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STRAIN DIFFERENCES AND MUTAGEN TREATMENT INFLUENCE 
LECTIN BINDING TO MOUSE GERM CELLS

M a rily n  Schmalz Holm, M.S.

W estern M ichigan U n iv e rs ity ,  1986

Carbohydrate m o ie t ie s  on mouse germ c e l l  su rfa ces  were charac­

te r iz e d  by in v e s t ig a t in g  the b in d in g  o f F IT C -la be le d  le c t in s  to  sperm 

and t e s t i s  c e l ls .  D iffe re n c e s  in  le c t i n  b in d in g  between d i f fe r e n t  

mouse s t ra in s ,  in c lu d in g  T / t  m ice, were found. However, th e re  was no 

evidence fo r  the  in vo lve m en t o f  s ia l i c  a c id  o r L -fu cose  in  th e  T / t  

lo c u s  an tigens . An tiserum  to  the  tP, tp  hap lo type  was e q u a lly  reac­

t iv e  to  both  ICR and T / t  mouse t e s t i s  c e l ls  i n  both  im m uno fluo r­

escence and c y to to x ic i t y  assays, T ry p s in iz a t io n  o f t e s t is  c e l ls  

in c rea sed  b in d in g  o f  soybean a g g lu t in in  and decreased b in d in g  o f  

wheat germ a g g lu t in in .

A method was developed f o r  f lo w  cy to m e try  o f  t e s t is  c e l ls  dua l­

la b e le d  w ith  a DNA s ta in  p lus  F IT C - le c tin . T h is  a llo w e d  a n a ly s is  o f  

h a p lo id  (1C), d ip lo id  (2C), and d iv id in g  (4C) c e l l  pop u la tions . 

Treatm ent o f  m ice w ith  the mutagen, e th y ln it ro s o u re a , re s u lte d  in  

inc reased  b in d in g  o f  soybean a g g lu t in in ,  wheat germ a g g lu t in in ,  con- 

ca n a va lin  A, and Limax f la v u s  a g g lu t in in  in  1C, 2C, and 4C c e l ls .
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INTRODUCTION

For some tim e  one o f  the  goa ls  o f  research a t W estern M ich igan 

U n iv e rs ity  has been the development o f  a germ c e l l  m u ta tio n  assay 

based on a lo c u s  o r lo c i  w h ich  c o n tro l the  b in d in g  o f  le c t in s  to  

sperm (G insberg and F ic s o r ,  1985; Sm ith , 1984). C u rren t assays f o r  

d e te c t io n  o f  germ c e l l  mutagens, such as the  mouse s p e c if ic  lo cu s  

te s t ,  the dom inant le th a l ,  dom inant v is ib le  and h e r ita b le  tra n s lo c a ­

t io n  te s ts ,  are  both expensive and t im e  consuming. I f  a s im p le r, 

cheaper assay could be developed, many more chem ica ls  to  w h ich  humans 

are exposed cou ld  be te s te d  f o r  t h e i r  a b i l i t y  to  cause germ c e l l  

m u ta tio n s , w ith  a p o s s ib le  decrease in  b i r t h  d e fe c ts  in  humans.

A lso, a s im p le  te s t  to  de term ine w hether a person 's germ c e l ls  have 

been damaged a f te r  exposure to  a suspected mutagen could be e x tre m e ly  

v a lu a b le , p a r t ic u la r ly  to  assess env ironm enta l or w ork p lace damage 

to  f e r t i l i t y .

P revious s tu d ie s  a t  W estern M ich igan U n iv e rs ity  showed th a t  

exposure o f mouse sperm to  the known mutagens, M itom yc in  C and e th y l-  

n itro s o u re a , re s u lte d  in  germ c e l l  damage (F ic s o r, O ld fo rd , Lou gh lin , 

Panda, Dubien, and G insberg , 1984) and increased  b in d in g  o f the is o ­

le c t i n  B|j from  Bandeireae s im p l io i f o l ia  by the  sperm o f  ICR m ice, 

which n o rm a lly  d id  no t b ind  t h is  le c t in  (S m ith , 1984).

The o b je c t iv e  o f the  c u rre n t research  was to  fu r th e r  charac­

te r iz e  the su rfa ce  o f mouse germ c e l ls  w ith  re sp e c t to  th e ir  carbo­

h yd ra te  m o ie tie s  by s tu d y in g  th e  b in d in g  o f  F IT C -labe led  le c t in s .

1
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The e f fe c t  o f  tre a tm e n t w ith  ENU on le c t in  b in d in g  by mouse t e s t is  

c e l ls  was in v e s tig a te d  i n  th e  hope o f deve lop ing  a s im p le  te s t  fo r  

germ c e l l  damage. D iffe re n c e s  in  le c t i n  b in d in g  by sperm o f d i f f e r ­

e n t mouse s t ra in s ,  in c lu d in g  T / t  m ice, were in v e s tig a te d , s ince  they 

may be in d ic a t iv e  o f g e n e tic  d iffe re n c e s . I t  was hoped th a t  the 

n a tu re  o f  the  a n t ig e n ic  d e te rm in a n ts  o f  the  T / t  lo cu s  a n tig ens , which 

are  though t to  in v o lv e  sugar re s idu es , could be fu r th e r  e lu c id a te d .
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LITERATURE REVIEW

Germ Cells

Testis Cells

The c e l l  found I n  mouse t e s t i s  c e l l  suspensions c o n s is t o f  

sperm atogonia, p rim a ry  sperm atocytes o f the  le p to te n e , zygotene, 

pachytene and d ip lo te n e  stages, secondary sperm atocytes, sperm atids 

o f  s teps I  to  XV, and sperm. The m a jo r i ty  (66—68%) are spe rm atids  in  

v a r io u s  stages o f  development (M e is tr ic h , Bruce, and C lerm ont, 1973). 

In  a d d it io n , th e re  are S e r to l i  c e l ls ,  Leyd ig  c e l ls ,  macrophages and 

red  blood c e l ls  (M e is tr ic h  e t a l . ,  1973). These c e l ls  have been 

separated by v e lo c ity  sed im e n ta tion  (M e is tr ic h  e t  a l . ,  1973; Lam, 

F u rre r, and Bruce, 1970), and by c e n t r i fu g a l e lu t r ia t io n  (Grabske, 

Lake, G le d h il l ,  and M e is tr ic h ,  1975). F ra c t io n s  o b ta ined  w ith  o f  

these procedures have sometimes been subsequently  separated fu r th e r  

by P e rc o ll d e n s ity  g ra d ie n t c e n t r ifu g a t io n  (S te rn , K leene, Gold, and 

Hecht, 1983; M e is tr ic h , L o n g tin , Brock, Grimes and Mace, 1981). 

I d e n t i f ic a t io n  i s  e a s i ly  made by PAS-hem atoxylin s ta in in g  (M e is tr ic h  

e t a l ,  1973; Rodriguez, Panda, and F ic s o r, 1983). E a rly  sperm atids 

are u s u a lly  found a t 23-33? P e rc o ll (M e is tr ic h  e t  a l . ,  1981).

V e lo c ity  sed im e n ta tion  s e p a ra tio n  a f te r  la b e l in g  w ith  t r i t i a t e d  

thym id in e  (Lam e t  a l . ,  1970) has f a c i l i t a t e d  e lu c id a t io n  o f the 

k in e t ic s  o f  d i f f e r e n t ia t io n .  I t  has re vea led  seven s iz e  c lasses o f  

c e l ls  in  the d i f f e r e n t ia t io n  pathway (Goldberg, Geremia, and Bruce, 

1977). B r ie f ly ,  sperm atogonia syn thes ize  DNA, d iv id e  tw ic e  by

3
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m ito s is  in to  p rim a ry  sperm atocytes, w h ich  m ature through the p re le p - 

to te ne , le p to te n e , zygotene, and pachytene stages. These go through 

the 1s t  m e io t ic  d iv is io n  to  become secondary sperm atocytes and the 

2nd m e io t ic  d iv is io n  to  become sperm atids. In  15-16 s teps the  round 

spe rm a tids  lo s e  cytoplasm  and e longa te  as they m ature in to  sperm ato­

zoa. The w hole c yc le , from  sperm atogonia to  spermatozoa takes 

ap p ro x im a te ly  26 days and sperm atogonia d i f f e r e n t ia t e  in to  round 

sperm atids i n  a p p ro x im a te ly  18 days (Goldberg e t a l . ,  1977; Oakberg, 

1956; Leblond and C lerm ont, 1952; F aw ce tt, 1975).

A lso d u r in g  sperm iogenesis, the  ty p ic a l "s o m a tic -ty p e " o f  nuc­

le a r  h is to n e s  a re  rep laced  by h is to n e s  hav ing  h ig h e r a rg in in e  con ten t 

(Monesi, 1964). RNA s y n th e s is  o c c u rrs  in  p rim a ry  pachytene spermato­

cy tes  w h ile  DNA is  be ing  syn thes ized  (Monesi, 1965) and in  round 

sperm atids (M e is tr ic h  e t a l . ,  1981).

Sperm

D uring  ep id idym a l t r a n s i t  o f  sperm, surface  changes take  place. 

As ram sperm become f e r t i l e  they pass from  the corpus in to  the cauda 

e p id id y m id is  and changes in  th e  l i p i d  b i la y e r  take place. The mem­

brane becomes le s s  ab le  to  w ith s ta n d  a b rup t tem pera tu re  change. The 

a b i l i t y  to  b ind  th e  le c t in s  R io in u s  communis a g g lu t in in  and U lex 

europeas a g g lu t in in  Type I  (UEA) i s  lo s t  and the a b i l i t y  to  b ind  

concanava lin  A (CONA) and wheat germ a g g lu t in in  (WGA) is  gained 

(Hammerstedt, Hay, and Amann, 1982). As ra b b it  sperm become capaci­

ta te d , they lose  the  a b i l i t y  to  b ind  CONA (Gordon, Dandekar, and 

B a rtoszew icz , 1975). Hamster sperm lo s e  the a b i l i t y  to  b ind  CONA,
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Lens c u l in a r is  a g g lu t in in  (LCA), peanut a g g lu t in in  (FNA) and WGA.

They do no t b ind  seven o th e r  le c t in s ,  in c lu d in g  soy bean a g g lu t in in  

(SBA), Bandieraea s im p l ic i f o l ia  le c t i n  (BAN), D o lichose  b i f lo r u s  

a g g lu t in in  (DBA), and th e  fu c o s e -b in d in g  le c t in ,  UEA, (Ahuja, 1984; 

K insey and K oeh ler, 1978). S im i la r  f in d in g s  have been re p o rte d  f o r  

guinea p igs  (Schwarz and K oeh le r, 1979) and monkeys (F a in -M aure l, 

Dadoune, and Reger, 1984). The re d u c t io n  in  su rfa ce  carbohydra te  

over the  acrosomal re g io n  may be a necessary p a r t  o f  membrane a l te r a ­

t io n s  p rep a rin g  sperm f o r  membrane fu s io n  events p r io r  to  the a c ro - 

some re a c t io n  and f e r t i l i z a t i o n  (Schwarz and Koeh ler, 1979). Changes 

in  membrane g a la c to s y l,  g a la c to s a m in y l, and s ia ly l  g ly c o p ro te in s  to  

lo w e r m o le cu la r w e ig h t, h ig h ly  g ly c o s y la te d  fo rm s a lso  occur. High 

m o le cu la r w e ig h t fo rm s o f  g ly c o p ro te in s  and s ia lo g ly c o p ro te in s  appear 

i n  ram sperm d u r in g  e p id id ym a l m a tu ra tio n  (Voglmayr, Fa irbanks, and 

Lew is , 1983). X -b e a rin g  sperm have a h ig h e r ne t nega tive  charge on 

th e ir  su rface  than Y -b e a rin g  sperm due to  h ig h e r s ia l i c  a c id  con ten t 

(Kaneko, Oshio, Kobayashe, I iz u k a ,  and M ohri, 1984). The b in d in g  o f 

ca p a c ita te d  sperm to  th e  zona p e llu c id a  i s  in h ib i te d  by mono- and 

o lig o sa cch a rid e s  re la te d  to  fucose, ga lac tose , and a c e ty la te d  amino 

sugars and by g ly c o p ro te in s  w ith  ca rbohydra te  groups r ic h  in  or 

te rm in a te d  by ga lac tose  o r N -ace ty lg lucosam ine  res idu es  (Ahuja,

1982). Mouse sperm su rfa ce  g a la c to s y ltra n s fe ra s e s  a re  though t to  

p a r t ic ip a te  d u rin g  f e r t i l i z a t i o n  by b in d in g  N -ace ty lg lucosam ine  r e s i­

dues in  th e  egg zona p e llu c id a  (Shur and H a ll,  1982). Thus, i t  

appears th a t c e l l  su rfa ce  carbohydra tes p lay  an im p o rta n t r o le  i n  the 

f e r t i l i z a t i o n  a b i l i t y  o f  spermatozoa.
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Flow Cvtometrv of Germ Celia

Sperm are n o to r io u s ly  d i f f i c u l t  to  study w ith  a f lo w  cy tom e te r 

because o f t h e ir  t in y  s iz e , assym m etric  shape, and lo n g  t a i l s .  I t  i s  

u s u a lly  necessary to  use a sp e c ia l o r ie n t in g  f lo w  cy tom e te r so th a t  

the sperm are o r ie n te d  u n ifo rm ly  as they pass through so th a t  the 

la s e r  beam s t r ik e s  t h e i r  f l a t  face.

Severa l groups have done w ork w ith  sperm and t e s t i s  c e l ls  m o s tly  

d e te rm in in g  DNA con ten t (Evenson, D a rzynk iew icz , and Melamed, 1980; 

M e is tr ic h , Lake, S te inm eta, and G le d h i l l ,  1978; P in k e l, Lake, G led- 

h i l l ,  Van D i l la ,  Stephenson and Watchmaker, 1982; Zante, Schumann, 

GShde, and Hacker, 1977). One can q u a n t ita te  m utagenesis by meas­

u r in g  the  in c re a se  in  c o e f f ic ie n t  o f  v a r ia t io n  f o r  the DNA o f c e l ls  

i n  the  v a r io u s  stages o f  the  c e l l  c y c le  (P in ke l e t  a l . ,  1982; P in ke l, 

G le d h il l ,  Van D i l la ,  Lake, and Wyrobek, 1983). I t  i s  even p o s s ib le  to  

de term ine th e  r e la t iv e  numbers o f  X and Y chromosom e-bearing sperm by 

t h is  techn ique (P in ke l e t  a l . ,  1982, 1983). The measurement o f  DNA 

con ten t i n  germ c e l ls  i s  p a r t ic u la r ly  d i f f i c u l t  because th e  h ig h ly  

condensed ch rom a tin  and a r g in in e - r ic h  h is to n e s  p reven t com plete pene­

t r a t io n  o f  the  f lu o re s c e n t dye. For t h is  reason most groups have 

re s o r te d  to  p r o te o ly t ic  enzym atic  tre a tm e n t w ith  papain to  cause 

n u c le a r s w e ll in g  and s to ic h io m e tr ic  s ta in in g  (Zante e t  a l . ,  1977).

Many w ork w ith  c e l l  n u c le i o n ly  (M e is tr ic h  e t  a l . ,  1978), making 

su rface  fluo resce nce  s tu d ie s  im poss ib le .

A n a ly s is  o f  pepsin tre a te d  mouse t e s t is  c e l ls  by Hacker, Schumann, 

and Gohde, 1980; Hacker, Schumann, Gohde, and M u lle r ,  1981) re s u lte d
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i n  h is tog ra m s showing 4 DNA peaks. Two o f these peaks were c e l ls  

w ith  1C DNA (h a p lo id ). Round sperm atids  from  steps 1-8 o f sperm io- 

genesis  s ta in e d  p ro p o r t io n a l to  t h e ir  DNA co n ten t and were 402 o f the 

t o t a l  c e l ls .  E longated sperm atids  from  steps 9-16 and spermatozoa 

were 24-322 o f the c e l ls .  They o n ly  showed 60-80 percen t o f  th e ir  

DNA flu o re sce n ce  because o f t h e i r  h ig h ly  condensed chrom atin , un less 

tre a te d  w ith  papain. The 2C DNA (d ip lo id )  peak conta ined 12-172 o f 

the  t o t a l  c e l ls  and c o n s is te d  o f  G-| spermatogonia» G-j p r im a ry  sperma­

to c y te s  and secondary sperm atocytes. The 4C DNA (d iv id in g )  peak was 

10—132 o f  the  t o t a l  and con ta ined  G2  + M sperm atogonia and p rim a ry  

sperm atocytes. The S-phase re g io n  between 2C and 4C conta ined sper­

m atogonia and p r im a ry  sperm atocytes s y n th e s iz in g  DNA and was 3-72 o f 

the  t o ta l .  Non-germ c e l ls  such as Leyd ig  c e l ls ,  S e r to l i  c e l ls  and 

macrophages w ere i n  th e  2C peak.

The method developed f o r  t h is  w ork  u t i l i z e s  DNA q u a n t i ta t io n  by 

flo w  cy to m e try  as a means o f  s e le c t in g  t e s t is  c e l l  p o p u la tio n s  on the 

b a s is  o f  t h e i r  DNA con ten t f o r  concom itan t a n a ly s is  o f  su rface  f lu o r ­

escence by F IT C -labe led  le c t in s .  T e s tis  c e l ls  were dua l la b e le d : the 

c e l l  su rfa ce  w ith  f lu o re s c e in s  ted  le c t i n  (green) and th e  DNA in  the  

nuc leus w ith  p rop id ium  io d id e  (red ). Use o f fo rm a lin  as a f ix a t iv e  

and pro longed in c u b a t io n  w ith  the  p rop id ium  io d id e  re s u lte d  i n  near 

s to ic h io m e tr ic  DNA s ta in in g ,  so th a t  the 1C, 2C and 4C c e l l  popula­

t io n s  cou ld  be se lec ted . T h is  techn ique was used as an a l te r n a t iv e  

to  se p a ra tio n  o f the t e s t i s  c e l l  p o p u la tio n s  by v e lo c ity  sedimenta­

t io n  a t  u n i t  g r a v ity  (Lam e t  a l . ,  1970; M e is t r ic h  e t a l . ,  1973) o r 

c e n t r ifu g a l e lu t r ia t io n  (Grabske e t  a l. ,  1975).
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T/t Locus
8

The m urine T / t  com plex i s  lo c a te d  on chromosome 17. I t  i s  14 

crossover u n its  to  the  l e f t  o f  the  H-2 h is to c o m p a t ib i l i t y  lo cu s  

(Cheng and B ennett, 1980). I t  i s  d e fin e d  by a s e r ie s  o f  recess ive  

le th a l  _t m utants  w h ich  in te r a c t  w i th  the X  (brachyury) m u ta tio n  to  

produce ta i le s s  m ice (G oodfe llow , Levinson, Gable, and M cD evitt,

1979; A r tz t  and B e nne tt, 1975). A lthough commonly re fe r re d  to  as the 

m urine T / t  lo cus , in c re a s in g  evidence o f i t s  c o m p le x ity  suggests th a t  

i t  i s  probab ly  n o t a t ru e  lo c u s  w ith  a s e r ie s  o f a l le le s ,  but ra th e r  

a complex o f  lo c i  w ith  a s e r ie s  o f  hap lo types. The hap lo types  a re  

de fin ed  as v a r ia n t  re g io n s  o f genome. They are c lo s e ly  re la te d , 

s t r u c tu r a l ly  v a r ia n t  fo rm s  o f  a p o r t io n  o f  mouse chromosome 17 which 

in c lu d e s  the T / t  lo c u s  as w e l l  as the e n t ir e  m a jo r h is to c o m p a t ib i l i t y  

complex (MHC o r H-2) and many o th e r n o rm a lly  fu n c t io n in g  genes, such 

as the phosphog lycerate k in a se -2  (PGK-2) gene (S ilv e r ,  1985). There 

i s  s p e c u la tio n  ( A r tz t  and B enne tt, 1975) th a t  the  T / t  complex may be 

an em bryonic analogue o f  the a d u lt  MHC. The T / t  complex may m ediate 

c e l l - c e l l  re c o g n it io n  i n  th e  embryo, w h ile  the  MHC m edia tes c e l l - c e l l  

re c o g n it io n  in  the a d u lt .  The T / t  complex genes may s p e c ify  c e l l  

su rface  components im p o r ta n t i n  re g u la t in g  th e  c e l lu la r  in te ra c t io n s  

necessary fo r  channe ling  d i f f e r e n t ia t io n  in to  s p e c i f ic  pathways 

d u rin g  embryogenesis (B enne tt and A r tz t ,  1982).

These re c e s s iv e  le t h a l  _t m utants d is p la y  a . t - s p e c i f ic  segre­

g a tio n  d is to r t io n  o r tra n s m is s io n  r a t io  d is to r t io n .  The .t  sperm 

s u rv iv e  lo n g e r than norm al sperm, so tra n s m it  the  _t hap lo type  to  

n e a rly  a l l  t h e i r  o f fs p r in g .  I t  i s  n o t known w hether t h is  i s  because
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the £  sperm are s u p e r io r  to  norm al, the £  sperm somehow in a c t iv a te  

the  normal sperm, or both (S ilv e r ,  1985).

There i s  a ls o  a decrease in  m e io t ic  reco m b in a tio n  between the  H-2 

lo cu s  and th e  centrom ere. Severa l re g io n s  o f  the  T / t  lo cu s  d is p la y  

chromosomal in v e rs io n s , i n  w h ich the o rder o f  the genes i s  reversed  

from  norm al. These a re  though t to  account f o r  th e  s tro n g  suppress ion  

o f re co m b in a tio n  between w i ld - ty p e  and £  hap lo type  DNA (S ilv e r ,  1985).

The re c e s s iv e  £  hap lo types  in te r a c t  w ith  a dom inant JE-locus 

m u ta tio n  to  produce a ta i le s s  phenotype in  double heterozygous T / t  

m ice, s h o rt t a i l s  in  heterozygous T/+ m ice, normal t a i l s  i n  + / t  

heterozygous m ice, and death d u r in g  m id g e s ta tio n  in  homozygous T/T 

embryos (S ilv e r ,  1985). The t / t  homozygous m ice a lso  d ie  sometime 

d u rin g  development (B ennett and A r tz t ,  1982).

S ix  p a r t ia l l y  com plem enting groups o f  £  m utants have been de­

f in e d . Homozygous m ice o f the same com plem entation group d ie  because 

o f the  le th a l  gene. G oodfe llow  e t a l.  (1979) th in k  th e  d e fe c t i s  the  

same in  a l l  com plem enta tion groups, because the  homozygous le t h a l i t y  

occurs a t  the  same tim e  in  a l l  the  groups. Bennett and A r t z t  (1982) 

th in k  the d e fe c ts  are d i f f e r e n t  because death occurs a t d i f fe r e n t  

tim es  i n  th e  d i f f e r e n t  groups. The m ice used f o r  t h is  study belong 

to  the £0 , £ ^  com plem enta tion group.

Severa l w orkers (Bennett, Goldberg, Dunn, and Boyse, 1972; Cheng 

and B enne tt, 1980; G oodfe llow  e t  a l . ,  1979; Yanagisawa, Bennett,

Boyse, Dunn, and Dimeo, 1974) have a ttem pted  to  d e fin e  the  s p e c i f ic i ­

t ie s  o f the v a r io u s  com plem enta tion groups by p re p a rin g  a n t is e ra  to  

them by im m un iz ing  m ice w ith  t e s t is  c e l ls  from  the  m ice o f the  appro­

p r ia te  hap lo type , then abso rb ing  the sera w ith  sperm from  mice o f the
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o th e r  hap lo types. The a n t i - t °  serum used i n  t h is  study was from  such 

an im m u n iz a tio n  (Cheng and Bennett. 1980). I t  has been found th a t  

the  a n t ig e n ic  s p e c i f i c i t ie s  o f the v a r io u s  . t  hap lo types  a re  fo r  sugar 

re s id u e s , so i t  has been hypo thes ized  th a t  the  genes o f  the  T / t  locus 

code f o r  g ly c o s y ltra n s fe ra s e s  o r re g u la to rs  o f g ly c o s y ltra n s fe ra s e s  

w h ich  m od ify  the  o lig o s a c c h a rid e  s tru c tu re s  to  g iv e  s p e c i f ic i t y  to  

the  T / t  a n tig e n s  v ia  t h e ir  te rm in a l sugar res idu es  (Cheng and 

B ennett, 1980). The s p e c i f i c i t ie s  worked out so f a r  are be ta-D - 

g a la c to se  f o r  _tw12 and . tw32f N -a ce ty l-D -ga lac tosam in e  f o r  _tw1, L - 

fucose f o r  iP  and t,w^®, and s ia l i c  a c id  f o r  (Cheng and Bennett, 

1980). These s p e c i f i c i t ie s  were determ ined by g lycos id ase  tre a tm e n t 

o f  the  ta rg e t  c e l ls  p r io r  to  complement m ediated c y to to x ic i t y  assays 

on sperm. G oodfe llow  e t  a l.  (1979) have a lso  used sperm c y to to x ic i t y  

assays w ith  these a n tis e ra .

The T / t  complex a n tig e n s  a re  found on th e  su rface  o f e a r ly  

embryos and embryonal carcinom a c e l ls  (F e iz i,  1985; A r tz t  and 

B ennett, 1985)), i n  a d d it io n  to  sperm and t e s t ic u la r  c e l la  The F9 

te ra to ca rc in o m a  a n tig e n , w h ich  may be a w ild - ty p e  product o f  T / t  

complex a n tig e n s  binds peanut a g g lu t in in ,  so con ta in s  ga lactose 

(Cheng and B e nne tt, 1980). S evera l p ro te in s  s p e c i f ic  f o r  v a r io u s  T / t  

hap lo types have a lso  been id e n t i f ie d  by tw o -d im ens iona l ge l e le c tro ­

pho re s is  (S i lv e r ,  A r tz t ,  and B enne tt, 1979; Danska and S i lv e r ,  1980).

L e c t in s

L e c t in s  a re  homogeneous p ro te in  e x t ra c ts  from  p la n ts  and o th e r 

sources, such as s n a ils  o r  f is h .  Most a re  g ly c o p ro te in s  which agg lu -
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t in a te  e ry th ro c y te s  and m a lignan t c e l ls .  They b ind  sugars s p e c i f i ­

c a l ly  (analogous to  m onoclonal a n tib o d ie s ) and p r e c ip i ta te  po lysac­

cha rid es  and g ly c o p ro te in s  s p e c i f ic a l ly .  Many, such as concanava lin  

A (CONA) from  the  Jack bean (C anava lia  e n s ifo rm is ) and phytohemagglu­

t in in  (PHA) from  the  re d  k idney bean (Phaseolus v u lg a r is ) a re  a lso  

m ito g e n ic  and can s t im u la te  r e s t in g  lym phocytes to  d iv id e .

L e c t in s  a re  ve ry  u s e fu l to o ls  f o r  s tu d y in g  s p e c if ic  b in d in g  

s ite s  on p ro te in s , f o r  use as reage n ts  f o r  is o la t in g  po lysaccha rides  

and g ly c o p ro te in s , f o r  s tu d y in g  a n tig e n -a n tib o d y  re a c t io n s , the 

immune response, and th e  even ts i n i t i a t i n g  c e l l  d iv is io n  and m a lig ­

nant changes. They are  a lso  used f o r  in v e s t ig a t in g  the a rc h ite c tu re  

o f c e l l  su rfaces (L is  and Sharon, 1973). A c h a r t  o f  the  le c t in s  used 

here and th e ir  carbohydra te  b in d in g  s p e c i f i c i t ie s  appears in  Appendix A.

Mechanisms fo r  A lte re d  L e c t in  B in d in g  by T e s t is  C e lls  

Germ C e lls

A lte re d  le c t i n  b in d in g  in  germ c e l ls ,  such as sperm and h a p lo id  

t e s t ic u la r  c e l ls  (spe rm a tids) may be caused by damage to  the DNA o f 

the  sperm atogonia, the sperm atocytes o r  the  sperm atids  from  w h ich  the 

sperm are descended, r e s u l t in g  from  m u ta tio n s  o f the genes c o n t r o l l in g  

le c t i n  b ind ing . The e a r l ie r  such m u ta tio n s  occur in  th e  development 

o f the sperm, the more l i k e l y  they a re  to  be re p lic a te d  i n  the o f fs p r in g  

o f non-m utant in d iv id u a ls ,  ra th e r  than s im p ly  causing sperm damage.

A re c e n t re p o r t  (Bode, 1984) d iscusses the use o f e th y ln it r o s o -  

urea (ENU) to  induce new _ t-lo cus  m u ta tio n s  in  th e  sperm atogonia o f 

mice. From a s in g le  dose o f  250 o r  300 m icrogram s/g , i lk  (quaking)
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and t f  ( tu f te d )  m utants  were generated a t  an average frequency o f  

1/1500 1 compared to  a spontaneous ra te  o f 10"5 per  lo cus . A f te r  a 

male i s  tre a te d  w ith  ENU, new rounds o f sperm atogenesis te m p o ra r ily  

cease. The s u rv iv in g  m utagenized sperm atogon ia l stem c e l ls  repopu­

la te  the t e s t is ,  sperm iogenesis cyc le s  beg in  a g a in  and the male 

re ga ins  f e r t i l i t y  a f te r  10-15 weeks. The sperm th a t  were screened 

f o r  m u ta tio n s  were n o t those p resen t a t  the tim e  o f in je c t io n ,  but 

were th e  progeny o f  the  d i f f e r e n t  c lones o f  m utagenized sperm atogo- 

n ia l  stem c e l ls .  The abundance o f a g ive n  m u ta tio n  in  the t o t a l  

sperm p o p u la tio n  i s  de te rm ined  by the  t o ta l  number o f s u rv iv in g  

sperm atogon ia l c e l ls  and th e ir  subsequent r e la t iv e  tra n s m is s io n  capa­

b i l i t y .  Since th e re  a re  many c lones o f  m utagenized sperm atogonia, 

and one i n  f iv e  m utagenized males has sperm m utant a t  any o f the 5 

l o c i  in v o lv e d , then f o r  a m u ta tio n  frequency o f 1/1500, each male can 

produce 1500/5 = 300 d i f f e r e n t  m utants.

Unless a g ive n  lo c u s  shows h a p lo id  exp ress ion , e f fe c ts  seen 2 

weeks a f te r  tre a tm e n t u s u a lly  in d ic a te  d ir e c t  damage to  sperm deve l­

opment (G insberg and F ic s o r, 1985). The p o te n t ia l e f fe c ts  on le c t i n  

b in d in g  o f  damage to  the sperm or sperm atids , o th e r than DNA damage, 

a re  th e  same as fo r  som a tic  c e l ls .  Recent s tu d ie s  a t  W estern M ic h i­

gan U n iv e rs ity  (F ic s o r e t  a l . ,  1984; Rodriguez e t  a l. ,  1983) have 

focused on methods fo r  d e te c t in g  germ c e l l  damage in  mice. Sperm 

enzyme a c t iv i t i e s  (s u c c in ic  dehydrogenase and a c ro s in ), sperm m o t i l i ­

t y  and t e s t i s  w e ig h t a l l  decreased s ig n i f ic a n t ly  a f te r  tre a tm e n t w ith  

ENU o r m itom yc in  C. T e s t is  w e ig h t and a c ro s in  a c t i v i t y  in  sperm ato- 

g o n ia l c e l ls  were th e  most s e n s it iv e  in d ic a to rs  o f  germ c e l l  damage.
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Somatic C e lls

A lte re d  le c t i n  b in d in g  by som atic  c e lls *  such as i n  d ip lo id  

t e s t ic u la r  c e lls *  can be caused by seve ra l fa c to rs .  One cause i s  

p h y s ic a l o r chem ica l a l t e r a t io n  o f  th e  c e l l  membrane. Enzym atic 

trea tm ent* heat* f ix a t io n *  tre a tm e n t w ith  de te rgen ts* even le c t in s  

them selves, cou ld  a l l  r e s u l t  i n  d i f f e r e n t  le c t i n  b in d in g . A lte ra t io n  

o f the c e l ls ' in te r n a l b io c h e m is try  by drugs cou ld  cause a lte re d  

le c t i n  b in d in g  v ia  a lte re d  s y n th e s is  o f  c e l l  membrane components. 

M u ta tio n  o f the DNA o f  so m a tic  c e l ls  i s  one such event w h ich  could 

a l t e r  le c t i n  b in d in g  i f  e xp ress ion  o f genes c o n t r o l l in g  su rface  

carbohydra tes were changed. M utagenic drugs* ca rc in o g e n ic  drugs, 

u l t r a v io le t  and x - i r r a d ia t io n  cou ld  a l l  cause such damage.

The m utagenic d rug N -e th y l-N -n itro s o u re a  used in  t h is  study 

e x e rts  i t s  e f fe c t  by a lk y la t io n  o f  (£ o f guanine, and induces s is te r  

ch rom atid  exchange and m utagenesis o f  c u ltu re d  c e l ls  (Swenson* 

Harbach, and Trzos, 1980). I t  i s  p o s s ib le  th a t  s is te r  ch rom a tid  

exchange i s  a m a n ife s ta t io n  o f re c o m b in a tio n a l r e p a ir  o f  ch e m ic a lly  

damaged DNA. 0 ^ -a lk y l  guanine i s  removed by re p a ir  systems i n  some 

c e l l  types* but n o t in  o th e rs  and can be c a r r ie d  in to  DNA syn thes is  

(Swenson e t  a l.*  1980). U n like  p o in t m utagenesis, in  w h ich  m iscod ing  

0®-a lk y l guanine has been im p lic a te d  i n  the past* s is te r  chrom atid  

exchange occurs th rough  more com p lica ted  processes in v o lv in g  DNA 

recom b ina tion . I t  i s  th e re fo re  an in d ic a to r  o f  a w id e r v a r ie ty  o f 

DNA damage from  p o te n t ia l m utagenic events. A lte re d  le c t i n  b in d in g  

to  c e l ls ,  whether som a tic  c e l ls  or germ c e l ls ,  can in d ic a te  an even 

w id e r v a r ie ty  o f  damage, to  DNA o r to  th e  c e l l .
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MATERIALS AND METHODS

M a te r ia ls

D ilu e n t

Phosphate b u ffe re d  s a lin e ,  pH 7.6, (PBS) c o n s is te d  o f  0.20 grams 

KC1, 0.20 grams KH2P0/j, 8.00 grams NaCl, 2.16 grams Na2 HP0 4 *7 H2 0  

(1.69 grams anhydrous NagHPOjj) in  enough H20 to  make 1 l i t e r  to ta l  

volume.

L e c tin s

The fo l lo w in g  le c t in s ,  la b e le d  w ith  f lu o re s c e in  is o th io c y a n a te  

(FITC), were d i lu te d  in  PBS and used a t  25 m icrogram s/m l f in a l  con­

c e n tra tio n . T h e ir  m a jor s p e c i f i c i t ie s  a re  shown i n  Appendix A. Soy 

bean le c t in  (SBA) from  G lvo ine  max. w h ich  b inds  to  N -a c e ty l-b e ta -D  

ga lactosam ine and be ta -D -ga lac tose  (L is  and Sharon, 1972; Debray, 

DeCout, S tre cke r, S p ik, and M o n tre u il,  1981), was purchased FITC- 

la b e le d  from  M iles-Y eda L td . (ca t. #79-103. l o t  #FC13). Wheat germ 

a g g lu t in in  (WGA) from  T r it ic u m  v u lg a r is , w h ich  b inds  to  N -a c e ty l-D - 

glucosam ine (Debray e t a l . ,  1981; Im bar, 1973; M arches!, 1972), was 

purchased F ITC -labe led  from  M iles-Yeda L td . (ca t. #79-102, l o t  

#FW15). Asparagus pea l e c t i n  (AA) from  Tetraeono lobus purpureas 

(Lo tus te tra a o n o lo b u s ). w h ich  b inds to  N -a ce ty l-D -ga lac tosam in e , D- 

ga lac tose , a lpha -L -fu cose  and a g g lu t in a te s  human type 0 e ry th ro c y te s  

(Debray e t  a l . ,  1981; Y a riv , Kalb, and B lum berg, 1972), was purchased 

F IT C -la be le d  from  Sigma Chemical Co. (ca t. #L-7506» l o t  #6 lF -96^0).

14
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UEA-I le c t i n  (UEA) from  U lex europeus, w h ich b inds a lpha -L -fu cose  

(Debray e t  a l . ,  1981), was purchased F IT C -labe led  from  Po lyscience 

Co.(cat. #15439, l o t  #35692). I s o le c t in  (BAN) from  Bandeireae 

s im p l io i f o l ia  I  (BS I-B^), w h ich b inds to  a lpha -D -ga lac tose  and agg lu­

t in a te s  human type  B e ry th ro c y te s  (Hayes and G o ld s te in , 1974; Murphy 

and G o ld s te in , 1978; Murphy and G o ld s te in , 1979; Wood, Kabat, Murphy, 

and G o ld s te in , 1979), was purchased F ITC -labe led  from  Sigma Chemical 

Co. (ca t. #L-1134, l o t  #111F—3926). Horse gram le c t i n  (DBA) from 

D o lichos  b i f lo r u s ,  w h ich b inds  to  N -ace ty l-D -ga lac tosam in e  and agg lu­

t in a te s  human type A e ry th ro c y te s  (E tz le r ,  1972), was purchased FITC- 

la b e le d  from  Po lysc ience Co. (ca t. #15355, l o t  #35849). Sea Slug 

A g g lu t in in  (LFA) from L im ax f la v u s . w hich b inds to  s ia l i c  a c id , was 

purchased from  C a lb iochem -B ehringer (ca t. #122129, l o t  #405173). I t  

was F IT C -la be le d  by s t i r r i n g  0.5 mg p ro te in /0 .2  mg F IT C -c e lite  (h y f lo  

su p e r-ce l fro m  J o h n s -M a n v ille  Co.) i n  1 ml 50 m icrom o la r pH 8 .0- 

bo ra te  b u f fe r  fo r  30 m inutes a t  0° C, c e n tr ifu g in g  fo r  2 m inutes in  

an Eppendorf m icro fuge , d ia ly z in g  the supe rna tan t f o r  24 hours a t  4 °

C vs. 1.5 l i t e r s  20 mM T r is -H C l pH 7.4 b u f fe r  c o n ta in in g  10 mM M gC^, 

w ith  two changes o f b u f fe r ,  and c e n tr ifu g in g  aga in  (R inderknacht, 

1960). The 0.45 ml FITC-LFA superna tan t recovered conta ined 145 

m icro  gram s/m l p ro te in  (29.056 recove ry ), determ ined by the M i l le r  

m o d if ic a t io n  o f  the  Lowry method ( M i l le r ,  1959). Concanavalin A 

(CQNA), Jack Bean P h y tohem agg lu tin in  from  C anava lia  e n s ifo rm is . w h ich 

b inds to  alpha-mannose and a lpha-g lucose  (Debray e t a l . ,  1981), 

po lysaccha rides (Im bar, 1973) and g ly c o p ro te in s  such as immunoglobu­

l i n s  and blood group substances (Agrawal and G o ld s te in , 1972), was
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purchased from  Sigma and F ITC -labe led  by J. M o n t ic e llo  as described 

above. I t  con ta ined  2.295 m icrogram s/m l p ro te in  (91.8? recovery).

A n tis e ra

Mouse A n t i- i®  an tise ru m  was a g i f t  o f  Dorothea Bennett a t  the 

S lo a n -K e tte r in g  I n s t i t u t e  f o r  Cancer Research, New York. P o lyva le n t 

F IT C -labe led  goa t an ti-m ouse  Ig  from  Southern B io techno logy  Asso­

c ia te s ,  In c .  (C a t. # 10 20 -02 ) was a g i f t  o f  The U p john  Co.

Mice

ICR m ice were d e r iv e d  from  breed ing  s to ck  purchased from  H arlan 

Sprague Dawley, In c ., In d ia n a p o lis ,  IN. and m a in ta ined  a t  W estern 

M ichigan U n iv e rs ity ,  Kalamazoo, ML DBA/2J and T /t6  (TT6/Le .1 

t f / t ^ , t -6  le th a l  group: JtP,J;6) m ice were d e riv e d  from  breed ing  s tock 

purchased from  The Jackson L ab o ra to ry , Bar Harbor, ME and m a in ta ined  

a t  W estern M ich igan  U n iv e rs ity ,  Kalamazoo, MI. + /T  and +/t& m ice 

were ob ta ined  by c ro s s in g  T /t&  males w ith  + /+  (DBA/2J) fem ales a t  

W estern M ich igan U n iv e rs ity ,  Kalamazoo, ML C57BL/6, B6D2F1 (C57BL/6 

x DBA) and Ba lb  c m ice were ob ta ined  from  Jackson L a b o ra to rie s , Bar 

Harbor, ME and housed a t  The Upjohn Company, Kalamazoo, ML

Sperm Methodology 

P re p a ra tio n  o f  Sperm Suspensions

Mice were s a c r i f ic e d  by c e rv ic a l d is lo c a t io n  and th e  sperm were 

s tr ip p e d  from  the  vas de fe rens  in to  1.0 ml o f  PBS. Clumps o f  sperm
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were d ispersed  by g e n tle  p ip e t t in g  w ith  a Pasteur p ip e t. The sperm 

were c e n tr ifu g e d  a t  room tem pera tu re  f o r  5 m inutes a t  3000 rpm (2500 

x  g) and resuspended  i n t o  1.0 ml PBS.

S ta in in g  o f  Sperm W ith  L e c tin s

Drv Method

S lid e s  were prepared by spread ing  10 m ic r o l i te r s  o f  sperm sus­

pension onto  a g la ss  s l id e  and a llo w in g  i t  to  dry. S lid e s  could be 

s to re d  d r ie d  f o r  seve ra l weeks o r s ta in e d  im m e d ia te ly . For s ta in in g , 

20 m ic r o l i t e r s  o f  le c t i n  d i lu te d  to  25 m icrogram s/m l in  PBS were 

spread on th e  s lid e s  The s lid e s  were incuba ted  a t  37° C i n  a h u m id i­

f ie d  box f o r  1 hour, then washed w ith  d i s t i l l e d  H20 and d ra ined  

u n t i l  dry. C o ve rs lip s  w ere mounted w ith  10 m ic r o l i te r s  50$ g ly c e ro l 

in  PBS. T h is  i s  the method o f  Sm ith  (1984).

Wet Method

Sperm were s ta in e d  i n  suspension by m ix in g  10 m ic r o l i te r s  o f  25 

m icrogram s/ ml le c t i n  w ith  the p e lle te d  sperm and in c u b a tin g  1 hour a t  

37° C. The sperm were th e n  washed once in  1 ml PBS and resuspended 

to  the o r ig in a l volume (u s u a lly  0.5 ml) in  PBS. E ith e r  s l id e s  were 

prepared by m ounting 10 m ic r o l i te r s  sperm p lus  10 m ic r o l i te r s  50% 

g ly c e r in  on a s l id e  w ith  a c o v e rs lip  o r the s ta in e d  c e l ls  were f ix e d  

i n  1% fo rm a lin  and examined in  suspension by f lo w  cy tom e try .

S ta in in g  was o c c a s io n a lly  good, but p o o rly  re p ro d u c ib le  by th is  

method. In c u b a tio n  w ith  ly s o le c i t h in  ( ly s o p h o s p h a tid y l c h o lin e ) from 

Sigma (ca t. #L-4129) a t  5-50 m icrogram s/m l f o r  0-10 m inu tes, fo llo w e d
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by washing w ith  155 bovine serum a lbum in  in  PBS (S c h ro ff, Bucana, 

K le in ,  F a r r e l l ,  and Morgan, 1984) f a i le d  to  im prove the  s ta in in g  

q u a l i t y  and re s u lte d  in  c e l l  lo s s .

Fluorescence Microscopy

S lid e s  o f  sperm w h ich  had been s ta in e d  w ith  F IT C - le c tin s  w ith  

e i th e r  the  w e t o r the d ry  method were examined under w a te r im m ersion 

w ith  a L e i tz  flu o re sce n ce  m icroscope us ing  th e  #1 f lu o re s c e in  cube. 

F luorescence was scored acco rd in g  to  the  fo l lo w in g  code: 

a = acrosome + = 1 = f a in t

h = head ++ = 2 = fa in t-m ed ium

m = m idpiece +++ = 3 = medium

t  = t a i l  ++++ = 4 = m ed ium -brigh t

w = whole sperm +++++ = 5 = b r ig h t

For s t a t i s t i c a l  a n a ly s is  o f  the data  by oneway a n a ly s is  o f  va rian ce  

the  + sym bols were la t e r  converted  in t o  numbers 1-5 and fluo rescence  

i n  the  whole sperm was reco rded  as o c c u rr in g  in  a l l  o f the o the r 

re g io n s .

T e s t is  C e ll Methodology

Preparation of Testis Cells

Mice were s a c r if ic e d  by c e rv ic a l d is lo c a t io n .  The te s te s  were 

d is se c te d  from  the  m ice and p laced in  seve ra l mis. PBS in  a p e t r i  

d ish . The tu n ic a  a lb u g in e a  was to rn  away w ith  fo rc e p s  and removed to  

f re e  the s e m in ife ro u s  tu b le s , w h ich  were then d iced  w ith  s c is s o rs
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in to  3 mm sec tions . The tu b u le s  were t ra n s fe r re d  to  a 50 ml c o n ic a l 

nalgene c e n tr ifu g e  tube. The p e t r i  d ish  was washed w ith  PBS and th e  

washings combined w ith  the tu b u le s  to  make 20 ml t o t a l  volume. The

tu bu les  were a sp ira te d  w ith  a Pasteur p ip e t te  20 tim es , then  a llow ed

to  stand f o r  15 m inu tes, w h ile  the tu b u le s  s e t t le d  ou t. The superna­

ta n t  was t ra n s fe r re d  to  ano the r tube and c e n tr ifu g e d  f o r  5 m inutes a t  

room tem pera tu re  a t  800 rpm in  an IEC c e n tr ifu g e  a t  170 x  g. The 

p e l le t  was resuspended i n  20 ml PBS and c e n tr ifu g e d  aga in , then  the  

c e l l  p e l le t  was resuspended in  0.5 ml PBS and re f r ig e ra te d  u n t i l

used. T h is  i s  e s s e n t ia l ly  the  method o f  Lam e t a l.  (1970).

C e lls  f o r  t r y p s in  tre a tm e n t were resuspended to  20 ml a f te r  the 

f i r s t  c e n tr ifu g a t io n  and 100-1000 m ic r o l i t e r s  o f  0.5 mg/ml t r y p s in  

s o lu t io n  were added ( f i n a l  c o n c e n tra tio n  = 2.5-25 m icro  gram s/m l).

The c e l ls  were a llow ed  to  in c u b a te  20 m inutes a t  room tem pera ture , 

then they were c e n tr ifu g e d  as above, washed once w ith  1 mg/ ml bovine 

serum a lbum in, then once w ith  PBS, and resuspended i n  0.5-2.5 ml PBS 

as above. The bes t r e s u lts  were ob ta in e d  w ith  2.5 to  5 m icrogram s/m l 

f in a l  c o n c e n tra tio n  o f t ry p s in .  The h ig h e r c o n c e n tra tio n s  re s u lte d  

in  lo s s  o f most o f the c e l ls .

In  some o f the  e a r ly  expe rim en ts  10 m icrogram s/m l DNAase was 

used along w ith  t r y p s in  d u r in g  the a s p ira t io n  o f t e s t is  c e l ls  to  h e lp  

f re e  them from  the  s e m in ife ro u s  tu b u le s  (Cheng and B ennett, 1980; 

M e is tr ic h  e t  a l . ,  1973) and d ig e s t the s t ic k y  DNA o r ig in a t in g  from  

damaged c e l ls  w h ich  m ig h t cause c lum p ing  (F ic s o r, 1985; M e is t r ic h  e t 

a l ,  1981). T h is  was la t e r  found to  be unnecessary, so was d iscon ­

t in u e d  to  m in im ize  traum a to  the  c e l ls  (Lam e t  a l . ,  1970).
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P e rc o ll D e ns ity  G rad ien t C e n tr ifu g a tio n

The t e s t i s  c e l ls  i n  0.5 ml PBS were la y e re d  over a d iscon tinu ous  

g ra d ie n t o f  20 to  45? P e rc o ll,  i n  5? inc rem en ts  o f  0.9 ml each in  

c e llu lo s e  n i t r a te  tubes (90 x 15 mm, 12 ml c a p a c ity ). They were 

c e n tr ifu g e d  a t  4 ° C f o r  20 m inu tes i n  a S o rv a ll HS-4 sw ing ing  bucket 

r o to r  i n  a S o rv a ll r e f r ig e ra te d  c e n tr ifu g e  a t  9000 x g. T h is  was 

e s s e n t ia l ly  the  method o f  M e is tr ic h  e t  a l. (1981) and S te rn  e t  a l. 

(1983). The bands o f  c e l ls  c le a r ly  v is ib le  a t  each in te r fa c e  were 

m anua lly  removed w ith  a p la s t ic  bu lb  Pasteur p ip e t. Each c e l l  f r a c ­

t io n  was washed in  3-4 ml PBS, c e n t r ifu g in g  10 m inutes a t  1000 rpm. 

in  a r e f r ig e ra te d  IEC c e n tr ifu g e .

S ta in in g  o f  T e s tis  C e lls

H em atoxv lin -E osin  S ta in in g

S lid e s  were made from  each o f the  bands o f  the  P e rc o ll g ra d ie n t. 

They were s ta in e d  w ith  h e m a to x y lin -e o s in  by a s tandard procedure 

(B u tha la  and B la s h f ie ld ,  1980). B r ie f ly ,  the  s lid e s  were f ix e d  in  

B o ilin 's  f ix a t iv e  f o r  1-2 hours, s ta in e d  in  1:20 a lum -he m a toxy lin  f o r  

6 m inutes, d i f fe r e n t ia te d  i n  1? NaHCOg fo r  3-4 m inutes, coun te r­

s ta in e d  i n  1? e o s in  f o r  1-2 m inu tes, washing in  d i s t i l l e d  w a te r 

between each step. They were then  dehydrated by successive r in s in g  

i n  95? and 100? e th a n o l, then c le a re d  in  xy lene  and mounted.

L e c t in  S ta in in g

The c e l ls  were p e lle te d  by c e n t r ifu g a t io n  a t  1000 rpm fo r  10
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m inu tes in  a r e f r ig e ra te d  IEC c e n tr ifu g e . The c e l l  p e l le t  was resus­

pended to  about 107 c e l ls /m l in  PBS, then  10 to  50 m ic r o l i t e r  a l i ­

quo ts  were m ixed w ith  an equal volume o f F IT C - le c t in  a t  50 m icro ­

gram s/m l in  PBS. m aking a f in a l  le c t i n  c o n c e n tra tio n  o f  25 m icro ­

gram s/m l. The c e l ls  were in cuba ted  w ith  the le c t in s  a t  37° C f o r  1 

hour, then washed by add ing  1 ml PBS and c e n t r ifu g in g  again. The 

c e l ls  were then resuspended in  0.1 ml PBS, f ix e d  by m ix in g  w ith  0.1 

m l 2% fo rm a lin  to  make a f i n a l  c o n c e n tra tio n  o f  1? fo rm a lin ,  and 

s to re d  a t  4 °  C f o r  1 to  14 days.

DNA S ta in in g

C e lls  were s ta in e d  w ith  le c t in s  and f ix e d  as above. The day 

be fo re  f lo w  cy tom e try , the  c e l ls  were p e lle te d , resuspended in  0.1 ml 

PBS c o n ta in in g  1 mg/ml r i  bo nuclease A (Sigma Chemical Co., Cat. #R- 

4875), w h ich  had p re v io u s ly  been heated a t  100° C f o r  10 m inu tes to  

in a c t iv a te  DNAase. They were in cuba ted  a t  37° C fo r  15 m inutes, then 

washed once in  PBS. The p e lle te d  c e l ls  were resuspended to  app ro x i­

m ate ly  10^ c e l ls /m l in  50 m icrogram s/m l p rop id ium  io d id e  (Calbiochem - 

B ehring  Corp., Cat. #537059) and s to re d  a t 4 °  C u n t i l  a n a ly s is .

In  p re lim in a ry  expe rim en ts  th e  c e l ls  were s im i la r ly  f ix e d  and 

s ta in e d  w ith  50 m ic rog ram s/m l m ith ra m yc in  (M ith ra c in  from  M ile s  Lab­

o ra to r ie s )  in  15 mM M gC ^'S l^O  or w ith  50 m icrogram s/m l e th id iu m  

brom ide in  1.5 mg/m l MgCl2 » PH 7.4 0.5 M T r is . E th id ium  brom ide and 

p rop id ium  io d id e  s ta in in g  were done both w ith  and w ith o u t RNAase. 

RNAase was found to  be e s s e n t ia l to  avo id  s ta in in g  o f  RNA in  the 

c e l ls  a long  w ith  the  DNA. M ith ra m yc in  s ta in in g  was a lw ays w ith o u t
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RNAase. In  some expe rim en ts  the c e l ls  were f ix e d  by g radua l a d d it io n  

o f  70% EtOH a t 0 ° C w ith  ra p id  m ix ing . In  a few experim ents th e  

c e l ls  were incuba ted  w ith  5 m icrog ram s/m l Hoescht 33258 a t  37° C fo r  

30 min. c o n c u rre n tly  w ith  th e  le c t in s .

M icroscopy

S lid e s  s ta in e d  w ith  he m a to xy lin  and eo s in  were examined a t  40x 

m a g n if ic a t io n  w ith  a L e itz  m icroscope and the v a r io u s  c e l l  types were 

id e n t i f ie d  by com paring them to  photographs by M e is tr ic h  e t a l.

(1973). F luorescence m icroscopy was perform ed as above u s in g  the #1 

fluo rescence  cube on th e  c e l ls  s ta in e d  w ith  F IT C - le c tin s  i n  suspen­

s io n  as w e l l  as on c e l ls  i n  w h ich the DNA was s ta in e d  w ith  p rop id ium  

io d id e *  e th id iu m  brom ide o r m ith ram yc in . Propid ium  io d id e  s ta in e d  

the nucleus orange, e th id iu m  brom ide s ta in e d  i t  re d  and m ith ra m yc in  

s ta in e d  i t  y e llo w . C e lls  i n  w h ich  the  DNA was s ta in e d  b lue  w ith  

Hoescht were examined u s in g  the #4 UV cube.

Flow Cytometry

An Ortho C y to f lu o ro g ra f model 50-H dual la s e r  (argon and k ryp ­

ton) f lo w  cy tom eter equiped w ith  a 2150 computer system was used f o r  

these s tu d ie s , courtesy  o f  The Upjohn Company.

FITC-Labeled Sperm and T e s t is  C e lls

For q u a n t i ta t io n  o f  green flu o resce nce , the  argon la s e r  se t fo r  

b lu e -g reen  l i g h t  a t  488 nm w avelength and 400 mw was used fo r  e x c ita ­

t io n .  Green fluo resce nce  was c o lle c te d  by p h o to m u lt ip l ie r  tube (PMT)
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1 on a lo g a r ith m ic  sca le  ( to  in c rea se  s e n s i t iv i t y  and range). Forward 

ang le  b lue l i g h t  s c a t te r  (a measure o f c e l l  s iz e ) was c o lle c te d  by 

PMT 2 on a l in e a r  sca le , and r ig h t  ang le  l i g h t  s c a t te r  (a measure o f  

c e l l  r e f l e c t i v i t y )  was c o lle c te d  by PMT 3 on a lo g  sca le . The t o ta l  

l i g h t  from  the c e l ls  ( in te g ra te d  area under the curve o f the s ig n a ls ) 

was sent to  th e  computer. The program TWOGATEFL was used to  genera te  

one cytogram  and th re e  h is to g ra m s  f o r  each sample. Appendix B con­

ta in s  examples (F igu re  1) and th e  program l i s t i n g .  The cytogram  was 

a p lo t  o f  fo rw a rd  s c a t te r  vs. r ig h t  ang le s c a t te r .  I t  was used to  

s e le c t th e  c e l ls  o f  in te r e s t  in  up to  tw o re g io n s . A t the  same tim e  

dead c e l ls  and sm a ll d e b ris  can be gated out. The t iire e  h is tog ra m s 

were p lo ts  o f  green flu o re sce n ce  in te n s i t y  vs. c e l l  number f o r  the  

c e l ls  i n  the two re g io n s  se lec te d , as w e ll  as the ungated t o ta l  

fluo resce nce . T h is  was used to  compare the  r e la t iv e  amounts o f  

f lu o re sce n ce  i n  the se le c te d  c e l l  p o p u la tio n s  o f v a r io u s  samples.

To im prove  the  weak and v a r ia b le  s ig n a l from  the  s m a ll, asymmet­

r i c  sperm c e l ls  a hooded f ib e r  o p t ic  was used on the  fo rw a rd  s c a t te r  

s ig n a l. An a tte m p t to  im prove  the  s ig n a l fu r th e r  by changing to  

lo g a r ith m ic  s c a lin g  on the fo rw a rd  s c a t te r  s ig n a l and l in e a r  s c a lin g  

on th e  green flu o re sce n ce  d id  n o t h e lp , so was abandoned.

T e s t is  C e lls  D ual-Labeled w ith  FITC and DNA S ta in

Green flu o re sce n ce  from  FITC was q u a n tita te d  i n  each o f th re e  

p o p u la tio n s  o f c e l ls  in  each sample. P o pu la tions  were se le c te d  on 

the  b a s is  o f  t h e i r  DNA co n te n t, w h ich was p ro p o r t io n a l to  red  f lu o ­

rescence from  prop id ium  io d id e . The argon la s e r  used f o r  e x c i ta t io n
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was s e t f o r  b lue -g reen  l i g h t  a t  488 me w avelength and 400 mw. Green 

fluo resce nce  was c o lle c te d  by PMT 1 w ith  a 515-530 f i l t e r  as a rea  on 

a lo g a r ith m ic  sca le  to  in c rea se  both s e n s i t iv i t y  and range. Red 

flu o re sce n ce  was c o lle c te d  by PMT 3 w ith  a 600 nm lo n g  pass f i l t e r  as 

both area ( in te g ra te d  area under the curve o f the s ig n a l = t o t a l  

l i g h t  from  the  c e l ls )  and peak (peak am p litu de  o f the  s ig n a l = l i g h t  

from  the b r ig h te s t  p a rt o f the c e l l) .  These were a lso  bo th  sca led  

lo g a r i th m ic a l ly  fo r  the  assay, but l in e a r ly  fo r  assess ing  s to ic h io m e ­

t r i c  DNA s ta in in g . The program FITCPI was w r i t t e n  by Ann B erger f o r  

t h is  purpose. The program FITCPI2 (m o d ifie d  from  FITCPI by the  

au tho r to  generate  h is to g ra m s  from  th re e  re g io n s  ra th e r  than  one) was 

used to  genera te  one cytogram  and f iv e  h is togram s. Appendix C con­

ta in s  the program l i s t i n g  and examples o f  l in e a r  DNA s c a lin g  i n  

F ig u re  2 and lo g a r ith m ic  DNA s c a lin g  i n  F igu re  3. The cytogram  was a 

p lo t  o f  a rea  vs. peak f o r  re d  fluo rescence . T h is  was used to  s e le c t 

c e l l  p o p u la tio n s  on th e  b a s is  o f  t h e i r  DNA con ten t and s e t re g io n s  

around each one (1C = h a p lo id , 2C = d ip lo id ,  4C = d ip lo id  c e l ls  i n  G2  

+ M). A t th e  same tim e  1C d ou b le ts  w h ich  have th e  same area  as 2C 

c e l ls ,  bu t the same peak as s in g le  1C c e l ls  were gated ou t. The 

green flu o re sce n ce  from  each o f the  th re e  re g io n s , as w e l l  as ungated 

green flu o re sce n ce  and ungated red  fluo resce nce , were each p lo t te d  

vs. c e l l  number in  th e  f i v e  h is togram s.

A s im i la r  program DNAMITH was used in  p re lim in a ry  expe rim e n ts  

w ith  s tandard  m ith ra m yc in  s ta in in g  o f  t e s t is  and sp leen  c e l ls  to  

id e n t i f y  the c e l l  po p u la tio n s . E x c ita t io n  was a t  457 nm and y e llo w  

f lu o re sce n ce  was c o lle c te d  w ith  PMT 1. M ith ra m yc in  cou ld  n o t be used
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w ith  FITC s ta in in g  because the w ave lengths o f  y e llo w  and green f lu o ­

rescence a re  too  c lose . F ig u re  4 in  Appendix C c o n ta in s  DNA c y to -  

grams and h is to g ra m s  on a l in e a r  sca le  f o r  the same t e s t is  c e l ls  

s ta in e d  w ith  e i th e r  m ith ra m y c in  (DNAMITH) o r p rop id ium  io d id e  

(FITCPI2). I n  the m ith ra m y c in  s ta in e d  c e l ls ,  the upper curve had 4 

DNA peaks a t  channels 113, 166, 245, and 498. These probab ly  co rre s ­

pond to  1C, 1Ct, 2C, 4C DNA. The percentages o f c e l ls  were 63.1% in  

1C + 1C+, 24.7% in  2C, and 12.3% in  4C. The lo w e r m ith ra m yc in  curve 

a lso  had 4 peaks a t channels 126, 174 , 276, and 574. They conta ined 

46.7, 17.8, 16.0 and 13.4% o f  the  c e l ls ,  re s p e c tiv e ly . The p rop id ium  

io d id e  s ta in e d  c e l ls ,  in  c o n tra s t, had o n ly  3 peaks a t channels 200, 

440 , and 780. They c o n ta in e d  69%, 18.1%, and 12.9% o f  th e  c e l ls ,  

re s p e c t iv e ly .  I f  we assume the tw o lo w e r peaks in  the  m ith ra m yc in  

curves a re  both spe rm a tids , these r e s u lts  match those o f Hacker e t 

a l .  (1980 and 1981), who found 24-32% 1C e longa ted sperm atids (w hich 

s ta in e d  70% le s s  than  expected ), 40% 1C round sperm atids , 12-17% 2C 

c e l ls ,  10-13% 4C c e l ls .  I t  i s  not c le a r  why our m ith ra m yc in  s ta in e d  

sperm atids  s ta in e d  s l i g h t l y  more than  expected, w h ile  th e ir s  s ta in e d  

le s s . V i th  p rop id ium  io d id e  both round and e longa ted  sperm atids 

appear to  s ta in  th e  same.

T / t  Locus An tiserum  Methodology

Tmmunofluorescence

T e s t is  c e l ls  w h ich  had been is o la te d  as described  above were 

washed once in  PBS and h a l f  the c e l ls  o f  one mouse resuspended to  0.5
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ml i n  PBS. To 0.05 ml a l iq u o t s  o f  c e l ls *  0.05 m l o f  e i t h e r  a 1:12.5 

d i lu t io n  o f  mouse a n t i- . t 0 an tise rum  ( f in a l  c o n c e n tra tio n  1:25) o r PBS 

were added. The c e l ls  were incuba ted  w ith  the an tise rum  f o r  60 

m inutes a t  4 ° C, then washed once w ith  1 ml PBS. The c e l l  p e l le ts  

were resuspended in  0.1 ml o f  a 1:50 d i lu t io n  o f goa t an ti-m ouse Ig  

and in cuba ted  ano the r 60 m inutes a t  4 °  C. The c e l ls  were washed once 

in  1 ml PBS* resuspended i n  0.1 ml PBS* f ix e d  by m ix in g  w ith  an equal 

volume o f 23 fo rm a lin ,  and r e f r ig e ra te d  u n t i l  examined by f lo w  cy to ­

m etry  u s in g  the  TW CGATEFL program.

C v to to x ic i tv

H a lf  the  t e s t is  c e l ls  from  one mouse were resuspended in  0.5 ml 

o f  Cedarlane C y to to x ic i ty  Medium (Cedarlane L a b o ra to rie s , L td .) , 

w h ich  c o n s is te d  o f  RPMI-1640 t is s u e  c u ltu re  medium to  w h ich  0.33 

bovine serum a lbum in  and 25 mM HEPES b u ffe r  had been added. To 0.05 

m l a liq u o ts ,  0.05 ml o f  a 1:12.5 d i lu t io n  o f  mouse a n t i - t ^  an tise rum  

( f in a l  c o n c e n tra tio n  1:25) o r C y to to x ic i ty  Medium were added. The 

c e l ls  were incuba ted  w ith  the  an tise rum  (Ab) fo r  60 m inutes a t  4 °  C, 

then washed by adding 1 ml C y to to x ic i ty  Medium and c e n tr ifu g in g . The 

c e l ls  were resuspended in  0.1 ml C y to to x ic ity  Medium and d iv id e d  in to

4 a l iq u o ts  o f  0.025 ml each. To each a l iq u o t ,  0.25 ml o f  double

s tre n g th  Low-Tox-M R abb it Complement (Cedarlane L a b o ra to rie s , L td .) 

were added to  make f in a l  c o n ce n tra tio n s  o f  1:5, 1:10, 1:20 or no 

complement (C). The c e l ls  were incuba ted  w ith  complement a t  37°C fo r  

60 m inutes, then put on ic e . An equal volume o f  0.23 Trypan b lue  was

added and th e  a f te r  3-5 m inutes the  l i v e  (c le a r)  and dead (b lue )
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c e l ls  were enumerated w ith  a hemocytometer.

Mutagen Treatm ent o f  Mice

Groups o f  3 m ice were in je c te d  in t r a p e r i to n e a l ly  w ith  e i th e r  50 

or 100 mg/kg o f  th e  mutagen, e th y ln it ro s o u re a  (ENU), a g i f t  o f  Dr. 

David Swenson a t  The Upjohn Co., o r the  v e h ic le ,  10? DMSO in  sa lin e . 

They were k i l l e d  18 days la t e r  to  o b ta in  t h e i r  t e s t i s  c e l ls .  The 

t im in g  was planned so th a t  the c e l ls  w h ich  were sperm atogonia a t  the 

tim e  o f  tre a tm e n t w ou ld  be stage V -IX  sperm atids  a t  the  tim e  o f c e l l  

te s t in g .
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RESULTS

L e c t in  B in d in g  to  Sperm o f  D if fe r e n t  Mouse S tra in s  

Flow Cvtom etrv

S ta in in g  o f  sperm w ith  F IT C -labe led  SBA, WGA, BAN, DBA, UEA, and 

AA in  suspension inc reased  fluo rescence  over background, but s ta in in g  

was ve ry  weak and v a r ia b le .  Of these, SBA and WGA were much b r ig h te r  

than  the  re s t.  Due to  the poor q u a l i t y  and poor r e p r o d u c ib i l i t y  o f 

s ta in in g  in  suspension, use o f  the  f lo w  cy tom e te r f o r  sperm was 

abandoned.

F luorescence M icroscopy

S lid e s  o f  sperm from  9 d i f f e r e n t  mouse s t ra in s  (o r genotypes) 

were prepared and s ta in e d  w ith  8 d i f f e r e n t  F IT C -labe led  le c t in s  by 

the  d ry  method i n  a s e r ie s  o f  experim ents. The 9 mouse s t ra in s  

(genotype determ ined by phenotypes f o r  the T / t  x  T / t  crosses) were: 

T / t  (no t a i l ) ,  + /T  (s h o r t t a i l ) ,  + / t  (norm al t a i l ) ,  T / t  x DBA (normal 

t a i l ) ,  DBA/2J, ICR, Ba lb  c, C57BL/6, and B6D2F1 (C57BL/6 x DBA/2J). 

The 8 F IT C - le c tin s  were BAN, LFA, CONA, SBA, WGA, DBA, UEA, AA, p lus 

a no le c t i n  c o n tro l.  Most o f  the le c t in s  were te s te d  a t  le a s t  tw ic e  

on each s t ra in .  S lid e s  were scored fo r  fluo resce nce  in te n s i t y  in  the  

acrosome, head, t a i l ,  o r m idpiece. The n um erica l scores were than 

sub jec ted  to  a one way a n a ly s is  o f  va rian ce  to  de te rm ine  w h ich  o f the 

s t ra in s  were s ig n i f ic a n t ly  d i f f e r e n t  from  each o th e r (p = 0.05 le v e l)  

i n  th e  way they bound th e  v a r io u s  le c t in s .

28
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The mean scores f o r  le c t i n  b in d in g  to  each re g io n  are g ive n  in  

Table 1. They a re  shown g ra p h ic a l ly  in  F ig u re s  5-7 (Appendix D). A l l  

s t ra in s  showed f a in t  au to  fluo resce nce  o f the m idp iece  i n  the no 

le c t i n  c o n tro ls . S tra in s  C57BL/6 and B6D2F1 showed f a in t  a u to f lu o ­

rescence i n  the o th e r re g io n s  as w e ll .  The m idp ieces o f a l l  the  T / t  

lo c u s  mice* DBA/2J and ICR m ice s ta in e d  b r ig h t ly  w ith  BAN. LFA 

s ta in e d  the m idp ieces and heads o f a l l  the s t ra in s  b r ig h t ly .  I t  

s ta in e d  th e  t a i l s  o f  T / t  x  DBA .and Ba lb  c m ice b r ig h t ly ,  the  o th e r 

s t ra in s  m oderate ly. I t  s ta in e d  the acrosomes b r ig h t ly  o n ly  i n  the 

T / t  x  DBA/2J m ice, medium in  th e  + /T  and ICR m ice. CONA produced 

f a in t  to  medium s ta in in g  o f  the  m idp ieces o f a l l  s t ra in s  and s ta in e d  

the  acrosome o f DBA m ice m odera te ly . SBA produced b r ig h t  s ta in in g  o f  

the acrosome and f a in t  to  medium s ta in in g  o f the m idp iece i n  a l l  the 

s tra in s . I t  s ta in e d  th e  heads and t a i l s  o f  C57BL/6 and B6D2F1 mice 

f a in t  to  medium. WGA s ta in e d  the acrosome b r ig h t ly  i n  the  + /T , + / t .  

T / t  x DBA/2J, ICR and B a lb  c m ice I t  s ta in e d  th e  m idp iece m oderate ly 

in  a l l  the  T / t  lo c u s  m ice and fa in t-m e d iu m  in  the C57BL/6 and B6D2F1 

mice. I t  s ta in e d  the  heads and t a i l s  fa in t-m e d iu m  in  a l l  the  s t ra in s  

excep t T / t  x DBA/2J, ICR and B a lb  c. DBA and UEA produced f a in t -  

medium s ta in in g  o f  th e  m idp ieces o f  a l l  the  m ice, medium s ta in in g  o f 

the heads o f  Ba lb  c and C57BL/6 m ice and f a in t  s ta in in g  o f  the 

acrosomes and t a i l s  o f  C57BL/6 mice. AA s ta in e d  o n ly  the  m idp ieces 

o f a l l  the s t ra in s  f a in t  to  medium.

The r e s u lts  o f  th e  p a irw is e  com parisons a re  shown in  Tab le  2.

The most s ig n i f ic a n t  d if fe re n c e s  between the s t ra in s  were i n  the 

b in d in g  o f  BAN. I t  bound to  th e  m idp ieces o f  ICR, DBA/2J, and th e
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Table 1

B in d in g  o f  F IT C -Lec tins  to  Mouse Sperm

30

L e c t in

Mouse
S tra in  ;S ite None BAN LFA C0NA SBA WGA DBA UEA AA

T / t a 0 0 1.00 0 5.00 0 0 0 0
(no m 1.00 4.25 4.00 1.00 1.50 3.50 2.00 2.00 1.50
t a i l ) t 0 0 2.25 0 0 1.00 0 0 0

h 0 0.50 3.50 0 0 2.00 0 0 0
n=4 n=4 n=4 n=2 n=4 n=4 n=4 n=4 n=4

+ /T a 0 0 2.00 0 5.00 4.00 0 0.50 0
(s h o r t m 1.00 2.50 4.00 2.00 1.00 2.00 2.00 2.00 1.50
t a i l ) t 0 0 2.50 0 0 2.00 0 0 0

h 0 2.00 4.00 0 0 1.50 0.50 0.50 0
n=2 n=2 n=2 n=1 n=2 n=2 n=2 n=2 n=2

+ / t a 0 0 0 0 5.00 2.50 0 1.00 0
(normal m 1.00 3.50 4.50 2.00 2.00 3.00 2.00 2.50 2.00
t a i l ) t 0 0 2.00 0 0 0.50 0 0 0

h 0 0.50 3.50 0 0 2.50 0 0 0
n=2 n=2 n=2 n=1 n=2 n=2 n=2 n=2 n=2

T / t  x a 0 0 4.00 0 5.00 5.00 0 0 0
DBA/2J m 1.00 3.50 4.00 1.00 2.00 3.00 2.00 2.00 2.00
(norm al t 0 0 4.00 0 0 0.50 0 0 0
t a i l ) h 0 1.00 4.00 0 0 0 0 0 0

n=2 n=2 n=1 ns1 n=2 n=2 n=2 n=2 n=2

DBA/2J a 0 0 0 3.00 5.00 1.50 0 0 0
m 1.00 3.00 4.00 3.00 0.50 1.00 2.00 0.50 1.50
t 0 0 1.50 0 0 1.00 0 1.50 0
h 0 0.50 2.50 0 0 1.50 0 0 0

n=2 n=2 n=2 n=1 n=2 n=2 n=2 n=2 ns2

ICR a 0 0 2.00 0 5.00 4.00 0 0.50 0
m 1.00 2.50 3.50 1.00 2.00 0.50 2.00 1.00 1.00
t 0 0 2.50 0 0 0.50 0 0 0
h 0 1.00 3.50 0 0 0 0 0 0

n=1 n=2 n=2 n=1 n=2 n=2 n=2 n=2 n=2

Balb c a 0 1.00 0 0 4.50 4.33 0 1.33 0
m 0.67 1.00 5.00 1.00 0.50 0 2.67 1.33 0.75
t 0.33 1.00 4.00 0 0.25 0.33 0.33 1.67 0.50
h 0 1.00 4.00 0 0.25 0 2.66 1.33 0

n=3 n=3 ns1 n=1 n=4 n=3 n=3 n=3 n=4

C57BL/6 a 0.12 0.75 0 2.00 5.00 3.33 1.50 1.25 0
m 1.00 1.00 4.00 1.00 1.55 1.83 1.00 2.00 1.00
t 0.75 0.75 2.00 0 1.33 2.00 1.00 1.50 0.60
h 0.25 1.00 4.00 0 2.67 2.67 1.75 1.50 0.40

n=8 n=4 n=1 n=1 n=9 n=6 ns4 n=4 n=5

B6D2F1 a 0 0.33 0 2.00 5.00 1.80 0.33 0.67 0.25
( C57BL/6 m 0.80 0.67 4.00 1.00 0.80 2.40 0.66 0.67 0.75
x DBA/2J) t 0 .60 0.67 2.00 0 1.20 2.20 0.67 1.00 0.50

h 0.20 0.67 4.00 0 1.80 2.40 0.67 0.67 0.50
n=5 n=3 n=1 ns1 n=5 n=5 n=3 n=3 n=4

a = acrosome. m = m idp iece, t  = t a i l ,  h = head
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Table 2

Mouse S t ra in  P a irs  Which D i f f e r  in  L e c t in  B in d in g

L e c tin s  Bound D i f f e r e n t ly  (p  < 0 .05)

S tra in  DBA/2J T / t + /T + / t  T/txDBA ICR Balb c C57BL6 B6D2F1

DBA/2J - BAN®
LFA®

BAN®3 ®
DBA®

BAN®3 ®
DBA®
UEA®.
NONE®

BAN3

T / t BAN311 WGAa BAN3 BAN?3
UEA?
DBA®
WGA®3

BAN?311
UEA®
DBA®.
NONE®

BAN3

+/T ban£
LFA

BANmh - BANh BAN®3 ®
UEA®

BAN®3 th BANmh
DBA®.
NONE®

+ / t BANh BAN311®
UEA?
DBA®

BAN?3
UEA®
DBA®.
NONE®

BAN3

T / t  
x  DBA

WGA® *• BAN?3®
UEA®
DBA®

BAN?3 ®
UEA®
DBA®.
NONE®

BAN3

ICR BAN BANm - BAN?3 ®
UEA?
DBA®

BAN?3 ®
UEA®
DBA®

BAN3

B alb c BAN®™
DBA

BAN?3®
DBA®
UEA**
WGA®3

BAN®3

UEA®

BAN®3
DBA®
UEA

BAN®3
DBA®
UEA®

BAN?3
DBA®
UEA®

• SBA®11
DBA®

BAN®

C57BL/6 BAN 311 
DBA® 
UEA® 
NONE

BAN 311 
DBA® 
UEA®. 
NONE

BAN®311
DBAa

N0NEfc

BAN®3
DBA®
UEA®.
NONE

BAN®3
DBA®
UEA®.
NONE

BAN®3
DBA®
UEA®

SBA®11
DBA

B6D2F1 BANm BANm BAN311 BAN3 BAN3 BAN3 BAN® -

a = acrosome, m = m idp iece, t  = t a i l ,  h = head
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v a r io u s  T / t  lo c u s  sperm s ig n i f ic a n t ly  more than to  the  m idp ieces o f  

B a lb  c, C57BL/6 and B6D2F1 sperm. I t  a ls o  bound to  th e  heads i n  + /T  

sperm s ig n i f ic a n t ly  more than  to  the sperm heads in  most o f  the o th e r 

s tra in s .  The o n ly  s ig n i f ic a n t  d iffe re n c e  i n  th e  b in d in g  o f  LFA was 

th a t  i t  bound to  the  heads o f DBA/2J sperm le s s  than to  those o f  + /T 

sperm. I t  a ls o  bound le s s  to  the  heads and t a i l s  o f  DBA/2J sperm 

than  to  the o th e r s t ra in s ,  but the d if fe re n c e  was no t s ig n if ic a n t .

SBA bound s ig n i f ic a n t ly  more to  the  heads and acrosomes o f  C57BL/6 

sperm than to  the o th e r s tra in s . WGA bound s ig n i f ic a n t ly  le s s  to  the 

acrosomes o f  T / t  sperm than to  those o f T / t  x DBA/2J sperm, but 

s ig n i f ic a n t ly  more to  th e  m idp ieces o f  T / t  sperm than  to  those o f 

B a lb  c sperm. UEA and DBA bound to  th e  heads and /o r t a i l s  o f  B a lb  c 

and C57BL/6 sperm s ig n i f ic a n t ly  more than to  the  those o f  T / t  lo cu s , 

DBA, and ICR sperm.

L e c t in  B in d in g  to  T e s t is  C e lls  o f  D if fe r e n t  Mouse S tra in s

Flow cy tom e try  was used to  q u a n t ita te  b in d in g  o f F IT C - le c t in s  to  

t e s t i s  c e l ls .  F ig u re  9 (Appendix E) shows th a t  in  t e s t i s  c e l ls  from  

ICR m ice the  le c t in s  SBA, WGA, and CCNA in c rea sed  flu o re sce n ce  r e la ­

t iv e  to  th e  background fluo resce nce . CONA had a broader peak, w h ich 

in d ic a te s  g re a te r  h e te ro g e n e ity  in  i t s  b in d in g , i . e . , i t  d id  no t b ind  

to  a l l  the  c e l ls  e q u a lly . LFA bound o n ly  ve ry  s l ig h t ly  and UEA d id  

no t b ind  a t  a l l .  In  ano the r experim ent w ith  t e s t is  c e l ls  fro m  ICR 

m ice, the  le c t in s  SBA, WGA, and CONA aga in  bound w e ll ,  LFA bound ve ry  

s l ig h t ly ,  w h ile  BAN and AA d id  no t bind. The h is tog ra m s show ing th is  

a re  those f o r  c o n tro l mouse #1 in  F igu res  17-20 (Appendix G). The
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Table 3

L e c tin  B inding by ICR and T / t  Mouse Sperm and T e s t is  C e lls

L e c t in

Sperm T e s tis C e lls

ICR T / t ICR T / t

SBA + + + +

VGA + + + +

CONA + + + +

BAN + + -

LFA + + + +

DBA + +

UEA + - - -

AA - - -

percen t p o s it iv e  c e l ls  a re shown g ra p h ic a lly in  F igu re 8 (Appendix E),

L e c t in  b in d in g  by T / t  mouse t e s t is  c e l ls  was v i r t u a l l y  id e n t ic a l 

to  th a t  f o r  ICR mouse c e l ls .  They a lso  showed e x c e lle n t  b in d in g  o f  

SBA> WGAt CONA, and, ve ry  s l ig h t ly ,  LFA, w h ile  UEA d id  n o t b ind. The 

percen t p o s it iv e  c e l ls  a re  a lso  shown in  F ig u re  8, and the  h is tog ram s 

a re  i n  F ig u re  12 (Appendix E).

A com parison o f  le c t i n  b in d in g  by ICR and T / t  mouse sperm and 

t e s t is  c e l ls  i s  shown in  Table 3. B in d in g  o f most o f  the  le c t in s  was 

s im i la r ,  except th a t  CONA bound to  t e s t i s  c e l ls  b e t te r  than to  sperm, 

BAN bound to  sperm, no t to  t e s t is  c e l ls ,  and LFA bound much b e t te r  to  

sperm than to  t e s t i s  c e l l  a
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E ffe c t  o f  T ry p s in iz a t io n  on L e c t in  B in d in g

The h is tog ra m s  i n  F igu res  9-11 (Appendix E) show th a t  p r io r  

tre a tm e n t o f  t e s t is  c e l ls  from  an ICB mouse w ith  t r y p s in  a t  a concen­

t r a t io n  o f 2.5 m icrogram s/m l increased  b in d in g  o f  SBA and decreased 

b in d in g  o f  WGA. The b in d in g  o f  CGNA, LFA, and UEA were una ffec ted .

The h is to g ra m s  i n  F igu res  12-14 show s im i la r  r e s u lts  w ith  t e s t is  

c e l ls  from  a T / t  mouse. T ry p s in iz a t io n  w ith  e i th e r  2.5 o r 5 m ic ro ­

gram s/m l in c reased  b in d in g  o f  SBA and decreased b in d in g  o f  WGA. T h is  

t im e  CCNA b in d in g  a lso  was increased. There was a s l ig h t  in c re a se  in  

b in d in g  w ith  UEA and LFA, but t h is  occurred in  the  c o n tro l c e l ls  to  

the same e x te n t, so i s  ju s t  an in c rea se  in  background fluo rescence . 

Both c o n c e n tra tio n s  o f  t r y p s in  a ffe c te d  the  c e l ls  s im i la r ly .

S tu d ie s  w ith  Antiserum  to  T / t  Locus A n tigen

The r e s u lts  o f  the  im m unofluorescence s tudy w ith  a n t i- i®  serum 

are shown in  F ig u re  15 (Appendix F). Two p o p u la tio n s  ( la rg e  and 

sm a ll c e l ls )  were observed in  the  t e s t is  c e l l  suspensions. F luo res ­

cence was q u a n tita te d  f o r  both c e l l  s ize s  and f o r  the whole prepara­

t io n  as shown in  F ig u re  1 (Appendix B). Region 1 i s  la rg e  c e l ls ,  

re g io n  2 i s  sm a ll c e l ls .  The an tibody  c le a r ly  bound to  both the 

T / t^  and th e  ICR c e l ls  w ith  the  same in te n s ity .  I t  appeared to  b ind 

b e t te r  to  the la rg e  t e s t is  c e l ls  (p robab ly  sperm atocytes and sperma­

tog o n ia ) than  to  th e  sm a ll c e l ls  (spe rm atids). S im i la r ly  absorbed 

norm al mouse c o n tro l serum was no t a v a ila b le  to  run , so i t  i s  p o ss i­

b le  th a t  some fluo resce nce  i s  due to  n o n -s p e c if ic  a n tib ody  b ind ing .

The c y to to x ic i t y  da ta  are shown in  Table 4. There was no
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Table 4

C y to to x ity  o f A n ti- T / t  Locus Serum

Mouse Ab C ? Cyto. (A b fC )-(C )

ICR 0 0 17.5

1:25 0 10.8 -6 .7

0 1:20 61.0

1:25 1:20 58.7 -2 .3

0 1:10 75.5

1:25 1:10 58.6 -1 6 .9

0 1:5 83.7

1:25 1:5 88.5 4 .8

TZt6 0 0 12.8

1:25 0 9.6 -3 .2

0 1:20 55.5

1:25 1:20 60.3 4.8

0 1:10 69.5

1:25 1:10 63.5 -6 .0

0 1:5 74.8

1:25 1:5 85.7 10.9
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g re a te r  c y to to x ic i t y  to  the  T / t  c e l ls  than  to  the ICR c e l ls ,  a t  a l l  

th re e  complement le v e ls .  I n  fa c t ,  th e re  was v e ry  l i t t l e  an tibody 

m ediated c y to to x ic i t y  a t  a l l .  however the complement k i l l e d  over 50$ 

o f the  c e l ls  a t  the  lo w e s t c o n c e n tra tio n  (1:20) used. Sperm are 

known to  be e x q u is i te ly  s e n s it iv e  to  the  h e te ro p h ile  a n tib o d y  i n  the 

norm al ra b b it  serum, w h ich  was th e  complement source (G oodfe llow  e t 

a l . ,  1979). A p pa ren tly  t e s t is  c e l ls  a re  ve ry  s e n s it iv e  a lso , because 

low  t o x ic i t y  absorbed r a b b it  serum was used. The an tise rum  caused 

a g g lu t in a t io n ,  but no c y to to x ic i t y  in  the absence o f complement.

P e rc o ll D e n s ity  G rad ien t C e n tr ifu g a tio n

Severa l a tte m p ts  were made to  separa te  the  v a r io u s  p o p u la tio n s  

o f  mouse t e s t i s  c e l ls  u s in g  d e n s ity  g ra d ie n t c e n t r i fu g a t io n  th rough  

P e rc o ll.  The purpose was to  s tudy le c t in  b in d in g  to  the d i f f e r e n t  

c e l l  types. A llth o u g h  the  s m a lle r, more dense sperm atids  d id  tend to  

move fa r th e r  tow ard  the bottom  o f the g ra d ie n t than  the  la rg e r ,  le s s  

dense c e l ls ,  they were spread th roughout th e  25-35$ P e rc o ll la y e rs . 

O ther c e l l  types were a lso  p resen t in  la rg e  numbers in  a l l  the 

la y e rs . Since good s e p a ra tio n  was n o t achieved, the  method was 

abandoned.

E ffe c t  o f  Mutagen Treatm ent on L e c t in  B in d in g

Groups o f  3 ICR m ice  were weighed and t re a te d  in t r a p e r i to n e a l ly  

w ith  50 or 100 mg/kg ENU. C on tro l mice re c e iv e d  10$ DMSO in  s a lin e , 

w h ich  was the d i lu e n t  f o r  the  ENU. E igh teen days la te r ,  the m ice 

were aga in  weighed and th e  t e s t is  c e l ls  removed and weighed. The
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sperm was a lso  c o lle c te d  f o r  enzyme assaysi bu t these a re  n o t In ­

c luded i n  t h is  re p o r t.  T e s t is  c e l l  suspensions were prepared* in cu ­

bated w ith .  F IT C -la be le d  le c t in s *  f ix e d *  in cuba ted  w ith  a DNA s ta in  

(p rop id ium  io d id e ) ,  and ana lyzed by f lo w  cy tom e try .

The amount o f  le c t i n  b in d in g  to  c e l ls  w i th  1C* 2C> o r  4C DNA was 

q u a n tita te d . These c e l l  p o p u la tio n s  were d e fin e d  by re g io n s  1* 2 and 

3* re s p e c t iv e ly ,  w h ich  a re  shown in  F ig u re  3 (Appendix C). These 

re g io n s  w ere s e t w i th  t e s t i s  c e l ls  from  a normal ICR mouse a t  the 

beg inn ing  o f  the a n a ly s is  o f the e xp e rim e n ta l samples and were no t 

changed d u r in g  th e  course o f the  a n a lys is . The peak fluo resce nce  

channels on a l in e a r  sca le  a re  shown in  F ig u re  2 (Appendix C). They 

were 170, 333* and 703 fo r  re g io n s  1, 2 , and 3* re s p e c tiv e ly . The 

co rrespond ing  mean flu o re sce n ce  channels were 163.5* 337.3 and 705.6. 

T h is  in d ic a te s  near s to ic h io m e tr ic  DNA s ta in in g  in  th e  1C, 2C and 4C 

c e l l  p o p u la tio n s . The a c tu a l sample flu o re sce n ce  was q u a n tita te d  on 

a lo g a r ith m ic  sca le , shown in  F ig u re  3 (Appendix C). The peak f lu o r ­

escence channels on t h is  sca le  were 320* 475* and 657 f o r  re g io n s  1, 

2* and 3* re s p e c t iv e ly ,  and th e  correspond ing  mean fluo resce nce  

channels were 323.1* 482.6* and 643.6. The percen t o f  the  t o ta l  

c e l ls  i n  each o f these re g io n s  w ere 58.9%* 19.1%• and 16.5% fo r  the 

1C, 2C, and 4C p o p u la tio n s  o f these normal mouse t e s t is  c e l ls .  They 

do n o t add up to  100 because d o u b le ts  and s m a ll d e b ris  were counted 

in  the c e l l  t o t a l ,  but n o t in c lu d e d  i n  the re g io n s . 45,000 c e l ls  

were analyzed f o r  each sample where p o ss ib le . In  some o f the  ENU 

tre a te d  m ice th e re  were no t s u f f ic ie n t  c e l ls  l e f t ,  so the a n a ly s is  

was done on a l l  the  c e l ls  a v a ila b le .
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Comparisons were made between b in d in g  o f the le c t in s  vs back­

ground fluo resce nce  w i t h in  each drug tre a tm e n t group and between drug 

doses w i th in  each le c t i n  f o r  the  th re e  c e l l  types. The types o f 

fluo resce nce  data  c o l le c te d  w ere  h is tog ra m s and num erica l va lues  fo r  

peak channel* mean channel, and % p o s it iv e  c e l ls .  The mean f lu o re s ­

cence channel i s  more m ean ing fu l than peak fluo resce nce  channel in  

the case o f skewed peaks. The percen t p o s it iv e  c e l ls  i s  the percen­

tage o f c e l ls  v / ith  g re a te r  fluo resce nce  than t h e i r  c o n tro ls  w ith o u t 

F IT C - le c tin . The percentages o f  c e l ls  in  each DNA con ten t group were 

a ls o  recorded. The n u m e rica l da ta  were sub jec ted  to  ONEWAY a n a ly s is  

o f  va ria n ce  to  de te rm ine  w h ich  groups were s ig n i f ic a n t ly  d i f f e r e n t  

from  t h e i r  c o n tro ls  a t  th e  0.05 le v e l.

Table 5 shows the  e f fe c ts  o f  ENU tre a tm e n t on body w e ig h t, 

t e s t is  w e ig h t and t e s t i s  c e l l  number. There was e s s e n t ia l ly  no 

change in  body w e igh t. However, t e s t i s  w e ig h t and t o t a l  c e l l  numbers 

decreased i n  a dose dependent manner a f te r  ENU tre a tm e n t.

Tab le 5

ENU E ffe c ts  on Body W eight, T e s t is  W eight, and T e s tis  C e ll Counts

Treatm ent

I n i t i a l  
Body W eight 
Ave (g) SEM

F in a l 
Body W eight 
Ave (g) SEM

F in a l 
T e s t is  Weight 
Ave (g) SEM

C e lls /
T e s tis

Ave

10% DMSO 
C o n tro l

29.3 1.80 30.7 1.88 0.219 0.011 2 .1  x 107

SO mg/kg 
ENU

27.7 0.24 
*5.5%

29.7 0.24 
*3.3%

0.132 0.014 
*39.7%

8.8 x 106 
*58.1%

100 mg/kg 
ENU

26.3 1.59 
*10.2%

29.3 1.47 
*4.6%

0.109 0.013 
*52.6%

3.6  x 106 
*82.9%
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Table 6

Percen tages o f  C e lls  With 1C, 2C and 4C DNA A fte r ENU Treatm ent

Treatment L e c t in
% 1C 

Ave
C e lls

SEM
% 2C 

Ave
C e lls

SEM
% 4C 

Ave
C e lls

SEM

10 % DMSO None 53.8 3.02 12.5 0.20 14.4 0.73
C o n tro l

SB A 47.2 1.84 13.6 0.71 15.4 0.78

WGA 46.7 2.01 13.8 0.55 15.6 0.55

BAN 47.0 2.99 13.5 0.28 16.1 0.87

AA *46 .0 2.09 13.5 0.26 16.6 0.95

LFA 48.5 3.20 13.4 0.52 15.4 0.90

CQNA *37.1 2.32 *14 .2 0.40 *18.5 1.18

A l l 46.6 1.30 13.5 0.11 16.0 0.28

50 mg/kg None t  45.2 1.93 + 16.3 0.75 + 18.5 1.38

ENU SB A +*37.8 1.28 + 16.6 0.52 + 20.7 1.70

VGA +*34.7 1.08 + 17.2 1.11 + 21.7 2.14

BAN 46.1 1.13 15.7 0.90 18.8 1.56

AA *40 .0 2.26 + 16.8 0.78 20.4 1.60

LFA 44.7 1.82 + 15.7 0.70 + 20.1 1.42

CQNA *36 .0 3.60 + 17.9 0.69 19.6 2.29

A l l + 40.5 1.13 + 16.6 0.39 + 20.0 0.24

100 mg/kg None 53.7 2.40 + 19.8 0.60 + 10.6 0.61

ENU SBA *40.5 2.78 +*22.1 0.95 *14.9 1.67

VGA +*38.8 2.70 +*24.3 1.15 *14 .2 1.31

BAN 56.3 4.09 + 19.5 0.63 + 9.6 0.71

AA *43.1 2.36 +*22.5 0.51 *13.6 0.55

LFA 51.8 3.83 20.4 0.47 10.2 0.41

CCNA *45.6 3.98 + 21.8 0.34 + 12.3 1.03

A l l 47.1 1.75 + 21.5 0.37 + 12.2 0.46

*  = P < 0.05 f o r  L e c t in s  vs . None, + = P < (3.05 fo r ENU vs. C on tro l
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S ig n i f ic a n t ly  decreased percentages o f  1C c e l ls  and increased 

percentages o f  2C and 4C c e l ls  w ere found a f te r  50 mg/kg ENU t r e a t ­

ment. However, a f te r  100 mg/kg ENU, the  percentages o f  1C c e l ls  were 

unchanged, 2C c e l ls  w ere  in c rea sed  and 4C c e l ls  w ere decreased. T h is  

i s  shown i n  Table 6 and d isp la ye d  g ra p h ic a lly  in  F ig u re  16 (Appendix 6).

H is togram s f o r  a l l  th e  le c t in s  p lo t te d  vs. t h e i r  c o n tro ls  f o r  

one mouse o f each group a re  shown in  F igu res  17, 18, and 19 (Appendix 

G) fo r  c e l ls  w ith  1C, 2C, and 4C DNA, re s p e c tiv e ly . One can see th a t  

the  le c t in s  SBA, VGA, and CCNA bound to  the c o n tro l c e l ls  as expec­

ted, w h ile  BAN and AA d id  not. LFA bound ve ry  s l ig h t ly .  In te re s t in g ­

ly ,  SBA bound le s s  w e l l  to  4C c e lls .  I t  i s  a lso  c le a r  th a t  b in d in g  

o f SBA, VGA, CONA, and LFA le c t in s  in c rea sed  w ith  ENU tre a tm e n t and 

th a t  t h is  occu rred  i n  a l l  the c e l ls ,  re g a rd le s s  o f  DNA content.

The dose re la te d  in c re a se  in  le c t i n  b in d in g  a f te r  ENU tre a tm e n t 

i s  even more obvious in  F igu res  20-26 (Appendix G), i n  w h ich  each 

le c t i n  i s  p lo t te d  in d iv id u a l ly .  B in d in g  inc reased  in  1C, 2C, and 4C 

c e l ls  w ith  SBA, VGA, CCNA, and LFA. I t  inc reased  s l ig h t ly  w ith  AA 

too  a t  th e  h igh  dose in  4C c e l ls  on ly . I t  d id  n o t occur w ith  BAN.

The CONA curves a re  skewed, in d ic a t in g  th a t  n o t a l l  the c e l ls  in ­

creased i n  fluo resce nce . A lso , th e re  was more c e l l  lo s s  and g re a te r  

h e te ro g e n e ity  o f  b in d in g  w ith  CONA than w ith  the o th e r  le c t in s .  The 

apparent c e l l  lo s s  i s  p roba b ly  due to  a g g lu t in a t io n ,  s ince d ou b le ts  

and c e l l  aggregates were gated o u t and n o t in c lu d e d  in  any o f the 

th re e  reg ions . The SBA and VGA curves a re  d e f in i t e ly  b ip h a s ic  f o r  

the 2C c e l ls ,  aga in  in d ic a t in g  th a t  n o t a l l  the c e l ls  bound le c t in .

In  most cases, however, th e  w hole peak moved, so i t  can be assumed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41

th a t  a l l  the c e l ls  bound the  le c t i n  e q u a lly . I t  a lso  becomes obvious 

th a t  as DNA con ten t increased* so d id  fluo resce nce . T h is  happened to  

background fluo rese cnce  as w e l l  as to  c e l ls  w h ich  bound F IT C - le c tin s , 

so was a sc rib e d  to  la rg e r  su rface  a rea o f th e  la rg e r  c e l ls .

Data from  a l l  th re e  o f the  m ice i n  each group are  p lo t te d  in  

these f ig u re s .  One can see th a t  n e a rly  id e n t ic a l h is tog ra m s were 

ob ta ined  w ith  the  m ice i n  each group, making even sm a ll changes more 

m ean ing fu l. The num erica l fluo rescence  data  a re  shown i n  Tab les 7*

8, and 9 f o r  c e l ls  w ith  1C, 2C, and 4C DNA, re s p e c t iv e ly .  The 

t ig h tn e s s  o f  the  da ta  i s  a lso  shown by the  la rg e  number o f s i g n i f i ­

cant d if fe re n c e s  among the  va rio u s  groups i n  the  ta b le s . A lthough 

LFA b in d in g  was ve ry  s l ig h t  in  th e  c o n tro l c e l ls ,  i t  i s  s ig n i f ic a n t  

a t  the 0.05 le v e l in  both  percent p o s it iv e  c e l ls  and mean channel 

( fluo rescence  in te n s i t y ) ,  re g a rd le ss  o f  DNA con ten t. Looking a t  

percen t p o s it iv e  c e l ls ,  ENU increased b in d in g  o n ly  i n  the  fo u r  

le c t in s  w h ich  bound i t  n o rm a lly , and th e  LFA in c rea se  was n o t s ig n i­

f ic a n t .  In  mean channel, however, ENU increased  flu o re sce n ce  s ig n i­

f ic a n t ly  in  a l l  the  c e l ls ,  even those w ith o u t le c t in .

I t  i s  apparent from  Tables 7-9 th a t  mean channel i s  a more 

s e n s it iv e  in d ic a to r  o f  s m a ll, but s ig n if ic a n t ,  d if fe re n c e s  i n  f lu o r ­

escence than e ith e r  peak channel o r percent p o s it iv e  c e l ls .  However, 

the  percen t p o s it iv e  c e l ls  p rov ides  th e  best v is u a l iz a t io n  o f in ­

creases over background. Comparison o f F igu res  27 and 28 (Appendix 

G) show th is  c le a r ly .  These f ig u re s  show the  ENU-induced in c re a se  in  

b in d in g , but no t as w e l l  as the  h is tog ram s. F ig u re  29 (Appendix G) 

shows th e  inc rease  in  fluo resce nce  w ith  DNA co n ten t ve ry  w e ll.
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Table 7

Fluorescence of FITC -Lectins on T e s t is  C e lls  With 1C DNA

Mouse FITC
Peak Channel Mean Channel }  P o s it iv e

Treatment L e c t in Ave SEM Ave SEM Ave SEM

10} DMSO None 187.7 3.76 182.8 4 .12 0.9 0.11
C o n tro l

SBA •288.3

in•
(VI
CM *306.5 8.75 •61 .6 4.88

WGA •318.3 9.49 •340 .3 6.02 *81.4 4.32

BAN 192.7 5.36 197.4 2 .12 3.9 0.86

AA 192.0 8.08 193.3 2.92 3 .3 0.50

LFA 207.0 2.08 •216.3 3.29 •10 .6 0.51

CONA •411.7 14.83 •365 .7 9.75 *78 .8 2.47

50 mg/kg None 189.0 7.00 + 196.6 3.87 1.7 0.75
ENU

SBA +*420.0 9.02 +•403.6 15.03 +•86.9 4.84

WGA +•446.7 22.25 +•422.1 12.06 +*92.0 2.39

BAN + 2 1 1 .7 6.64 + 210.0 3.72 4.0 1.83

AA 204.3 0.88 + 211.2 3.82 5 .2 2.91

LFA *239.0 10.53 +•250.2 9.36 •19.1 5.79

CONA +•530.7 17.45

-=r•
V
OCO.=3-

m+
- 17.17 +*91.2 0.80

100 mg/kg None + 207.3 8.35 + 206.3 3.12 0 .9 0.08
ENU

SBA +•446.0 15.56 +•422.1 5.53 +*87.2 1.23

WGA +•476.7 5.24 +•452 .2 3.02 +*92.2 0.40

BAN + 226.0 2.00 +*223.4 4.16 3.1 0.28

AA + 231.3 10.65 +•226.7 5.88 4 .6 0.58

LFA +•273.3 7.31 +*277.8 6.26 *22 .9 2.88

CQNA +•552.0 13.86 +•510.5 1.39 +•89.6 2.62

« = P < 0.05 f o r  L e c t in s  v s . None, + = P < 0.,05 f o r ENU vs. C on tro l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43

Table 8

F luorescence of FITC-Lectins on T e s t is  C e lls  With 2C DNA

Mouse FITC
Peak Channel Mean Channel % P o s it iv e

Treatment L e c t in Ave SEM Ave SEM Ave SEM

10} DMSO 
C o n tro l

None

SBA

303.3 2.19 

•410 .7  10.84

308.2 5.77 

*414 .0  5.33

5.5

*61.5

1.90

5.12

WGA *466.0 11.35 *449 .2 1.87 *82.5 2.21

BAN 317.3 5.36 *337.9 ' 0.96 13.7 1.46

AA 311.7 2.33 *324.4 3.16 9.6 2.08

LFA 334.0 17.00 *353.0 3.93 *21 .5 2.15

CONA *510.0 29.67 *474.4 6.55 *80 .3 2.48

50 mg/kg 
ENU

None

SBA

317.0 8.14 

+*512.0 34.64

313.2

+*483.4

7.07

11.73

3.6

*76 .3

1.21

7.28

WGA +*552.0 19.07 +*501.2 9.68 *83.6 3.56

BAN 318.7 3.53 *349.5 5.14 14.5 1.99

AA 328.7 4.37 328.5 2.90 8 .0 3.20

LFA 367.3 11.25 +*380.2 8.16 *28.1 7.55

CONA +*615.3 19.93 +*573.3 10.59 +*89.2 2.32

100 mg/kg 
ENU

None

SBA

325.3 13.28 

+*559.3 20.69

321.9

+*495.4

3.47

8.77

2.7

*75.7

0.98

4.25

WGA +*575.7 23.13 +*513.7 4.05 *79 .0 2.75

BAN 342.0 12.34 +*367.6 7.25 *17 .2 0.17

AA + 347.3 8.21 +*345.8 9.01 9 .2 1.46

LFA +*403.7 6.74 +*405.0 6.45 *33 .2 5.88

CCNA +*667.7 9.82 +*604.9 4.31 *87 .5 2.77

*  s p < 0.05 f o r  L e c t in s  vs . None, + = P < 0.05 f o r  ENU vs. C o n tro l
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Table 9

F luorescence o f FITC -Lectins on T e s t is  C e lls  With 4C DNA

Mouse FITC
Peak Channel Mean Channel % P o s it iv e

Treatment L e c t in Ave SEM Ave SEM Ave SEM

10% DMSO None 389.7 4.10 391.4 2.59 2.9 0.64
V e h ic le

SBA •439.0 4.58 •467.6 3.99 •43.1 6.97

WGA *495.7 6.23 *510.4 1.70 •78 .5 5.59

BAN 395.3 2.60 •409 .3 0.99 7 .8 0.55

AA 395.0 2.89 •403.1 0.81 6 .5 1.11

LFA •413.7 6.69 *429.1 0.78 •15 .8 2.26

CQNA •510.7 6.23 •546.1 7.12 •81 .9 5.29

50 mg/kg None 395.7 7.31 397.1 1.55 3 .2 0.18
ENU

SBA •485.3 20.08 +*516.3 10.61 •58.1 6.03

WGA *538.7 13.59 +•561.4 8.43 *86 .4 3.77

BAN 402.7 5.70 414.6 1.85 7 .5 0.86

AA 398.0 1.15 410.5 2.63 6 .5 1.25

LFA 434.3 6.33 •449.7 7.44 •22.1 3.79

CCNA +•679.3 41.95 +•632.0 8.23 •89 .0 2.45

100 mg/kg None + 426.3 2.91 + 429.4 3.33 3.0 0.49
ENU

SBA +*623.3 21.75 +•592.5 10.28 +•75.9 3.44

WGA +*651.7 32.35 +•614.0 6.62 *81.9 3.14

BAN 425.0 14.00 +*459.1 6.88 +*15.0 1.07

AA + 458.3 15.16 +*452.0 7.59 9 .0 1.35

LFA +*532.0 17.67 +•516.8 9.10 +•44.3 6.89

CQNA +•747.3 12.78 +•719.0 4.35 *90 .9 3.33

•  = P < 0.05 fo r  L e c t in s  vs . None, + = P < 0,,05 fo r ENU vs. C o n tro l
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DISCUSSION

Mouse S t ra in  D iffe re n c e s  I n  L e c t in  B in d in g

Sperm S tu d ies

The f in d in g  th a t  LFA bound more to  th e  heads + /T  mouse sperm 

than to  the DBA/2J sperm i s  e s p e c ia lly  in te r e s t in g ,  because t h is  

le c t i n  b inds s ia l i c  a c id , though t to  be a m arker f o r  the  T / t  lo cus  

(Cheng and B enne tt, 1980). The fa c t  th a t  a l l  the o th e r s t ra in s  bound 

t h is  le c t i n  w e l l  a t  a l l  s i te s  except th e  acrosome, weakens th e  e v i­

dence f o r  th is  be ing  a 2 lo c u s  e f fe c t .

I t  was hoped th a t  th e re  w ould be d if fe re n c e s  in  th e  b in d in g  o f  

AA and UEA by the T / t  m ice because these le c t in s  b ind  L -fu cose , w h ich  

i s  though t to  be a m arker f o r  the  _t° and t£  hap lo types, (Cheng and 

B enne tt, 1980). Both o f these le c t in s  bound s l ig h t ly  b e t te r  to  the 

m idpiece re g io n  o f  the T / t  sperm than to  th e  m idp iece o f the  o th e r 

s tra in s ,  but the o n ly  d if fe re n c e s  i n  UEA o r AA b in d in g  w h ich  were 

s t a t i s t i c a l l y  s ig n i f ic a n t  were g re a te r  UEA b in d in g  to  th e  heads o f 

C57BL/6 and t a i l s  o f the  B a lb  c sperm than  to  the o th e r s tra in s .  W ith

DBA and SBA, too , b in d in g  was g re a te r  and to  more re g io n s  o f  the

sperm in  those two s tra in s .  BAN d id  c o n s is te n t ly  b ind  s ig n i f ic a n t ly  

b e t te r  to  T / t , DBA/2J, and ICR sperm m idp ieces than  to  th e  o th e r 

s tra in s .  I t  i s  in d ic a t iv e  o f more g a lac tose  on th e ir  su rfaces .

G alactose i s  supposed to  be a m arker f o r  the  Jkw12 and tw32 hap lo types

(Cheng and B enne tt, 1980). We found no c le a r  evidence o f fucose on 

our mice. We found s tro n g  evidence f o r  s i a l i c  a c id , but on a l l
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the  m ice, n o t ju s t  .1 m ice.

B in d in g  o f  BAN, LFA, SBA, and WGA in d ic a te s  th e  presence o f 

g a lac tose , s ia l i c  a c id , ga lactosam ine , and glucosam ine, re s p e c t iv e ly  

on th e  su rface  o f the  d r ie d  sperm o f a l l  th e  s tra in s . Lack o f 

s ig n i f ic a n t  b in d in g  o f DBA, UEA, and AA in d ic a te s  a la c k  o f N -a c e ty l-  

D-Galactosam ine and L -fu cose  on a l l  these sperm. These r e s u lts  a re  

c o n s is te n t w ith  pub lish e d  data  f o r  the  ham ster (Ahuja, 1984), f o r  

la c k  o f  DBA and UEA b in d in g . However, we found b in d in g  o f  SBA to  

sperm acrosomes, w h ile  they d id  not. They found b in d in g  o f CCNA to  

sperm heads, we found b in d in g  o f  t h is  le c t i n  o n ly  to  acrosomes o f  DBA 

m ice and m idp ieces o f some o f the o th e r  mice. We found b in d in g  o f 

BAN to  m idp ieces and some heads, they d id  not. O ther w orkers 

(Schwarz and K oeh le r, 1979) have found b in d in g  o f  SBA, WGA and CCNA 

to  acrosomes o f  gu inea p ig  sperm. These r e s u lts  a re  a lso  i n  c o n tra s t 

to  those o f  S m ith  (1984) who re p o rte d  no b in d in g  o f  BAN to  DBA, C57, 

ICR, BAlb c, T / t6 . or +/t& mouse sperm.

I t  was d is a p p o in t in g  to  be unable to  use the  f lo w  cy tom e te r f o r  

a n a ly s is  o f  le c t i n  b in d in g  to  sperm from  d i f f e r e n t  mouse s t ra in s  

because o f the g re a te r  s e n s i t iv i t y  and more accu ra te  q u a n t i ta t io n  o f

flu o re sce n ce  i t  p rov ides. However the  poor s ta in in g  o f  the  sperm in

suspension and the poor a b l i l t y  o f the f lo w  cy tom eter to  d e te c t

f lu o re sce n ce  on them prevented th is .  One reason th e  d ry  s lid e  method 

re s u lte d  in  g re a te r  s ta in in g  m ight be th a t  the d ry in g  process re s u lts  

i n  uncovering  o f  more le c t i n  b in d in g  s i te s  on th e  sperm su rface  than 

a re  n o rm a lly  exposed. T h is  i s  the  reason ly s o le c i th in  was t r ie d ,  

s ince  i t  i s  re p o rte d  to  uncover in tra c y to p la s m ic  an tigens , w hich may
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then be de tec ted  by im m unofluorescence (S c h ro ff, e t  a l . ,  1984).

T e s t is  C e ll S tud ies

T e s tis  c e l ls  from  both ICR and T /t&  mice bound SBA, WGA and CONA 

w e ll ,  LFA s l ig h t ly ,  but d id  not b ind  UEA, AA o r  BAN. These data  

in d ic a te  the  presence o f ga lactosam ine , glucosam ine, and mannose on 

these c e l ls .  There does n o t appear to  be d e te c ta b le  L -fucose , s ia l i c  

a c id  o r ga lac tose , even on th e  T /t&  mouse, d e s p ite  the  re p o rte d  

(Cheng and B e nne tt, 1980) a s s o c ia t io n  o f  L -fu co se  w ith  the  t® h a p lo - 

type and s ia l i c  a c id  w ith  the  £  antigen.

The m ajor c o n tra s t to  the b in d in g  da ta  f o r  the sperm i s  the 

b in d in g  o f  BAN and LFA by the  sperm, but no t by the  t e s t i s  c e l ls .

T h is  in d ic a te s  presence o f  ga lac tose  and s ia l i c  a c id  on sperm, but 

not on t e s t i s  c e l ls .  I t  i s  p robab le  th a t  t h is  i s  a re a l developmen­

t a l  d if fe re n c e  between spe rm a tids  and m ature sperm in  the su rfa ce  

carbohydra tes expressed (Voglm ayr e t  a l ,  1983; Kaneko e t  a l ,  1984).

I t  was not s u rp r is in g  th a t s ia l i c  a c id  and ga lac tose  were found 

on the  sperm c e l ls .  S ia l i c  a c id  i s  o f te n  found on the  o u te r c e l l  

membrane and i s  known to  e x is t  on sperm membranes (Voglmayr e t  a l,  

1983; Kaneko e t  a l ,  1984). I t  i s  though t to  re g u la te  m o le cu la r and 

c e l lu la r  re c o g n it io n . S ia l i c  a c id  can e ith e r  m edia te  re c o g n it io n  as 

p a r t  o f  a re c e p to r or a n t ig e n ic  de te rm in a n t o r p reven t i t  by masking 

s p e c if ic  re c o g n it io n  s i te s  (Schauer, 1985). In  e ry th ro c y te s  s ia l i c  

a c id  p reven ts  phagocytos is  by macrophages, w h ich  have a ga lac tose  

s p e c if ic  le c t i n  on th e ir  su rfa ce  (Schauer, 1985). O ften ga la c to se  i s  

masked by s ia l i c  ac id . In  ju v e n i le  r a t  o v a r ie s  s ia l i c  a c id  masks
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gon ado trop in  re c e p to rs  and decreases d u rin g  m a tu ra tio n . Perhaps 

ga lac tose  and s ia l i c  a c id  a re  added to  th e  su rface  o f sperm to  serve 

a m asking fu n c t io n .

E f fe c t  o f T ry p s in iz a t io n  on L e c t in  B in d in g

T ry p s in iz a t io n  o f the  t e s t is  c e l ls  p r io r  to  in c u b a tio n  w i th  the 

le c t in s  was an a tte m p t to  in c rease  v is u a l iz a t io n  o f l e c t i n  b in d in g , 

p a r t ic u la r ly  the b in d in g  o f LFA and UEA to  the supposed T / t  s p e c i f ic  

carbohydra tes. I t  was hoped th a t  the  t r y p s in  w ould  uncover masked 

s i te s  i n  the  T / t  m ice, n o t in  the ICR mice. Th is  d id  no t occur. As 

be fo re , UEA f a i le d  to  and LFA bound o n ly  weakly b ind  to  bo th  s t ra in s ,  

in d ic a t in g  th a t  s ia l i c  a c id  and L -fucose  are p robab ly  no t p resen t in  

in c rea sed  amounts on th e  surface  o f t e s t is  c e l ls  from  our T / t  m ice.

The o b s e rv a tio n  th a t  t r y p s in iz a t io n  increased  b in d in g  o f  SBA to  

t e s t i s  c e l ls  w h ile  i t  decreased b in d in g  o f  WGA i s  fu r th e r  evidence 

f o r  masked carbohydra te  b in d in g  s ite s  on the su rfa ce  o f germ c e l ls .  

P ro te o ly s is  can remove some b in d in g  s i te s  w h ile  uncovering  o th e rs .

The s p e c i f i c i t y  o f  SBA i s  f o r  N -a ce ty l-g a la c to sa m in e , so these s i te s  

may be uncovered. The s p e c i f ic i t y  o f WGA i s  f o r  N -acety 1 -g lu c o s ­

amine, so these s ite s  a re  removed or covered. I t  does n o t seem 

l i k e l y  th a t  g lucosam ine i s  somehow converted in to  ga lac tosam ine  by 

t r y p s in iz a t io n .  I t  i s  more l i k e l y  th a t  a d d it io n a l c r y p t ic  SBA s ite s  

a re  uncovered by t r y p s in  and some WGA s ite s  a re  removed. I t  i s  known 

th a t  the s p e c i f ic i t y  o f  le c t in s  changes depending on the  f in e  s tru c ­

tu re  o f  complex membrane g ly c o p ro te in , no t ju s t  m onosaccharide spec i­

f i c i t y  (Debray e t  a l. ,  1981). Therefore  changes in  e i th e r  the
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s a c c h a rid ic  sequences on g ly c o p ro te in s  o r g ly c o l ip id s  or the con fo r­

m a tion  o f  membrane g ly c o p ro te in s  cou ld  r e s u l t  i n  changes to  le c t i n  

b in d in g  s i t e s .

The su rface  o f m a lig n a n t c e l ls  i s  ve ry  d i f f e r e n t  from  th a t  o f 

norm al c e l ls *  and t r y p s in  may m im ic  the changes which occur d u r in g  

tra n s fo rm a tio n . There i s  evidence th a t  some le c t i n  b in d in g  s ite s *  

such as those f o r  CCNA (bu t n o t those f o r  WGA) on lym phocytes a re  

f lo a t in g  i n  th e  f l u i d  c e l l  membrane and can be induced to  fo rm  caps 

in  norm al lym phocytes* but c lu s te rs  in  m a lig n a n t ones when complexed 

w ith  th e  l e c t i n  (Imbar* 1973). The in d u c t io n  o f  movement could 

r e s u l t  i n  exposure, c o n c e n tra tio n  o r rearrangem ent o f s ite s .  The 

d is t r ib u t io n  o f CONA b in d in g  s i te s  has been shown to  change a f te r  

t r y p s in  trea tm en t* presum ably due to  in c reased  f l u i d i t y  o f  the  mem­

brane a f te r  t r y p s in iz a t io n  (Im bar, 1973).

SBA and WGA a g g lu t in a te  som atic  c e l ls  w h ich  have e ith e r  been 

tran s fo rm ed  w ith  v i r a l  o r chem ica l carc inogens o r i r r a d ia t io n  o r 

tre a te d  w ith  t r y p s in  ( L is  and Sharon, 1972 and 1973). The a g g lu t i­

n a tio n  i s  s p e c i f ic a l ly  in h ib i te d  by N -a ce ty l-D -ga lac tosam in e  and* to  

a le s s e r  e x te n t by D -ga lac tose , in d ic t in g  i t  i s  due to  the carbohy­

d ra te , no t ju s t  in c rea sed  s t ic k in e s s . I t  i s  though t th a t  c r y p t ic  

re c e p to rs  a re  exposed ( L is  and Sharon, 1973). A p pa ren tly  t e s t is  

c e lls *  l i k e  a l l  c e lls *  have masked ga lac tose  s i te s  on t h e i r  su rfaces  

in  a d d it io n  to  exposed ones.

A n ti serum to  T / t  Locus A n tigen

Both the  im m unofluorescence and the c y to to x ic i t y  s tu d ie s  re ­
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vea led  th a t  the a n ti- .£ 0 serum probab ly  recogn izes  a n tig e n s  on the  

su rface  o f t e s t is  c e l ls  from  both T/tO and ICR mice. They may or may 

no t be the same an tigens . The apparent i n a b i l i t y  o f  the a n t i - i 0 

serum to  d e te c t $  a n tig ens  i s  p robab ly  no t due to  a d if fe re n c e  

between the $  and j£ hap lo types , s ince  they sire assumed to  be i n  the 

same t - 6 , t - 0  le th a l group (Jax M ice p r ic e  l i s t ,  1985). The fa c t  th a t  

sperm and t e s t is  c e l ls  o f both s t ra in s  bound the same le c t in s  (w h ile  

o th e r s t ra in s  d if fe re d )  may mean th a t  ICR m ice share th e  T / t  a n t i­

gens. G oodfe llow  e t  a l.  (1979) f a i le d  to  d e te c t T / t  lo c u s -s p e c if ic  

a n tib ody  in  a n t i - ^ t w2 mouse sera. I t  i s  becoming in c re a s in g ly  

c le a r  th a t  the c e l l  su rfa c e  a n t ig e n ic  d e te rm in a n ts  though t to  be 

s p e c i f ic  f o r  the  v a r io u s  i  hap lo types (Cheng and B ennett, 1980; 

G oodfe llow  e t  a l . ,  1979; Yanagisawa e t  a l. ,  1974) a re  i n  fa c t  carbo­

hyd ra te  s tru c tu re s  found i n  both w ild - ty p e  and .^ -c a r ry in g  m ice, but 

expressed a t d i f f e r e n t  le v e ls  determ ined by the  ^ -h a p lo ty p e s  (S ilv e r ,  

1985). I t  i s  p o s s ib le  a lso  th a t  th e  genes w h ich  s p e c ify  germ c e l l  

carbohydra te  s tru c tu re  a re  n o t the _t hap lo types bu t a re  s im p ly  

lo c a te d  w i th in  th e  same T / t  locus. They appear to  c o r re la te  w ith  the  

Jb hap lo types because o f decreased recom b ina tion . A p pa ren tly  th e re  

was enough o f t h is  a n tig e n  on th e  surface  o f both the  ICR and T / t  

m ice to  cause s im i la r  im m unofluorescence. In  both c e l l  p re p a ra tio n s  

im m unofluorescence was g re a te r  i n  th e  la rg e r  c e l ls ,  w h ich a re  p r i ­

m a r ily  sperm atogonia and sperm atocytes ra th e r ,  ra th e r  than in  the 

s m a lle r sperm atids , p o s s ib ly  due to  g re a te r  su rface  a re a

The a c tu a l genotype o f o u r T / t  m ice i s  d i f f i c u l t  to  a s c e rta in . 

They were d e riv e d  from  T / t  x T / t  m atings and t a i l  le n g th  phenotype
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was used to  de te rm ine  the  h y p o th e tic a l genotype. M ice w ith  no t a i l  

were assumed to  be T / t . m ice w ith  s h o r t t a i l s  were assumed to  be + /T . 

and m ice w ith  norm al t a i l s  were assumed to  be e ith e r  + / t  o r  +/+.

There were no T /T  o r t / t  m ice because they a re  le th a l  genes. I t  has 

now been shown th a t  the  t. gene which c o n tro ls  t a i l  phenotype ( to t )  i s  

independent o f  both le th a l  genes and sperm genes, a lthough  c lo s e ly  

lin k e d  to  them (S ilv e r .  1985). There fo re , we cannot be a b s o lu te ly  

sure o f the  g e n e tic s  o f  our mice. T h is  may account f o r  our f a i l u r e  

to  d e te c t T / t  lo c u s  d if fe re n c e s  by le c t i n  b in d in g  o r an tise rum .

E f fe c t  o f  Mutagen Treatment on L e c t in  B in d in g

The lo s s  in  t e s t i s  w e ig h t and t e s t is  c e l l  number a f te r  ENU 

tre a tm e n t in d ic a te s  germ c e l l  damage and has been observed b e fo re  

w ith  t h is  mutagen (F ic s o r e t  a l. ,  1984). H is to p a th o lo g ic a l s tu d ie s  

have a sc rib e d  t h is  to  lo s s  o f  sperm atogonia w i th in  1 week o f  t r e a t ­

ment, sperm atocytes and spe rm a tids  2-4 weeks a f te r  tre a tm e n t, and 

spermatozoa 4-7 weeks a f te r  tre a tm e n t (Rodriguez e t a l . ,  1983).

The in c re a se  i n  2C and 4C c e l ls  and concom itant decrease i n  1C c e l ls  

we observed 18 days a f te r  tre a tm e n t w ith  50 mg/kg ENU c o n firm s  th e  

lo s s  o f h a p lo id  sperm atids. These c e l ls  w ould  have been spermatogo­

n ia  a t  the  tim e  o f ENU tre a tm e n t (Goldberg e t  a l . ,  1977). The de­

crease i n  4C c e l ls  and in c re a se  in  2C c e l ls  seen w ith  100 mg/kg 

in d ic a te s  g re a te r  d e s tru c t io n  o f sperm atogonia and le s s  re p o p u la t io n  

o f t e s t is  by s u rv iv o rs . These changes in  the percentages o f the 

th re e  c e l l  types a re  s im i la r  to  those re p o rte d  by Hacker e t  a l.

(1980) a f te r  x - i r r a d ia t io n ,  i n  th a t  the spe rm a tids  were le s s  s e n s i-
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t iv e  to  i r r a d ia t io n  than  the 2C and 4C c e lls .  They saw i n i t i a l  

decreases i n  2C, 4C, and S-phase c e l ls  d u r in g  th e  f i r s t  week, f o l ­

lowed by in c re a se s  i n  these c e l l  types and decreases in  1C c e l ls  21 

days a f te r  i r r a d ia t io n .

The percentages o f  the  1C, 2C, and 4C c e l ls  we found compare 

fa v o ra b ly  to  those re p o rte d  f o r  f lo w  cy tom e try  o f  t e s t is  c e l ls  

(Hacker e t  a l . ,  1980 and 1981). We d id  n o t see the  second 1C peak o f  

e longa ted  sperm atids , e i th e r  because the fo rm a lin  f ix a t io n  and lo n g e r 

t im e  o f DNA s ta in in g  a llo w e d  p ro p o rt io n a l uptake o f the  s ta in  or 

because the  t im in g  o f the expe rim en t was such th a t  few were p resen t 

when th e  c e l ls  were harvested . The experim ent was planned so th a t  

the descendents o f mutagen tre a te d  sperm atogonia would be round 

sperm atids.
S'

As e a r ly  as one week a f te r  ENU tre a tm e n t, new rounds o f  sperm io - 

genesis cease, and i f  the dose i s  h igh  g re a te r  than 250-300 mg/kg the 

mouse rem a ins s te r i le .  I f  the  dose i s  lo w e r, s u rv iv in g  m utagenized 

sperm atogon ia l stem c e l ls  re p o p u la te  the t e s t i s  and sperm atogenesis 

beg ins aga in. A s in g le  dose o f 250 mg/kg ENU induces m utants a t  an 

average frequency o f  1/1100 per lo cus . T h is  e f f i c ie n t  procedure has 

been used to  produce new mouse .£ lo cu s  m utants by Bode (1984). The 

lo s s  o f  h a p lo id  c e l ls  i n  ou r m ice i s  evidence th a t  the ENU dose was 

h igh  enough to  cause m utagenesis i n  a d d it io n  to  more g e n e ra lize d  

to x ic  e f fe c ts  on germ c e lls .

ENU c o n s is te n t ly  and s ig n i f ic a n t ly  Increased  b in d in g  o f  SBA, WGA 

and CCNA, le c t in s  w h ich  n o rm a lly  b ind  to  mouse te s t is  c e l ls .  I t  a lso  

caused b in d in g  by LFA and AA, w hich do no t n o rm a lly  b ind w e ll.  The
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b in d in g  o f  AA was in c rea sed  o n ly  in  4C c e l ls  and o n ly  a t  the  h ig h  ENU 

dose. I t  seems l i k e l y  th a t  i t  i s  due to  damaged sperm atogonia th a t  

have su rv ive d , but not d iv id e d . The increased  b in d in g  o f  LFA was 

g re a te s t i n  4C c e l ls ,  but occurred  in  th e  o th e r c e l l  types as w e ll .  

The increased  b in d in g  o f  the o th e r le c t in s  seemed to  occur i n  a l l  the 

c e l ls  e q u a lly , re g a rd le ss  o f  t h e i r  DNA con ten t. In  no case was th e  

in c rea se  g re a te r  in  1C c e l ls  than in  2C o r 4C c e l ls .  Th is  does no t 

r u le  out a m u ta tio n , s ince  a la rg e  e f fe c t  on 1C c e l ls  w ou ld  o n ly  be 

expected i f  the gene was expressed in  h a p lo id  c e l ls  (G insberg and 

F ic s o r, 1985). Increased h e te ro g e n e ity  o f  b in d in g  was t y p ic a l ly  seen 

i n  the c e l ls  from  tre a te d  m ice, evidenced by broader, lo w e r peaks. 

T h is  was e s p e c ia lly  n o tic e d  w ith  CONA. Increased  c o e f f ic ie n t  o f  

v a r ia t io n  such as th is  o f te n  occurs a f te r  i r r a d ia t io n  o r  mutagen 

tre a tm e n t and may r e f le c t  abnormal m e io t ic  se g re g a tio n  (Hacker e t 

a l . ,  1981).

G iven th e  t o x ic i t y  o f  ENU fo r  germ c e l ls ,  a g re a t dea l o f  gen­

e ra liz e d  c e l l  damage w ould be expected. I t  i s  l i k e l y  th a t  t h is  

accounts f o r  th e  m a jo r i ty  o f  th e  e f fe c ts  seen t h is  e a r ly  a f te r  t r e a t ­

ment. Increased  le c t in  b in d in g  could be due to  in c rea sed  s y n th e s is  

o f  new s ite s  as the  damaged c e l ls  r e p a ir  t h e i r  membranes. New s ite s  

cou ld  a lso  be more a v a ila b le  f o r  b in d in g  because they are n o t y e t 

masked as i n  th e  norm al c e l l .

I t  i s  a lso  p o s s ib le  th a t  m u ta tio n  tow ard  g re a te r  l e c t i n  b in d in g  

has occurred  in  some o f  the c e l la  C ons idering  th a t  the m u ta tio n  

frequency o f ENU fo r  the  £  lo cus  genes i s  a p p ro x im a te ly  1/1500 per 

lo c u s  (Bode, 1984), i t  i s  h ig h ly  u n l ik e ly  th a t we w ould be a b le  to
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d e te c t the few m utant c e l ls  th a t  m igh t be p resen t w ith  t h is  method.

In  a d d it io n ,  one must n o rm a lly  observe many g e n e ra tions  o f  progeny to  

p ro v id e  evidence o f h e r i t a b i l i t y .

F u tu re  expe rim ents  d ire c te d  tow ard  d e te c t in g  m u ta tio n s  m igh t 

u t i l i z e  the s o r t in g  c a p a b i l i t y  o f the c y to f lu o ro g ra f  to  e n r ic h  fo r  

m utant c e l ls  i n  t e s t i s  c e l l  p o p u la tio n s  lo n g  enough a f te r  ENU t r e a t ­

ment f o r  the  re p a ir  process to  be completed. Then changes in  b in d in g  

w ou ld  be more l i k e l y  to  be due to  m u ta tion . I f  the  m utant c e l ls  

could be c u ltu re d *  induced  to  d iv id e t o r h y b r id iz e d  w ith  myeloma 

c e l ls ,  the  progeny cou ld  be examined f o r  the  m u ta tion .
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LECTIN CARBOHYDRATE BINDING SPECIFICITIES

L e c t in  Source M ajor S p e c i f ic i t y

Soy Bean A g g lu t in in  
(SBA)

G lv c in  max N -a ce ty l-p -g a la c to sa m in e  
P -ga lactose

Wheat Germ A g g lu t in in  
(WGA)

T r it ic u m  vu lca re N -a ce ty l-p -g lu co sa m in e

Horse. Gram L e c t in  
(DBA)

D o lichos  b i f lo r u s N -a ce ty l-D -ga lac tosam in e  
Type A e ry th ro c y te s

BSI-B4 I s o le c t in  
(BAN)

Bandeireae s im p l ic i f o l ia  ga lac tose
Type B e ry th ro c y te s

Asparagus Pea L e c t in  
(AA)

Lotus te tragono lobus a -L -fu co se , D -ga lactose  
N -a ce ty l-D -g a la c to sa m in e  
Type 0 e ry th ro c y te s

OEA-I L e c t in  
(UEA)

U lex euroceus c -L -fucose

Sea Slug A g g lu t in in  
(LFA)

T.imax f la v u s s ia l i c  a c id

Concanavalin A 
(CONA)

C anavalia  e n s ifo rm is  a-mannose
Jack bean a-g lucose
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TWOGATEFL

1 RPL/2158 SYSTEM ...ORTHO DIAGNOSTIC SYSTEMS. . . . . . . . .85 REM HIST/LIST PROTOCOL THREEPTDIF; 3 PT DIFF W GATE FOR MUN0FLU0RESCE1CE 0? REMIB REN Xl=PMT2 (90' SCATTER)#28 REM Yi=PMT3 (FORiRI SCflTTtR)=H2 3B REM X2=PHT1 (GREEN FLU0RE5CENCE)=H3 48 REN110 GET HI FROM PORT1 \GET 98' SCATTER RAH PARAHETER118 GET H2 FROM P0RT2 \GET FRH-SC RAH PARAMETER128 GET H3 FROM PORTS \GET GRN-FL RAH PARAMETER201 LIST H1.H2.H3 \COLLECT ALL 3 RAH PARAMETERS IN LIST IDE258 LET F1=H3 '251 LET F2=H326i LET P1=PAIR(H2,H1) \CYTOGRAM OF FRH-SC(Y-AXIS) VS S 8 ' - S C M I S )26? REM268 REM LINE 278 UNCONDITIONALLY CREATES HISTOGRAMS OF RAH PARAMETERS269 REM AS HELL AS THE CYTOGRAN270 HIST H1.H2.H3.P1
274 REM275 REM LINE 288 AND 281 CREATES HISTOGRAM Fl(GRN-FL) FROM276 REM REGION 1 OF PI AND F2 (GRN-FL) FROM REGION 2 uF Pi 288 IF REG 1 OF PI T I N  HIST FI281 IF REG 2 OF PI THEN HIST F2 290 LABEL HI HITH “98' SCATTER"380 LABEL H2 HITH ’‘FORWARD SCATTER"31b LABEL H3 HITH “GREEH FLUORESCENCE"328 LABEL FI HITH "GRN-FL. REG1 OF PI"321 LABEL F2 HITH "GRN-FL', E G 2  OF PI"338 LABEL Pi HITH "FRH-SC/Y VS SB'-SC/X"9999 END

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59
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F ig u re  1 . TWOGATEFL Cytogram and H istogram s.
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FITCPI2 61

1 REM CELLS SHOULD SE LABELLED WITH FIIC-LECIIN, FIXED WITH tt FORMALIN,2 REM TREATED HITH 1 H6/HL RNASE FOR 15 MIN AT 3? DEG C,3 REM STAINED WITH 50 M L  PROPIDIUH IODIDE OVERNIGHT IN THE COLD4 REM ARGON LASER SHOULD BE AT 480 NM5 REM6 REM ? REM8 REM9 REN PARAMETERS S H O O  IE SET UP AS FOLLOWS*18 REM11 REM SELECT PHT3 (RED FL) ON XI AREA12 REM SELECT PMT3 (RED FL) ON Y1 PEAK13 REN SELECT PMT1 (CRN FL) ON X2 AREA14 REM15 E M108 SET Al FROM PORTlxRED AREA H i  SET VI FROM P0RT2NREB PE*120 GET SI FROM P0RT3\6RH FL 138 LET Pl=PAIR(Yl,ftl)141 HIST PI141 HIST Al142 HIST SI 150 REM 168 REM170 LET Ml=Si171 LET M2=Si172 LET H3=Si
181 IF REG 2 OF PI T E N  HIST M2182 IF REG 3 OF PI THEN HIST M3230 LABEL PI W I 1  "DNA PEAK (Y) VS AREA (X)" 241 LABEL Ml WITH "FITC FLUOR FROM P1R1"241 LABEL M2 WITH "FITC FLUOR FROM P1R21'242 LABEL M3 HITH "FITC FLUOR FROM P1R3"250 LABEL SI WITH " U N W E D  FITC FLUOR"1008 END

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1 OO-i

4 0  -

4 0 801 20
P I  DNR PERK ( V I  VS RRER ( X )

1 000

8 0 0  1 0 0 01
Ml  F I  TO FLUOR FROM P1R1

1000

4 0 01001
R 1 DNR FLUOR

F ig u re  2 . FITCPI2 Cytogram and H i

62

1 008

2 0 0  4 0 0  6 0 0

MS F I T C  FLUOR FROM P 1 R 3

1 000

1 200 4 0 0 3 0 0  1 0 0 0
M2 F I T C  FLUOR FROM P1F:2

31-------------------------1

T"" ' I -M  — i li i ■----------- -
5 0 0  £ 0 0  7 0 0  © 00  9 0 0

W ith  L in e a r  S c a lin g .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

1 OO-i

00 -

4 0

20  -

1000

i i 
1 20

— i   i 11 f i i i i
4 0  0 0  SO 1 0 0 4 0 01 200 80O 1000

PI DMR PERK ( Y )  VS flREfi ( X I 113 F I T C  FLUOR FROM P 1 R 3

1 0 0 0 1000

800 10001
M l  F I T C  FLUOP FROM P I R 1

1 4 0 0 0 0 0  8 0 0
M2 F I T C  FLUOP. FPOM F 1 F 2

1 0 0 0

3 0 0  4 0 0

R l  DNR FLUOR

1 00 5 0 0 TOO 8 0 0 0 0

F ig u re  3 . FITCPI2 Cytogram and H istogram s W ith  L o g a rith m ic  S c a lin g .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

1 O0n

so -

so -

40

20

1 -I

M ith ram yc in  S ta in e d  T e s t is  C e lls  

600

i i i i i ■— i i i20 40 60 80 -i

ii
300 400

DNR FLUOR

n i a j f t i i iM— “ ■<...... .500 600

100 11 100 200 300 400 500 600300 400
P I  DUO PERK VS R R E R ( R l )  M l  DNR FLUOR

P rop id ium  Io d id e  S ta in e d  T e s t is  C e lls

"  r i i i i 700 800 900

40 -

100 300
M l  DNR FLUOR

50080 10020
P I  DNR PERK VS R R E f l ( R l )

40

F ig u re  4 . DNA F luorescence o f M ith ram yc in  and P rop id ium  Io d id e  S ta in e d  T e s tis  C e lls .



Appendix D 

L e c t in  B in d in g  to  Sperm: F igu res  5-7

65

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Av
era

ge
 

Bin
ing

 
Sc

ore
 

Av
era

ge
 

Bin
dm

g 
Sc

ore
 

Av
era

ge
 

Bin
dm

g 
Sc

ore

No Lectin 66
a

3

2

1

o
•*-/4 T /4 mOBA Dl

Meuat Strain
Aeroaomt Tall

BAN

3 -

2  -

VV 
S
s
ssVs
s,
sV
ssss
s
s

T /t

GS3 Aorotomt

•s.VV 
s'•s
sV
s

-+-/T

CSC53
T/txOBA

s | 5 2 ^

. , Moun
M ldp lao*

DBA ICR

Strain

C37BLS BSD2F1

ISSR1 Hacd

LFA

5 2 ^5 2 ^5 2 ^S 2 ^S 2 ^5 2 ^
5 2 ^5 2 ^5 2 ^
5 2 ^
3 2 ^3 2 ^
8 5 1 1

*^ /t T/txDBA DBA ICR Balfc» a C67BLB B6D2F1
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Figure 9. Binding of FITC-Lectins to ICR Mouse Testis Cells,
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Figure 10. Effect of Trypsinization on Binding of 

LFA and UEA to ICR Mouse Testis Cells.
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Figure 11. Effect of Trypsinization on Binding of

SBA, WGA, and CONA to ICR Mouse Testis Cells.
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Figure 12. Binding of FITC-Lectins to T/t Mouse 

Testis Cells.
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Figure 13. Effect of Trypsinization on Binding of 

LFA and UEA to T/t Mouse Testis Cells.
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Figure 14. Effect of Trypsinization on Binding of

SBA, WGA, and CONA to T/t Mouse Testis Cells.
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Figure 15. Immunofluorescence of Antiserum to T/t

Locus With ICR and T/t Mouse Testis Cells.
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Figure 17. Binding of FITC-Lectins to 1C Testis Cells.
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Figure 18. Binding of FITC-Lectins to 2C Testis Cells,
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Figure 19. Binding of FITC-Lectins to 4C Testis Cells.
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Figure 20. Effect of ENU on Background Fluorescence 
of Testis Cells,
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Figure 21. Effect of ENU on Binding of FITC-SBA 

to Testis Cells,
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Figure 22, Effect of ENU on Binding of FITC-WGA 

to Testis Cells,
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Figure 23. Effect of ENU on Binding of FITC-BAN 
to Testis Cells.
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Figure 24. Effect of ENU on Binding of FITC-AA 
to Testis Cells.
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Figure 25. Effect of ENU on Binding of FITC-LFA 

to Testis Cells,
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Figure 26. Effect of ENU on Binding of FITC-CONA 
to Testis Cells.
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