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GALACTOSE TOXICITY AND METABOLISM IN THE CHICK 

(GALLUS DOMESTICUS)

CHAPTER I 

INTRODUCTION

Galac tosemia  i s  a s e r i o u s l y  d e b i l i t a t i n g  d i s o r d e r  o f  metaboli sm 

which was f i r s t  d e s c r ib e d  by Reuss in  1908 (1 ) .  In humans t h i s  inborn 

e r r o r  o f  metabo lism is  b rough t  about  when the  i n d i v id u a l  cannot  

m e ta b o l i z e  g a l a c t o s e .  The d i s o r d e r  m a n i f e s t s  i t s e l f  in vomi t ing ,  

en l a rg e d  l i v e r  and s p l e e n ,  b i l a t e r a l  c a t a r a c t s ,  ex t re m e ly  slow psycho-  

motor development ,  mental  r e t a r d a t i o n ,  and a gene ra l  f a i l u r e  to 

t h r i v e .  Complete r em is s io n  from most o f  the  symptoms can be expec ted  

i f  g a l a c t o s e  is  e l i m i n a t e d  from the d i e t  a t  an e a r l y  age .  The major 

source  o f  g a l a c t o s e  in an i n f a n t ' s  d i e t  i s  from the h y d r o l y s i s  o f  

l a c t o s e ,  which i s  a ma jor c o n s t i t u e n t  o f  mi lk .

Ever s in c e  g a l a c to s e m ia  was d e s c r ib e d ,  r e s e a r c h e r s  have 

endeavored  to  d i s c o v e r  the  m e ta b o l i c  o r i g i n s  o f  the d i s e a s e  and the 

compound o r  compounds r e s p o n s i b l e  f o r  mental  r e t a r d a t i o n .  K o s t e r l i t z ,  

in  1943, ( 2) f i r s t  showed t h a t  g a l a c t o s e - f e d  r a b b i t s  accumula te  

g a l a c t o s e - 1 - P  in  the  eye l e n s .  He l a t e r  dem onst ra ted  t h a t  g a l a c t o s e  

adap ted  Saccharomvces c e r e v i s i a e  cou ld  ferment g a l a c t o s e - 1 - P  a t  a r a t e  

equal  to  g l u c o s e - l - P  (3) and p o s t u l a t e d  the  metabol ism o f  g a l a c t o s e - l - P



th rough  g l u c o s e - l - P .  Five y e a r s  l a t e r  w i th  g a l a c t o s e - a d a p t e d  

Saccharomvces f r a q i l i s ,  L e l o i r  and co-workers  (4) i d e n t i f i e d  g a l a c t o ­

k i n a s e ,  the f i r s t  enzyme in  the g a l a c t o s a l  pathway.  Subsequen t ly ,  he 

and h i s  c o l l e a g u e s  i d e n t i f i e d  UDP g luc ose  as  a key " c o - f a c t o r "  (5 ) ,  

dem ons t ra ted  the e x i s t e n c e  o f  UDP g a l a c t o s e - 4 - e p i m e r a s e  ( 6 ) ,  and 

p o s t u l a t e d  a t h i r d  enzyme to promote the c o n v e r s io n  o f  g a l a c t o s e - l - P  

to  UDP g a l a c t o s e  ( 7 ) .  K a lcka r ,  e t  aj.. i d e n t i f i e d  t h i s  enzyme as 

g a l a c t o s e - l - P  u r id y l  t r a n s f e r a s e  in  Ŝ . f r a q i  1 i s  ( 8 ) .  During t h i s  

same p e r io d  o f  time Schwarz,  e_t aj_. (9)  c o n c l u s i v e l y  dem ons t ra ted  the 

accum ula t ion  o f  g a l a c t o s e - l - P  in  e r y t h r o c y t e s  o f  g a l a c to s é m ie  p a t i e n t s .  

Ka lcka r  and co-workers  then  showed t h a t  e r y t h r o c y t e s  and l i v e r  from 

g a l a c to s é m ie  p a t i e n t s  were devoid o f  g a l a c t o s e - l - P  u r id y l  t r a n s f e r a s e  

a c t i v i t y  and t h a t  the  o t h e r  two enzymes o f  t h i s  pathway were normal 

( 1 0 ,1 1 ) .  The major  m e ta b o l i c  pathway f o r  the  c o n v e r s io n  o f  g a l a c t o s e  

to  g l u c o s e - l - P  i s  as  f o l l o w s :

(a)  Gal + ATP--------------------------------- > G a l - l - P  + ADP

(b) G a l - l - P  + UDP g i r  ...- > linp gal  + G l c - l - P

(c)  imp g a l . ...........................   - - ^ UDP g l c

sum o f  b and c G a l - l - P  ' G1r-1 -P

A number o f  o t h e r  pathways have been d e s c r ib e d  which could  

p o t e n t i a l l y  m e ta b o l i z e  g a l a c t o s e  ( f i g u r e  1) .  Among the se  i s  the  UDP 

g a l a c t o s e  py rophospho ry lase  f i r s t  d e s c r i b e d  by Kalckar  in y e a s t  (8 ) .

This  enzyme a c t i v i t y  was l a t e r  dem ons t ra ted  in mammals (1 2 ,1 3 ) .  At

p r e s e n t  the m e ta b o l i c  r o l e  o f  UDP g a l a c t o s e  py rophosphory lase  i s  

d i s p u t e d  as i s  i t s  s e p a r a t e  e x i s t e n c e  from UDP g luc ose  py rophosphory lase

(14 ) .  A second  pathway f o r  the  metaboli sm o f  g a l a c t o s e  was p o s t u l a t e d



Figu re  1. The metabo li sm o f  g a l a c t o s e  by the  L e l o i r  pathway 

and the  p o s t u l a t e d  a u x i l i a r y  pathways .  The L e l o i r  pathway enzymes a re  

(1) g a l a c t o k i n a s e ,  (2) g a l a c t o s e - l - P  u r i d y l  t r a n s f e r a s e  and (3)  UDP 

g a l a c t o s e - 4 - e p i m e r a s e .  Enzymes o f  the  p h o s p h o ry la s e  pathway a r e  (1)  

g a l a c t o k i n a s e ,  (4) UDP g a l a c t o s e  p y r o p h o s p h o r y l a s e ,  (3)  UDP g a l a c t o s e -  

4 - e p im e ra s e  and (5) UDP g lu c o s e  p y ro p h o s p h o ry la s e .  The enzyme f o r  

d i r e c t  r e d u c t i o n  i s  (6) a l d o s e  r e d u c t a s e .  Enzymes o f  th e  d i r e c t  

o x i d a t i v e  pathway a r e  (7) g a l a c t o s e  dehydrogenase  and (8) g a l a c t o n i c  

a c i d  dehydrogenase .  Enzymes o f  the  o x i d a t i v e  pathway a r e  (1) 

g a l a c t o k i n a s e ,  (9)  phosphchexomutase ,  (10) h e x o s e -6 -P  dehydrogenase  

and (11) 6 - p h o s p h o g a l a c t o n a t e  dehydrogenase .
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a f t e r  f i n d i n g  t h a t  g a l a c t o s e - l - P  cou ld  be co nver ted  to g a l a c t o s e - 6 - P

(15) and s u b s e q u e n t ly  be o x i d i z e d  in  the hexose monophosphate shun t

( 16) .  G a la c to s e - 6 - P  has a l s o  been i d e n t i f i e d  in the e r y t h r o c y t e s  o f  

g a l a c to s é m ie  p a t i e n t s  (16 ) ,  F i n a l l y ,  two o t h e r  pathways were d i s c o v e r e d ;  

one fo r  the d i r e c t  o x i d a t i o n  and the  o t h e r  f o r  the d i r e c t  r e d u c t i o n  o f  

g a l a c t o s e .  The d i r e c t  r e d u c t io n  o c c u r s  v i a  an a ld o se  r e d u c t a s e  and 

c o n v e r t s  g a l a c t o s e  to  g a l a c t i t o l  ( 1 7 ,1 8 , 1 9 ) .  This  appea rs  to  be a 

dead-end pathway as the  p ro d u c t  accumula tes  in  va r io u s  t i s s u e s  and

i s  f i n a l l y  e x c r e t e d  v i a  the  u r i n e .  The d i r e c t  o x i d a t i v e  pathway 

fo r  g a l a c t o s e  c o n v e r t s  i t  t o  x y l u l o s e  v i a  s e v e r a l  enzymatic  s t e p s  

( 2 0 ,2 1 ,2 2 ) .  The ev idence  fo r  t h i s  d i r e c t  o x i d a t i o n  i s  c u r r e n t l y  

d i s p u t e d  (23) .

The s i g n i f i c a n c e  o f  t h r e e  o f  th e se  a u x i l i a r y  pathways o f  

g a l a c t o s e  metaboli sm in humans and in animal models i s  c u r r e n t l y  a 

s u b j e c t  o f  c o n t ro v e r s y .  The f o u r t h  pathway leads  to  a p ro d u c t ,  

g a l a c t i t o l ,  which a p p a r e n t l y  canno t  be m e ta b o l i z e d  and accumula tes  

in the t i s s u e s .  To da te  the  L e l o i r  pathway appea rs  to be the on ly  

major m e ta b o l i c  pathway f o r  m e ta b o l i z i n g  g a l a c t o s e  in normal 

i n d i v i d u a l s ,  bu t  in some m e ta b o l i c  d i s o r d e r s  the  a u x i l i a r y  pathways 

may be o f  s i g n i f i c a n c e  in the  metaboli sm o f  g a l a c t o s e .

Work w i th  g a l a c to s é m ie  i n d i v i d u a l s  has shown t h a t  the  most 

d e f i n i t i v e  t e s t  f o r  the d i s o r d e r  i s  the  absence  o f  g a l a c t o s e - l - P  u r id y l  

t r a n s f e r a s e  a c t i v i t y  in  t h e i r  e r y t h r o c y t e s .  I t  has a l s o  been shown 

t h a t  t h e r e  a r e  a number o f  v a r i a n t s  o f  g a l a c to s e m ia .  I f  the normal 

amount o f  t r a n s f e r a s e  a c t i v i t y  i s  s e t  a t  100%, the h e t e r o z y g o te  fo r  

g a l a c to s e m ia  has abou t  50% a c t i v i t y  and the  homozygote has l i t t l e  or



no t r a n s f e r a s e  a c t i v i t y .  In the Duarte v a r i a n t ,  the homozygous Duarte 

v a r i a n t  has only  o n e - h a l f  the  t r a n s f e r a s e  a c t i v i t y  and the  h e t e ro z y g o te  

f o r  Duarte v a r i a n t  has abou t  75% the a c t i v i t y  o f  normal i n d i v i d u a l s .  

Only the homozygote w i th  no t r a n s f e r a s e  a c t i v i t y  dem ons t ra te s  

p a t h o l o g i c  ev idence  o f  g a l a c to s e m ia .  Both ga l a c to s e m ia  and the Duarte 

v a r i a n t  a r e  i n h e r i t e d  as autosomal r e c e s s i v e  t r a i t s  and mating  o f  

I n d iv i d u a l s  w i th  th e se  two d i s t i n c t  v a r i a n t s  produces the  d i s t r i b u t i o n  

o f  t r a n s f e r a s e  a c t i v i t i e s  p r e d i c t e d  by c l a s s i c a l  Mendelian g e n e t i c s .

A second type  o f  ga l a c to s e m ia  was d i s c o v e re d  by Gitzelmann in 

1965 (24) .  In t h i s  type o f  g a l a c to s e m ia  the g a l a c t o k i n a s e  a c t i v i t y  

( f i r s t  enzyme in  the  pathway) i s  no t  p r e s e n t  in e r y t h r o c y t e s .  S ega l ,  

in a r e c e n t  rev iew ( 25) ,  has r e f e r r e d  to  the  two types o f  g a l a c to s e m ia  

as t r a n s f e r a s e  d e f i c i e n c y  g a l a c to s e m ia  and g a l a c t o k i n a s e  d e f i c i e n c y  

g a l a c to s e m ia .  A comparison o f  the m e t a b o l i t e s  which accumula te  and 

the  c l i n i c a l  symptoms which they produce i s  seen in the fo l low ing  

t a b l e  (Table  I ) .  The on ly  symptom common fo r  both the t r a n s f e r a s e  

d e f i c i e n c y  g a l a c to s e m ia  and the  g a l a c t o k i n a s e  d e f i c i e n c y  g a l a c to s e m ia  

is  the development o f  c a t a r a c t s .  The fo rm a t ion  o f  c a t a r a c t s  in t h e se  

d i s o r d e r s  appea rs  t o  be a d i r e c t  consequence o f  g a l a c t i t o l  accum ula t ion  

in the le n s .  The on ly  compound which does n o t  accumula te  in  both 

types  o f  g a l a c to s e m ia  is  g a l a c t o s e - l - P .  This i n d i c a t e s  t h a t  g a l a c t o s e -  

l -P  may be the compound r e s p o n s i b l e  fo r  mental r e t a r d a t i o n ,  renal  

d y s f u n c t i o n ,  and l i v e r  damage, b u t  t h e r e  i s  no s o l i d  ev idence  to  da te  

to su p p o r t  t h i s  h y p o th e s i s .

Chickens have been used as a model f o r  the s tu d y  o f  g a l a c t o s e  

t o x i c i t y  s i n c e  1944 (26) .  D i e t e t i c a l l y  induced g a l a c t o s e  t o x i c i t y  i s



TABLE 1

DISORDERS OF GALACTOSE METABOLISM

Symptom
G a l a c t o k i n a s e  d e f i c i e n c y  

G a lac to sem ia
T r a n s f e r a s e  d e f i c i e n c y  

G a lac to s em ia

C a t a r a c t s + +

Mental R e t a r d a t i o n - +

L ive r  Damage - +

Kidney D ysfunc t ion - +

Compounds acc u m u la t in g  
in the t i s s u e s

G a l a c t i t o l ,  G a la c to s e G a l a c t i t o l ,  G a la c to s e ,  
G a l a c t o s e - l - P
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m a n i fe s ted  by slow w eigh t  g a in ,  d rooping  wings ,  t r em ors ,  s e i z u r e s ,  and 

u l t i m a t e  dea th  ( 2 6 ,2 7 , 2 8 ,2 9 ) .  P a th o lo g ic  s t u d i e s  (30) on ch icks  th a t  

had convu ls ions  and were e i t h e r  k i l l e d  or  d ie d  as  a r e s u l t  o f  g a l a c t o s e  

i n t o x i c a t i o n  dem ons t ra ted  no macroscopic  changes .  The on ly  s i g n i f i c a n t  

h i s t o l o g i c  l e s i o n s  observed  were in the  b r a i n .  Neurons o f  the basa l  

g a n g l i a ,  medulla  and o c c i p i t a l  lobes showed d e g e n e r a t i o n .  The degree  o f  

t o x i c i t y  has been shown to  d i f f e r  a c c o rd in g  to  sex  and breed and the 

amount o f  g a l a c t o s e  in the d i e t  o r  d r i n k i n g  w a t e r .  The c o n c e n t r a t i o n s  

o f  g a l a c t o s e  (31 ,32)  g a l a c t o s e - l - P  ( 2 7 , 3 2 , 3 3 ) ,  g a l a c t i t o l  ( 3 1 ,3 2 ) ,  

and UDP g a l a c t o s e  (34) have been shown to  i n c r e a s e  in t i s s u e s  o f  

g a l a c t o s e  t o x i c  c h i c k s .  A b e r r a t i o n s  o f  energy  metaboli sm (35) as 

well  as p h o s p h o l ip id  (35) and g l y c o p r o t e i n  (36) metaboli sm,  and 

o s m o l a l i t y  ( 37, 38, 39) have been r e p o r t e d .

S e x - r e l a t e d  d i f f e r e n c e s  in the  m o r t a l i t y  o f  newly ha tched  

ch icks  on a g a l a c t o s e  d i e t  have been dem ons t r a ted ,  w i th  more males 

s u r v i v i n g  than females  (29) .  G re a te r  amounts o f  g a l a c t o s e - l - P  have 

been measured in  b r a i n s  o f  g a l a c t o s e - f e d  females  than in those  o f  

males (33) .  Moreover,  females  e x h i b i t  l e s s  l i v e r  and b r a i n  t r a n s f e r a s e  

a c t i v i t y  than males  ( 3 3 , 40) .  This sex  d i f f e r e n c e  i s  no t  observed  

in humans, as  th e re  a r e  no d i f f e r e n c e s  between males and females  in 

the s e v e r i t y  o f  the  c l i n i c a l  m a n i f e s t a t i o n s  in  g a l a c to s e m ia  o r  In 

e r y t h r o c y t e  t r a n s f e r a s e  a c t i v i t y  in normal i n d i v i d u a l s  ( 25) .

Chickens have been used as an animal model f o r  g a l a c to s e m ia  

because they r e a c t  to  i n g e s t i o n  o f  g a l a c t o s e  w i th  a g ene ra l  f a i l u r e  

to t h r i v e  and a type o f  n e u r o t o x i c i t y  which i t  i s  b e l i e v e d  r e f l e c t s  

a mechanism s i m i l a r  to  t h a t  found in human g a l a c to s e m ia .  The



9

n e u r o t o x i c i t y  is  no t  common to o t h e r  an imals  used to  s tu d y  the t o x i c  

e f f e c t s  o f  g a l a c t o s e .  The c h ick s  do no t  appea r  to  develop  c a t a r a c t s ,  

e n l a r g e d  l i v e r  and s p l e e n  o r  o t h e r  t i s s u e  damage found In g a l a c t o ­

sémie p a t i e n t s .  D esp i te  the  e x t e n s i v e  s t u d i e s  in g a l a c to s e m ia ,  

m o lecu la r  mechanisms fo r  most o f  the  c l i n i c a l  m a n i f e s t a t i o n s  have 

no t  been e l u c i d a t e d  in p r i o r  work.  The e l u c i d a t i o n  o f  the causes  

o f  the  g a l a c t o s e  t o x i c i t y  in  c h ick s  may t h e r e f o r e  y i e l d  in fo rm a t io n  

d i r e c t l y  p e r t i n e n t  to  c l i n i c a l  m ed ic ine ,  as  wel l  as  i n c r e a s e  our  

knowledge o f  m e ta b o l i c  l e s i o n s .

The purpose o f  t h i s  i n v e s t i g a t i o n  i s  to  f u r t h e r  c h a r a c t e r i z e  

the ch icken  as an animal model in  the  s tu d y  o f  g a l a c t o s e  i n t o x i c a t i o n  

and to  d e f i n e  the m o lecu la r  mechanism fo r  n e u r o t o x i c i t y  in the  ch ick .  

This  w i l l  be accompli shed  by s tu d y in g  a) the  development o f  the 

g a l a c t o s e  m e t a b o l i z in g  enzyme a c t i v i t i e s  in the  l i v e r s  o f  male and 

female c h ick s  w i th  i n c r e a s i n g  age ;  b) the  c h a r a c t e r i s t i c s  o f  

p u r i f i e d  t r a n s f e r a s e  from l i v e r s  o f  male and female c h i c k s ;

c) m o r t a l i t y  o f  ch icks  on a g a l a c t o s e  supplemented  d i e t  as  a 

f u n c t i o n  o f  age and sex ;  d) c o n c e n t r a t i o n s  o f  b r a i n  g lu c o s e ,  g a l a c t o s e  

and g a l a c t o s e - l - P  and b lood g lu c o se  and g a l a c t o s e  in c o n t ro l  and 

g a l a c t o s e - f e d  ch ick s  as a f u n c t i o n  o f  age and sex ;  and e )  the 

r e l a t i o n s h i p s  between each o f  t h e s e  p a r a m e te r s .



CHAPTER II 

MATERIALS AND METHODS 

Chick and TÎs su e  P r e p a r a t i o n

The d i e t a r y  s tudy  was d es igned  to  a s s e s s  the i n f l u e n c e  o f  age,  

as  well  as  s ex ,  on the s u s c e p t i b i l i t y  o f  the ch i c k  to g a l a c t o s e  

t o x i c i t y .  To do t h i s  the m o r t a l i t y  s tu d y  was d iv i d e d  i n t o  th r e e  

ph as es ,  day -o ld  c h i c k s  were in the f i r s t  phase,  t h r e e -w e e k -o ld  ch icks  

in the second phase ,  and s ix - w e e k - o ld  c h i c k s  in the  t h i r d  phase.

W i th in  each phase the  r e s u l t s  were compared between male and female 

and between ex p e r im en ta l  and c o n t r o l .

Newly ha tched  male and female leghorn  ch icks  were o b t a i n e d  

from a loca l  h a t c h e r y .  They were fed  e i t h e r  a c o n t r o l  d i e t  or  a 

g a l a c t o s e  supplemen ted  d i e t  (Table 2 ) .  The basa l  d i e t  was a 

m o d i f i c a t i o n  o f  t h a t  d e s c r ib e d  by Kokatnur ,  e ^  ( 4 l ) .  The au th o r  

o m i t t e d  the p-amino benzo ic  a c i d  and added powdered,  n o n - n u t r i t i v e  

c e l l u l o s e  fo r  bulk .  In the  g a l a c t o s e  d i e t ,  g a l a c t o s e  was added a t  the 

expense  o f  g lu c o se  so t h a t  i t  a ccoun ted  f o r  18% o f  the t o t a l  d i e t .

To s tudy  g a l a c t o s e  t o x i c i t y ,  one hundred f o r t y  c h i c k s  o f  each sex  were 

s t a r t e d  on a c o n t ro l  d i e t  and s i x t y  o f  each sex  began r e c e i v i n g  an 18% 

g a l a c t o s e  d i e t .  In the  second phase ,  c h i c k s  in  the  o r i g i n a l  c o n t ro l  

group were c o n t in u e d  on t h e i r  c o n t r o l  d i e t  u n t i l  day 21 o f  l i f e .  At

10
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TABLE 2

COMPOSITION OF CHICK DIET

C o n s t ! t u e n t
Control  
g/4.4Kg

Experimental
g/4.4Kg

P r o t e i n  (Soybean) 1412.0 g 1412.0 g

Glucose 1926.0 g 1126.0 g

G a lac to se - 800 .0  g

Meth ion ine 30 .0 g 30 .0  g

Glycine 12.0 g 12.0 g

S a l t  Mix^ 210.8 g 210.8 g

C h o i ine Chlo r ide 8 .0 g 8 . 0  g

Vitamin Mix^ 1.2 g 1.2 g

Corn O i1 (S t r i p p e d ) 400 .0 g 400 .0  g

N o n -N u t r i t i v e  C e l lu lo s e 400 .0 g 400.0  g

^ S a l t  M ix tu re  f o r  Chicken Diet: ^Vi tamin Mixture f o r  Chicken 1

Compound q/20Kq Vi tamin q/20Kq

CaCOg 433 .2 g Thiamine 2.0  g

KH2PO4 210.0 9 Niacin 2 .0  g

CaHPO* 188.0 g R i b o f l a v in 0 .32  g

NaCl 160.0 g Ca P a n to th e n a te 0 .40  g

MgSO* 50 .0 g Vitamin B^g 0.0004  g

FeSO^ • 7H2O 6 . 0 g Py r i dox i ne 0 .120 g

MnSO^ • HgO 4 . 0 g F o l i c  Acid 0 .080 g

ZnCOs 2 .0 g Menadione 0.100  g

CUSO4 0 . 4 g Vitamin Dg 0.003 g

Kl 0 . 2 g a -Tocopherol 2 .0  g

NagMoO*. 2HgO 0 .2 g B io t in 0.012 g

Vi tamin A A ce ta te 200,000 lu
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t h i s  t ime,  they  were d iv i d e d  i n t o  fou r  g ro u p s :  a)  60 females  began

r e c e i v i n g  an l8% g a l a c t o s e  d i e t :  b) 60 males began r e c e i v i n g  the

same g a l a c t o s e  d i e t :  c) 80 females  were kep t  on c o n t ro l  d i e t ;  and

d) 80 males were k ep t  on c o n t r o l  d i e t .  For the  t h i r d  phase ,  60 

ch ick s  o f  each sex  were f ed  commerical non-medica ted  ch ick  feed  u n t i l  

the  k l  day o f  l i f e  a t  which time they  were d iv i d e d  in t o  fo u r  groups o f  

30, one male and one female group began r e c e i v i n g  the 18% g a l a c t o s e  

d i e t  and one group o f  each  sex  was p la c e d  on c o n t ro l  d i e t .  In each o f  

the t h r e e  p hase s ,  c h i c k s  were fed  g a l a c t o s e  and c o n t ro l  d i e t s  w h i le  

m o r t a l i t y  was recorded  f o r  10 days.

To de te rm ine  the  c o n c e n t r a t i o n s  o f  g a l a c t o s e  and g luc ose  in 

serum and b r a i n  homogenate and g a l a c t o s e - l - P  in b r a i n  homogenate,  the 

ch icks  were p la ced  on an 18% g a l a c t o s e  d i e t  and c o n t ro l  d i e t  f o r  the 

f i r s t  fou r  days in  each o f  the t h r e e  phases .  In the f i r s t  phase,  

newly ha tched  c h i c k s  were d iv i d e d  i n t o  fo u r  g roups ;  a) 40 females 

on g a l a c t o s e  d i e t ;  b) 30 females  on c o n t ro l  d i e t ;  c) 40 males 

on g a l a c t o s e  d i e t ;  and d) 30 males on c o n t r o l  d i e t .  For the  second 

and t h i r d  p h a s e s ,  c h icks  were fed  commercial non-medicated  ch ick  feed 

u n t i l  they were 21 o r  42 days o f  age,  then  they  were d iv id e d  i n t o  

fou r  groups o f  30 c h icks  each .  One female  and one male group 

r e c e iv e d  g a l a c t o s e  d i e t  and one male and one female group began 

c o n t ro l  d i e t .  Five c h icks  from each group ,  f o r  the f i r s t  fou r  days,  

o f  each phase were b le d  by h e a r t  p u n c t u r e ,  s a c r i f i c e d  by d e c a p i t a t i o n ,  

and the heads were dropped i n t o  l i q u i d  n i t r o g e n .  The whole blood  was 

p la c e d  in s to p p e r e d  t e s t  tu b e s .  The tubes  s to o d  app rox im ate ly  one 

hour a t  room te m p era tu re  and were then  p la ced  in  the r e f r i g e r a t o r  over
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n i g h t .  The c l o t t e d  blood was then  c e n t r i f u g e d  a t  1000 x g f o r  20 

minutes  a t  0°C. The s u p e r n a t e s  were then  decan ted  and s t o r e d  f rozen  

u n t i l  a s sayed  f o r  g luc ose  and g a l a c t o s e .  G a lac to se  c o n c e n t r a t i o n s  

were de te rmined  In whole serum w h i le  g lu c o se  d e t e r m in a t io n s  were 

conduc ted a f t e r  d e p r o t e l n l z a t l o n  o f  the serum by the  method o f  

Somogyl (42).

The f ro z e n  b r a i n  was d i s s e c t e d  from the s k u l l ,  weighed and 

homogenized In 2 volumes o f  0.01 M TrIs-HCl b u f f e r ,  pH 7 .8  c o n t a i n i n g  

0 .1 4  M KCl and 0.001 M EOTA. The homogenates were then  p la c e d  In 

a b o i l i n g  w a te r  ba th  f o r  5 minutes  and s u b s e q u e n t l y  c e n t r i f u g e d  

a t  27,000 X g f o r  20 m inu tes .  G a lac to se  and g a l a c t o s e - l - P  

c o n c e n t r a t i o n s  were de te rm ined  In the b o i l e d  s u p e r n a t e s .  Glucose 

d e t e r m in a t io n s  were conducted  on b o i l e d  b r a i n  s u p e r n a t e s  which had 

been f u r t h e r  d e p r o t e l n l z e d  by the method o f  Somogyl (42) .

For the  enzym at ic  s t u d i e s ,  Leghorn ch ick  embryos and newly 

hatched  ch icks  were u t i l i z e d .  Chicks were fed  commercial f eed .  The 

embryos o r  c h icks  were s a c r i f i c e d  a t  I n t e r v a l s  from day -  5 (16 days 

a f t e r  s e t t i n g )  to  the 50th  day o f  l i f e .  In groups o f  fou r  o f  each  sex .  

immediately a f t e r  s a c r i f i c e ,  the l i v e r  was r a p i d l y  removed and 

homogenized In a g l a s s - t e f l o n  homogenlzer  In 2 volumes o f  0.01 M T r l s -  

HCl b u f f e r ,  pH 7-8 ,  c o n t a i n i n g  0 . 14 M KCl and 0.001 M EOTA. The 

homogenate was c e n t r i f u g e d  a t  27,000 X g f o r  30 minutes  a t  0°C. 

C e n t r i f u g a t i o n  was r e p e a t e d  on the  s u p e r n a t a n t  f r a c t i o n  a t  100,000 X g 

f o r  1 hour a t  0°C. The r e s u l t i n g  s u p e r n a t e  was then  a s say ed  f o r  

g a l a c t o k i n a s e ,  t r a n s f e r a s e  and ep im erase  a c t i v i t y .  P r o t e i n  was
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de te rm ined  by the method o f  Lowry et_ (43).

Glucose,  G a la c to s e  and G a l a c t o s e - I - P  D ete rm ina t ions

Glucose c o n c e n t r a t i o n s  in  serum and b r a i n  homogenate were 

measured u s in g  g lu c o se  o x i d a s e ,  semi-mic ro  method (W orth ington 

B ioc hem ica l s ) .

D e te rm ina t ions  o f  g a l a c t o s e  in  the serum and b r a i n  homogenates 

were made by end p o i n t  a s s ay s  u s ing  g a l a c t o s e  dehydrogenase  fo l lowed 

s p e c t r o p h o t o m e t r i c a l l y  by the  r e d u c t io n  o f  NAD a t  340 nm. Formation 

o f  pmoles o f  p ro d u c t  were based  on a molar  e x t i n c t i o n  c o e f f i c i e n t  o f  

6 .2 2  X 10^ f o r  NADH a t  340 nm. The r e a c t i o n  m ix tu re  c o n t a in e d  0.035 

u n i t s  o f  g a l a c t o s e  dehydrogenase  (Sigma),  1.0 pmole NAD, an a p p r o p r i a t e  

amount o f  serum or  b r a i n  e x t r a c t ,  and 0.1 M g l y c i n e  b u f f e r  pH 8 .7  in a 

t o t a l  volume o f  0 .5  ml.

G a l a c t o s e - l - P  c o n c e n t r a t i o n s  in  b r a i n  homogenates were 

measured s p e c t r o p h o t o m e t r i c a l l y  by the r e d u c t i o n  o f  NADP a t  340 nm 

in a r e a c t i o n  coupled  w i th  p u r i f i e d  bovine t r a n s f e r a s e ,  phospho- 

g lucomutase ,  and g lu c o s e - 6 - p h o s p h a t e  dehydrogenase .  The r e a c t i o n  

m ix tu re  c o n t a in e d  0 .005 u n i t s  o f  p u r i f i e d  bovine  t r a n s f e r a s e ;

0 . 4  pmole o f  NADP, MgClg and UDP g lu c o s e ;  0 .2  pmole DTT; 0 .02  lU 

g l u c o s e -6 -p h o s p h a te  dehydrogenase ;  5pg c r y s t a l l i n e  phosphoglucomutase;  

and a p p r o p r i a t e  amounts o f  b r a i n  homogenate in 0.1 M g l y c i n e  b u f f e r  

pH 8 .7  in a t o t a l  volume o f  0 .5  ml. The c o n c e n t r a t i o n  o f  g a l a c t o s e -  

l -P  is  based on a molar  e x t i n c t i o n  c o e f f i c i e n t  o f  6 .22  X 10® fo r  

NADPH a t  340 nm.
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Enzyme Assays

G a la c to k în a s e  a c t i v i t y  (A T P -D -g a la c to s e - l - p h o s p h o t r a n s f e r a s e ,  

EC 2 . 7 . 1 . 6 ) ,  was measured by the  i n c o r p o r a t i o n  o f  r a d i o a c t i v e  

g a l a c t o s e - l - ^ ^ C  In to  g a l a c t o s e - 1 - p h o s p h a t e .  The r a d i o a c t i v e  g a l a c t o s e -

1-P formed In the  r e a c t i o n  was t r a p p e d  on DEAE c e l l u l o s e  pape r  and 

counted  In a s c i n t i l l a t i o n  c o u n t e r  a f t e r  the  method o f  Sherman (44) .

The s t a n d a r d  a s s a y  m ix tu re  Inc luded  1.0 pmole o f  g a l a c t o s e  c o n t a i n i n g  

0.0225 pCI o f  g a l a c t o s e - l - i * C ,  2 pmoles o f  ATP, MgClg and NaF, and 

0 .2  ml o f  homogenate In 0.1 M TrIs-HCl b u f f e r  pH 7*8 to  a t o t a l  

volume o f  0 . 4  ml. A u n i t  is  d e f in e d  as t h a t  amount o f  enzyme which 

c a t a l y z e s  the  appea rance  o f  1.0 pmole o f  p roduc t  per  minu te  a t  30°C.

T r a n s f e r a s e  a c t i v i t y  (UDP g lu c o s e ;  a - D - g a l a c t o s e - 1 - p h o s p h a t e  

u r id y l  t r a n s f e r a s e ,  EC 2 . 7 . 7 . 1 2 )  was measured by th e  r a t e  o f  fo rm a t io n  

o f  g lu c o s e - 1 - p h o s p h a t e .  I t  was fo l low ed  s p e c t r o p h o t o m e t r l c a l l y  by 

the r e d u c t i o n  o f  NADP a t  340 nm In a coupled  r e a c t i o n  w i th  phospho- 

g lucom utase ,  g l u c o s e -6 -p h o s p h a te  dehydrogenase  and 6 -phosphog lucon ic  

a c i d  dehydrogenase  (45) .  The r e a c t i o n  m ix tu re  c o n t a in e d  0 . 2  pmole 

DTT; 0 .4  pmole o f  NADP, UDP g lu c o s e ,  g a l a c t o s e - 1 - P  and MgClg; 5 pg 

o f  c r y s t a l l i n e  phosphoglucomutase,  2 u n i t s  o f  6 -p h o s p h o g lu co n ic  a c i d  

dehydrogenase ,  0 .02  1U o f  g l u c o s e -6 -p h o s p h a te  dehydrogenase ,  and an 

a p p r o p r i a t e  amount o f  homogenate In 0.01 M g ly c i n e  b u f f e r  pH 8 . 7  to  a 

t o t a l  volume o f  0 .5  ml.

One u n i t  Is d e f in e d  as the  amount o f  enzyme r e q u i r e d  to 

c a t a l y z e  the fo rm at ion  o f  1 pmole o f  p ro d u c t  per  minute  a t  30°C. 

Formation o f  1 pmole o f  p ro d u c t  Is based  on the  molar  e x t i n c t i o n  

c o e f f i c i e n t  o f  6 .2 2  X 10® fo r  NADPH a t  340 nm.
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Epimerase (UDP g a l a c t o s e - 4 - e p i m e r a s e ,  EC 5 . 1 . 3 . 2 )  was 

a ssayed  by the r a t e  o f  fo rm a t io n  o f  UDP g lu c o se  in a coupled  r e a c t i o n  

w i th  UDP g lu c o se  dehydrogenase  (46 ) .  The r e a c t i o n  was fo l lowed by the 

r e d u c t i o n  o f  NAD a t  340 nm. The r e a c t i o n  m ix tu re  c o n t a in e d :  0.3

(imole UDP g a l a c t o s e ,  0 . 8  pmole o f  NAD, UDP g lu c o s e  dehydrogenase  and 

a p p r o p r i a t e  amounts o f  homogenate in  0.1 M g l y c i n e  b u f f e r  pH 8 . 7  to 

a f i n a l  volume o f  0 .5  ml. Format ion o f  1 jamole o f  p ro d u c t  i s  based 

on the molar  e x t i n c t i o n  c o e f f i c i e n t  o f  6 .2 2  X 10® f o r  reduced NAD

a t  34o nm. One u n i t  i s  d e f in e d  as the  amount o f  enzyme nece ssa ry

to  c a t a l y z e  the fo rm a t io n  o f  1 (imole o f  p ro d u c t  per  minute  a t  30°C.

S p e c t ro p h o t o m e t r l c  measurements were made on e i t h e r  an 

au tomated G i l f o r d  240-242 r e c o rd i n g  s p e c t ro p h o to m e te r  o r  a Beckman 

DU-Gllford Automated r e c o r d i n g  s p e c t ro p h o t o m e t e r .

M olecu la r  Weight  E s t i m a t io n  by Gel F i l t r a t i o n

The m o le c u la r  w e ig h t  o f  the  enzymes was de te rm ined  by gel

f i l t r a t i o n  us ing  Sephadex G-200 by the  method o f  Andrews (47) .  The

ge l  was f i r s t  suspended  in  0 .05  M Tris-HCl b u f f e r  c o n t a in in g  

0.1 M KCl a t  pH 7 .5 .  I t  was s u b s e q u e n t l y  washed and e q u i l i b r a t e d  

w i t h  0.01 M phospha te  b u f f e r  c o n t a i n i n g  0.001 M EDTA and 0.01 M

2-M ercap toe thanol  a d j u s t e d  t o  pH 7 .0 .  To c a l i b r a t e  the column 

(3 X 56 cm) the fo l l o w in g  s t a n d a r d s  were a p p l i e d :  C a t a l a s e  (Sigma-

Beef l i v e r ,  M.W. = 240 ,000) ,  a l c o h o l  dehydrogenase  (W or th ing ton-

Y eas t ;  M.W. = 151 ,000) ,  hexok inase  (S igma-type  C-300; M.W. = 96 ,000 ,

l a c t i c  dehydrogenase (S igma- type  i l l ;  M.W, = 142,000),  a lcoho l

dehydrogenase  (W o r th in g to n -h o r s e  l i v e r ;  M.W. = 8 0 ,0 0 0 ) ,  and
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p e r o x id a s e  (S igma-type  IV; M.W. = 4 0 ,0 0 0 ) .  C a t a l a s e  was assayed  by 

the  method o f  Beers and S iz e r  (4 8 ) ,  bo th  a l coho l  dehydrogenases  by 

the  method o f  Vallee  and Hoch (4 9 ) ,  l a c t i c  dehydrogenase  assayed  by 

the  method o f  K a lo u s t i a n ,  e t  aj_. (50) ,  the  a c t i v i t y  o f  hexokinase  was 

fo l lowed  by the method o f  Bai ley  and Webb (51) ,  and h o r s e r a d i s h  p e ro x id a se  

was assayed  by the method o f  Maehly (52 ) .  All  o f  the  s t a n d a r d s  l i s t e d  

above and e i t h e r  p u r i f i e d  female c h i c k  l i v e r  t r a n s f e r a s e  o r  male ch ick  

l i v e r  t r a n s f e r a s e  were a p p l i e d  to  the column In a t o t a l  volume o f  

0 .5  ml which was e l u t e d  In 2.1 ml f r a c t i o n s .  The m o lecu la r  w eigh t  o f  

t r a n s f e r a s e  was e s t i m a t e d  by comparing I t s  e l u t i o n  volume w i th  the 

e l u t i o n  volumes o f  known p r o t e i n s  p l o t t e d  as a f u n c t i o n  o f  the  log o f  

t h e i r  m o lecu la r  w e ig h t s .

Molecu la r  Weight E s t im a t io n  by Sucrose G rad ien t  C e n t r i f u g a t i o n  

The m o lecu la r  w e igh t  o f  the t r a n s f e r a s e s  was a l s o  e s t i m a t e d  

by s u c ro s e  g r a d i e n t  c e n t r i f u g a t i o n .  A 4 . 6  ml l i n e a r  5-20% suc rose  

g r a d i e n t  was p rep a red  in 0 .04  M phosphate  b u f f e r  pH 7 .0  c o n t a in in g  

0.001 M EDTA and 0.01 M 2 -M ercap toe thano l .  The 20% s u c ro s e  s o l u t i o n  

a l s o  c o n ta in e d  Bromophenol b lue  (0 .3  mg/ml).  2 .2  ml o f  the  20% and 

2 .4  ml o f  th e  5% s u c ro s e  s o l u t i o n  were mixed and s t o r e d  2-4 hours 

b e fo re  use In c e l l u l o s e  n i t r a t e  tube s ,  in  each o f  s i x  tu b e s ,  e i t h e r  

male o r  female t r a n s f e r a s e  and fou r  s t a n d a r d s ;  y e a s t  a lcohol  

dehydrogenase ,  l a c t i c  dehydrogenase ,  hexok inase  and p e ro x id a s e  in 

0 .05  ml were la y e red  on top o f  the  g r a d i e n t .  In a n o t h e r  s i x  tubes ,  

e i t h e r  male o r  female t r a n s f e r a s e  and four  s t a n d a r d s ;  horse  l i v e r  

a l coho l  dehydrogenase ,  l a c t i c  dehydrogenase ,  hexok inase  and p e ro x id a se  

In 0 .05  ml were a p p l i e d  to  the g r a d i e n t .  The tu bes  were p la ced  In a
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Tî 50.1 r o t o r  and spun f o r  12 hours a t  40 ,000  rpm in a model L2-65 

Beckman-Spinco r e f r i g e r a t e d  c e n t r i f u g e .

The mathematical  assumptions  o f  M ar t in  and Ames were used in 

e s t i m a t i n g  the m o lecu la r  w e igh t s  o f  each o f  the  t r a n s f e r a s e s .  M ar t in  

and Ames (53) dem ons t ra ted  t h a t  the  m i g r a t i o n  o f  p r o t e i n s  through a 

su c ro s e  g r a d i e n t  was l i n e a r  w i th  t ime.  This  a l low s  one to  c a l c u l a t e  

the s e d im e n ta t i o n  c o e f f i c i e n t  in unknown p r o t e i n s  us ing  the sedimen­

t a t i o n  c o e f f i c i e n t  o f  s i m i l a r l y  shaped,  known p r o t e i n s  acc o rd in g  to 

the  fo l lo w in g  p r o p o r t i o n a l i t y :

Si  dj

dg

where and Sg r e p r e s e n t  the  s e d im e n ta t io n  c o e f f i c i e n t s  and d^ and 

dg r e p r e s e n t  the d i s t a n c e s  m ig ra ted  from the  top o f  the g r a d i e n t .  Once 

the  s e d im e n ta t i o n  c o e f f i c i e n t  i s  known f o r  the  exper im en ta l  p r o t e i n  

the  m o lecu la r  w eigh t  can be e s t i m a t e d  by compar ison w i th  the  m o lecu la r  

w e ig h t  o f  the  known p r o t e i n s  by the f o l lo w in g  e q u a t io n :

Si (Mwi) 2/3

Sg (Mwg) 2 /3

where Si and Sg r e p r e s e n t  the  s e d im e n ta t i o n  c o e f f i c i e n t s  o f  the known 

and exper im en ta l  p r o t e i n  and Mwi and Mwg r e p r e s e n t  the m o lecu la r  

w e igh t s  o f  the  s t a n d a r d  and expe r im en ta l  m o lecu le s .



1 9

K in e t i c  P a ram e te r s ,  pH Optimum, and Temperature S e n s i t i v i t y

K i n e t i c  p r o p e r t i e s  were de te rm ined  f o r  the p u r i f i e d  l i v e r  

t r a n s f e r a s e s  from male and female c h i c k s .  All  a s s a y s  were performed 

four  t imes f o r  each o f  the  c o n c e n t r a t i o n s  o f  g a l a c t o s e - l - P  and UDP 

g lucose  used .  The Michael i s  c o n s t a n t  (Km) and maximal v e l o c i t y  (Vmax) 

o f  the enzyme r e a c t i o n  f o r  bo th  g a l a c t o s e - l - P  and UDP g lu c o s e  were 

de termined  from Lineweaver-Burk p l o t s  f o r  each o f  the p u r i f i e d  t r a n s ­

f e r a s e s .

The pH optima were de te rm ined  by i n c u b a t in g  each o f  the 

p u r i f i e d  enzymes in  0.1 M g ly c i n e  b u f f e r s  between pH 6 and pH 10.

A two s t e p  a s s a y  was employed f o r  d e t e r m i n a t i o n  o f  t r a n s f e r a s e  a c t i v i t y  

in th e se  s t u d i e s ,  th u s ,  e l i m i n a t i n g  the  e f f e c t  o f  pH on the  coup l ing  

enzymes. P u r i f i e d  c h i c k  l i v e r  t r a n s f e r a s e s  were Incuba ted  in 0.1 M 

g ly c in e  b u f f e r  pH 6-10  c o n t a i n i n g  0 . 4  pmole UDP g lu c o se  and g a l a c t o s e -  

l -P  and 0 .2  p.mo1e DTT a t  30°C. A f t e r  ten  minutes  i n c u b a t i o n ,  the  

r e a c t i o n  was s to pped  by p l a c i n g  the  tubes  in a b o i l i n g  w a te r  ba th  

f o r  5 m inu tes .  The amount o f  g l u c o s e - l - P  was measured by add ing  NADP, 

MgClg, phosphoglucomutase  and g lu c o s e -6 -P  dehydrogenase  a t  pH 8 .7  

and o b s e rv in g  the  t o t a l  change in  o p t i c a l  d e n s i t y  a t  340 nm.

Temperature s e n s i t i v i t i e s  o f  the  p u r i f i e d  enzymes were 

de te rmined  by in c u b a t in g  the  enzymes in ^% bovine serum albumin 

s o l u t i o n s  f o r  5 minu tes  a t  t e m p e ra tu r e s  from 0°C to 70°C. The enzyme 

s o l u t i o n s  were then  coo led  to  0°C f o r  5 minu tes  and the a c t i v i t y  was 

de te rm ined  a t  30°C.
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Chemi c a l s

All chem ica ls  used in t h i s  r e s e a r c h  p r o j e c t  were o f  r e ag e n t  

g rade .  The g a l a c t o s e - l - ^ * C  was o b t a i n e d  from New England Nuclear .  

Phosphoglucomutase and g lu c o s e - 6 - p h o s p h a t e  dehydrogenase  were purchased  

from Calbiochem. Horse l i v e r  a l c o h o l  dehydrogenase ,  y e a s t  a l coho l  

dehydrogenase  and g lu c o se  o x id a s e  ( g l u c o s t a t )  were o b t a in e d  from 

W or th ing ton  Biochemical  C o rp o ra t i o n .  The fo l l o w i n g  enzymes were p u r ­

chased  from Sigma Chemical Company: 6 -ph o sp h o g lu co n ic  a c i d  dehydro ­

genase ,  hex o k in ase ,  l a c t i c  dehydrogenase ,  c a t a l a s e ,  and p e ro x id a se .

UDP g lu c o se  dehydrogenase  and g a l a c t o s e - l - P  u r id y l  t r a n s f e r a s e  were 

p u r i f i e d  from c a l f  l i v e r  by the  methods o f  S t rom inger ,  £ t  a_L. (54) 

and Mayes and Hansen (45) .



CHAPTER III  

RESULTS 

Mortal  I t y  S tu d ie s

To s tu d y  g a l a c t o s e  t o x i c i t y ,  c h i c k s  were fed an 18% g a l a c t o s e  

d i e t .  This s tu d y  was c a r r i e d  o u t  In t h r e e  phases  t o  de te rm ine  the 

In f lu e n c e  o f  sex  and age d u r in g  the consumpt ion o f  g a l a c t o s e .  Markedly 

d i f f e r e n t  m o r t a l i t y  p a t t e r n s  emerged f o r  males and females .  There 

were a l s o  s i g n i f i c a n t l y  l a rg e  d i f f e r e n c e s  between the t h r e e  age g roups ,  

newly h a t c h e d ,  2 1 -d a y - o ld ,  and 4 2 - d a y - o ld  ch icks  ( f i g u r e s  2 & 3 ) .

The newly ha tch ed  c h i c k s  had the  h i g h e s t  m o r t a l i t y  du r ing  the ten  days 

they  were on g a l a c t o s e  supplemented  d i e t .  M o r t a l i t y  a t  the end o f  10 

days was 97% f o r  female  c h i c k s .  Males showed s i c k n e s s  more s low ly  and 

m o r t a l i t y  was o n ly  50% a t  the  end o f  10 days .  To de te rm ine  the  e f f e c t  

o f  age,  a n o t h e r  group o f  male and female ch icks  were p la ced  on g a l a c t o s e  

d i e t  a t  21 days o f  age.  P e r c e n t  m o r t a l i t y  was ag a in  de te rm ined  f o r  10 

days fo r  t h i s  group.  As In the f i r s t  phase ,  females showed g r e a t e r  

p e r c e n t  m o r t a l i t y  than  d id  ma les ,  bu t  to  a s m a l l e r  e x t e n t .  Twenty-one- 

d a y -o ld  female c h i c k s  had 38% m o r t a l i t y  and males o f  the same age had 

o n ly  20% m o r t a l i t y  a t  the  end o f  10 days .  A f t e r  the  3 -week-old  c h icks  

were on d i e t  f o r  s i x  days m o r t a l i t y  l e v e l e d  o f f .  This  I n d i c a t e s  t h a t  

some o f  the c h i c k s  seem to  be more r e s i s t a n t  to  the t o x i c  e f f e c t s  o f

21



F ig u re  2. M o r t a l i t y  o f  male (■   ■ ) and female  )

c h i c k s  d u r in g  th e  f i r s t  10 days o f  l i f e  on an 18% g a l a c t o s e  d i e t .
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F ig u r e  3 .  M o r t a l i t y  o f  male (---------) and fem a le  (-----------)

c h i c k s  on t h e  18% g a l a c t o s e  d i e t  from t h e  2 1 s t  t o  t h e  3 1 s t  day o f  

1 i f e .
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g a l a c t o s e  supplemented d i e t .  In the t h i r d  phase ,  c h i c k s  were fed 

commercial f eed  u n t i l  they were 42 days o l d .  At t h i s  time they were 

p laced  on the 18% g a l a c t o s e  supp lemented d i e t  f o r  10 days .  During t h i s  

p e r io d  t h e r e  was no m o r t a l i t y  f o r  e i t h e r  males o r  fem a le s .  In the 

c o n t ro l  groups f o r  each o f  the  t h r e e  phases m o r t a l i t y  never  exceeded 5%. 

The c o n c l u s i o n  from t h i s  s e r i e s  o f  exper im en ts  was t h a t  bo th  male and 

female c h i c k s  t o l e r a t e d  an 18% g a l a c t o s e  d i e t  much b e t t e r  w i th  i n c r e a s i n g  

age and the  d a y -o ld  and 21-day o ld  male ch icks  had a b e t t e r  s u r v i v a l  

r a t e  than the females  o f  the  same age.

The r e s u l t s  from the  c h i c k  m o r t a l i t y  s tu d y  and the g ene ra l  

c l i n i c a l  o b s e r v a t i o n s  cou ld  be e x p l a i n e d  by an i n c r e a s e  in g a l a c t o s e  

metaboli sm w i th  i n c r e a s i n g  age .  The c h i c k  m o r t a l i t y  s tu d y  a l s o  

su g g e s te d  t h a t  a t  s i x  weeks o f  age the  female c h i c k  cou ld  t o l e r a t e  

g a l a c t o s e  as w ell  as  males .  The nex t  expe r im en t  o f  t h i s  p r o j e c t  was 

to de te rm ine  i f  t h e r e  were any changes in  the  a c t i v i t i e s  o f  the 

g a l a c t o s e  m e t a b o l i z in g  enzymes w i th  age and i f  the  a c t i v i t i e s  o f  the se  

enzymes were s i m i l a r  in male and female ch icks  a t  seven  weeks o f  age.

To accompl i sh  t h i s ,  c h ick s  were p la c e d  on a c o n t ro l  d i e t  and 

the  a c t i v i t i e s  o f  g a l a c t o k i n a s e ,  t r a n s f e r a s e ,  and ep im erase  were 

de te rm ined  in the l i v e r s  o f  c h ick s  from f i v e  days b e f o r e  h a t c h in g  

through f i f t y  days o f  age (Table 3 ) .  Each o f  the  t h r e e  enzymes showed 

peak a c t i v i t y  on o r  near  the  day o f  h a t c h in g  ( f i g u r e s  4 - 6 ) .  The 

a c t i v i t i e s  o f  the g a l a c t o s e  m e ta b o l i z in g  enzymes d e c l i n e d  from h a t c h in g  

day to the  second day o f  l i f e  where they  l e v e l e d  o f f  and remained 

r e l a t i v e l y  c o n s t a n t  through the  f i f t i e t h  day o f  l i f e .  No c o n s i s t e n t  

d i f f e r e n c e s  were a p p a r e n t  between male and female c h i c k s  fo r  e i t h e r



T a b l e  3

ACTIVITIES OF THE GALACTOSE ENZYMES IN THE LIVERS OF CHICKS AT VARIOUS AGES

Age G a la c t o k i o a s e  a c t i v i t y ,
(U n i t s  X 10^/mg p r o t e i n ) '

T r a n s f e r a s e  a c t i v i t y  
( u n i t s  X lO^/mg p r o t e i n ) '

Epimerase  a c t i v i t y  
( u n i t s x  10^/mg p r o t e i n ) '

Female Male Female Male Female Male

-5 3 .28 + .18 4.41 + .83 1.08 + .08 1.94 ± . 14b 2 .08 ± .12 2.23 + .37

-3 3 .67 ± .74 3.83 + .45 1.51 + .10 2 .94 ± . 17b 2 .07 + .35 2 .55 ± .17

0 5.67 + .50 6 .3 6 + .70 2 .14 + .14 4 .14 ± .23= 4 .0 5 ± .20 4 .29 + .15

2 3 .99 + .64 3 .7 6 ± .38 1.54 + .09 2 .8 0 ± .16^ 2 .00 + .17 2 .1 2 ± .10

7 5.03 + .33 4 .13 + .61 1.71 + .05 2 .68 ± . 07b 1.76 + .05 1 .70 ± .12

14 3 .87 + .18 4 .44 ± .47 1.41 + .12 2 .62 + . 27= 1.57 + .10 1.52 ± .16

21 4.73 + .44 3 .6 6 ± .21 1.34 + .12 2 .97 ± .20^ 1.43 + .18 1.48 ± .10

28 4 .7 0 + .26 5 .15 ± .59 1.57 + .21 2 .54 + .14^ 1 .50 + .56 1.63 + .33

35 4 .02 + .46 4 .6 0 ± .05 1.41 + .12 2 .45 + .10^ 1.06 + .06 1.27 ± .12

42 4.93 + .14 4 .55 ± .62 1.37 + .11 2 .09 + .19= 0.81 ± .14 0 .7 9 + .08

49 3.51 ± .53 3 .62 + .55 1.93 + .14 2 .79 + .12= 0 .84 + .13 1,04 ± .47

A u n i t  i s  d e f in e d  as  t h e  amount o f  enzyme needed t o  c o n v e r t  1 ymole o f  s u b s t r a t e  t o  p ro d u c t  p e r  m inu te  
a t  30PC. Each v a l u e  r e p r e s e n t s  t h e  mean ± SE o f  d e t e r m i n a t i o n s  on th e  l i v e r s  from f o u r  a n i m a l s .

p < 0 . 0 0 l .  S i g n i f i c a n c e  was de t e rm in e d  by t h e  s t u d e n t  T t e s t  f o r  n o n - p a i r e d  v a r i a n t s  between l i v e r  t r a n s ­
f e r a s e  a c t i v i t i e s  in male and fem ale  c h i c k s .

'p< 0 .0 0 5 .

V< 0 . 0 1 .



F ig u r e  k.  G a l a c t o k î n a s e  a c t i v i t y  in l i v e r s  o f  maie (------- )

and f em ale  (--------- ) c h i c k s .  A u n i t  o f  a c t i v i t y  i s  d e f i n e d  as  t h e  amount g»

of  g a l a c t o k î n a s e  needed to  form 1 umole o f  g a l a c t o s e - l - P  p e r  m inu te  a t  

30°  C. Each p o i n t  r e p r e s e n t s  t h e  mean o f  d e t e r m i n a t i o n s  on th e  l i v e r s  

o f  f o u r  a n i m a l s .
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F ig u r e  5.  G a 1 a c to se -1 -P  u r i d y l  t r a n s f e r a s e  a c t i v i t y  in l i v e r s

o f  male (---------) and f em ale  (------------ ) c h i c k s .  A u n i t  o f  a c t i v i t y  i s

d e f i n e d  as  t h e  amount o f  t r a n s f e r a s e  needed to  form 1 ^mole o f  g l u c o s e - l - P

p e r  m inu te  a t  30° C. Each p o i n t  r e p r e s e n t s  t h e  mean o f  d e t e r m i n a t i o n s  o

on t h e  l i v e r s  o f  f o u r  a n i m a l s .
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F ig u r e  6 .  Epimerase a c t i v i t y  in t h e  l i v e r s  o f  male (---------)

and f em ale  (------------ ) c h i c k s .  A u n i t  o f  a c t i v i t y  is  d e f i n e d  a s  t h e

amount o f  e p im e ra s e  needed t o  form 1 pmole o f  UDP g l u c o s e  pe r  m inu te  

a t  30° C. Each p o i n t  r e p r e s e n t s  t h e  mean o f  d e t e r m i n a t i o n s  on t h e
Va>

l i v e r s  o f  f o u r  a m in a l s .
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g a l a c t o k î n a s e  o r  fo r  ep imerase  a c t i v i t i e s .  However, t r a n s f e r a s e  

a c t i v i t y  d i f f e r e d  s i g n i f i c a n t l y  (P < 0 . 0 1 )  between males and females 

th roughou t  the s tudy .  Female ch ick s  c o n s i s t e n t l y  showed 40 -  50% l e s s  

t r a n s f e r a s e  a c t i v i t y  than  males from f i v e  days b e fo re  h a t c h in g  th rough  

f i f t y  days o f  age .  I t  was conc luded from t h i s  exper iment  t h a t  d e c r e a s e d  

t o x i c i t y  w i th  i n c r e a s i n g  age as Judged by m o r t a l i t y  was no t  due to  an 

i n c re a s e  in the  a c t i v i t y  o f  the g a l a c t o s e  m e ta b o l i z in g  enzymes.

The nex t  expe r im en t  was des igned  to  de te rm ine  the  a c t i v i t i e s  

o f  the g a l a c t o s e  m e ta b o l i z in g  enzymes w h i le  the  ch icks  were fed  the 18% 

g a l a c t o s e  d i e t .  The a c t i v i t i e s  o f  g a l a c t o k î n a s e ,  t r a n s f e r a s e  and 

ep imerase  showed no s i g n i f i c a n t  d i f f e r e n c e s  from those  o f  the c o n t ro l  

an imals  (Table 4 ) .  The a u t h o r  conc luded t h a t  th e re  was no in d u c t io n  o f  

these  enzymes a f t e r  be ing  c h a l l e n g e d  w i th  the  18% g a l a c t o s e  d i e t  f o r  

10 days a t  s i x  weeks o f  age.

Recovery and Comparison o f  T issue  E x t r a c t i o n  Procedures

Recovery s t u d i e s  were done to  e s t a b l i s h  the  r e l i a b i l i t y  o f  

s u b s t r a t e  q u a n t i t a t i o n  f o r  b r a i n  g lu c o s e ,  g a l a c t o s e  and g a l a c t o s e - l - P  

and blood g lu c o se  and g a l a c t o s e .  Exogenous s u b s t r a t e  was added to  the  

f rozen  b r a i n  t i s s u e  in the homogenizing b u f f e r  f o r  b r a i n  d e t e r m i n a t i o n s  

and to  the whole serum fo r  blood d e t e r m in a t io n s .  A p p ro p r ia t e  c o n t r o l s  

were a l s o  conduc ted to  c o r r e c t  f o r  endogenous l e v e l s  o f  b r a i n  and blood 

g lu c o se .  The r e s u l t s  o f  th e se  recovery  s t u d i e s  may be found in  Table 5. 

The recovery  o f  exogenous g lu c o s e ,  g a l a c t o s e  and g a l a c t o s e - l - P  from 

b r a i n  homogenates ranged from 94.5% to  102.3%. The recovery  o f  exogenous 

g lucose  and g a l a c t o s e  from serum ranged from 94% to  98%. The



TABLE 4

ACTIVITIES OF THE GALACTOSE-METABOLIZING ENZYMES IN THE LIVERS OF SIX WEEK OLD 

CHICKS AFTER FEEDING THE 18% GALACTOSE DIET FOR TEN DAYS

Enzyme
Male Fema1e

Exper imenta l Contro l Exper imenta l Contro l

G a la c to k in a s e
( u n i t s  X 10®/mg p r o t e i n ) ®

4 .9 2 5 .1 9 5 .1 8 5 .63

T r a n s f e r a s e
( u n i t s  X 10®/mg p ro te in )®

2.29 2 .33 1.14 1.09

Epimerase
( u n i t s  X 10®/mg p ro te in )®

0 .92 0 .8 4 0 .80 0 .85

^A u n i t  Is d e f in e d  as the amount o f  enzyme needed to  c o n v e r t 1 pmole o f  s u b s t r a t e to
p ro d u c t  per  minu te  a t  30°C.

u>
vn



TABLE 5

RECOVERY STUDY FROM BRAIN TISSUE AND BLOOD FROM 

GLUCOSC, GALACTOSE AND GALACTOSE-1-P

CHICKS FOR

T issue S u b s t r a t e
Amount o f  s u b s t r a t e  added 

w i th  homogenizing b u f f e r  
o r  to  Serum

T r i a l s % Recovery

Brain Glucose 1.7 pmole /g  wet  wt 1 9 7 .2

Brain Glucose 3 .3  pmole /g wet  wt 3 102.3

Brain Glucose 8 . 3  pmole /g  wet  wt 2 95.5

Brai n G a la c to s e 4 . 0  pmole /g wet  wt 2 101.8

Brain® G a l a c t o s e - 1-P 0 . 4  pmole /g  wet  wt 2 94 .5

Blood Glucose 100 mg % 2 97.5

Blood G a la c to s e 100 mg % 2 9 6 .8

<jk>o\

'Mayes,  u n p u b l i sh e d  r e s u l t s .
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d i s c r e p a n c y  from 100% may be due to  endogenous s y n t h e s i s  o r  d e g ra d a t io n  

o f  a s u b s t r a t e  w i t h i n  the sample o r  to  human e r r o r  In the sample 

p r e p a r a t i o n .

A comparison o f  two e x t r a c t i o n  p rocedu res  was a l s o  performed.  

Ten t h r e e - d a y - o l d  female ch icks  were fed the  18% g a l a c t o s e  d i e t  fo r  one 

day. At t h i s  time the ten  ch icks  were d e c a p i t a t e d  and the heads were 

dropped i n t o  l i q u i d  n i t r o g e n .  As each ch ick  b r a i n  was d i s e c t e d  from the 

s k u l l ;  i t  was e i t h e r  p la c e d  i n t o  2 volumes o f  co ld  O.OIM Tris-HCl b u f f e r  

c o n t a in in g  0 .14  M KCl a t  pH 7 .8 ;  homogenized; and hea ted  f o r  5 minutes 

in a b o i l i n g  w a te r  b a th  o r  the b r a i n  was p la ced  i n t o  2 volumes o f  co ld  

0 .6  N p e r c h l o r i c  a c i d  (55) and homogenized.  The homogenates were then 

c e n t r i f u g e d  a t  27;000 x g f o r  2 minutes  a t  0°C. The p e r c h l o r i c  ac id  

samples were then n e u t r a l i z e d  w i th  1.0 N po tass ium hydrox ide  s o l u t i o n  

c o n t a i n i n g  0 .05  M po ta ss ium  phosphate b u f f e r  a t  pH 7 .5 .  These samples 

were then c e n t r i f u g e d  to  remove the  i n s o l u b l e  po ta ss ium  c h l o r a t e  from 

the sample.  The t i s s u e  s u p e r n a t e s  from both  groups were then as sayed  

fo r  g lu c o se ;  g a l a c t o s e  and g a l a c t o s e - l - P  as d e s c r ib e d  in  the M a te r i a l s  

and Methods s e c t i o n  (Chapter  I I ) .  The comparison o f  the r e s u l t s  o f  the 

two e x t r a c t i o n  methods may be seen  in Table 6 .

Glucose va lues  were s i m i l a r  f o r  both  e x t r a c t i o n  methods.  

G a lac to se  va lues  were s l i g h t l y  d i f f e r e n t  b u t  v a r i a t i o n s  between chicks  

is  a p p a r e n t  from the l a rg e  s t a n d a r d  d e v i a t i o n s .  G a ia c to s e -1 -P  values  

from the Tris-KCl b u f f e r  were 78% g r e a t e r  than those  samples from the 

p e r c h l o r i c  a c i d  e x t r a c t i o n .  This  l a rg e  d i f f e r e n c e  may be due to  

d i f f e r e n c e s  between the ch icks  bu t  i t  may a l s o  be due to  sample 

p r e p a r a t i o n  w i th  c o n c u r r e n t  d e g r a d a t io n  o r  s y n t h e s i s  o f  the  s u b s t r a t e .



TABLE 6

COMPARISON OF TISSUE EXTRACTION PROCEDURE

Subs t r a t e
HCIO4 e x t r a c t i o n ®  

pmole /g  wet  wt.
T r i s -H C l ,  KCl pH 7 .8^  

pmole /g  w e t  wt. P valueC

G1ucose 1.91 + 0 .2 9 1.81 + 0 .13 0 .8 0

G a la c to s e 3 .8 0  +  1.4 8 4.51  +  0.41 0 .7 0

G a l a c t o s e - l - P 0 .151 +  0.031 0 .2 6 8  + 0 .0 1 8 0.05

30 .6  N HCIO4 n e u t r a l i z e d  w i th  1.0 N KOH c o n t a i n i n g  0 .05  M KPO4 b u f f e r  pH 7 . 5 ,  
Lowry (55 ) .

b o . 01 M Tris-HCl b u f f e r  c o n t a i n i n g  0 . i4  M KCl a t  pH 7 . 8 .
cfrom t  v a lu e s  f o r  s t u d e n t ' s  t  t e s t  f o r  n o n - p a i r e d  v a r i e n t s  f o r  5 an im a ls  from 

each t i s s u e  e x t r a c t i o n  b u f f e r .

00
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One can t h e o r e t i c a l l y  c a l c u l a t e  the amount o f  g a l a c t o s e - l - P  formed o r  

degraded d u r in g  the Tris-KCl t i s s u e  p r e p a r a t i o n .  The fo l low ing  

c a l c u l a t i o n  i s  based  on the r e p o r t e d  amount o f  g a l a c t o k i n a s e  In ch ick  

b r a i n  (33) f o r  6 minutes  ( t ime fo r  homogenizat ion  and b o i l i n g ) .  The 

c a l c u l a t e d  va lue  i s  0 .027  pmole/6  min/g which is  s i m i l a r  to the s m a l l e s t  

va lue  f o r  g a l a c t o s e - l - P  found in Tab les  7 - 9  and i s  about  6% o f  the 

h i g h e s t  va lue  fo r  g a l a c t o s e - l - P .

Blood and Brain  Glucose and G a la c to s e  and Brain  G a l a c t o s e - l - P

In fo rm a t io n  from the developmental  enzyme s tu d y  and the 

i n d u c t io n  exper im en t  did  no t  accoun t  f o r  the i n c r e a s i n g  t o l e r a n c e  to

g a l a c t o s e  w i th  age.  The nex t  exper im en t  was des igned  to a s s e s s  changes

in the a b s o r p t i o n  o f  g lucose  and g a l a c t o s e  from the  gu t  and a l s o  to 

de te rmine  i f  t h e r e  were any changes in the  accum ula t ion  o f  th e se  two 

s u g a r s  and g a l a c t o s e - l - P  in the b r a i n s  o f  ch icks  fed  g a l a c t o s e .  As in 

the  g a l a c t o s e  t o x i c i t y  s tu d y ,  the c h i c k s  were p la ced  on the 18% 

g a l a c t o s e  d i e t  a t  day one,  21 and 42 days o f  age.

Blood g lu c o se  v a lu es  (Tables  7 - 9 )  f o r  each o f  the th r e e

phases were w i t h i n  the  normal range fo r  c h ick s .  There were no 

s i g n i f i c a n t  d i f f e r e n c e s  between the g lucose  va lues  f o r  g a l a c t o s e - f e d  

ch icks  and c o n t r o l s ;  nor were g lu c o se  va lues  s i g n i f i c a n t l y  d i f f e r e n t  

between males and females  o r  f o r  the t h r e e  age groups s t u d i e d  

( f i g u r e  7) .

Blood g a l a c t o s e  was obse rved  on ly  in  g a l a c t o s e - f e d  c h i c k s .

I t  peaked on d i f f e r e n t  days depending upon the  age o f  the ch icks  being 

s t u d i e d .  For the day -o ld  ch icks  the h i g h e s t  l e v e l s  o f  blood g a l a c t o s e



TABLE 7'

CONCENTRATIONS OF BLOOD GLUCOSE AND GALACTOSE AND BR A I N  GLUCOSE,  GALACTOSE

G A L A C T O S E - 1 - P  I N  NEWLY HATCHED CHICKS

SEX AGE
DAYS

DIET DAYS 
ON DIET

NO. OF 
CHICKS

BRAIN BLOOD
GLUCOSE
|imole/g

GALACTOSE
|imole/g

GAL-l-P
limole/g

GLUCOSE
mg%

GALACTOSE
mg%

M 3 C 1 5 2 . 71+0 .2 2 - - 266+ 18 -

F 3 C 1 5 2. 74+0 .1 7 - - 328+46 -

3 E 1 5 1.88+0.10 5 . 29+0 .4 4 0 . 303+0 .005 283+26 212+9
F 3 E 1 5 1. 75+0 .0 8 3 .84+0 .18 0 . 327+0 .0 0 7 278+6 249+32

4 C 2 4 2 . 92+0 .13 - - 297+23 -

F 4 C 2 4 2 . 91+0 .0 4 - - 259+12 -

4 E 2 5 1. 89+ p . 13 3 . 57+0 .2 7 0 .264+0 .009 261+8 227+22

F 4 E 2 5 1. 79+0 .1 0 4 . 31+0 .5 0 0 .426+0 .010 277+7 233+25

5 C 3 4 2 . 83+0 .23 - - 248+14 -

F 5 C 3 4 2 . 65+ p . 10 - - 292+20 -

5 E 3 4 1.42+p.OO 3 . 73+0 .2 0 0 . 300+0 .0 0 6 262+12 309+10

F 5 E 3 3 1 .80+0 .04 4 .5 0 + 0 .2 8 0 . 372+0 .0 0 9 295+17 332+17
6 C 4 4 1.64+0.03 - - 260+16 -

F 6 C 4 5 1. 79+p.OO - - 282+17 -

M 6 E 4 4 1. 75+0 .1 0 0 . 87+0 .5 2 0 . 318+0 .007 255+6 178+20

4:-o



TABLE 8

CONCENTRATIONS OF BLOOD GLUCOSE AND GALACTOSE AND B RAI N GLUCOSE,

GALACTOSE AND G A L A C T O S E - 1 - P  I N  THREE WEEK OLD CHICKS

BRAIN BLOOD
SEX AGE DIET DAYS 

ON DIET
NO. OF 
CHICKS

GLUCOSE
(imole/g

GALACTOSE 
M,mo 1 e / g

GAL-l-P 
nmo1 e / g

GLUCOSE
mg%

GALACTOSE
mg%

M 22 C 1 5 2 .91+0 .24 - - 298+7 -

F 22 C 1 5 3 . 2 1 + p . 18 - - 279+5 -

22 E 1 5 1.94+0.17 2 .31+0 .59 0 .144+0 .004 307+14 219+47

F 22 E 1 5 2 .28+0 .09 4 . 17+ 0 .80 0 .405+0 .009 312+9 255+39

23 C 2 5 2 .15+0 .26 - - 317+21 -

F 23 C 2 5 2 .12+0 .08 - - 300+5 -

23 E 2 5 1.73+0.07 3 .17+0 .28 0 . 276+0 .0 0 9 233+9 265+14

F 23 E 2 5 1 . 9 2 + p . 11 4 .40+ 0 .43 0 . 387+0.007 304+9 294+68

24 C 3 5 2 .00+0 .12 - - 299+15 -

F 24 C 3 5 2. 17+p . 12 - - 239+14 -

24 E 3 5 1.61+0.09 1 .39+0.26 0 .240+0 .005 273+10 172+18

F 24 E 3 5 1.41+0.17 2 .52+0 .47 0 . 378+0 .006 284+5 199+21

25 C 4 5 1.97+0.22 - - 297+14 -

F 25 C 4 5 1.73+0.09 - - 317+17 -

25 E 4 5 1.25+0.07 0 .97+0 .08 0 .240+0.003 252+6 152+22

F 25 E 4 5 0 .93+0 .12 1.41+0.33 0 . 378+0 . 007 276+11 68+5



T A B L E S

CONCENTRATIONS OF BLOOD GLUCOSE AND GALACTOSE AND B RAI N GLUCOSE,
GALACTOSE AND G A L A C T O S E - 1 - P  I N  S I X  WEEK OLD CHICKS

BRAIN BLOOD
SEX AGE DIET DAYS 

ON DIET
NO. OF 
CHICKS

GLUCOSE 
nmol e / g

GALACTOSE
nmole/g

GAL-l-P
nmole/g

GLUCOSE
mg%

GALACTOSE
mg%

M 43 c 1 5 2 .63+0 .34 - - 303+9 -

F 43 c 1 5 2.30+0.21 - - 297+5 -

43 E 1 5 1.75+0.15 4 .41+ 0 .26 0 . 17+0 .0 6 385+6 289+1 2

F 43 E 1 5 1 . 6 6 + p . 10 4 .1 4 + 0 .5 5 0 . 22+0 .0 7 291+7 233+21

44 C 2 5 2 . 2 8 + p . 10 - - 241+8 -

F 44 C 2 5 1.75+0.13 - - 245+7 -

44 E 2 5 1.25+0.16 0 .16+0 .00 0 . 03+0 .0 0 237+3 0+0

F 44 E 2 5 1.08+0.07 0 .79+0 .03 0.11+0.01 230+3 44+24

45 C 3 5 1.52+0.07 - - 248+2 -

F 45 C 3 5 1.59+p.Ol - - 241+3 -

45 E 3 5 1.27+0.05 1.42+0.27 0 .14+ 0 .00 246+9 172+24

F 45 E 3 5 1.01+0.08 1.56+0 .64 0 . 27+0.01 250+11 122+26

46 C 4 5 1.61+0 .04 - - 255+5 -

F 46 C 4 5 1.56+0 .12 - - 215+12 -

46 E 4 5 1.09+0.01 0 .73+ 0 .38 0 . 23+0.01 229+14 105+15

F 46 E 4 5 1.21+0.08 0 . 87+0 .2 7 0.26+0.01 220+7 104+10



F ig u re  7. Blood g lu c o s e  f o r  c o n t r o l  male c h i c k s  (O -  -  O),

g a l a c t o s e  f ed  males (0 --------  0 ) ,  c o n t r o l  female  c h i c k s  (# -  -  • ) ,  and

g a l a c t o s e  f ed  f em a les  (f ------- • )  w i t h  i n c r e a s i n g  age.

Chicks were s t a r t e d  on d i e t  a t  2, 21, o r  42 days o f  age and

c o n t in u e d  f o r  f o u r  days .  Each p o i n t  r e p r e s e n t s  an a v e ra g e  v a lu e  f o r  th e  ^
Va)

fo u r  days on d i e t .
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4 5

were reached  a f t e r  t h r e e  days on the  g a l a c t o s e  d i e t .  The h i g h e s t  l e v e l s  

o f  the 21- d a y - o ld  ch icks  were on day two o f  f e e d in g  g a l a c t o s e  and the 

4 2 -d a y -o ld  ch icks  had the  h i g h e s t  b lood  g a l a c t o s e  l e v e l s  on the f i r s t  

day o f  f eed in g  g a l a c t o s e .  These d i f f e r e n c e s  In the  peak g a l a c t o s e  

c o n c e n t r a t i o n s  a re  p a r t i a l l y  due to  problems I n h e r e n t  In t h i s  type o f  

exper im en t .  Older ch ick s  may I n i t i a l l y  consume more feed and become 

s i c k  more q u i c k ly .  This  r e s u l t s  In a d e c r e a s e  In a p p e t i t e  and thus  

a d e c r e a se  In blood g a l a c t o s e .  Blood g lu c o s e ,  however, Is r e g u l a t e d  and 

w i l l  f l u c t u a t e  much le s s  than b lood g a l a c t o s e .  There were s i g n i f i c a n t  

d e c r e a se s  In blood g a l a c t o s e  from the  f i r s t  to  the  f o u r th  day o f  

f eed in g  g a l a c t o s e  In the 21 and 4 2 - d a y - o ld  c h i c k ,  bu t  the blood 

g a l a c t o s e  v a lu e s  f o r  males vs females  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  

w i t h i n  each o f  the t h r e e  phases .  The v a lu e s  f o r  b lood g a l a c t o s e  

s i g n i f i c a n t l y  dropped w i th  age from the  d ay -o ld s  to  the 4 2 -d a y -o ld  

ch icks  (P < 0 .01 )  ( f i g u r e  8 ) .

The va lues  f o r  b r a i n  g lu c o se  a r e  g iven  In Tables  1 - 3 .  For 

the th r e e  ph as e s ,  c o n c e n t r a t i o n s  o f  b r a i n  g lu c o se  In ch icks  on the 

c o n t ro l  d i e t  were s i g n i f i c a n t l y  (P < 0 .01 )  h ig h e r  than  ch icks  on the 

g a l a c t o s e  d i e t .  The b r a i n  g lu c o se  v a l u e s  a l s o  d ec re ase d  s i g n i f i c a n t l y  

(P < 0 .01)  from the f i r s t  phase o f  f e e d in g  to  the  t h i r d  phase f o r  both  

the c o n t r o l s  and the expe r im en ta l  c h i c k s  ( f i g u r e  9 ) .  There were no 

d i f f e r e n c e s  between males and females o f  the  c o n t ro l  groups o r  between 

males and females o f  the  exper im en ta l  group.

G a la c to s e  measured by the  g a l a c t o s e  dehydrogenase method 

cou ld  on ly  be d e t e c t e d  In the  b r a i n s  o f  expe r im en ta l  an imals (Tables  7 -  9 ) .  

There were no s i g n i f i c a n t  d i f f e r e n c e s  In th e  c o n c e n t r a t i o n s  o f  b r a in



Figure  8. Blood g a l a c t o s e  f o r  g a l a c t o s e - f e d  female  c h i c k s  ( • - - • )  

and g a l a c t o s e - f e d  male c h i c k s  (Af—— t )  w i th  i n c r e a s i n g  age .  G a la c to s e  

f e e d i n g  was s t a r t e d  a t  2,  21, o r  42 days o f  age and c o n t in u e d  f o r  fo u r  

days .  Each p o i n t  r e p r e s e n t s  an a v e ra g e  v a lu e  f o r  the  f o u r  days on d i e t .
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F ig u re  S.  B ra in  g lu c o s e  f o r  c o n t r o l  male c h i c k s  (# -  -  -  # ) ,

g a l a c t o s e - f e d  males  (o -------  o ) ,  c o n t r o l  f emale  c h i c k s  (X • • • X), and

g a l a c t o s e - f e d  females  (A -  . -  A) w i th  i n c r e a s i n g  age.

/¥>D ie t a r y  regimen was s t a r t e d  a t  Z,  21 and 42 days o f  age and 

c o n t in u e d  f o r  fo u r  days .  Each p o i n t  r e p r e s e n t s  an av e ra g e  v a l u e  f o r  the 

fo u r  days on d i e t .
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g a l a c t o s e  between g a l a c t o s e - f e d  males and f em a les ;  however, t h e r e  were 

s i g n i f i c a n t  d e c r e a s e s  (P < 0 . 0 1 )  in b r a i n  g a l a c t o s e  in  both  male and 

female ch icks  from the f i r s t  phase to  the  t h i r d  phase o f  g a l a c t o s e  

feed ing  ( f i g u r e  10).

G a la c to s e - 1 - P  c o n c e n t r a t i o n s  in the  b r a i n s  o f  ch ick s  were 

a l s o  measured in t h i s  s tu d y  (Tables  7 -  9 ) .  There was no d e t e c t a b l e  

g a l a c t o s e - 1 - P  in the  b r a i n s  o f  c o n t ro l  c h i c k s .  The va lues  fo r  

g a l a c t o s e - 1 - P  in b r a i n s  o f  g a l a c t o s e - f e d  c h ick s  were s i g n i f i c a n t l y  

d i f f e r e n t  between males and females f o r  the  f i r s t  two p hases ,  d ay -o ld s  

and 21- d a y -o ld s  (P < 0 . 0 1 ) .  However, w i th  i n c r e a s i n g  age,  s i g n i f i c a n c e  

between male and female g a l a c t o s e - 1 - P  v a lu es  fo r  the 4 2 -d a y -o ld  ch icks  

d im in ished .  Brain  g a l a c t o s e - 1 - P  c o n c e n t r a t i o n s  s i g n i f i c a n t l y  de c re a se d  

(P < 0 .01)  w i th  the i n c r e a s i n g  age o f  the g a l a c t o s e - f e d  ch icks  from 

the f i r s t  to  the t h i r d  phases ( f i g u r e  11).

P u r i f i c a t i o n  o f  G a la c to s e -1 -p h o s p h a te  Uridyl  T r a n s f e r a s e  

Step  1. Crude Enzyme 

Male and female ch icks  were fed commercial ch i c k  feed  fo r  s i x  

to  e i g h t  weeks a t  which time they were s a c r i f i c e d .  The l i v e r s  were 

removed, f r o z e n  in dry ic e  and s t o r e d  in the  deep f r e e z e .

The l i v e r s  from e i t h e r  male o r  female c h ick s  were p a r t i a l l y  

thawed and homogenized in 2 volumes (w/v) o f  0 .03  M KOH c o n t a i n i n g  

0.005 M EDTA in  a one g a l l o n  Waring b le n d o r  a t  high speed f o r  a t o t a l  

o f  90 seconds .  All subsequen t  o p e r a t i o n s  were c a r r i e d  o u t  a t  0 -  5°C.

To t h i s  homogenate 2% pro tam ine  s u l f a t e  ( 0 .2  volumes v /v )  was added and 

the su sp e n s io n  was s t i r r e d  fo r  30 m inu tes .  The s u sp e n s io n  was then



F ig u re  10. Bra in  g a l a c t o s e  f o r  g a l a c t o s e - f e d  fem ales  (A -  -  -  A)

and g a l a c t o s e - f e d  males  ( •  -------- • )  w i t h  i n c r e a s i n g  age .  Chicks were

s t a r t e d  on g a l a c t o s e  d i e t  a t  1,  21,  o r  42 days o f  age and c o n t in u e d  f o r  f o u r

days .  Each p o i n t  r e p r e s e n t s  an av e ra g e  v a lu e  f o r  the  fo u r  days on d i e t .  vn
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F igu re  11. Bra in  g a l a c t o s e - l - P  f o r  g a l a c t o s e - f e d  females  (A -  -  -  A)

and g a l a c t o s e - f e d  males  ( •  -------- • )  w i th  i n c r e a s i n g  age .  Chicks were

s t a r t e d  on g a l a c t o s e  d i e t  a t  Ï,  21, o r  42 days o f  age and c o n t in u e d  f o r  

fou r  days .  Each p o i n t  r e p r e s e n t s  an a v e ra g e  v a l u e  f o r  the  fou r  days on

d i e t .  ^
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c e n t r i f u g e d  a t  27 ,000  x g f o r  30 minu tes  and the  p r e c i p i t a t e  was 

d i s c a r d e d .

Step  2. Batch Trea tment  w i th  Calcium Phosphate  Gel 

The s u p e r n a t e  from s t e p  1 was f i l t e r e d  through g l a s s  wool and 

4 mg o f  ca lc ium  phosphate  gel  per  mg p r o t e i n  was added.  The r e s u l t a n t  

s u sp e n s io n  was s t i r r e d  f o r  40 m inu te s ,  c e n t r i f u g e d  a t  27 ,000  x g fo r  

30 minutes  and the  s u p e r n a t a n t  was d i s c a r d e d .  Four volumes (w/v 

de te rmined  from the  i n i t i a l  amount o f  l i v e r )  o f  0 .0 4  M phospha te  b u f f e r  

pH 8 .0  were then added to  the  ca lc ium  phosphate  g e l .  This  s o l u t i o n  

was homogenized two t imes f o r  15 seconds  in a one g a l l o n  Waring b le n d o r ,  

s t i r r e d  f o r  one hour ,  and c e n t r i f u g e d  a t  27 ,000  x g fo r  30 m in u te s .

Step  3. DEAE C e l l u l o s e  Chromatography 

The s u p e r n a t a n t  from s t e p  2 was d i l u t e d  w i th  d i s t i l l e d  w a te r  

c o n t a i n i n g  enough 2 -M ercap toe thanol  (ME) and EDTA to  r e s u l t  in a 

p r o t e i n  s o l u t i o n  c o n t a in in g  0.025 M phosphate  b u f f e r  pH 8 . 0 ,  0.01 M ME 

and 0.001 M EDTA. This s o l u t i o n  was then a p p l i e d  to a DEAE c e l l u l o s e  

(phospha te  form) column (3 X 13 cm). The column was then  washed w i th  

one l i t e r  o f  0 .05  M phosphate  b u f f e r  pH 7-0 c o n t a i n i n g  0.01 M ME and 

0.001 M EDTA u n t i l  t r a n s f e r a s e  a c t i v i t y  began to  be e l u t e d  a t  which time 

the b u f f e r  was changed in  phosphate  c o n c e n t r a t i o n  to  0 .07  M. All 

f r a c t i o n s  c o n t a in in g  over  0.015 u n i t s  per  ml were combined.

Step  4.  DEAE C e l l u l o s e  Chromatography 

The combined e f f l u e n t  from s t e p  3 was d i l u t e d  w i th  1.5 volumes 

o f  0.01 M ME and 0.001 M EDTA and al lowed  to  run on a small  ( 2 x 5  cm) 

DEAE c e l l u l o s e  (phospha te  form) column. The a c t i v i t y  was e l u t e d  w i th  

0.16  M phosphate  b u f f e r  pH 7-0 c o n t a i n i n g  0.01 M ME and 0.001 M EDTA.
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A?? f r a c t i o n s  c o n t a i n i n g  0 .06  u n i t s  p e r  ml were combined.

S tep  5. Hydroxy l a p a 11 t e  Column Chromatography 

The e f f l u e n t  from the above s t e p  was d i a l y z e d  a g a i n s t  60 

volumes (v /v )  o f  0.001 M phospha te  b u f f e r  pH 7 .0  c o n t a i n i n g  0.01 M 

ME and 0.001 M EDTA t h r e e  t imes fo r  1 hour  each.  The d i a l i z e d  enzyme 

s o l u t i o n  was then a p p l i e d  to  a h y d r o x y l a p a t l t e  column (1 ml bed volume/ 

mg p r o t e i n ) .  The column was washed w i th  0.001 M phospha te  b u f f e r  

pH 7-0 c o n t a i n i n g  0.01 M ME and 0.001 M EDTA. T r a n s f e r a s e  was e l u t e d  

w i th  0 .008  M phosphate  b u f f e r  pH 6 . 8  c o n t a i n i n g  0.01 M ME and 0.001 M 

EDTA. F r a c t i o n s  c o n t a i n i n g  more than 0 .015  u n i t s  per  ml were combined.

S tep  6.  DEAE C e l l u l o s e  Chromatography 

The combined f r a c t i o n  from s t e p  5 were a p p l i e d  to  a smal l  DEAE 

c e l l u l o s e  (phospha te  form) column ( 1 X 3  cm) and e l u t e d  w i th  0 . l6 M 

phospha te  b u f f e r  pH 7*0 c o n t a i n i n g  0.01 M ME and 0.001 M EDTA.

F r a c t i o n s  c o n t a i n i n g  0 . 2  u n i t s / m l  were combined and f u r t h e r  c o n c e n t r a t e d  

u s in g  a C o l lod ion  bag a p p a r a tu s  ( S c h l e i c h e r  and S c h u e l l ,  I n c . ) .  Male and 

female  t r a n s f e r a s e  enzymes were p u r i f i e d  1400 and 1100 f o l d  r e s p e c t i v e l y  

w i th  a 25% y i e l d .  A summary o f  a t y p i c a l  p u r i f i c a t i o n  e x p e r im en t  from 

1 Kg o f  male c h i c k  l i v e r  can be found in  Table 10.

M olecu la r  Weight D e te rm in a t io n  

The m o le c u la r  w e igh t  o f  the  p u r i f i e d  t r a n s f e r a s e s  from bo th  

male and female were e s t i m a t e d  by Sephadex G-200 gel  f i l t r a t i o n  and by 

s u c ro s e  g r a d i e n t  c e n t r i f u g a t i o n .  Enzymes o f  known m o le c u la r  w e igh t  

were used in  bo th  methods f o r  c a l i b r a t i o n .  The s e d im e n t a t i o n  r a t e  in 

a s u c ro s e  g r a d i e n t  o f  bo th  t r a n s f e r a s e s  was compared to  th o se  o f



TABLE 1 0

PURIFICATION PROCEDURE FOR GALACTOSE-1-PHOSPHATE URIDYL TRANSFERASE

FROM CALLUS DOMESTICUS LIVER

P u r i f i c a t i o n  Step® Vo 1 ume m 1 Tota l  mg 
p r o t e i n

T o ta l  enzyme 
u n i t s

S p e d  f  i c  A c t i v i  ty 
( u n i t s / m g  p r o t e i n  x 10®)

Fold 
P u r i f i c a t i o n

1. Crude enzyme a f t e r  
p ro tam ine  s u l f a t e 2150 53,535 4 8 . 4 0 .90

2. Calcium Phosphate 
gel 3200 10,000 46.81 4 .6 8 5 . 2

3.  F i r s t  DEAE 
C e l l u l o s e 790 284 45 .03 158.00 175.5

4 .  Second DEAE 
C e l l u l o s e 40 177 37.9 214.00 237.7

5.  H y d r o x y l a p a t i t e 360 22.5 22.1 982 .00 1091.1

6.  T h i rd  DEAE 
C e l l u l o s e 14.5 12.73 12.88 1012.00 1124.6

VI

From lOOOg o f  female Leghorn c h i c k  l i v e r .
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l a c t i c  dehydrogenase ,  horse  l i v e r  and y e a s t  a l coho l  dehydrogenase,  

hexoklnase  and p e ro x id a s e .  Using the as sumptions  o f  M ar t in  and 

Ames(53), the m o le c u la r  w eigh t  o f  both  t r a n s f e r a s e s  was e s t i m a t e d  to  be 

88 ,500  + 5000 ( f i g u r e  12) based on the r e l a t i v e  s e d im e n ta t io n  r a t e s  fo r  

t r a n s f e r a s e  and each o f  the s t a n d a r d s .  In the gel f i l t r a t i o n  exper im en t s ,  

the e l u t i o n  volumes from Sephadex G-200 were p l o t t e d  a g a i n s t  the log o f  

the known m o lecu la r  w e igh t s  f o r  the fo l lo w in g  enzymes: c a t a l a s e ,  horse

l i v e r  and y e a s t  a l coho l  dehydrogenase ,  hexoklnase  and p e ro x id a se .  The 

e l u t i o n  volumes o f  bo th  t r a n s f e r a s e s  were employed to e s t i m a t e  t h e i r  

m o lecu la r  w e igh ts  from t h i s  s t a n d a r d  cu rve .  The molecu la r  w e igh t  f o r  

both  t r a n s f e r a s e s  was approx im ate ly  85,000 + 5 0 0 0  ( f i g u r e  13).

K in e t i c s

The k i n e t i c  p r o p e r t i e s  o f  the t r a n s f e r a s e s  p u r i f i e d  from male 

and female ch i c k  l i v e r  were compared in  an a t t e m p t  to  e l u c i d a t e  any 

d i f f e r e n c e s  between them. R e p r e s e n t a t i v e  Lineweaver-Burk p l o t s  o f  1/v 

vs 1/S a re  g iven  in  f i g u r e s  14 and 15. The Km and V^gx va lues  fo r  g a l a c -  

t o s e - l - P  and UDP g lu c o s e  o f  t r a n s f e r a s e  from male and female ch ick  l i v e r  

a r e  g iven  in Table 11. One may see  from a comparison o f  th e se  va lues  t h a t  

t h e r e  appears  to  be l i t t l e  d i f f e r e n c e  between the  t r a n s f e r a s e  from male 

and female ch ick  l i v e r .  The Km va lues  a r e  s i m i l a r  fo r  g a l a c t o s e - l - P  

and the va lues  f o r  fo r  the same s u b s t r a t e  appear  to show a two fo ld

d i f f e r e n c e  between male and female.  The Km va lues  fo r  UDP g lucose  a l s o  

seem to show a two f o l d  d i f f e r e n c e  w h i le  the  v a lu e s  f o r  V^g^ fo r  the 

same s u b s t r a t e  appeared  to  show a f i v e  f o l d  d i f f e r e n c e .  I t  would 

take f u r t h e r  s tu d y  w i th  homogenous enzyme p r e p a r a t i o n s  to  de termine  I f



Fig u re  12. S e d im e n ta t io n  b e h a v i o r  in  s u c r o s e  g r a d i e n t  

c e n t r i f u g a t i o n .  M o lecu la r  w e ig h t s  a r e  p l o t t e d  v e r s u s  d i s t a n c e  m i g ra t e d  

f o r  y e a s t  a l c o h o l  dehydrogenase  (ADH-Y), l a c t i c  dehydrogenase  (LDH), 

hexok lnase  (HEX), ^ a l a c t o s e - l - P  u r i d y l  t r a n s f e r a s e  (TRANS), h o r s e  

l i v e r  a l c o h o l  dehydrogenase  (ADH-HL), and p e r o x i d a s e  (PER). This
vn

f i g u r e  r e p r e s e n t s  one o f  f o u r  ex p e r im en t s  f o r  p u r i f i e d  t r a n s f e r a s e  

from male c h i c k  l i v e r .
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Figu re  13- L oga r i thm ic  p l o t  by th e  method o f  Andrews (43) 

o f  Sephadex G-200 e l u t i o n  volumes v e r s u s  the  m o l e c u la r  w e ig h t s  o f  

s t a n d a r d s  and the  e x p e r i m e n t a l  m o lecu le :  c a t a l a s e  (CAT), y e a s t

a l c o h o l  dehydrogenase  (ADH-Y), l a c t i c  dehydrogenase  (LDH), hexok inase

(HEX), g a l a c t o s e - l - P  u r i d y l  t r a n s f e r a s e  from female  c h i c k  l i v e r  (TRANS), o\

h o r s e  l i v e r  a l c o h o l  dehydrogenase  (ADH-HL), and p e r o x i d a s e  (PER).
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Figu re  14. A t y p i c a l  Lineweaver-Burk  p l o t  from one o f  fou r  

e x p e r im en t s  o f  g a l a c t o s e - l - P  u r i d y l  t r a n s f e r a s e  from male ( -  -  - )  and 

female (-------) c h i c k s  w i th  changing  D - g a l a c t o s e - l - P  c o n c e n t r a t i o n s .
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F ig u re  15» A t y p i c a l  Lineweaver-Burk  p l o t  from one o f  f o u r  

e x p e r im en t s  o f  g a l a c t o s e - 1 - P  u r i d y l  t r a n s f e r a s e  from male ( -  -  - )  and 

female  (------—) c h i c k  l i v e r  w i th  chang ing  UDF g lu c o s e  c o n c e n t r a t i o n s .
O'
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TABLE 11

COMPARISON OF VALUES FROM LI NE WEAVER -BURK PLOTS FOR PARTIALLY

PURIFIED TRANSFERASE FROM MALE AND FEMALE CHICK LIVER

S p e d  f  I c A c t iv i  ty U n i ts  (x 10®) Km (mM) Vmax (p m o l e /m in /u n i t )

Sex u n l t s /m g  p r o t e i n used G a l - l - P  UDP Glc G a l - l - P UDP g l c

F 1.012 0 .85 0.71 0 .03 0. 11 0 .06

M 1.622 1.04 0 .57  0 .07 0 .25 0 .30

o\
' - j
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the  d i f f e r e n c e s  found in  th e se  v a lu e s  f o r  the two s u b s t r a t e s  between the 

t r a n s f e r a s e s  from male and female c h i c k s  a r e  s i g n i f i c a n t l y  d i f f e r e n t .

Temperature s e n s i t i v i t y  p r o f i l e s  f o r  the p u r i f i e d  t r a n s f e r a s e s  

a r e  g iven  in f i g u r e  16. P u r i f i e d  t r a n s f e r a s e  from male and female 

c h ick  l i v e r  d em o n s t r a ted  s i m i l a r  t e m pera tu re  s e n s i t i v i t i e s .  They 

showed an i n c r e a s e  in  a c t i v i t y  when in c u b a ted  a t  25° in  1% bov ine serum 

albumin.  This i n c r e a s e  cou ld  p o s s i b l y  be due t o  a p h y s ic a l  o r  chemical  

change c o n f e r r e d  on the  enzyme by the  a d d i t i o n  o f  p r o t e i n  o r  i n t e r a c t i o n  

w i th  s u l f h y d r y l  groups  in the bovine  serum albumin m olecu le .  Both 

enzymes were c o m p le te ly  i n a c t i v a t e d  a t  50°C fo r  5 m inu tes .  The pH 

optima fo r  both  o f  the  p u r i f i e d  enzymes were a l s o  de termined  ( f i g u r e  17) .  

The two enzymes behaved a lm os t  i d e n t i c a l l y  w i th  r e s p e c t  to  changes 

in pH w i th  optima between 8 .5  and 8 . 9 .



F ig u re  16. Tempera tu re  s e n s i t i v i t y  o f  male g a l a c t o s e - l - P

u r i d y l  t r a n s f e r a s e  from male ( -------  ) and female ( -  -  -  ) c h i c k  l i v e r  ^

a f t e r  p r i o r  i n c u b a t i o n  a t  v a r i o u s  t e m p e r a t u r e s  in  1% bov ine  serum 

albumi n.
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F ig u re  I 7 . Enzyme a c t i v i t i e s  o f  g a l a c t o s e - 1 - P  u r i d y l

t r a n s f e r a s e  from male (-------) and female  ( -----  - )  c h i c k  l i v e r  a f t e r

i n c u b a t i o n  a t  s e v e r a l  pH v a l u e s .
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CHAPTER IV 

DISCUSSION

Older c h ick s  more e a s i l y  t o l e r a t e  t o x i c  amounts o f  d i e t a r y  

g a l a c t o s e  than r e c e n t l y  ha tched  c h i c k s .  This  a g e - r e l a t e d  t o l e r a n c e  

has a l s o  been documented f o r  g a l a c to s é m ie  p a t i e n t s .  I t  has been 

s u g g e s te d  t h a t  o t h e r  enzymes cap a b le  o f  m e ta b o l i z in g  g a l a c t o s e  may 

develop  w i th  m a t u r a t i o n .  However, Donnell e_t aj_. ( 56) r e p o r t e d  no 

ev idence  fo r  i n c r e a s e d  g a l a c t o s e  u t i l i z a t i o n  w i th  age,  as  judged  by 

g a l a c t o s e  load t e s t s  on the  same g a l a c to s é m ie  p a t i e n t s  a t  d i f f e r e n t  ages .

The i n c re a s e d  t o l e r a n c e  f o r  g a l a c t o s e  w i th  development o f  the 

c h i c k  found in  t h i s  a u t h o r ' s  s t u d i e s  might  be e x p l a in e d  by a c c e l e r a t e d  

g a l a c t o s e  metaboli sm.  Wel ls  ^  aj_. (57) have shown t h a t  chicks  

m e ta b o l i z e  g a l a c t o s e  p r i m a r i l y  be the  L e l o i r  pathway.  T h e re fo re ,  the 

development o f  t h e s e  enzymes in the  l i v e r  o f  ch icks  was s tu d i e d .

Maximal a c t i v i t y  o f  g a l a c t o k i n a s e ,  t r a n s f e r a s e ,  and ep imerase  o c c u r re d  

a t  o r  nea r  h a t c h in g .  The a c t i v i t y  r a p i d l y  d e c l i n e d  and then remained 

r e l a t i v e l y  c o n s t a n t  (40) .  These d a t a  c o n t r a s t  w i th  d a t a  from d ev e lo p ­

mental  enzyme s t u d i e s  on r a t s ,  which showed l i v e r  g a l a c t o s e  m e ta b o l i z in g  

to  r i s e  and peak s h o r t l y  a f t e r  b i r t h  and co n t in u e  a t  r e l a t i v e l y  high 

l e v e l s  u n t i l  the time o f  weaning (58 ) .  However, s i n c e  mammalian neona tes

normal ly  i n g e s t  l a rg e  amounts o f  g a l a c t o s e  and ch icks  do no t ,  such

73
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developmenta l  d i f f e r e n c e s  cou ld  be expec ted .  A f t e r  s t u d y in g  the 

o x i d a t i o n  o f  l -^*C g a l a c t o s e  in  i n t a c t  c h ick s  o f  d i f f e r e n t  ages .  Wells  

£ ^ a JL . (5 7 )  a l s o  concluded  t h a t  g a l a c t o s e  metabo lism appea rs  to remain 

c o n s t a n t  w i th  advanc ing  age in the ch ick .  Since  the a b i l i t y  to m e tab o l i ze  

g a l a c t o s e  appea rs  to  remain c o n s t a n t  w i th  advancing age in  the ch ick ,  

some o t h e r  developmental  p ro ces s  must be r e s p o n s i b l e  fo r  the  Inc reased  

t o l e r a n c e  to  g a l a c t o s e  w i th  age.

This i n v e s t i g a t i o n  i n d i c a t e d  t h a t  th e re  were no s i g n i f i c a n t  

changes in  the c o n c e n t r a t i o n  o f  b lood g lucose  between day -o ld  ch icks  

and those  s i x  weeks o f  age,  bu t  t h e r e  was a t r e n d  fo r  lower blood 

g lu c o se  in the  s ix -w e e k -o ld  ch icks  than in the d ay -o ld  o r  the t h r e e -  

week-old  c h i c k s .  This is in agreement w i th  Raheja (59) who dem onst ra ted  

lower b lood g lu c o se  in f o u r t e e n  week-o ld  ch icks  than in  f i v e  week-old  

ch i c k s .  However, b lood g a l a c t o s e  d e c re a se s  s i g n i f i c a n t l y  (P < 0 . 0 1 )  

du r in g  the  same p e r io d .  This cou ld  be caused by i n c re a s e d  metabo lism, 

de c re a se d  a b s o r p t i o n ,  or  in c re a s e d  e x c r e t i o n .  Our s t u d i e s  and those  o f

H.J.  Wells  e_t a_j_. (57) i n d i c a t e  no i n c r e a s e  in  g a l a c t o s e  metabo lism w i th  

advancing age.  S c h a r r e r  (60) in  s t u d i e s  on tr ans -m ucosa l  t r a n s p o r t  o f  

g lucose  and g a l a c t o s e  in  the  smal l  i n t e s t i n e  showed t h a t  ch ick s  between 

two and seven  weeks t r a n s p o r t e d  g lucose  a t  c o n s t a n t  r a t e s ,  bu t  g a l a c t o s e  

t r a n s p o r t  d ec re ase d  s i g n i f i c a n t l y  du r in g  t h i s  p e r io d .  Thus our s t u d i e s  

and those o f  S c h a r r e r  s u g g e s t  t h a t  c h i c k s  fed  an 18% g a l a c t o s e  d i e t  

would absorb  l e s s  g a l a c t o s e  w i th  i n c r e a s i n g  age and dem onst ra ted  l e s s  

m o r t a l i t y  w i th  m a tu ra t i o n .

The b r a i n  c o n c e n t r a t i o n  o f  g lu c o se ,  g a l a c t o s e  and g a l a c t o s e - l - P  

were a l l  age dependent .  These compounds decreased  s i g n i f i c a n t l y  (P < 0 . 0 1 )
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in  the expe r im en ta l  an imals  from day -o ld  ch icks  to c h ick s  s ix -weeks  o f  

age.  This  d e c r e a se  in  the b r a i n  c o n c e n t r a t i o n  o f  g a l a c t o s e  and g a l a c to s e -  

l -P  might  be expec ted  because  o f  a d e c r e a se  in  g a l a c t o s e  t r a n s p o r t  a c r o s s  

the small  i n t e s t i n e  and lower blood g a l a c t o s e  va lues  in the o l d e r  c h i c k s .  

But b r a i n  g lucose  a l s o  d ec re ase d  s i g n i f i c a n t l y  (P < 0 . 0 1 )  in the co n t ro l  

and exp e r im en ta l  c h i c k s .  This  s u g g e s t s  t h a t  t h e r e  may be a second 

phenomenon in a d d i t i o n  to  the development o f  an i n t e s t i n a l  t r a n s p o r t  

b a r r i e r  to g a l a c t o s e .  S tu d ie s  u s ing  t h i o c y a n a t e ( 6 l , 6 2 )  r a d i o a c t i v e  

c h l o r i d e  (6 1 ,6 2 ) ,  g lucose  (63) and 5 -hyd roxy t ryp tam ine  (64) i n d i c a t e  

t h a t  t h e r e  i s  development o f  a b lood b r a i n  b a r r i e r  in  ch icks  w i th  

m a tu r a t i o n  and L a j th a  (62)has  r e p o r t e d  t h a t  m easurab le  development o f  

t h i s  b a r r i e r  occurs  a t  abou t  th r e e  weeks o f  age in c h i c k s .

G a lac to se  is much le s s  t o x i c  to male c h ick s  than to  female 

c h ick s  ( 27, 28, 29) .  P rev ious  s t u d i e s  have i n d i c a t e d  t h a t  female 

c h ick s  have 40-50% le s s  l i v e r  t r a n s f e r a s e  a c t i v i t y  than males (33) .

Our exper im en t s  dem onst ra ted  t h a t  the  l i v e r  t r a n s f e r a s e  a c t i v i t y  

d i f f e r e n c e  in  ch icks  between males and females  ex ten d s  th roughou t  

development,  from 5 days b e fo re  h a t c h in g  th rough 50 days o f  age.

There was a l s o  no change in the a c t i v i t y  o f  the t r a n s f e r a s e  o r  o f  the 

ep imerase  and g a l a c t o k i n a s e  a f t e r  be ing  fed  f o r  10 days on the  18% 

g a l a c t o s e  d i e t .  Wel ls  e t  al_. (57) observed  no d i s p a r i t y  between male 

and female ch ick s  in  the  c o n v e r s io n  o f  l^^C g a l a c t o s e  to  ^*COg, bu t  a 

d i f f e r e n c e  might  have emerged had l a r g e r  q u a n t i t i e s  o f  g a l a c t o s e  

been used.



7 6

In an o th e r  s e r i e s  o f  e xpe r im en t s  the a u t h o r  a t t e m p te d  to 

e l u c i d a t e  the reason  fo r  the  40-50% d i f f e r e n c e  in t r a n s f e r a s e  a c t i v i t y  

between male and female c h i c k s .  G a l a c t o s e - l - P  u r id y l  t r a n s f e r a s e  

was p u r i f i e d  from s i x  week o l d  male and female c h i c k  l i v e r ,  l400 and 

1100 f o l d  r e s p e c t i v e l y .  The m o lecu la r  w e ig h t s  o f  the p u r i f i e d  enzymes 

from bo th  male and female c h i c k s  were 88 ,500  + 5000 from s u c r o s e  g r a d i e n t

c e n t r i f u g a t i o n  and 85 ,000  + 5 0 0 0  from Sephadex ge l  f i l t r a t i o n .  These ch ick

l i v e r  t r a n s f e r a s e  m o le c u la r  w e igh ts  a r e  abou t  the  same as th o s e  p u b l i s h e d  

fo r  human l i v e r ,  90 ,000  (6 5 ) and E s c h e r i c h i a  c o l i , 80,000 (66) .  The 

pH optima f o r  the p u r i f i e d  enzymes from both  sexes  were between 

8-5 and 8 . 9 . The t e m p e ra tu re  s e n s i t i v i t y  r e s u l t s  were very  s i m i l a r  

f o r  bo th  enzymes. K i n e t i c  p r o p e r t i e s  o f  both  t r a n s f e r a s e s  were a l s o  

s t u d i e d .  The Km v a lu es  fo r  g a l a c t o s e - l - P  f o r  p a r t i a l l y  p u r i f i e d  

t r a n s f e r a s e  from male and female c h i c k s  were 0 .57  mM and O.7 I mM 

r e s p e c t i v e l y .  The Km va lues  fo r  UDP g lu c o s e  w i th  t r a n s f e r a s e  from 

male and female ch icks  appea r  to  be d i f f e r e n t ,  O.O7 mM and 0 .03  mM.

Vj^ax v a lu e s  fo r  UDP g lucose  were 0 .03  and 0 .62  pmole /m in /uni  t  fo r

t r a n s f e r a s e  from male and female.  Though t h e r e  appear to  be d i f f e r e n c e s  

between the Km va lues  fo r  UDP g lucose  and the V̂ ^ax v a lu es  f o r  g a l a c t o s e -  

l -P  and UDP g lu c o s e ,  t h e se  would have to  be s t u d i e d  more e x h a u s t i v e l y  

on homogenous enzyme p r e p a r a t i o n s  to  de te rm ine  whether  o r  no t  the 

d i f f e r e n c e s  a r c  s t a t i s t i c a l l y  s i g n i f i c a n t .  In summary the  p r o p e r t i e s  

o f  male and female t r a n s f e r a s e  appea red  to  be s i m i l a r .  The d i f f e r e n c e  

seen  in  t r a n s f e r a s e  a c t i v i t i e s  between the  sexes  may be due to  a 

g r e a t e r  amount o f  enzyme in the  male c h i c k  l i v e r .
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The c o n c e n t r a t i o n s  of  blood g lu c o s e  and g a l a c t o s e  and b r a i n  

g lu c o s e ,  g a l a c t o s e  and g a l a c t o s e - l - P  were compared between male and 

female  c h i c k s .  There  were no s i g n i f i c a n t  d i f f e r e n c e s  between males and 

fem ales  in the  blood g lu c o s e  c o n c e n t r a t i o n s  f o r  any age  s t u d i e d .  Female 

c h i c k s  dem ons t ra ted  h ig h e r  amounts o f  b r a i n  g a l a c t o s e  than  males  bu t  t h e  

d i f f e r e n c e  between them d e c re a se d  w i th  age .  Female c h i c k s  a l s o  showed 

h ig h e r  amounts o f  b r a i n  g a l a c t o s e - l - P  than  males bu t  t h i s  d i f f e r e n c e  

a l s o  d ec re ase d  w i th  age .  Bra in  g lu c o se  c o n c e n t r a t i o n s  from male c o n t r o l s  

and females  were n e a r l y  i d e n t i c a l  a s  were t h o s e  from g a l a c t o s e - f e d  males 

and f em a les .

A number of  p a r a m e te r s  might  r e s u l t  in and accoun t  f o r  th e  

n e u r o t o x i c i t y  observed  in g a l a c t o s e - f e d  c h i c k s .  Kozak and Wel ls  (35) 

found a f t e r  f e e d i n g  a 40% g a l a c t o s e  d i e t  to  newly ha tched  c h i c k s  t h a t  

ATP l e v e l s  were s i g n i f i c a n t l y  lowered in th e  g a l a c t o s e - f e d  an im a ls  w i th  

a concom itan t  i n c r e a s e  in ADP and AMP l e v e l s .  A f t e r  s tudy ing  th e  t u r n ­

over  o f  g a l a c t o s e  i n t e r m e d i a t e s ,  they (32,  67) p o s t u l a t e d  t h e  e x i s t e n c e  

o f  a f u t i l e  c y c l e ,  p h o s p h o r y la t io n  and d e p h o s p h o ry la t io n  of  g a l a c t o s e ,  

which would acc oun t  f o r  t h e  d e p l e t i o n  o f  energy  r e s e r v e s .  Knull and 

Wel ls  (68) a l s o  found a temporary  r e t u r n  t o  normal l e v e l s  of  ATP, 

p h o s p h o c r e a t i n i n e ,  g lu c o s e ,  f r u c t o s e - 1 - 6  d ip h o s p h a te  and l a c t a t e ,  and 

r ecove ry  from th e  n e u r o t o x i c i t y  a f t e r  an i n t r a p e r i t o n e a l  i n j e c t i o n  

o f  1.0  M g lu c o se  i n t o  t h e  n e u r o to x i c  c h i c k s .  They a l s o  found t h a t  

b r a i n  g a l a c t o s e ,  g a l a c t i t o l ,  and g a l a c t o s e - 1 - p h o s p h a t e  remained about  

t h e  same a f t e r  t h e  i n j e c t i o n  of  g lu c o s e .  They t h e r e f o r e  sugges t  t h a t  

g a l a c t o s e  i n t e r f e r e s  w i th  g lu c o s e  e n t r y  i n t o  th e  b r a i n  and t h i s  causes  

a d e c r e a s e  in t h e  b r a i n  energy  r e s e r v e s .  They imply t h a t  t h i s  may 

be t h e  major c a u s e  of  n e u r o t o x i c i t y  in t h e  c h i c k  (39 ) .  However,
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Malone e_t aJL* (&9) found no s i g n i f i c a n t  d i f f e r e n c e  in ATP l e v e l s  

between b r a i n  from g a l a c t o s e - f e d  ch icks  and c o n t r o l s  and they (37) 

s u g g e s t  t h a t  serum h y p e r o s m o l a l i t y  i s  the major cause  o f  g a l a c t o s e  

t o x i c i t y  in the c h i c k .  They (69) a l s o  dem ons t ra ted  a dec re a se d  up take  

o f  g lucose  by b r a i n  o f  g a l a c t o s e  t o x i c  c h i c k s .  P a t i e n t s  w i th  

g a l a c t o k i n a s e  d e f i c i e n c y  have e l e v a t e d  b lood  g a l a c t o s e ,  which would 

p robab ly  i n h i b i t  the  t r a n s p o r t  o f  g lu c o se  a c r o s s  the  b lo o d - b r a i n  

b a r r i e r  as  in  the c h i c k ,  b u t  t h e s e  i n d i v i d u a l s  show no impaired mental  

f u n c t i o n .

One o f  the purposes  o f  t h i s  p r o j e c t  was to  d e f i n e  the  m o lecu la r  

mechanism o f  n e u r o t o x i c i t y  in  the  c h i c k .  The a u t h o r ' s  s t u d i e s  showed 

a s i g n i f i c a n t  d e c re a s e  in  the c o n c e n t r a t i o n  o f  b r a in  g lucose  w i th  age 

f o r  c o n t ro l  and g a l a c t o s e - f e d  c h i c k s .  The d i f f e r e n c e  between c o n t ro l  

and exp e r im en ta l  c h i c k s  remained the  same in  a l l  t h r e e  age g roups ,  bu t  

the m o r t a l i t y  d i s a p p e a r e d  in the s i x  week o ld  c h i c k s .  T h e re fo re ,  the 

lower g lucose  l e v e l s  in b r a i n s  o f  g a l a c t o s e - f e d  ch icks  may no t  be 

d i r e c t l y  r e l a t e d  to  g a l a c t o s e  n e u r o t o x i c i t y .  There was a d e c re a se  

in  the b r a i n  g a l a c t o s e  and g a l a c t o s e - l - P  v a lu es  from day -o ld  through 

s i x  week o ld  c h ick s  and th e r e  was a d i f f e r e n c e  between male and female 

c h i c k s .  This d i f f e r e n c e  d e c r e a s e d  in  the s ix -w e e k -o ld  c h i c k s .

M o r t a l i t y  fo l lowed  the same p a t t e r n .  These r e s u l t s  on b lood and b r a i n  

c o n c e n t r a t i o n s  o f  g lu c o s e ,  g a l a c t o s e ,  and g a l a c t o s e - l - P  in r e l a t i o n  to 

age  and sox in the ch ick  seem to  i n d i c a t e  t h a t  th e r e  i s  a c r i t i c a l  

r e l a t i o n s h i p  between the c o n c e n t r a t i o n s  o f  b r a in  g a l a c t o s e  and 

g a l a c t o s e - l - P  and n e u r o t o x i c i t y .  We f av o r  the  p o i n t  o f  view t h a t  

g a l a c t o s e - l - P  i s  the  n e u r o t o x i c  a g e n t .



CHAPTER V 

SUMMARY

G alac tosemia  is the  r e s u l t  o f  an inborn  e r r o r  in  the 

metabol ism o f  g a l a c t o s e  in  man. The fo l l o w in g  r e s e a r c h  was des igned  

to  c h a r a c t e r i z e  m a n i f e s t a t i o n s  o f  g a l a c t o s e  t o x i c i t y  in an animal 

model.

When an 18% g a l a c t o s e  d i e t  was fed  to  Leghorn c h i c k s ,  marked 

m o r t a l i t y  d i f f e r e n c e s  o ccu r red  depending on sex and age.  G alac tose  

was found to be most t o x i c  to  newly ha tched  c h i c k s ,  was le s s  t o x i c  

to th re e -w e e k -o ld  ch icks  and was l e a s t  t o x i c  to  s ix -w e e k -o ld  c h i c k s ,  

when each group was kep t  on the exper im en ta l  d i e t  f o r  10 days .  In 

the f i r s t  two groups females were c o n s i s t e n t l y  more s u s c e p t i b l e  to 

g a l a c t o s e  t o x i c i t y  than males .  Brain  and blood g lucose  va lues  were 

determined in c o n t ro l  and exper im en ta l  an imals  f o r  each o f  the th r e e  

age groups .  Blood g a l a c t o s e  and b r a i n  g a l a c t o s e  and g a l a c t o s e - l - P  

c o n c e n t r a t i o n s  were measured in exper im en ta l  ch icks  f o r  each o f  the 

th ree  age g roups .  C o ncen t ra t ions  o f  th e se  compounds d ec re ase d  in 

the b r a i n  and blood as the  age o f  the ch icks  i n c re a s e d .  Females 

showed h ig h e r  b r a i n  g a l a c t o s e  and g a l a c t o s e - l - P  va lues  than did  males 

o f  the same age.  G a la c to s e - f e d  ch icks  had lower b r a in  g lucose  va lues  

than c o n t r o l s  o f  the  same age.

79



8 0

Since  th e se  r e s u l t s  s u g g e s t  a r i s e  in the g a l a c t o s e  metabo lism 

might  accompany i n c r e a s i n g  age ,  the  g a l a c t o s e  m e ta b o l i z in g  enzymes were 

de te rm ined  in the l i v e r s  o f  deve lop ing  c h i c k s .  G a la c to k in a s e ,  g a l a c t o s e -  

I-P  u r i d y l  t r a n s f e r a s e ,  and UDP g a l a c t o s e - 4 - e p i m e r a s e  showed peak 

a c t i v i t i e s  on or  abou t  the day o f  h a t c h in g  fo r  both males and fem ales .  

These a c t i v i t i e s  s u b s e q u e n t ly  d e c l i n e d  and then remained r e l a t i v e l y  

c o n s t a n t .  No c o n s i s t e n t  d i f f e r e n c e s  were ap p a re n t  between male and 

female c h i c k s  in the a c t i v i t i e s  o f  the l i v e r  g a l a c t o k i n a s e  and ep im erase .  

T r a n s f e r a s e  a c t i v i t y ,  on the o t h e r  hand, was s i g n i f i c a n t l y  h ig h e r  in 

the  l i v e r  o f  male c h ick s  th roughou t  development,  from f i v e  days b e fo re  

h a t c h in g  through  f i f t y  days o f  age.

Since  developmenta l  s t u d i e s  showed a tw o- fo ld  h ig h e r  

t r a n s f e r a s e  a c t i v i t y  in l i v e r  from male c h i c k s ,  the enzymes from 

male and female ch icks  were p u r i f i e d  and c h a r a c t e r i z e d .  The 

Michael i s  c o n s t a n t s  o f  p u r i f i e d  t r a n s f e r a s e  enzymes f o r  g a l a c t o s e - l - P  

and UDP g lu c o se  were n e a r l y  i d e n t i c a l  f o r  both  sexes .  M olecular  

w e igh t s  as  judged  by Sephadex gel  f i l t r a t i o n  and s u c ro s e  g r a d i e n t s  o f  

both  o f  the  enzymes ranged from 85,000 to 88 ,500.  There were no 

s i g n i f i c a n t  d i f f e r e n c e s  in tem p era tu re  s e n s i t i v i t y  and pH optima 

between t r a n s f e r a s e s  from male and female ch ick  l i v e r .
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