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aurantium) leaves  are s imi la r  to  those  o b t a i n e d  w i t h  Eure -  
ka  lemon,  d i sp lay ing  4 an ionic  a n d  5 ca t ionic  isoenzymes.  
The  differences  are more  p r o n o u n c e d  in t he  ca t ion ic  sys- 
t em,  t h o u g h  t he  anionic  i soenzymes  d isp lay  t he  same t en -  
dency .  

F igure  2 shows t he  c h r o n o m e t r i c  r eac t ion  in discs f rom 
def ic ien t  and  n o r m a l  leaves.  T he  p ic tu re  was t a k e n  app rox-  
i m a t e l y  30 sec a f t e r  i n i t i a t i o n  of reac t ion .  The  s t r i k ing  
di f ferences  b e t w e e n  the  two deficiencies are d e m o n s t r a t e d  
b y  d i f fe ren t  degrees  of i n t e n s i t y  in t he  b lue  colour.  A close 
r e semblance  to t h e  resul t s  o b t a i n e d  b y  t he  more  accu ra t e  
co lor imet r ic  assay  I is no ted .  I n  t he  co lor imet r ic  peroxi -  
dase  assay,  i ron def ic iency resu l ted  in a 50% loss of ac t i -  
v i ty ,  whi le  m a n g a n e s e  def ic iency b r o u g h t  a b o u t  a th ree -  
fold increase  in pe rox idase  a c t i v i t y  c o m p a r e d  to t h a t  in  
normal ,  f u l l - n u t r i e n t - c o n t a i n i n g  leaves.  The  r a p i d i t y  a n d  
s impl i c i ty  of t h e  c h r o n o m e t r i c  assay  on  leaf discs de- 
scr ibed here  r enders  i t  c o n v e n i e n t  for diagnosis ,  even  in t h e  
orchard ,  for v i sua l  d e m o n s t r a t i o n  in t he  c lass room or for 
o the r  purposes .  Moreover ,  t h e  po l yac r y l am i de  gels wh ich  
yield these  differences  in  mu l t ip l e  i soenzymes  fo rm m a y  be  
k e p t  for p e r m a n e n t  e x h i b i t i o n  for m o n t h s  and  even  years  

b y  p rese rv ing  t h e m  w i t h  t he  coloured b a n d s  in a 3% acet ic  
acid so lu t ion  5. 

Rdsumd. Dans  les feuilles des agrumes ,  l ' a c t iv i t6  de la 
p6rox idase  baisse d~s qu ' i l  exis te  une  carence  en  Fe, t an -  
dis que la carence  en Mn la  fa i t  a u g m e n t e r .  L 'essa i  chro-  
n o m 6 t r i q u e  de p6roxidase  effectual sur  les d i sques  des 
feuilles r end  v is ib le  ces diff6rences.  Les effets oppos6s de 
deux  carences  on t  6t6 d6mon t r6 s  auss i  au  n iveau  des iso- 
zymes  dans  des ex t r a i t s  de feuilles en  e m p l o y a n t  le gel de 
p o l y a c r y l a m i d e  en 61ectrophor~se. 
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Pentose Monophosphate Shunt Dehydrogenases and Fatty Acid Synthesis in Late Rat Pregnancy 

The  we igh t  ga ined  b y  t he  p r e g n a n t  m o t h e r  is due to  a n  
a c c u m u l a t i o n  of he r  own s tores  as well  as to  t he  we igh t  of 
t he  concep tus  4. The  s tored  fuel consis ts  la rgely  of l ipids  ~, 3. 
To u n d e r s t a n d  t he  m e c h a n i s m s  of l ipid a c c u m u l a t i o n  b y  
t he  mo the r ,  we h a v e  m e a s u r e d  t he  a c t i v i t y  of t he  pen tose  
m o n o p h o s p h a t e  s h u n t  dehydrogenases  wh ich  supp ly  
a b o u t  ha l f  of t he  N A D P H  necessary  to  l ipogenesis  4. 

Methods. E x p e r i m e n t s  were conduc t ed  on p r e g n a n t  pri-  
m i p a r a  (19 day  of ges ta t ion)  and  a g e - m a t c h e d  v i rg in  fe- 
male  r a t s  a t  age 65-75 days,  h a n d l e d  as p rev ious ly  de- 
scr ibed 5. Glucose -6 -phospha te  dehyd rogenase  (G-6-PD) 
(EC 1.1.1.49) a n d  6 -phosphog lucona te  d e h y d r o g e n a s e  
(6-PGD) (EC 1.1.1.44) a c t i v i t y  were m e a s u r e d  in 8% 
sucrose h o m o g e n a t e s  of l iver  6 or l u m b a r  ad ipose  t i s sueL 
Lipogenes is  was  e s t i m a t e d  in l u m b a r  f a t  pieces i n c u b a t e d  
in  K r e b s - R i n g e r  b i c a r b o n a t e  c o n t a i n i n g  5 m M  glucose- 
U-x4C and  2 m g / m l  a l b u m i n .  Deta i l s  of t he  i ncuba t ion ,  li- 
p id  e x t r a c t i o n  and  p r o t e i n  d e t e r m i n a t i o n  were as pre-  
v ious ly  r epo r t ed  5. 

Results and discussion. The  a c t i v i t y  of G-6-PD was 
s ign i f i can t ly  increased  in t he  l iver  and  adipose  t i ssue  o f  
fed p r e g n a n t  r a t s  (Table).  A s imi lar  t r e n d  t o w a r d  in- 
c reased a c t i v i t y  was obse rved  for 6 -PGD b u t  was  no t  
s t a t i s t i ca l ly  s ignif icant .  Af te r  a 48 h fast,  t h e  a c t i v i t y  of 
each  e n z y m e  fell a lmos t  iden t i ca l  pe rcen tage  in p r e g n a n t  
and  v i rg in  t i ssues  wh ich  suggests  t h a t  p r e g n a n c y  does no t  
m e a s u r a b l y  af fec t  the  half- l i fe  of s h u n t  dehyd rogenase  
d e g r a d a t i o n  in l iver  or ad ipose  t i ssue  8. Accordingly ,  a f t e r  
a 48 h fast,  t h e  a c t i v i t y  of G-6-PD a n d  6 -PGD in l iver  
a n d  adipose  t i ssue  of p r e g n a n t  r a t s  r e m a i n e d  e l eva t ed  
above  t he  v i rg in  cont ro l s  (Table).  

These  resu l t s  sugges t  t h a t  a g rea te r  c apac i t y  for glu- 
cose c a r b o n  f lux exis ts  in  t he  pen t0se  cycle in the  l iver  a n d  
adipose  t i ssue  of 19 day  p r e g n a n t  rats .  However ,  t he  r a t e  
of pen tose  s h u n t  a c t i v i t y  appea r s  to  be  l imi ted  b y  o the r  
va r i ab l e s  such  as energy  u t i l i za t ion  and  N A D P +  avai lab i l -  
i t y  so t h a t  glucose f lux p roves  to  be  on ly  f r ac t ion  of t h a t  
ca lcu la ted  f rom m a x i m u m  e n z y m e  ve loc i ty  ~, L Therefore ,  
t h e  i m p o r t a n c e  to  l ipogenesis  of increased  s h u n t  dehydro -  
genase  a c t i v i t y  in  p r e g n a n c y  c a n n o t  be  assessed w i t h o u t  
k ine t ic  m e a s u r e m e n t s  of f a t t y  acid synthes is .  

M e a s u r e m e n t s  of r a t e s  of f a t t y  acid syn thes i s  in  t he  
p r e g n a n t  r a t  l iver  are ava i l ab le  f rom the  l i t e r a t u r e  1~ n 
a n d  t he  d a t a  i nd i ca t e  t h a t  hyper l ipogenes i s  pers is ts  in  t he  
l iver  in  la te  r a t  ge s t a t i on  a n d  are cons i s t en t  w i t h  t h e  ob- 
se rved  e l eva t ions  in  pen to se  s h u n t  dehydrogenases .  

I n t e r p r e t a t i o n  of t h e  e l eva t ed  s h u n t  enzymes  in preg-  
n a n t  r a t  ad ipose  t i ssue  is more  diff icult .  I n  p rev ious  work  
we h a v e  shown  t h a t  ad ipose  t i ssue  f rom 19 day  p r e g n a n t  
r a t s  is sub jec t ed  to  a p r i m a r y  l ipolyt ic  s t imulus  s, desp i te  
a n  e l eva ted  p l a s m a  insu l in  12. U n d e r  these  cond i t ions  in  
p regnancy ,  t he  f o r m a t i o n  of f a t t y  acids in v i t ro  f rom glu- 
cose-l-14C and  glucose-6-1*C was no t  d i f fe rent  f rom the  
v i rg in  control4.  Because  t h e  fa tes  of glucose ca rbons  1 and  
6 m a y  differ  f rom t h a t  of glucose as a whole, t he  experi-  
m e n t  was  r epea t ed  u t i l i z ing  glucose-U-14C. These  d a t a  are 
shown  in t he  Tab le  a n d  again,  no  mean ing fu l  increase  
was found  in t he  f o r m a t i o n  of f a t t y  acids f rom glucose in 
t h e  ad ipose  t i ssue  of 19 d a y  p r e g n a n t  rats .  
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Effect of pregnancy on hexose monophosphate shunt enzymes in liver and adipose tissue and on the formation of labelled fatty acids from 
glucose-U-~4C by adipose tissue in the rat~ 

RATS FED 48 h fasted 

Virgin Pregnant P Virgin Pregnant P 

Liver 
G-6-P dehydrogenase (d E340/mg protein) 
6-PG dehydrogenase (Z] Ea4o/mg protein) 

Adipose tissue 
G-6-P dehydrogenase (A E340/mg protein) 
6-PG dehydrogenase (Z] E~40/mg protein) 
Formation of 14C-fatty acids (nmoles of 
glucose carbon/mg protein/h) 

0.050 =L 0.005 0.099 ~- 0.007 <0,001 0.030 j- 0.005 0.053 ~= 0.010 <0.05 
0.036 i 0.006 0.043 • 0.009 N.S. 0.020 ::i_ 0.004 0.023 • 0.005 N.S. 

0.126 • 0.021 0.203 J_ 0.029 <0.05 0.092 :]_ 0.011 0.153 ~_ 0.009 <0.01 
0.023 • 0.002 0.034 ~ 0.006 N.S. 0.012 =L 0.001 0.016 i 0.001 <0.05 

7.68 4- 1.45 11.08 -E 1.59 N.S. 0.19 =L 0.07 0.13 -L 0.07 N.S. 

~Details of incubation procedure and other methods are described in the text. The results are given as means :t_ S.E.M. of 6-8 rats/group. P 
denotes the significance of the differences between the values for virgin and pregnant animals. 

The cons i s ten t  absence of an inc remen t  in adipose t issue 
f a t t y  acid fo rma t ion  is p robab ly  due to  the  overal l  decline 
in l ipogenesis  t h a t  occurs in late gesta t ion.  I t  has  been 
found t h a t  bo th  adipose t issue f a t t y  acid syn thes i s  1, n and  
l ipopro te in  lipase13 are e levated in midges ta t ion  and de- 
cline to  subnormal  levels by  term,  and t h a t  the  19th day  
of ges ta t ion  is an in t e rmed ia te  t ime  where l ipogenesis  in 
p r e g n a n t  and virgin ra t s  is t r ans i en t ly  equal.  Since ma-  
te rna l  l ipogenesis  in bo th  liver and adipose t issue are ma- 
x imal  in midges ta t ion ,  could the  shun t  dehydrogenases  be  
induced  at  th is  t ime  and then  pers is t  a t  an e levated  level 
t h r o u g h  day  19 ? Our expe r imen t s  wi th  fas ted  ra ts  sup-  
po r t  th is  possibi l i ty.  As shown in the  Table,  glucose con- 
vers ion to f a t t y  acids is a lmost  nil in adipose t issue of b o t h  
p r e g n a n t  and virgin ra t s  fas ted 49 h. Since shun t  dehydro-  
genase induc t ion  is unl ikely wi thou t  s ignif icant  l ipogene- 
sis, the  pe r s i s t en t  e levat ion  of the  enzymes  in p regnancy  
af ter  a 48 h fast  m u s t  reflect  the i r  pr ior  induc t ion  in the  fed 
s ta te .  

If  r a t  p r egnancy  is v iewed as a whole, a good corre la t ion 
exis ts  be tween  increased food intake14, p l a sma  hyper in -  
sul inism 13, and accumula t ion  of fat  s tores 3 on the  one h a n d ,  
and he igh tened  pentose  shun t  dehydrogenase  ac t iv i ty  and 
l ipogenesis  in liver and adipose t issue on the  other.  In  th is  
respect ,  p r egnancy  is s imilar  to o ther  maneouvres  t h a t  pro- 
mo te  l ipogenesis such as fas t ing and refeeding 15.16, insulin 
t r ea t ed  a l loxan d iabetes  17,13 and meal  ea t ing  16. 

In  p r egnancy  the  m a x i m u m  s t imulus  to l ipogenesis 
occurs in midges ta t ion  and declines as t e r m  approaches .  
Thus  a t  day  19 the  e levated shun t  dehydrogenases  are 
somewha t  out  of keeping wi th  the  fall in lipogenesis,  par-  
t icular ly  in adipose tissue. We suspect  t h a t  the  enzymes  
are induced  earlier in ges ta t ion  and t h a t  an inc remen t  
over  the  control  levels can pers is t  t h rough  day  19 jus t  as 
af ter  a 48 h fast. A ra te  of enzyme degrada t ion  t h a t  is 
ident ica l  w i th  the  virgin control,  and is p robab ly  slow as 
well, can account  for these  observat ions .  

Resumen. Se es tudiaron  las ac t iv idades  de glucosa-6- 
fosfat0 deh idrogenasa  y 6-fosfogluconato dehidrogenasa  
en hlgado y te j ido adiposo de ra tas  prefiadas,  al dfa 19 de 
gestaci6n, a l imen tadas  y e n  ayunas  de 48 h, re lac ionando 
los resul tados  obtenidos  con la velocidad de sintesis de 
ficidos grasos en el te j ido adiposo de los mismos  animales.  
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Demonstration of Polysome Disaggregation due to Dimethylnitrosamine by Acrylamide Gel Poly- 
merization After Centrifugation 

In  s tudy ing  polysome disaggregat ion as a p a r a m e t e r  of 
hepa to tox i c  effect, we examined  the  pos tmi tochondr i a l  
f rac t ion  by  sucrose grad ien t  cen t r i fuga t ion  followed by  
f rac t iona t ion  and  scanning wi th  a s p e c t r o p h o t o m e t e r  a t  
260 i lm 1. The f rac t iona t ion  and s p e c t r o p h o t o m e t r y  

procedures  were cumber some  requir ing several  ins t ru-  
men t s  and the  r ibosome subuni t  peaks  were not  well 
observed because of the  large p ro te in  peak  at  the  top  of  
the  gradient .  Therefore,  we looked for a s imple me t h o d  to  
c i r cumven t  these  difficulties and  found  t h a t  the  technique  


