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Summary 

Ovarian cyst linings and fluids were examined for 
glycosyltransferases associated with the biosynthesis of the A 
and B blood group active glycoproteins. An ~-N-acetylgalactos- 
aminyltransferase that transferred N-acetylgalactosamine from 
UDP-N-acetylgalactosamine to low moTecular weight acceptors 
containing the H-active structure at the non-reducing terminal 
was detected in both linings and particle-free fluids from 
ovarian cysts removed from group A subjects. An a-galactosyl- 
transferase with the same acceptor specificity occurred in 
cysts from group B subjects. ~-Galactosyltransferase activity 
was detected in both cyst linings and fluids irrespective of 
the ABO group of the donor. 

The fluids from human ovarian cysts are a rich source of 

blood group A and B substances Ill. Glycosyltransferases con- 

cerned with the biosynthesis of the blood group active struct- 

ures are therefore to be expected in the epithelial linings 

containing the mucous secreting cells [cf.~ . This paper 

describes the particle-bound a-N-acetylgalactosaminyl- and 

~ - g a l a c t o s y l t r a n s f e r a s e s  i n  c y s t  l i n i n g s  f rom s u b j e c t s  o f  t h e  

appropriate blood group and also the finding of soluble trans- 

ferases in the fluid contents of the cysts. The ~-galactosyl- 

transferase that occurs only in group B subjects is distin- 

g u i s h e d  f rom a ~ - g a l a c t o s y l t r a n s f e r a s e  t h a t  i s  p r e s e n t  i n  b o t h  

cyst linings and fluids irrespective of ABO group. 

Materials and blethods UDP-N-acetyl-D-ll4cl-galactosamine 
L ~ 

(43 mCi/mmole) was purchased from the New England Nuclear 

Present address: Poultry Science Dept., Cornell University, 
Ithaca. N.Y. 14850. 
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C o r p o r a t i o n ,  F r a n k f u r t  and  UDP-D-1~4~ g a l a c t o s e  f rom t h e  R a d i o -  
L- J 

c h e m i c a l  C e n t r e ,  Amersham.  O - ~ - ~ - f u c o s y l - ( 1 - - ~ 2 ) - g a l a c t o s e ,  

2 ' - f u c o s y l l a c t o s e  ( O - ~ - ~ - f u c o s y l - ( 1 - - > 2 ) - O - B - D - g a l a c t o s y l ( 1 - - > 4 ) -  

D - g l u c o s e ) ,  l a c t o - N - f u c o p e n t a o s e  1 ( O - ~ - L - f u c o s y l - ( 1 - ~ 2 ) - O - ~ -  

D - g a l a c t o s y l - ( 1 - - > 3 ) - O - ~ - ( ~ j - a c e t y l ) - ~ - g l u c o s a m i n y l - ( 1 - - > 3 ) - O - ~ -  

D - g a l a c t o s y l - ( 1 - - > 4 ) - ~ - g l u c o s e )  and  l a c t o d i f u c o t e t r a o s e  ( O - ~ -  

L - f u c o s y l - ( 1 - - ) 2 ) - O - ~ - D - g a l a c t o s y l - ( 1 - - > 4 ) - . ~  = f u c o s y l - ( 1 - - > 3  - 

~ - g l u c o s e )  we re  s u p p l i e d  by  Dr .  A. Gauhe .  3 - F u c o s y l l a c t o s e  

(O-8-D-galactosyl-(l-->4)-[O-~-L-fucosyl-(l-->3]]_ = .-- = _ -D-glucose)= was 

a gift from Dr. J. ~Iontreuil. 

The cyst walls and fluids were chilled to +4 ° as soon as 

p o s s i b l e  a f t e r  r e m o v a l  f rom t h e  p a t i e n t  and  t r a n s p o r t e d  t o  t h e  

l a b o r a t o r y  a t  t h i s  t e m p e r a t u r e .  When v i s u a l  e x a m i n a t i o n  o f  t h e  

cyst lining revealed a surface resembling a mucosal layer this 

a r e a  was s c r a p e d  away f rom t h e  u n d e r l y i n g  t i s s u e  and  h o m o g e n i s e d .  

I n  o t h e r  i n s t a n c e s  w h e r e  no s u c h  l a y e r  was d i s c e r n i b l e  t h e  w h o l e  

t i s s u e  was h o m o g e n i s e d .  The p a r t i c u l a t e  enzyme was p r e p a r e d  a s  

p r e v i o u s l y  [ 3 ~ .  The p e l l e t  s e d i m e n t i n g  a t  l O 0 , O 0 0 g  d e s c r i b e d  

f rom lOgm wet  t i s s u e  was s u s p e n d e d  i n  1 ml o f  t r i s - H C 1  b u f f e r  

pH 7 . 2  ( c o n t a i n i n g  O.O5M m e r c a p t o e t h a n o l ) .  When t h e  p a r t i c u l a t e  

f r a c t i o n  was t o  be k e p t  i t  was c o n v e r t e d  t o  an a c e t o n e  p o w d e r  

a s  d e s c r i b e d  i n  [ 4 J .  The c y s t  f l u i d s  we re  s t o r e d  a t  +4 ° o r  

d r i e d  f rom t h e  f r o z e n  s t a t e .  The f r e e z e  d r i e d  m a t e r i a l s  w e r e  

r e c o n s t i t u t e d  t o  t h e  o r i g i n a l  c o n c e n t r a t i o n  i n  t r i s - H C 1  b u f f e r  

pH 7 . 2  ( c o n t a i n i n g  O.O5 M m e r c a p t o e t h a n o l ) .  B o t h  t h e  f r e s h  and  

r e c o n s t i t u t e d  f r e e z e  d r i e d  f l u i d s  w e r e  c e n t r i f u g e d  a t  1OO,OOOg 

f o r  60 m i n u t e s  t o  r e m o v e  i n s o l u b l e  m a t e r i a l  b e f o r e  i n c l u s i o n  i n  

t h e  i n c u b a t i o n  m i x t u r e s .  

P a p e r  c h r o m a t o g r a p h y  was c a r r i e d  o u t  i n  e t h y l  a c e t a t e -  

- p y r i d i n e - w a t e r  ( 2 : 1 : 2  by v o l .  u p p e r  p h a s e ;  s o l v e n t  a )  on 

Whatman No. 40 p a p e r .  R a d i o a c t i v e  p e a k s  w e r e  d e t e c t e d  w i t h  a 
949 
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7201  P a c k a r d  R a d i o c h r o m a t o g r a m  S c a n n e r  a n d  c o u n t e d  i n  a N u c l e a r  

C h i c a g o  S c i n t i l l a t i o n  C o u n t e r  S e r i e s  7 2 0 .  

D e t a i l s  o f  t h e  r e a c t i o n  m i x t u r e s  a r e  g i v e n  i n  t h e  T a b l e s .  

A t  t h e  e n d  o f  t h e  i n c u b a t i o n  t i m e  t h e  n e u t r a l  s u g a r s  w e r e  

s e p a r a t e d  f r o m  t h e  c h a r g e d  c o m p o u n d s  b y  e l e c t r o p h o r e s i s  a s  

described previously [3] and chromatographed in solvent 

Lactose was included as the reference standard. 

The anomeric linkage of the transferred ~-acetylgalactos- 

amine was determined by treatment with an ~-N-acetylgalactos- 

aminidase from Trichomonas foetus that was free from ~-activity 

5 ] .  The  l i n k a g e  o f  t h e  t r a n s f e r r e d  g a l a c t o s e  was  d e t e r m i n e d  b y  

t r e a t m e n t  w i t h  p u r i f i e d  ~ -  a n d  ~ - g a l a c t o s i d a s e s  f r o m  T . f o e t u s  

R e s u l t s  a n d  D i s c u s s i o n  The  t r a n s f e r  o f  N - a c e t y l - I 1 4 ~ - ~  - 

g a l a c t o s a m i n e  f r o m  U D P - N - a c e t y l - L 1 4 C / - D - g a l a c t o s a m i n e  t o  2 ' -  
- -  L d 

f u c o s y l l a c t o s e  b y  e n z y m e  p r e p a r a t i o n s  f r o m  c y s t  w a l l s  a n d  f l u i d s  

i s  s h o w n  i n  T a b l e  1.  When t h e  t i s s u e s  w e r e  f r o m  g r o u p  A p a t i e n t s  

a r a d i o a c t i v e  c o m p o u n d  was  f o r m e d  t h a t  h a d  a n  R l a c t o s  e v a l u e  o f  

0 . 5  i n  s o l v e n t  a a n d  c o r r e s p o n d e d  i n  i t s  c h r o m a t o g r a p h i c  p r o p e r -  

t i e s  t o  t h e  t e t r a s a c c h a r i d e  p r e v i o u s l y  s y n t h e s i s e d  w i t h  t h i s  

a c c e p t o r  when p a r t i c l e - b o u n d  e n z y m e s  f r o m  g r o u p  A s u b m a x i l l a r y  

g l a n d  a n d  s t o m a c h  m u c o s a l  p r e p a r a t i o n s  w e r e  u s e d  a s  t h e  e n z y m e  

s o u r c e  [ 8 ~  . The  l a b e l l e d  N - a c e t y l g a l a c t o s a m i n e  was  c o m p l e t e l y  

r e m o v e d  f r o m  t h e  t e t r a s a c c h a r i d e  b y  t r e a t m e n t  w i t h  a n  a - N -  

a c e t y l g a l a c t o s a m i n i d a s e ,  t h u s  c o n f i r m i n g  t h a t  t h e  s u g a r  was  

t r a n s f e r r e d  i n  a - l i n k a g e .  T r a n s f e r a s e  a c t i v i t y  was  d e m o n s t r a t e d  

i n  t h e  p a r t i c l e - b o u n d  f r a c t i o n  f r o m  t h e  c y s t  w a l l s ,  i n  a n  

a c e t o n e - p o w d e r  p r e p a r e d  f r o m  a p a r t i c u l a t e  f r a c t i o n  a n d  a l s o  

i n  t h e  c y s t  f l u i d s .  C e n t r i f u g a t i o n  o f  t h e  f l u i d s  a t  1OO,OOO_g 

b e f o r e  i n c l u s i o n  i n  t h e  i n c u b a t i o n  m i x t u r e s  e n s u r e d  t h a t  t h e  

a c t i v i t y  d e t e c t e d  was  n o t  a t t r i b u t a b l e  t o  m i c r o s o m a l  p a r t i c l e s  

95O 
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Table i. ~-N-Acetylgalactosaminyltransferase activity in ovarian 
cyst fluids and walls tested with 2'-fucosyllactose 
as acceptor. 

Cyst Blood group 
No. and secretor 

status of 
donor 

Cyst fraction Incorporation o f  

[14C]- GalNAc 

c.p.m. % of added 
radioactivity 

G39 A secretor 

6~0 A secretor 

653 ~ non- 
secretor 

652 A secretor 

658 A n o n -  
secretor 

65A B secretor 

655 O secretor 

Fluid (fresh) 9,1OO 3.6 

Wall (IO0,OOOg pellet) 58,000 23 

Fluid (fresh) 6,500 2.6 

Fluid (fresh) 53,000 21 
Fluid (freeze dried) 77,000 31 
Wall (iOO,OOO_g pellet) 7,300 3.4 

Fluid (fresh) 
Fluid (freeze dried) 
Wall (acetone powder of 
I00,OO0 pellet) 

Fluid (freeze dried) 

Fluid (fresh) 

57,000 23 
60,000 24 

200,000 80 

O O 

O O 

I 
 e ctio  mixture i}4C] . GalNAc (250,000 c.p.m.) 5nmole; 
ATP, 1.5 umoles; MnCI2, 4.5 umoles; Tris-HCl pH 7.2, 3.7 ~moles; 
sugar acceptor, 0.5 ~mole; enzyme f r ac t ion ,  75 a l  cyst  f l u i d  
(fresh or recons t i tu ted)  or 25 ~I p a r t i c u l a t e  suspension. Total 
volume 200 ~I. The mixtures were incubated for 17 hours at 37 °. 

suspended in the fluid. The activity of the fluid was stable to 

freeze drying and the dried material retained activity for 

several months on storage at -18 ~. The N-aeetylgalactosaminyl- 

transferase activity was demonstrable in cyst walls and fluids 

from both secretors and non-secretors of group A. The relative 

activities of the particle-bound and soluble preparations varied 

with different ovarian cysts but in some experiments areas of 

the cyst lining containing relatively few mucous secreting cells 

may have been selected. Considerable variability in activity 

was also observed from one cyst fluid to another but despite 

this all the fluids from group A subjects that were tested soon 

951 
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Table 2. ~-Galactosyltransferase activity in ovarian cyst fluids 
and walls tested with 2'-fucosyllactose as acceptor. 

Cyst Blood Group Cyst fraction Incorporation 
No. and Secretor of II~c|-Gal 

status 
c.p.m. % of added 

radioactivity 

654 B secretor 

652 A secretor 

655 0 secretor 

Fluid (fresh) 13,500 4.5 
Fluid (freeze dried) 19,4OO 6.4 
Wall (iOO,OOOg pellet) 27,000 9.0 
Wall (acetone--powder of 

iOO,OOOg pellet) 19,6OO 6.3 
Wall (supernatant from 

IOO,OOOg pellet) 2,700 0.9 

Fluid (freeze dried) 2,600 0.9 
Wall (acetone powder of 

IOO,OOOg pellet) 2,~OO 0.8 

Fluid (fresh) 0 0 

Abbreviation: Gal, D- -galactose 

Reaction mixture: UDP-[14~ galactose (300,000 c.p.m.), 1 nmole; 
MnCI2, 2.0 ~ s ;  ATP, 1.0 ~mole; sugar acceptor, 0.5 ~mole; 
tris-HCl buffer pH 7.2, 7.5 umoles; enzyme fraction, iOO ~I. 
Total volume 200 u,l. The mixtures were incubated for 17 hours 
a t  37 ° . 

after removal from the patients had some a-N-acetylgalactos- 

aminyltransferase activity whereas no activity was detectable 

in cyst fluids from group 0 or B patients. 

The cyst fluid from the group B patient that was free from 

~-N-acetylgalactosaminyltransferase activity had appreciable 

~-galactosyltransferase activity when tested with UDP-~-II4c ~- 

galactose as sugar donor and 2'-fucosyllactose as acceptor 

(Table 2). The product had an Rlactos e of 0.4 in solvent a and 

co-chromatographed with the tetrasaccharide identified as 

O-~-O-galactosyl- (1-->3)-[O-~-L-fucosyl- (i-->2) ~ O-8-D-galactosyl- 

;4;. The radioactive galaotose was hydrolysed ( 1 - - > 4 ) - D - g l u c o s e  
L ~ 

by  t r e a t m e n t  w i t h  a - g a l a c t o s i d a s e  a n d  was n o t  l i b e r a t e d  by  t h e  

c o r r e s p o n d i n g  Z - e n z y m e .  The  a - g a l a c t o s y l  t r a n s f e r a s e  a c t i v i t y  

o f  t h e  f l u i d  was  r e t a i n e d  on  f r e e z e  d r y i n g  a n d  no a p p r e c i a b l e  

d e t e r i o r a t i o n  i n  a c t i v i t y  h a s  b e e n - o b s e r v e d  a f t e r  e i g h t  m o n t h s  
952 
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s t o r a g e  o f  t h e  d r i e d  c y s t  a t  - 18  ° .  A p a r t i c u l a t e  p r e p a r a t i o n  

f rom t h e  c y s t  w a l l ,  and an a c e t o n e  powder  p r e p a r e d  f rom t h i s  

p a r t i c u l a t e  f r a c t i o n ,  a l s o  had  ~ - g a l a c t o s y l t r a n s f e r a s e  a c t i v i t y .  

The s u p e r n a t a n t  o b t a i n e d  by c e n t r i f u g i n g  t h e  h o m o g e n i s e d  t i s s u e  

a t  lOO,OOO_g had o n l y  weak t r a n s f e r a s e  a c t i v i t y .  S l i g h t  i n c o r p -  

o r a t i o n  o f  l a b e l l e d  g a l a c t o s e  i n t o  a compound t h a t  c o - c h r o m a t o -  

g r a p h e d  w i t h  t h e  t e t r a s a c c h a r i d e  was a l s o  o b s e r v e d  when t h e  c y s t  

w a l l  and f l u i d  f rom a g r o u p  A s u b j e c t  was t e s t e d  i n  t h i s  s y s t e m .  

S i m i l a r  weak ~ - g a l a c t o s y l t r a n s f e r a s e  a c t i v i t y  has  been  o b s e r v e d  

o c c a s i o n a l l y  w i t h  enzyme p r e p a r a t i o n s  f rom g r o u p  A s t o m a c h  and 

s u b m a x i l l a r y  g l a n d s  (C. Race and W.5~. W a t k i n s ,  u n p u b l i s h e d  

r e s u l t s )  and may i n d i c a t e  t h a t  t h e  a - N - a c e t y l g a l a c t o s a m i n y l -  

t r a n s f e r a s e  does  n o t  show a b s o l u t e  s p e c i f i c i t y  f o r  UDP-N- 

a c e t y l g a l a c t o s a m i n e  b u t  c a n  u s e  U D P - ~ - g a l a c t o s e  t o  a v e r y  

l i m i t e d  e x t e n t .  I f ,  as  has  b e e n  p r o p o s e d k c f . 2 J  t h e  a - ~ - a c e t y l -  

g a l a c t o s a m i n y l  and ~ - g a l a c t o s y l t r a n s f e r a s e s  a r e  t h e  p r o d u c t s  o f  

t h e  a l l e l i c  A and B g e n e s ,  t h e n  some s l i g h t  d e g r e e  o f  o v e r l a p p i n g  

s p e c i f i c i t y  would  n o t  be e n t i r e l y  s u r p r i s i n g .  No i n c o r p o r a t i o n  o f  

g a l a c t o s e  i n t o  t h e  t e t r a s a c c h a r i d e  was o b s e r v e d  w i t h  t h e  c y s t  

f l u i d  f rom a g r o u p  0 p a t i e n t .  

The a c c e p t o r  s p e c i f i c i t y  o f  t h e  ~ - g a l a c t o s y l t r a n s f e r a s e  i n  

t h e  o v a r i a n  c y s t  f l u i d  f rom t h e  g r o u p  B p a t i e n t  was t e s t e d  w i t h  

a number o f  d i f f e r e n t  o l i g o s a c c h a r i d e s  ( T a b l e  3 ) .  The r e s u l t s  

with those obtained earlier ~9~ for stomach mucosal and agree 

submaxillary gland enzymes, in that galactose was transferred in 

a-linkage only to those acceptors that had a terminal ~-galactosyl 

residue substituted at the 2-position with ~-L-fucose, that is, 

O-~-~-fucosyl-(l-->2)-~-galactose, 2'-fucosyllactose, and lacto- 

N-fucopentaose 1Lcf.10j . When the lactose backbone was sub- 

stituted with a second fucosyl residue, as in lacto-difuco- 

t ~ e ,  the oligosaccharide no longer functioned as an 
953 
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Table 3. Acceptor specificity of ~ - g a l a c t o s y l t r a n s f e r a s e  in 
ovarian cyst fluid. 

C y s t  No. A c c e p t o r  R l a  c o f  
B l o o d  g r o u p  s u g a r  
a n d  s e c r e t o r  p r o d u c t  

s t a t u s  

I n c o r p -  H y d r o l y s i s  
o r a t i o n  by  

of g a l a c t o s i d -  
~4CI Ga I a s e s  
c . p . m .  ~ B 

654 
G r o u p  B 

S e c r e t o r  

~ - F u c - ( 1 - - > 2 ) - G a l  0 . 8  13,9OO + - 
2 ' - f u c o s y l l a c t o s e  0 . 4  1 9 , 4 0 0  + - 
3 - f u c o s y l l a c t o s e  - 0 
L a c t o - N - f u c o p e n t a o s e  1 0 . 2  12,5OO + - 
L a c t o d i f u c o t e t r a o s e  - 0 
N-acetyl-D-glucosamine 1.4 174,O00 - + 
~-GaI-(I-->4)-GNAc - 0 

Abbreviations: Fuc, L-fucopyranose; GNAc, N-acetyl-D-glucosamine 

Resction mixture: As in Table 2. 

Rlactos e value in solvent a. 

acceptor. Similarly a ~-galactosyl residue not substituted with 

L-fucose, as in the disaccharide O-8-D-galactosyl-(l-~4)-N- 

acetylglucosamine, was ineffective as an acceptor. Essentially 

similar results were obtained with the different oligosaecharide 

acceptors when the particle-bound enzyme from a group A cyst 

wall was used as the source of ~-N-acetylgalactosaminyltrans- 

ferase. These results therefore support to the proposal that an 

H-active structure is an essential prerequisite for the formation 

of A and B active structures and demonstrate the similarity in 

properties of the transferases found in cyst walls and fluids 

with those occurring as particle-bound enzymes in stomach mucosal 

tissue and submaxillary glands rS' 91 and as soluble enzymes in 

E x a m i n a t i o n  o f  N - a c e t y l g l u c o s a m i n e  a s  a g a l a c t o s e  a c c e p t o r  

( T a b l e  3)  i n d i c a t e d  t h a t  t h i s  s u g a r  was a more  a v i d  a c c e p t o r  

t h a n  a n y  o f  t h e  o t h e r s  t e s t e d .  H o w e v e r ,  t h e  r a d i o a c t i v e  p r o d u c t  

c o - c h r o m a t o g r a p h e d  w i t h  t h e  d i s a c c h a r i d e  O - ~ - ~ - g a l a c t o s y l -  

( 1 - - > 4 ) - N - a c e t y l g l u c o s a m i n e  a n d  was  c o m p l e t e l y  h y d r o l y s e d  b y  6 -  

g a l a c t o s i d a s e  a n d  n o t  by  a - g a l a c t o s i d a s e .  T h i s  s u g a r  t h e r e f o r e  
954 
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r e v e a l e d  t h e  p r e s e n c e  o f  a ~ - g a l a c t o s y l t r a n s f e r a s e  i n  t h e  g r o u p  

B c y s t  f l u i d .  When g r o u p  A and  0 c y s t s  we re  t e s t e d  f o r  ~ - g a l a c -  

t o s y l t r a n s f e r a s e  a c t i v i t y ,  w i t h  N - a c e t y l g l u c o s a m i n e  a s  a c c e p t o r ,  

s t r o n g  a c t i v i t y  was d e t e c t e d  i n  t h e  f l u i d s  and  i n  t h e  p a r t i c u l a t e  

p r e p a r a t i o n  f rom t h e  c y s t  w a l l s .  

Soluble a-N-acetylgalactosaminyl- and a-galactosyl trans- 

ferases associated with the A and B blood groups, respectively, 

in human milk ~II, 12 7 and recently have been o c c u r  r e p o r t e d  i n  
J_ 

human s e r u m  [ 1 3 ,  14J . The s o l u b l e  t r a n s f e r a s e s  i n  o v a r i a n  c y s t  

f l u i d s  may a r i s e  f rom t h e  s e r u m  o r  a s  b r e a k d o w n  p r o d u c t s  o f  t h e  

cells in the epithelial tissue that synthesise the blood group 

active glycoproteins. Large volumes of fluid are sometimes 

o b t a i n e d  f rom s i n g l e  o v a r i a n  c y s t s  and  t h e s e  p a t h o l o g i c a l  s e c r e t -  

ions, therefore, constitute a potentially v a l u a b l e  source from 

which to isolate and purify the transferases. 
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