum-V (l, 10 

dilution). In the s amples with 1:40 dilution, there was no 

fluorescence 

In spermatozoa preparations, there was clumping 01 

spermatozoa, so o n ly t hose spermatozoa were counted (both in non 

fluorescing and fluorescing phase) which were lying as singl c' 

cells to avoid errors. Cl umping in the spermatozoa preparation wa D 

an obstacle to i nclude c l umped spermatozoa in the counts. 
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The pattern of fluo r escence was that in general the whole 

spermatozoa including t.he tail s howed fluorescence, (Fig. 6) but 

the fluorescence was mo r e intense o n the acrosomal cap of t he head 

of spermatozoa. 
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Table IMMUNOFLUORESCENCE ASSAY ON BUFFALO SPERMATOZOA(SERUM IV) 
(Dilution 1 : 10 ) 

Total No.of spermatozoa 
(per microscopic field) 

9 

13 

18 

8 

9 

11 

16 

No . of fluorescing spermatozoa 
(per microscopic field) 

10 

4 

------------------------- ---------- -------------- -- -- ------------
90 49 

--------- ------------------- --- - ------------- --------------------
Percentage of fluorescing spermatozoa = (49 /90)x100 = 34.44% 



Table 
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IMMUNOFLUORESCENCE ASSAY ON CATTLE SPERMATOZOA (SERUM IV) 
(Dilution 1 : 10) 

- ------------ - ---- -- --- -- - ----- ------ ---- --- -- --- ---------------
Total No.of spermatozoa 
(per microscopic field ) 

No. of fluorescing spermatozoa 
(per microscopic field ) 

-------- - ------------- ----------- -- - ---- - --------------- --------

13 

11 

15 

9 

16 7 

10 5 

14 

88 46 

Percentage of fluorescing spermatozoa = (46 /88)xlOO = 52.27% 



Table IMMUNOFLUORESCENCE ASSAY ON CATTLE SPERMATOZOA(SERm1 V) 
(Dilution 1,10) 

-~--------------------- --------------- ---------------- ----------
Total No.of spermatozoa No. of fluorescing spermatozoa 
(per microscopic field) (per microscopic field) 
--------------------------- ----------------- -- -- ----------------

11 

12 

8 

7 

14 

18 10 

16 7 

9S 49 
------ ---------------------- ----- --- ~-----------;;;~;~~~~;-~f-fi~orescing spermatozoa = (49 /95) x100 = 51.58% 



Fig. 4 : Spermatozoa preparntion (cow bull) as seen under non·fluorescing phase of 
microscope used in 1he study. 
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Fig. 5 : Fluorescing spermatozoa in the immunoflourescene assay using 'Serum-V and 
cattle spennatozoa. 'me whole body of sperm"tozoa shows fluorescene with more 
intense fluorescene on acrosomal cap. 





Fig. 6 : The differential pattern of fluorescene with more intense fluorescence on 
acrosomal cap. 





CHAPTER 5 

DISCUSSION 

Producing offsprings of pre -determined sex, will have an 

immense potential in the livestock industry . There are at present 

two potential ways of influencing the sex ratio. These are 

separation of sperm into viable fractions of X and Y chromosome 

bearing sperms and use for artificial insemination (van Vliet et 

a1., 1989) or by identification of the sex of pre-implantation 

embryos followed by embryo transfer(van Vliet et al., 1989 ) . The 

essential pre-requisite is availability of standard. immunological 

and non-immunological markers for embryo and sperm sexing. There 

are considerable number of research studies reporting development 

o~ immunoprobes i.e . antisera and even monoclonal antibodies to HY 

antigen (male specific antigen) which have been used for embryo 

and spermatozoa sexing. 

The present study was conducted .to raise antisera to male ­

specific antigen(s) using inbred mice strain and study itR 

reactivity with cattle and buffalo spermatozoa using immunofluo­

rescence assay with the aim to develop immunopro~es for sexing 

spermatozoa of dai ry cattle and buffalo using anti-mouse HY 

antisera system. The present study was an attempt to produce the 

probe/antisera by ourselves under Indian conditions because such 

probes are not availabl e commercially for use. 

C57BL/6 inbred stra in mice, both male and female, were used 

in the present study as this strain is considered ,to be the best 

responder for immune response to HY antigen (Eichwald and Silmser. 

1955, 1958; Billingham lit!;. 21., 1965 and Silvers, 1968). 
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Ant i s erum t o mal e speci f ic antigen was produced by primary 

i mmuni zat ion o f femal e mice with syngeneic male skin grafts 

followed by repeate d secondary i mmunizations with either skin 

transplan t a tion or i n tra-perito neal i noculation of syngeneic male 

spleen cells . Sera c o llec ted at different times post immunization 

were teste d in t he i ndirect immunofluorescence assay (IFA) on 

spermatozoa using goat anti -mouse po l yvalent immunoglobulin FITC 

conjugate . 

Abse nce of immunofluorescence o f spermatozoa with sera from 

early immuniza t ion , and positive immunofluorescence from sera 

after boos t er immuni zations suggest s that antibody activity 

deve loped onl y after s u fficient boos t ing . 

The immunofluore scence r eactio n wa s considered to be specific 

on the bas i s that (i ) the c ontrol samples treated only with anti-

mous e immunogl obulin FITC c onjugat e d i d not show fluorescence , 

(ii) the absence of i mmunofluo rescence of spermatozoa with female 

mice sera from early immuni za t ions (Serum I, II a nd III) could be 

considered retro spectively a s con t rol. 

The immunofluorescence studies wi th the a ntisera samples 

(Serum- I V and Serum -V) obtained po st third and fourth booster 

immunization respective l y t hat g i ve pos i tive reaction at 1,10 

dilutio n we r e also t es t ed at f our f o l d higher dilution (1,40 

dilution ) of the s e r a. Wi th t he 1: 4 0 dilution , there were no 

fluor esc i ng spermato zoa . The results show t hat there were only low 

titers o f antiser a . 
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Booman II 21. (1 989) reported that only a low percentage of 

mice have good antibody response to HY antigen and antisera are 

usually low affinity and low-titered. 

Simpson (1983) r eported that HY belongs to a class of weak 

transplantation antig e ns characterized by an inability to elicit 

responses under many conditions. 

Bradley and Hes l op (198Sa) introduced a method for the 

production of high titer HY antisera in BN and HS inbred strain 

rats . Antise r a with titers as high as 1:200 to 1:400 were 

obtained by transplant ing syngeneic male skin into the spleen of 

female recipient. This method for production of high titer 

antisera could not b e tried in our studies as this method was 

difficult to accomplis h o n mice due to smaller body size of mice 

than rats . Secondly, s u fficient number of BN and HS inbred rats, 

due to very low bre e ding e fficiency, could not become available 

for our study . 

In our results pattern of fluorescence observed was that in 

general the whole spe rmato z o a , including tail, showed 

fluorescence. The fluorescence was more intense in the acrosomal 

region . It seems the re is regional differentiation of HY antigen, 

as fluorescence was mo r e intense on the acrosomal region of the 

sperm surface. Koo ~ g . (1981) using mice spermatozoa showed 

that the fluores cence specifically associated with HY antigen was 

more intense on the a c r osomal cap of the head, while little or no 

fluorescence wa s present on tail of mice spermatozoa. 
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Iyer et al. (1989) reported that HY antigen was localized on 

the acroBomal membrane of mouse epididymal and washed ejaculated 

human spermatozoa using indirect immuno f luorescence technique. 

Bradley (1989) reported that HY antigen was located on both 

the post-acrosomal region of the head and the midpiece of the 

flagellum of cow bull spermatozoa. 

Ali et al. (19 90) conducted studies on bovine spermatozoa 

using monoclonal HY antibodies and showed that fluorescence of 

sperm was most intense in their post acrosomal region. 

Cross-reaction of murine HY antisera with cattle and buffalo 

spermatozoa supports the well established fact that HY antigen is 

highly conserved. Murine HY antisera cross-reacts with HY antigen 

in both vertebrates (Silvers and Wachte l, 1977; Wachtel, 1983) and 

invertebrates (Wachtel ~ ~., 1975). 

The findings of Ali ~ ~. (1990) indicated that the 

available monoclonal antibody to HY antigen produced from mice 

ascites fluid binds to approximately half of bovine spermatozoa as 

a result of haploid gene expression of Y-chromosome bearing 

spermatozoa. There are some reports unable to support the haploid 

expression on HY antigen on Y-chromosome bearing spermatozoa. 

These reports suggested that sertoli cells and not germ cells 

synthesize HY antigen (Brunner ~ 21·, 1984; Zenzes ~ 21· 1988) 

and that spermatids have the ability to bind HY antigen (Koo ~ 

gl., 1979) and sperma t ozoa passively become HY positive regardless 

of sex chromosomal composition. 
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Ali ~ a l . (1 990) showed that HY antigen appears to be 

expre sse d o n t he p lasma membrane of haploid Y-chromosome bearing 

cow bull spermatozoa . 

Re s ult s of the present study showed that detection of male 

specific pro t e i n (HY antigen) was approximately on SO per cent of 

cattl e and buffalo spermatozoa, whi ch suggests that the 

fluores ce n c e positive ones could be Y-chromosome bearing 

spermatozoa a nd the non- fluorescing ones would be X-chromosome 

bearing spermat ozoa . However, the present study did not prove it 

and is an important question which needs to be resolved in future 

studies . Thi s will require sorting out t he fluorescing and non-

fluoresc i ng spermatozoa using fluorescence activated cell sorter 

(FACS) f o llowed by using t he sorted preparation for artificial 

insemination and c onf irmat i on by conception results. DNA analysis 

of the s orted spermatozoa using V-specific probes i. e. molecular 

biology approach will be informat ive. 

The present study results will serve as pre-requisite to 

furthe r deve l op monoc lonal an t ibodies to HY antigen so that large 

amounts of anti-HY immunoprobes having high specificity become 

available fo r furthe r use in sorting bovine X and Y chromosome­

bearing spermatozo a and use in artificial insemination. 



CHAPTER 6 

SUMMARY 

Producing offsprings o f pre -determined sex, will have a n 

immense potential in the livestoc k industry. Sex pre-selection can 

be done: (1) before fertilization, i. e., spermatozoa s e xing 

followed by artif icial insemi nation (AI ) i ( i i) af te r 

fertilization, i . e., embryo sexing f o llowed by embryo transfer 

(ET). In the present study, antisera t o male specific ant igen(s) 

was produced in fe male mice of C57BL/6 i nbred strain using skin 

transplantation of skin grafts from the syngeneic mal e mice as 

primary immunization followed by several booster immunizations 

with skin grafts or spleen cell inoculations from the syngeneic 

male mice . The syngeneic male and fema le mice are i dent ical a t the 

MHC except for male specific antigen (HY an tigen) and rej ection of 

grafts of male tissue on the syngeneic females is due to 

immunological response to the his to i ncompa t ibility of male 

specific antigen (i.e. the HY antige n ) . Amongs t various inbred 

mice strains, the C57BL/ 6 inbred strain i s known to be the best 

responder for immune response to HY antigen. React ivity o f 

antisera with cattle and buff a l o spermatozoa us i ng 

immunofluorescence assay was studied wi th an aim to develop 

immunoprobes for sexing spermatozoa o f cattle and buffalo . For 

immunization with skin graft transplantation , s k i n graf t s from the 

tail of male mice were punched out (40 to 55 mm2 size) using 

grafting punch, and grafted onto the r ec i procal p~nched out sk in 

sites of thorax region of female mi ce . For p r eparation of t he 

skin grafts f or transplantation, both the donor male mice and the 
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recipient female mice were anaes thetized using ketamine (0.2 ml/20 

9 mouse, intra-muscul arly) f o llowed by maintenance of anaesthesia 

with ether. The graf ts of first skin t r ansplantation experiments 

got rejected between 1 8 and 20 days pos t transplantation, second 

skin transplantation between and 10 days and the third skin 

transplan ta tion between and 7 days post-transplantation, 

indicating immunizatio n protocol wa s ef fective . At two intervals 

i . e. second and four th booster i mmun izations were dane with 

intraperitonea l inoculation o f spleen cells, instead of skin 

grafts, from male mice i nto the female mice. Serum was separated 

from the b l ood collected from immuni zed female mice at different 

occasions of the immun i zation. These we re labelled as Serum-I, II, 

III, IV and V c o llected respectively a f t er primary and first. 

second, third, f o ur th booste r immunizat ion . 

Antib ody ac tiv i ty of sera was te s ted by Indirect 

Immunofluorescence Assay (I FA) using goa t a n ti-mouse polyvalent 

immunoglobulin FITC c o n jugate . Sera from early i mmunizations (i.e. 

Serum-I, Serum-II and Ser um - II I ) did not have a ntibody activity as 

there was no fluore scence of spermatozoa (Serum - I) or only 4-8 per 

cent with Serum-II and III, respective ly . Fourth and fifth serum 

were positive f o r antibody act i vity and the percentage of 

fluorescing spermatozoa wa s approxi ma te l y 54% in buffalo 

spermatozoa and 52 % in cattle spermato zoa . Immunofluorescence on 

spermatozoa was obs e rved o nly after hyperimmuni zation. Pattern of 

fluorescence observe d was that in general t he who l e s permatozoa, 

including tail, showe d fl uorescence. The fluoresce nce was more 
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intense on the ac rosomal region. It seems there is regional 

differentia tion of HY antigen, as fluorescence was more intense on 

the acrosomal reg ion of the sperm surface. 

The immunofluorescence studies with the antisera samples 

obtaine d pos t third and fourth boos ter immunization respectively 

(Serum- I V and Serum-V) that give positive reaction at 1:10 

dilutio n were also t ested at four fold higher dilution (1: 4 0 

dilution ) o f t he sera. With the 1 :40 dilution, there .were no 

fluorescing spermatozoa. The r esults showed that antibody titres 

were low in the anti sera. 

The immunofluo r escence reaction was considered to be specific 

on the bas i s that (i ) t he control samples treated only with anti-

mouse i mmunoglobulin F I TC conjugate did not show fluorescence, 

(ii) the absence of i mmuno f luorescence of spermatozoa with female 

mice sera from e a rly immunizations (Serum I, II and III) could be 

considered retros pectively as control. 

Cross-reactio n of murine HY antisera with cattle and buffalo 

spermatozoa supports the well established fact that HY antigen is 

hi ghly conserved . 

Re sults of the p resent study showed that detection of male 

specific protein (HY a n tigen ) was approximately on 50 per cent of 

cattl e and buffal o spermatozoa, whi ch suggests that the 

flu o r escence p ositi ve ones could be Y-chromosome bearing 

spermatozoa and the non-fluorescing ones could be X-chromosome 

bearing sper matozoa. However, the present study did not prove it 

and is an important question which needs to be resolved in future 
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This wil l require sorting out the fluorescing and non-

fluorescing spermatozoa using fluorescence activated cell sorter 

(FACS) followed by using the sorted preparation for artificial 

insemination and c onfirmation by conception result s. Secondly, DNA 

analysis of the sorted spermatozoa using Y-specific probes i . e. 

molecular biology a pproach will be informative. 

The presen t study results will serve as pre-requisite to 

further develop mo noclonal antibodies to HY ant igen so that large 

amounts of anti-HY immunoprobes having high specificity become 

available for further use in sorting bovine X and Y chromosome­

bearing spermatozoa and use in artificial insemination. 
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Annexllre-J 

The following additional information should be read with the Results at Page 

35 and also the Material and Methods at page 29. 

A. Testing of Serum I, 11 , Ill, IV and V for antibody activity was done with fresh 

semen samples from the same bull. The Serum IV and V gave optimal antibody positive 

reaction in the IFA. The Serum IV and V being two different samples were tested at two 

different occasions and represent two different reproducible experiments since the results 

were similar with both the positive sera using fresh semen samples from the same bull. 

B. In subsequent three repeat experiments on Serum IV and V (Antibody posllive 

sera), liquid chilled semen samples were used in place of fresh semen samples obtained 

from the same animal kept by the Department of Veterinary Gy'naecoJogy. For preparation 

of spermatozoa, such samples needed extra washings and centrifugations to remove the egg 

yolk citrate used as extender/diluent in the preserved liquid chilled semen samples. The 

pattern of fluorescence with such preparations was not characteristic of m!~.mbrane 

fluorescence in the IFA. The fluorescence was rather internalized in the spermatozoa (Refer 

to Annexure I, Fig.?). It was observed that the percent dead sperms was also higher than 

that in the fresh semen samples. One of the possible explanation could be [hat the dead 

spermatozoa might have taken up and internalized the f1uoLescent dye. However, this may 

not be the only possible explanation, because though the number of dead spermatowa was 

higher in the liquid ch illed semen samples than in the fresh semen samples. still the number 

of fluoresci ng spermatozoa did not correlate with the number of dead spermatozoa. 



Fig.7: pattern of fluorescence of spermatozoa with liquid chilled 
semen used in the study. 




