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Summary 

S p e r m b e a r i n g c o m p l e t e r - h a p l o t y p e s a r e p re fe ren t ia l ly t r a n s m i t t e d d u r i n g fer t i l iza t ion f rom 
h e t e r o z y g o u s +/t m a l e s , o f ten in excess o f 9 5 % re la t ive t o the i r + - b e a r i n g m e i o t i c p a r t n e r . S p e r m 
f rom / -bea r ing m a l e s h a v e a n a p p r o x i m a t e t w o - t o four fo ld i nc rea se in / ? l , 4 - g a l a c t o s y l t r a n s f e r a s e 
( G a l T a s e ) ac t iv i ty , a cell su r face p r o t e i n t h a t m e d i a t e s s p e r m b i n d i n g t o t he egg z o n a p e l l u c i d a . 
T h e e leva ted G a l T a s e ac t iv i ty s t r ic t ly co r r e l a t e s w i t h t he p re fe ren t ia l t r a n s m i s s i o n of / - s p e r m f r o m 
+ It m a l e s , s ince e ight o t h e r e n z y m e s s h o w n o r m a l levels of ac t iv i ty o n / - s p e r m . F u r t h e r m o r e , 
s p e r m b e a r i n g p r o x i m a l p a r t i a l r - h a p l o t y p e s , wh ich a r e n o l o n g e r f a v o u r e d d u r i n g fe r t i l i za t ion , h a v e 
n o r m a l levels o f G a l T a s e ac t iv i ty . N e v e r t h e l e s s , it h a s been u n c l e a r w h e t h e r t he e l eva ted s p e r m 
G a l T a s e ac t iv i ty o n / - s p e r m is d u e t o specific loci in t h e d i s ta l s e g m e n t o f t h e T / t - c o m p l e x , o r 
r a t h e r , is a n ind i rec t c o n s e q u e n c e o f t he a b n o r m a l s p e r m func t ion c h a r a c t e r i s t i c o f + / / a n d ^/t" 
m a l e s . In th is s t u d y , it is s h o w n t h a t t he e l eva ted s p e r m G a l T a s e ac t iv i ty is d u e specifically t o 
f ac to r s t h a t res ide w i th in t he d i s t a l s e g m e n t o f t h e T / t c o m p l e x , w h i c h a l so c o n t a i n s Tcd-2, t h e 
s t r o n g e s t o f t he d i s t o r t e r loci . S ince t h e s t r u c t u r a l l ocus for G a l T a s e is l o c a t e d o n m o u s e 
c h r o m o s o m e 4, these resu l t s a l so s h o w t h a t T / t - c o m p l e x alleles o n c h r o m o s o m e 17 a r e r e g u l a t o r y 
in n a t u r e a n d affect t he e x p r e s s i o n of s p e r m sur face c o m p o n e n t s cr i t ica l for n o r m a l f e r t i l i za t ion . 
M o d e l s a r e p r e s e n t e d t o exp l a in h o w e leva ted G a l T a s e ac t iv i ty c o u l d c o n t r i b u t e t o s p e r m 
t r a n s m i s s i o n d i s t o r t i o n . 

1. Introduction 

M o u s e / - h a l o t y p e s a r e t r a n s m i t t e d d u r i n g fer t i l iza t ion 
a t n o n - M e n d e l i a n r a t i o s d u e t o a select ive a d v a n t a g e 
o f t he / - b e a r i n g s p e r m re la t ive t o the i r + - m e i o t i c 
p a r t n e r ( B e n n e t t , 1975 ; Silver, 1985). R e c e n t gene t ic 
s tud i e s sugges t t h a t th i s / - s p e r m t r a n s m i s s i o n r a t i o 
d i s t o r t i o n ( T R D ) is d u e t o i n t e r a c t i o n s b e t w e e n 
m u l t i p l e d i s t o r t e r loci, Tcd-1 t o Tcd-4, a n d a r e s p o n d e r 
locus , Tcr ( L y o n , 1984, 1986). P r e s e n t m o d e l s h y p o ­
thes ize t h a t g e n e p r o d u c t s o f t h e Ted loci i n t e r ac t in 
b o t h cis a n d trans c o n f i g u r a t i o n s wi th t he wi ld - type 
Tcr (Tcr+) al lele, l ead ing t o func t i ona l i n a c t i v a t i o n , o r 
' p o i s o n i n g ' , o f t he r ec ip ien t + - s p e r m (Sei tz & 
B e n n e t t , 1985 ; O l d s - C l a r k e & Pe i t z , 1985). H o w e v e r , 
m u t a t i o n s in t he Tcr al lele o f t h e / - c h r o m o s o m e (Tcr') 
r e n d e r th is r e s p o n d e r g e n e less suscep t ib le t o t he 
d e l e t e r i o u s effects o f Ted g e n e p r o d u c t s , a n d the 
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r e su l t i ng / - b e a r i n g s p e r m is p r e f e r e n t i a l l y t r a n s m i t t e d 
d u r i n g fe r t i l i za t ion . O f t h e Ted loci t h u s fa r i den t i f i ed , 
Tcd-2 h a s t h e g r e a t e s t i m p a c t o n T R D , s ince t r a n s ­
m i s s i o n r a t i o s r e t u r n t o 50 % in i ts a b s e n c e , e v e n w h e n 
o t h e r Ted loci a r e p r e s e n t (Si lver , 1990) . W h i l e o t h e r 
Ted loci d o n o t c o n t r i b u t e t o T R D t o t h e s a m e d e g r e e 
as d o e s Tcd-2, m u l t i p l e co p i e s of Tcd-1 a n d Tcd-4 c a n 
pa r t i a l l y c o m p e n s a t e for t he loss o f Tcd-2, s u g g e s t i n g 
t h a t Ted g e n e p r o d u c t s s h a r e s o m e c o m m o n m o d e o f 
a c t i o n (Silver , 1990). N e v e r t h e l e s s , d e s p i t e o u r ex ­
tens ive gene t i c k n o w l e d g e o f T R D , t h e u n d e r l y i n g 
b i o c h e m i c a l m e c h a n i s m s r e m a i n u n k n o w n . 

S o m e b i o c h e m i c a l a b n o r m a l i t i e s h a v e b e e n d o c u ­
m e n t e d p r e v i o u s l y in / - s p e r m a t o g e n i c ce l ls , s u c h a s 
p o l y m o r p h i s m s in t e s t i cu la r p r o t e i n s a s r e v e a l e d b y 2 -
D S D S - P A G E a n a l y s i s (Si lver et al. 1983) . H o w e v e r , 
the m o s t ex tens ive ly s t u d i e d b i o c h e m i c a l a b n o r m a l i t y 
a s s o c i a t e d w i t h t he se s p e r m is a specif ic i n c r e a s e in t h e 
ac t iv i ty o f / ?1 ,4 -ga l ac to sy l t r an s f e r a se ( G a l T a s e ) o n 
+ / / a n d tx/t" s p e r m p o p u l a t i o n s ( S h u r & B e n n e t t , 
1979 ; S h u r , 1981). T h e inc reased G a l T a s e a c t i v i t y o n 
/ - s p e r m p o p u l a t i o n s is i n t e r e s t i n g i n l igh t o f s t u d i e s 
s h o w i n g t h a t G a l T a s e func t ions a s a g a m e t e r e c e p t o r 
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d u r i n g f e r t i l i z a t i o n b y b i n d i n g t o g l y c o p r o t e i n s u b ­
s t r a t e s in t h e e g g z o n a p e l l u c i d a ( S h u r & H a l l , 
1 9 8 2 a , b; L o p e z et al. 1 9 8 5 ; S h u r & N e e l y , 1988) . 
F u r t h e r m o r e , t h e e l e v a t e d G a l T a s e a c t i v i t y o n 
t r a n s m i s s i o n - d i s t o r t i n g / - s p e r m p o p u l a t i o n s s h o w s 
b o t h b i o c h e m i c a l a n d b i o l o g i c a l specif ic i ty . G a l T a s e 
is t h e o n l y e n z y m e o f n i n e a s s a y e d , i n c l u d i n g t h r e e 
g l y c o s y l t r a n s f e r a s e s , t h r e e g l y c o s i d a s e s , a n d t h r e e 
p h o s p h a t a s e s , t h a t s h o w s d i f fe rences in a c t i v i t y b e ­
t w e e n n o r m a l a n d / - b e a r i n g s p e r m p o p u l a t i o n s ( S h u r 
& B e n n e t t , 1979) . I n a d d i t i o n , s p e r m b e a r i n g r e ­
c o m b i n a n t p a r t i a l / - h a p l o t y p e s t h a t h a v e l o s t d i s t a l 
Ted l oc i , a n d t h a t a r e n o l o n g e r p r e f e r e n t i a l l y 
t r a n s m i t t e d , h a v e n o r m a l levels o f G a l T a s e a c t i v i t y 
( S h u r , 1981) . C o n s e q u e n t l y , t h e e l e v a t e d G a l T a s e 
a c t i v i t y s t r i c t l y c o r r e l a t e s w i t h t h e p r e f e r e n t i a l t r a n s ­
m i s s i o n o f / - s p e r m d u r i n g f e r t i l i z a t i on . H o w e v e r , it is 
u n c l e a r w h e t h e r t h e e l e v a t e d s p e r m G a l T a s e a c t i v i t y is 
d u e t o specif ic g e n e p r o d u c t s in t h e d i s t a l s e g m e n t o f 
t h e T / t - c o m p l e x , o r r a t h e r , is a n i n d i r e c t c o n s e q u e n c e 
o f t h e a b n o r m a l b e h a v i o u r c h a r a c t e r i s t i c o f s p e r m 
b e a r i n g c o m p l e t e / - h a p l o t y p e s , a n d t h e r e f o r e , u n ­
r e l a t e d t o a n y o f t h e i n d i v i d u a l Tcd/Tcr l oc i . T h e 
p r e s e n t s t u d y s h o w e d t h a t t h e e l e v a t e d s p e r m G a l T a s e 
a c t i v i t y is d u e e n t i r e l y t o f a c t o r s t h a t r e s i d e w i t h i n t h e 
d i s t a l s e g m e n t o f t h e T / t c o m p l e x ; a s e g m e n t w h i c h 
a l s o c o n t a i n s Tcd-2, t h e s t r o n g e s t o f t h e d i s t o r t e r loc i . 
S i n c e t h e s t r u c t u r a l l o c u s fo r G a l T a s e is l o c a t e d o n 
m o u s e c h r o m o s o m e 4 ( S h a p e r et al. 1987) , t h e r e s u l t s 
a l s o s h o w e d t h a t T / t - c o m p l e x a l le les o n c h r o m o s o m e 
17, s e g r e g a t i n g w i t h o r i d e n t i c a l t o Tcd-2, a r e 
r e g u l a t o r y in n a t u r e a n d affect t he e x p r e s s i o n o f 
s p e r m s u r f a c e c o m p o n e n t s t h a t f u n c t i o n d u r i n g 
f e r t i l i z a t i o n . 

2 . M a t e r i a l s and methods 

(i) Mice 

M a l e s b e a r i n g r e c o m b i n a n t p a r t i a l / - h a p l o t y p e s w e r e 
t h e k i n d gift o f D r L e e S i lver ( P r i n c e t o n U n i v e r s i t y ) , 
a n d a r e i d e n t i c a l t o m i c e d e s c r i b e d in S i lver & R e m i s 
( 1 9 8 7 ) . I n th i s s t u d y , t w o p r o x i m a l p a r t i a l / - h a p l o t y p e s 
w e r e u s e d , t3 a n d t"2, a s wel l a s o n e d i s t a l p a r t i a l /-
h a p l o t y p e , t h l s , c a r r i e d in cis c o n f i g u r a t i o n w i t h t h e T 
a l l e l e . [ T h e T a l le le h a s n o effect o n s p e r m t r a n s m i s s i o n 
r a t i o s o r s p e r m G a l T a s e a c t i v i t y ( S h u r & B e n n e t t , 
1979) . ] T h e r e l a t i v e r - D N A a s s o c i a t e d w i t h t h e s e 
p a r t i a l / - h a p l o t y p e s is i l l u s t r a t e d in t h e t e x t ( see F i g . 
2 ) , a s a r e o t h e r / - h a p l o t y p e s p r e v i o u s l y a s s a y e d ( S h u r , 
1981) fo r s p e r m G a l T a s e a c t i v i t y . Tt"'8 + /th2tf ( n o -
t a i l e d , n o n - t u f t e d ) x +tf/ + tf ( n o r m a l - t a i l e d , t u f t e d ) 
c r o s s e s g e n e r a t e d Thh'8 + / + tf ( s h o r t - t a i l e d , n o n -
t u f t e d ) a n d + tf/th2tf ( n o r m a l - t a i l e d , t u f t e d ) p r o g e n y . 
Tthl8 + / + tfx +tf/ + tf c r o s s e s w e r e u s e d t o g e n e r a t e 
l i t t e r m a t e s s e g r e g a t i n g fo r t h e Tt"'8 h a p l o t y p e ( s h o r t -
t a i l e d , n o n - t u f t e d ) . +tf/t3 + ( n o r m a l - t a i l e d , n o n -
t u f t e d ) x + ( / " / + / / c r o s s e s p r o d u c e d / ^ - b e a r i n g m a l e s 
t h a t w e r e d i s t i n g u i s h e d f r o m t h e i r n o r m a l l i t t e r m a t e s 

by t he tuf ted p h e n o t y p e . All +tf/ + tf a n i m a l s were 
de r ived f rom t h e i n b r e d C 3 H b a c k g r o u n d . 

(ii) Galactosyltransferase assay 

C a u d a e p i d i d y m a l s p e r m f r o m 10- t o 12-week-o ld 
m a l e s w e r e i so l a t ed a s d e s c r i b e d ( S h u r , 1981) a n d 
w a s h e d t h r e e t imes by c e n t r i f u g a t i o n (900 g, 10 m i n , 
23 °C) in s p e r m i n c u b a t i o n buffer [ N a C l , 7-5 g / 1 ; K C 1 , 
0-4 g / 1 ; H e p e s buffer, 4-76 g / 1 ; p H 7-2 s u p p l e m e n t e d 
w i t h a p r o t e a s e i n h i b i t o r cock t a i l ( S h u r & N e e l y , 
1988)]. S p e r m / ? l , 4 - G a l T a s e ac t iv i ty t o w a r d s N-
a c e t y l g l u c o s a m i n e w a s m e a s u r e d as desc r ibed (Shu r , 
1981). Briefly, 50 /A a s s a y m i x t u r e s c o n t a i n e d 200 /IM 
u r i d i n e d i p h o s p h a t e [ 3 H ] g a l a c t o s e ( U D P G a l ) (574 
d p m / p m o l ; D u p o n t ) , 1 mM 5 ' - A M P ( to inh ib i t 
U D P G a l d e g r a d a t i o n c o m p e t i t i v e l y ) , 30 mM 7V-acetyl-
g l u c o s a m i n e ( S i g m a C h e m i c a l C o . ) , 1 0 m M M n C l 2 , 
a n d a p p r o x i m a t e l y 0-5 x 10 6 s p e r m . Af te r t he i nd i ca t ed 
i n c u b a t i o n t i m e a t 37 ° C , t he r e a c t i o n w a s t e r m i n a t e d 
w i t h N a E D T A a n d sub jec t ed t o h i g h - v o l t a g e b o r a t e 
e l e c t r o p h o r e s i s t o s e p a r a t e t h e r a d i o l a b e l e d p r o d u c t , 
A^-ace ty l lac tosamine , f r o m u n u s e d U D P G a l a n d a n y 
b r e a k d o w n p r o d u c t s . T h e r e a c t i o n c o m p o n e n t s were 
s h o w n in p r e v i o u s s t u d i e s ( S h u r & B e n n e t t , 1979) t o 
be o p t i m a l for all p a r a m e t e r s . 

AH s p e r m G a l T a s e ac t iv i t ies w e r e a s s a y e d o v e r a 
2 h i n c u b a t i o n p e r i o d , a n d t h e r a t e o f e n z y m e act iv i ty 
w a s used t o d e t e r m i n e t h e d e g r e e of [ 3 H ] g a l a c t o s y l a t e d 
p r o d u c t / 1 0 6 c e l l s / h . I n all i n s t a n c e s , s p e r m G a l T a s e 
act iv i t ies w e r e a s s a y e d in pa ra l l e l f rom l i t t e rma te s 
s e g r e g a t i n g for t h e / - h a p l o t y p e o f in te res t , a n d /-
specific G a l T a s e ac t iv i t ies w e r e exp res sed re la t ive to 
the i r w i l d - t y p e l i t t e r m a t e s . 

3. Results and discussion 

S p e r m b e a r i n g m u t a n t / -al leles a r e c h a r a c t e r i z e d by a 
specific inc rease in t he ac t iv i ty of sur face G a l T a s e 
( S h u r & B e n n e t t , 1979). M a l e s b e a r i n g r e c o m b i n a n t 
p r o x i m a l / - h a p l o t y p e s , w h i c h h a v e los t t he d i s ta l Ted 
loci , s h o w w i l d - t y p e levels o f G a l T a s e ac t iv i ty (Shu r , 
1981). T o d e t e r m i n e w h e t h e r t he e leva ted G a l T a s e 
ac t iv i ty o n / - s p e r m reflects a n ind i rec t b i o c h e m i c a l 
c o n s e q u e n c e o f t h e T R D p h e n o t y p e o r is t he d i rec t 
resul t o f specific T/t loci , su r face G a l T a s e ac t iv i ty w a s 
a s s a y e d u n d e r o p t i m a l c o n d i t i o n s o n s p e r m b e a r i n g 
v a r i o u s r e c o m b i n a n t p a r t i a l / - h a p l o t y p e s . 

A r e p r e s e n t a t i v e s p e r m G a l T a s e a s s a y f rom m a l e s 
s e g r e g a t i n g for t he /"'* a n d t"2 al leles f rom a 
t h l s / t h 2 x + / + c r o s s is s h o w n in F ig . 1. Ac t iv i ty is 
l inear for t h e d u r a t i o n o f t he 2 h a s say , f rom w h i c h the 
r a t e o f e n z y m e ac t iv i ty w a s c a l c u l a t e d a n d c o m p a r e d 
b e t w e e n g e n o t y p e s . Su r f ace G a l T a s e ac t iv i ty o n + / /* '* 
s p e r m is m o r e t h a n twice t h a t f o u n d o n + / / " ' 
l i t t e r m a t e s p e r m , s u g g e s t i n g t h a t t he e l eva ted G a l T a s e 
ac t iv i ty c h a r a c t e r i s t i c o f s p e r m b e a r i n g c o m p l e t e /-
h a p l o t y p e s is d u e t o f a c t o r s w i th in t h e d i s ta l /*'* 
h a p l o t y p e , r a t h e r t h a n t h e p r o x i m a l t"2 h a p l o t y p e . 
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Time (min) 

Fig. 1. Sperm surface GalTase activities from littermates 
resulting from a male Tt"18 + /th2tf x female +tf/ + tf 
cross. In this assay, + /th,s sperm from two males had 
more than twice the activity of + /th2 sperm. 

T a b l e 1. GalTase activities on sperm bearing partial 
i-haplotypes 

GalTase activity 
N o . males / (pmol p r o d u c t / 1 0 6 

/-haplotype no. litters sperm/h) 

+ / + 23/17 54-5 + 4-4 
+ /th,s 13/8 111-5 + 9-0* 
+ /t"2 16/9 52-8 + 4-5 
+ /<3 14/6 53-4 + 4-4 

Sperm GalTase activities were assayed as described in the 
Materials and Methods . All sperm from /-bearing males 
were assayed relative to their + / + littermate sperm, except 
for three litters of /""-bearing males which were assayed 
relative to + It2, rather than + / + , littermate sperm (as in 
Fig. 1). 
*/> = 0-001 relative to + / + based on Student 's /-test. 

H o w e v e r , t h e c o m b i n e d t"2 a n d t"18 s e g m e n t s d o n o t 
e n c o m p a s s all of t h e c h r o m a t i n n o r m a l l y c o n t a i n e d 
wi th in a c o m p l e t e / - h a p l o t y p e , s ince t h e th2 

r e c o m b i n a n t still r e t a i n s smal l p r o x i m a l a n d c e n t r a l 
s e g m e n t s o f w i l d - t y p e c h r o m a t i n (Silver & R e m i s , 
1987). T o d e t e r m i n e w h e t h e r these loci a l so c o n t a i n 
G a l T a s e r e g u l a t o r y e l e m e n t s in a d d i t i o n t o t h o s e 
c o n t a i n e d w i t h i n t h e t h l 8 d is ta l s e g m e n t , s p e r m b e a r i n g 
the t3 h a p l o t y p e were a s s a y e d , s ince t3 a n d t h l 8 t o g e t h e r 
e n c o m p a s s t h e c o m p l e t e / - h a p l o t y p e (Silver & R e m i s , 
1987). 

/ - ' -Bearing s p e r m p o p u l a t i o n s c o n t a i n e d w i l d - t y p e 
levels o f G a l T a s e ac t iv i ty , s h o w i n g t h a t t h e e l eva t ed 
G a l T a s e ac t iv i ty c h a r a c t e r i s t i c o f all c o m p l e t e /-
h a p l o t y p e s is d u e en t i re ly t o fac to r s c o n t a i n e d w i t h i n 
t he d i s ta l t"'8 s e g m e n t . T h e s e d a t a a r e p r e s e n t e d in 
T a b l e 1, a l o n g w i t h t h e a v e r a g e s p e r m G a l T a s e 
act ivi t ies f rom l i t t e r m a t e s s eg rega t ing for t he fo l lowing 
alleles a s s a y e d in th i s s t u d y : + / / f t M a n d +/t"2, +/th,s 

a n d + / + , + If2 a n d + / + , + /t3 a n d + / + . In all 

i n s t a n c e s , m u l t i p l e l i t ters were a s s a y e d o f e a c h 
g e n o t y p e t o in su re t h a t t h e fac to r s r e s p o n s i b l e for 
r e g u l a t i n g s p e r m G a l T a s e ac t iv i ty s e g r e g a t e d w i t h / 
alleles o f in te res t . 

T h e c u m u l a t i v e d a t a a r e s u m m a r i z e d in F i g . 2 , 
a l o n g w i t h t h e re la t ive spe rm G a l T a s e ac t iv i t i es 
a s s o c i a t e d w i t h a n u m b e r of o t h e r c o m p l e t e a n d 
p a r t i a l / - h a p l o t y p e s p r ev ious ly r e p o r t e d ( S h u r , 1981) . 
Al l /-specific G a l T a s e act iv i t ies a r e n o r m a l i z e d r e l a t ive 
t o + / + l i t t e rma te s . T h e e leva ted G a l T a s e ac t iv i ty 
c h a r a c t e r i s t i c o f s p e r m b e a r i n g c o m p l e t e / - h a p l o t y p e s , 
e.g. t12, a s well a s the d i s t a l t m h a p l o t y p e , is n o t seen 
o n s p e r m b e a r i n g the p r o x i m a l h a p l o t y p e s t 0 r l , t w 8 2 , t3, 
o r th2. 

T h e signif icance of these o b s e r v a t i o n s is t h r e e f o l d . 
F i r s t , whi le p r e v i o u s r e su l t s have s h o w n t h a t e l e v a t e d 
s p e r m G a l T a s e ac t iv i ty is c h a r a c t e r i s t i c o f all c o m p l e t e 
/ - h a p l o t y p e s , it h a s b e e n u n c l e a r w h e t h e r t h e e l e v a t e d 
s p e r m G a l T a s e ac t iv i ty reflects a n i n d i r e c t b i o c h e m i c a l 
c o n s e q u e n c e o f t he T R D p h e n o t y p e o r is d u e t o 
specific loci c o n t a i n e d w i t h i n the T / t - c o m p l e x . W h i l e 
we a r e p re sen t ly u n a b l e t o define a specific g e n e t i c 
l ocus r e s p o n s i b l e for r egu la t ing s p e r m G a l T a s e a c ­
tivi ty, these resu l t s d o s h o w tha t t h e d i s t a l s e g m e n t o f 
the / - h a p l o t y p e , c o n t a i n i n g Tcd-2, is sufficient t o 
a c c o u n t for t h e e leva ted G a l T a s e ac t iv i ty f o u n d o n 
s p e r m b e a r i n g c o m p l e t e / - h a p l o t y p e s . S ince b o t h t h e 
H-2 m a j o r h i s t o c o m p a t i b i l i t y c o m p l e x a n d Tcd-2 loci 
a r e c o n t a i n e d w i th in t he dis ta l s e g m e n t o f t h e T / t -
c o m p l e x (Silver & R e m i s , 1987), a n d m a y in fact b e 
func t iona l ly r e l a t ed t o o n e a n o t h e r , it is p o s s i b l e t h a t 
alleles a d j a c e n t t o t he H-2 c o m p l e x , s h o w n b y o t h e r s 
t o affect t he levels of m u l t i p l e g l y c o p r o t e i n a n d 
g lyco l ip id ga l ac to sy l t r ans f e r a se ac t iv i t ies ( H a s h i m o t o 
et al. 1 9 8 5 ; F u r u k a w a et al. 1986; K e m p et al. 1987) , 
m a y b e iden t ica l t o t h o s e r e spons ib l e for r e g u l a t i n g 
s p e r m G a l T a s e ac t iv i ty . 

S e c o n d , t he fact t h a t t h e e leva ted G a l T a s e ac t iv i ty 
seg rega tes wi th Tcd-2, r a t h e r t h a n w i t h a n y o f t h e 
o t h e r def ined Ted loci , is in t e re s t ing s ince Tcd-2 h a s 
the g r ea t e s t i m p a c t o n t h e degree o f T R D of t h e 
k n o w n Ted loci in t h a t r e c o m b i n a n t s l a c k i n g Tcd-2 
a re t r a n s m i t t e d a t n e a r 5 0 % f requenc i e s (Si lver , 
1990). T h e m o d e o f a c t i o n o f Tcd-2 is u n k n o w n , s ince 
it is def ined gene t ica l ly r a t h e r t h a n m o l e c u l a r l y , a n d 
the d i s t a l s e g m e n t c o n t a i n i n g Tcd-2 is l a r g e a n d l ikely 
c o n t a i n s m a n y genes . I t is u n c l e a r , t h e r e f o r e , if 
e l eva ted G a l T a s e ac t iv i ty is s imp ly l i n k e d t o , o r a 
d i rec t c o n s e q u e n c e of, Tcd-2. N e v e r t h e l e s s , s ince 
e l eva ted G a l T a s e ac t iv i ty m a p s t o th i s p o r t i o n o f t h e 
T / t c o m p l e x , w h i c h signif icantly affects t h e d e g r e e o f 
T R D , it is pos s ib l e t h a t e l eva ted G a l T a s e ac t iv i ty is 
o n e f ac to r t h a t c o n t r i b u t e s to / - s p e r m T R D . 

T h e m e c h a n i s m b y w h i c h e leva ted G a l T a s e c o u l d 
c o n t r i b u t e t o T R D is presen t ly u n k n o w n . O r i g i n a l l y , 
t he m o s t o b v i o u s poss ib i l i ty w a s t h a t t h e e l eva t ed 
G a l T a s e ac t iv i ty w a s p r e s e n t on / - b e a r i n g , r a t h e r t h a n 
+ - b e a r i n g s p e r m , wh ich a c c o u n t e d for t h e d o u b l y 
e l eva ted ac t iv i ty o n tz/tv s p e r m . P r e s u m a b l y , t he 

https://doi.org/10.1017/S0016672300025507 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300025507


B. D. Shur and Natalie F. Scully 180 

Distribution of t-chromatin 
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Fig. 2. Elevated sperm surface GalTase activity on t-
bear ing sperm segregates with Tcd-2. Port ions of 
ch romosome 17 are shown conta ining various t-
haplotypes with the te lomere at the extreme left. The nine 
subregions defined by molecular markers that consti tute a 
complete / -haplotype are shown across the top of the 
figure and are represented by open boxes. In italics are 
shown the relative posi t ions of all distorter loci identified 
to da te (Silver & Remis, 1987). GalTase activities are 

Genotype GalTase 
activity 

+/+ 1-0 

,12/twS 4 . 0 

+ltn 1-7 

+/t°H 0-98 

+lf"2 0-99 

+/,« 0-97 

+/r* 0-98 

+/t"'° 0-94 

+//" 8 2-0 

shown relative to + / + (2 significant figures). Activities 
from t*2, t3, and /""-bearing sperm are presented in this 
study; all others are from previous studies (Shur & 
Bennett, 1979; Shur, 1981). The t w , s haplotype referred to 
in this figure represents a non-transmission-distorting 
haplotype containing the / / marker , which lies within 
wild-type chromatin corresponding to the M H C / Tcd-2 
segment (Shur & Bennett, 1979; Silver & Remis, 1987). 

e l e v a t e d G a l T a s e a c t i v i t y s o m e h o w c o n t r i b u t e d t o t h e 
p h y s i o l o g i c a l s u p e r i o r i t y o f t h e / - b e a r i n g s p e r m in 
+ / / m a l e s , p o s s i b l y b y f ac i l i t a t i ng t i gh t e r b i n d i n g t o 
t h e z o n a p e l l u c i d a . H o w e v e r , t h i s n o t i o n is i n c o m ­
p a t i b l e w i t h t h e fac t t h a t f/t" m a l e s a r e s ter i le . I n 
l i gh t o f r e c e n t s t u d i e s s h o w i n g t h a t T R D resu l t s f r o m 
d y s f u n c t i o n a l + - s p e r m (Se i tz & B e n n e t t , 1 9 8 5 ; O l d s -
C l a r k e & Pe i t z , 1985) , r a t h e r t h a n f r o m s u p e r i o r /-
s p e r m , it is m o r e l ike ly t h a t t h e e l eva t ed G a l T a s e 
a c t i v i t y is a s s o c i a t e d w i t h t h e p o i s o n e d + - s p e r m . T h i s 
is a p a r t i c u l a r l y a t t r a c t i v e h y p o t h e s i s , s ince it a c c o u n t s 
fo r t h e d o u b l y e l e v a t e d G a l T a s e ac t iv i ty f o u n d o n 
f/tv s p e r m ( S h u r , 1981) , a l l o f w h i c h a r e t h o u g h t t o 
b e p o i s o n e d a s a r e su l t o f h o m o z y g o s i t y o f Ted loci 
( L y o n , 1986) . 

E l e v a t e d G a l T a s e a c t i v i t y o n + - s p e r m in + / / m i c e 
c o u l d r e n d e r t h e + - s p e r m d y s f u n c t i o n a l , o r p o i s o n e d , 
b y o n e o f t w o m e c h a n i s m s . T h e e l eva t ed G a l T a s e 
a c t i v i t y c o u l d m a k e t h e + - s p e r m t o o a d h e s i v e for 
g l y c o c o n j u g a t e s in t h e f e m a l e r e p r o d u c t i v e t r a c t , s u c h 
a s a t t h e u t e r o t u b a l j u n c t i o n , t h u s p r e v e n t i n g t he i r 
t r a n s p o r t t o t h e s i te o f f e r t i l i za t ion ( O l d s - C l a r k e , 
1989) . A l t e r n a t i v e l y , e l e v a t e d G a l T a s e ac t iv i ty c o u l d 
t r i g g e r a p r e c o c i o u s a c r o s o m e r e a c t i o n in + - s p e r m , 
r e n d e r i n g t h e m u n a b l e t o b i n d a n d fert i l ize eggs . 
C o n s i s t e n t w i t h th i s , c r o s s - l i n k i n g G a l T a s e i n d u c e s 
t h e a c r o s o m e r e a c t i o n ( S h u r , u n p u b l i s h e d o b s e r v ­
a t i o n s ) , r a i s i n g t h e p o s s i b i l i t y t h a t a b n o r m a l l y h i g h 
levels o f G a l T a s e m a y i n c r e a s e t h e r a t e o f s p o n t a n e o u s 
a c r o s o m e r e a c t i o n s b y i n t e r a c t i n g w i t h m u l t i v a l e n t 
g l y c o c o n j u g a t e s u b s t r a t e s in r e p r o d u c t i v e t r a c t fluids 

( S h u r & H a l l , 1982a , b). F u r t h e r m o r e , s o m e /• -
h a p l o t y p e s ( B r o w n et al. 1990), especia l ly t h o s e wi t r i 
t h e g rea t e s t T R D , t h o u g h n o t all / - h a p l o t y p e s (Olds- • 
C l a r k e , 1989), a r e a s s o c i a t e d w i t h a n inc reased 
f r equency of s p o n t a n e o u s a c r o s o m e r e a c t i o n s . T o 
a d d r e s s t he se poss ib i l i t ies , it will b e n e c e s s a r y t o define 
t h e s p e r m g e n o t y p e w i t h i n + / / p o p u l a t i o n s t h a t is 
a s soc i a t ed w i t h e l eva ted G a l T a s e ac t iv i ty . 

T h o u g h it is poss ib le t h a t e l eva ted G a l T a s e ac t iv i ty 
c o u l d be o n e f ac to r in f luenc ing / - s p e r m T R D , e l eva ted 
G a l T a s e ac t iv i ty is n e i t h e r n e c e s s a r y n o r sufficient t o 
a c c o u n t fo r T R D . A s s h o w n in th is s t u d y , e l eva ted 
G a l T a s e ac t iv i ty seg rega tes w i t h t he d i s t a l Tcd-2 l oc i ; 
h o w e v e r , m u l t i p l e cop ie s o f p r o x i m a l Ted loci c a n 
g e n e r a t e s o m e d e g r e e o f T R D a n d s ter i l i ty . F u r ­
t h e r m o r e , the d i s ta l s e g m e n t o f t he T / t c o m p l e x , 
c o n t a i n i n g alleles t h a t e leva te s p e r m G a l T a s e ac t iv i ty , 
is n o t in i tself sufficient t o p r o d u c e T R D w i t h o u t 
a c c o m p a n y i n g h e t e r o z y g o s i t y a t t he Tcr l o cus ( L y o n , 
1984 ; 1 9 8 6 ; Silver, 1990). 

F ina l ly , these resu l t s s h o w t h a t g e n e p r o d u c t s 
c o n t a i n e d w i th in t he T / t - c o m p l e x a n d a s s o c i a t e d w i t h 
t h e T R D p h e n o t y p e a r e r e g u l a t o r y in n a t u r e . In situ 
h y b r i d i z a t i o n s tud ies h a v e loca l ized t h e s t r u c t u r a l 
l o c u s for G a l T a s e t o m o u s e c h r o m o s o m e 4 ( S h a p e r 
et al. 1987), whi le al le les w i t h i n t h e d i s ta l s e g m e n t o f the 
T / t - c o m p l e x o n c h r o m o s o m e 17 r e g u l a t e t he deg ree 
o f surface G a l T a s e exp re s s ion . T h e m e c h a n i s m of th is 
trans c h r o m o s o m a l r e g u l a t i o n is p r e sen t ly u n k n o w n , 
b u t in te res t ing ly , G a l T a s e ac t iv i ty b e c o m e s e l eva ted 
p o s t m e i o t i c a l l y d u r i n g / - s p e r m a t o g e n e s i s a t t h e r o u n d 
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s p e r m a t i d s t age (Scul ly & S h u r , 1988), c o i n c i d e n t w i th 
the express ion of t w o t e s t i cu l a r p r o t e i n s , T c p - 3 a n d 
T c p - 7 , w h o s e s t r u c t u r a l loci res ide wi th in t h e d is ta l 
s e g m e n t of t he T / t c o m p l e x (Silver et al. 1987). 
W h e t h e r in fact T c p - 3 a n d / o r T c p - 7 a r e r e spons ib l e 
for r egu l a t i ng s p e r m G a l T a s e exp re s s ion is u n k n o w n . 
Neve r the l e s s , t he se resu l t s d e m o n s t r a t e t h a t gene 
p r o d u c t s w i th in t h e T / t - c o m p l e x a r e ab l e to r egu la t e 
t he exp res s ion o f d e v e l o p m e n t a l l y i m p o r t a n t genes 
d u r i n g s p e r m a t o g e n e s i s a n d d e v e l o p m e n t . 
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breeding stocks of /-bearing mice used in this study. This 
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