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80,000. On t he  o the r  hand ,  a b e t t e r  e s t i m a t i o n  was possible  
for m o s t  of the  MT and  MY m a j o r  pro te ins ,  t he i r  molecu-  
lar  we igh ts  be ing  w i t h i n  t he  l imi t s  of t he  m e t h o d  11. 

Riassunto. Le p ro t e ine  c o s t i t u e n t i  a lcune  f razioni  sub-  
cel lular i  di  cervel lo di cav ia  sono s t a t e  sepa ra te  m e d i a n t e  

11 Supported in part by a Grant from Consiglio Nazionale delle Ri- 
cerehe. 

12 The excellent work of Mr. C. P~RUGINI for the photograph is grate- 
fully acknowledged. 

e le t t rofores i  su gel di po l iac r i l amide  in  u n  t a m p o n e  con- 
t e n e n t e  sodio dodeci lsolfato.  N o n o s t a n t e  le c o n t a m i n a -  
zioni  crocia te  delle va r i e  f raz ioni  o t t e n u t e  al ia  u l t r acen t r i -  
fuga  6 s t a to  possibi le  ev idenz ia re  c o m p o n e n t i  p ro te i che  
ca r a t t e r i s t i ch e  delle var ie  frazioni .  Di  a lcune  di t a l i  pro- 
te ine  6 s t a to  d e t e r m i n a t o  il peso molecolare .  
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Visua l  D e m o n s t r a t i o n  of D i f f erences  in P e r o x i d a s e  Act iv i ty  in I ron  and M a n g a n e s e  Def ic ient  Ci trus  
Leaves  

Perox idase  a c t i v i t y  m e a s u r e m e n t s  were u n d e r t a k e n  to 
d i f f e ren t i a t e  be tween  ove r l app ing  i ron a n d  m a n g a n e s e  de- 
f ic iency s y m p t o m s  in va r ious  c i t rus  leaves  1. I r on  deficien- 
cy resu l ted  in a decrease  a n d  m a n g a n e s e  def ic iency in an  
increase  in pe rox idase  ac t iv i ty .  The  perox idase  assay  con- 
s is ted  of m e a s u r i n g  t he  t i m e  requ i red  for a change  of op- 
t ica l  dens i t y  in  a co lo r imete r  (from 0 to 0.4) due  to  pyro -  
gallol ox ida t ion ,  a n d  was successful ly  appl ied  for dia-  
gnos t ic  purposes  in  c rude  leaf  e x t r a c t  of c i t rus  p l a n t s  
g rown in greenhouses  1 a n d  in c o m m e r c i a l  o rcha rds  ~. Dif- 
fernces  in pe rox idase  a c t i v i t y  be tween  n o r m a l  and  i ron-  
def ic ien t  leaves  were d e m o n s t r a t e d  on  t h e  i soenzyme level  
as well  a. I n  th i s  c o m m u n i c a t i o n  we p re sen t  resul t s  of 
e lec t rophore t i c  s e p a r a t i o n  of i soenzymes  in Mn-def i c i en t  
leaf  ex t rac t ,  in  compar i son  w i t h  n o r m a l  a n d  Fe-def ic ien-  
leaves.  The  oppos ing  effects  of t he  a fo r e -men t ioned  2 ca. 
t i ons  on  t he  pe rox idase  i soenzymes  were d e m o n s t r a t e d f  
The  resu l t s  of c h r o n o m e t r i c  assay  4, pe r fo rmed  on lear  
discs, d e m o n s t r a t e  these  d i f fe r ing  effects on  t o t a l  e n z y m e  
ac t iv i ty .  

Tile m e t h o d  used for e lec t rophore t i c  s epa ra t i on  of iso- 
enzymes  on  p o l y a c r y l a m i d e  gel is descr ibed  elsewhere 3. 
GREGORY'S 4 c h r o n o m e t r i c  m e t h o d  i nvo lv ing  t he  r eac t ion  
of ascorbic  acid coupled  w i t h  t he  p r o d u c t  of enzymic  ac t ion  

on benzidine ,  was  used for the  c h r o n o m e t r i c  reac t ion .  Ac- 
cordingly ,  8-15 leaf discs, 6 -8  m m  d iamete r ,  cu t  b y  a cork  
borer ,  were p l aced  in a t u b e  in a 5 ml  so lu t ion  c o n t a i n i n g  
0 . 2 M  ace ta te  buf fe r  of p H  5, 0.1% ascorbic  acid an d  
0 . 2 5 M  H,O2. (This mix tu re ,  in  a r a t io  of 1:1:0 .5 ,  should  
be  p r e p a r e d  a p p r o x i m a t e l y  48 h before  use. S to red  in a 
d a r k  glass bo t t le ,  i t  will r e m a i n  s t ab le  for weeks.) A few 
drops  of benz id ine  so lu t ion  (200 mg in 25 ml  of 80% e tha-  
nol) were added  a n d  t h e  t u b e  c o n t e n t s  mixed .  I n s t a n t a n e -  
ous d e v e l o p m e n t  of b lue  colour  ind ica tes  comple te  oxida-  
t ion  of ascorbic  acid.  T ime  requi red  for  t h e  a p p e a r a n c e  of 
t h e  colour,  or, a l t e rna t i ve ly ,  t h e  i n t e n s i t y  of colour  in  the  
d i f fe ren t  samples  a f te r  a g iven  t ime,  can  be  recorded.  

F igure  i i l lus t ra tes  t h e  oppos ing  effects  of t h e  two  de- 
f iciencies on pe rox idase  a c t i v i t y  in  i soenzyme  level. Ge- 
nera l ly ,  t h e  i soenzyme p a t t e r n s  of Sour  o range  (Citrus 
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Fig. 1. Comparison of anionic and cationic peroxidase isoenzymes in 
full-nutrient (cont), iron and manganese deficient Sour orange leaf 
extract. 

Fig. 2. Visual demonstration of differences in peroxidase activity in 
full nutrient (cont), iron and manganese deficient Sour orange leaf 
discs, by means of chronometric assay. 
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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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