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Fig. 3. Effect of the variation of the concentration of NADP and MgC12 on the velocity of the reaction catalyzed by malic enzyme. 
The experimental conditions were similar to those described in the legeHd to Figure 1, with 1 mM L-malate and the concentrations of 
NADP and MgCI 2 stated below. A) effect of variable concentrations of NADP, in the presence of 0.1 (�9 0.2 (Q), 0.5 (A) or 1.0 (A) mM 
MgCI 2 B) effect of variable concentrations of MgCIe in the presence of 0.005 (�9 0.025 (O), 0.05 (G) or 0.l (A) mM NADP. C) secondary 
plot of the slopes from the lines in Figure B as a function of the reciprocal concentration of NADP. 

b ind  only  af ter  N A D P  is b o u n d  to the  enzyme,  to  form 
the  q u a t e r n a r y  complex  which  undergoes  reac t ion  a. 

Assuming  t h a t  t he  obl iga tory  order  of add i t ion  of L- 
ma la t e  af ter  N A D P  also holds  for the  enzyme f rom 
Pseudomonas, we can propose  t h a t  t he  t e rna ry  complex  
N A D P - e n z y m e - M g  ~+ reac ts  wi th  L-malate  t h rou g h  the  
meta l  ion, which  acts  as a link be tween  L-malate and  the  
act ive site. The d i f ferent  effect iveness of Co ~+, Mn 2+ and  
Mg ~+ as ac t iva tors ,  and the  d i f ferent  a p p a r e n t  Km 
values for L-malate ob ta ined  in the  presence of the  same 

s R. Y. Hsu aad H. A. LARDY, J. biol. Chem. 2d2, 527 (1967). 
9 This work was supported by grants from the Consejo Naeional 

de Investigaciones Cientificas y T6cnicas de la Repfiblica Argentina, 
and the Consejo de Investigaeiones de Ia Universidad Naeional de 
Rosario. ]JC and EM are members of the Carrera del Investiga- 
dor Cientifieo of the former and the latter institutions, respectively. 

act ivators ,  could be expla ined on the  basis of a decreas ing  
abi l i ty  of Co 2+, Mn ~+ and  Mg ~+ to  form the  q u a t e r n a r y  
complex  according to  t he  I rv ing-Wil l iams series ~ for the  
fo rmat ion  of complexes  be tween  d iva len t  cat ions and 
organic ligands. 

Summary. The kinet ic  order  of addi t ion  of Mg 2+ and 
L-malate to malic enzyme  has been  de termined.  Mg 2+ is 
the  f i rs t  to b ind,  and p ro b ab l y  acts  as a link be tween  the  
subs t ra te  and  the  act ive site. 
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Departamento de Bioqulmica, 
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C o n s e r v e d : M e s s a g e  of o - D i o h e n o l a s e  in  W h e a t  E m b r y o s  (Triticum aestivum) 
Our pre l iminary  observa t ions  1 indicated-Lhat  t he  s t im-  

u la t ion  of o - d i p h e n o l a s e  ac t iv i ty  in w h e a t  : embryos ,  
excized f rom ge rmina t ing  grains, is s t rong ly  inh]lsited by  
cycloheximide  b u t  no t  by  ac t inomycin  D. The occurrence 
o5 s tab le  messengers  capable  of suppor t ing  general  p ro te in  
syn thes i s  is r epo r t ed  in the  u n g e r m i n a t e d  w h e a t  em-  
bryos~, ~. Other  workers,  however ,  observed  the  ear ly  
syn thes i s  of m R N A  in w h e a t  embryos  which  is no t  
conver t ed  in to  s table  message 4, 5. At  present ,  i n fo rma t ion  
is no t  available abou t  the  na tu re  of specific enzyme pro-  
te ins  whose  t r ans l a t ion  is suppor t ed  b y  conserved  or 
newly  formed messages  in w h e a t  embryos .  In  t he  p resen t  
repor t ,  we provide  evidence for the  exis tence of a long- 
l ived s table  messenger  of o-diphenolase in excized w h e a t  
embryos  which  suppor t s  t he  de novo synthes is  of o- 
d iphenolase  enzyme  unde r  condi t ions  of inh ib i ted  R N A  
synthesis .  

Materials and methods. E m b r y o s  were excized f rom 
w h e a t  grains (Triticum aestivum, var.  Shera) presoaked 
for 10 h a t  4~ and  steri l ized wi th  0.02% mercur ic  chlo- 
ride. The  excized embryos  were  ge rmina ted  in t he  da rk  

a t  25~ on n u t r i e n t  m e d i u m  6,7 conta in ing  50 ~g/ml of 
chloramphenicol .  40 embryos  were homogenized  in 0.05 
M p h o s p h a t e  buffer  (pH 6.6) and  the  homogena te  was 
cent r i fuged a t  10,000 •  for 10 min.  The s u p e r n a t a n t  
(crude extract)  was  employed  for measur ing  o-diphenolase 
ac t iv i ty  b y  following the  procedure  o5 WONG et  al. 8. 
One un i t  of en zy me  ac t iv i ty  is def ined as t he  a m o u n t  of 
enzyme which  br ings  abou t  a change  in absorbance  of 

1 S. R. TANEJA and R. C. SACHAR, Phytochemistry 73, 2695 (1974). 
2 I). CHEN, S. SARID and E. KATCHALSKI, Proc. natn. Acad. Sei., 

USA 60, 902 (1968). 
3 D. P. WEEKS and A. MARCUS, Biochim. biophys. Aeta 232, 671 

(1971). 
4 E. REJMAN" and J. BUCHO'vVICZ, Phytochemisfry 72, 271 (1973). 
5 IVY. DOBRZA~SKA~ M. TOMASZEWSKI, Z. GRZELCZAK, E. REJIVIAN 

and J. BccHowlcz, Nature, Lond. 2d4, 507 (1973). 
6 j .  p. NITSCH, Am. J. Bot. 38, 566 (1951). 

P. R. WHITE, A Handbook o/ Plant Tissue Culture (The Jaques 
Cattell Press Inc., Lancaster 1943). 

8 T. C. Wos~, B. S. Lu~ and J. R. WmTAKER, P1. Physiol. Z8, 19 
(1971). 
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Table I. Effect of cycloheximide (CHI) on o-diphenolase activity 
and ~H-leucine incorporation into protein fraction of excized em- 
bryos 

Additions o-Diphenolase aH-Leucine 
activity incorporation 

Enzyme units Inhibition cpm/mg Inhibition 
(%) protein (%) 

Control 317 - -  3 3 , 4 5 0  - -  

CHI (5/xg/ml) 51 84 4 99.9 

The excized embryos were germinated in the continuous presence of 
CHI and aH-L-leucine (1.0 DCi/ml, spec. act. 7600 inCi/mmole) for 
48 h in dark at 25~ 

~ o  e a ~  
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' i 6 12 4 48 2- 6 h 

Time 

0 . 0 1 / m i n / m g  p r o t e i n  a t  430 n m .  T h e  o - d i p h e n o l a s e  i so-  
e n z y m e s  we re  f r a c t i o n a t e d  on  a c r y l a m i d e  ge l  e l ec t ro -  
p h o r e s i s  as  d e s c r i b e d  ea r l i e r  1. S l i g h t l y  m o d i f i e d  p r o c e d u r e  
of  SHAI~I~O~ e t  al. ~ w a s  a d o p t e d  for  d e m o n s t r a t i n g  de  n o v o  
s y n t h e s i s  of  o - d i p h e n o l a s e  i s o e n z y m e s .  

Resu l t s  a n d  d i scuss ion .  E x c i z e d  w h e a t  e m b r y o s  c u l t u r e d  
o n  n u t r i e n t  m e d i u m  (48 h) e x h i b i t e d  a 13-fold  s t i m u l a t i o n  
of  o - d i p h e n o l a s e  a c t i v i t y .  T h e  e n h a n c e d  o d i p h e n o l a s e  
a c t i v i t y  is n o t  d e p e n d e n t  o n  f r e s h  t r a n s c r i p t i o n ,  w h i l e  
p r o t e i n  s y n t h e s i s  s e e m s  o b l i g a t o r y .  C y c l o h e x i m i d e  (CHI)  
c a u s e d  a s t r o n g  i n h i b i t i o n  of  o - d i p h e n o l a s e  a c t i v i t y  (84%)  
a n d  a H - l e u c i n e  i n c o r p o r a t i o n  i n t o  p r o t e i n  f r a c t i o n  (99%)  
(Tab l e  I). T h i s  s u g g e s t e d  t h a t  t h e  e n z y m e  s t i m u l a t i o n  is 
p r o b a b l y  d e p e n d e n t  o n  de  n o v o  p r o t e i n  s y n t h e s i s .  
T r e a t m e n t  of  e x c i z e d  e m b r y o s  w i t h  a c t i n o m y c i n  D 
(Ac t -D)  s h o w e d  no  s i g n i f i c a n t  r e t a r d a t i o n  of  o - d i p h e n o l a s e  
a c t i v i t y  ( F i g u r e  1). T h e  n e g a t i v e  r e s p o n s e  of  A c t - D  
c a n n o t  be  a t t r i b u t e d  to  i t s  l a c k  of p e n e t r a t i o n  o r  in-  
e f f e c t i v e n e s s  in  e x c i z e d  e m b r y o s .  S t u d i e s  w i t h  l~C-uraci l  
i n c o r p o r a t i o n  c l e a r l y  i n d i c a t e d  t h a t  A c t - D  w a s  a n  e f f ec t -  
ive  i n h i b i t o r  of  R N A  s y n t h e s i s  in g e r m i n a t i n g  e x c i z e d  
w h e a t  e m b r y o s .  A c t - D  c a u s e d  7 6 %  i n h i b i t i o n  of  R N A  
s y n t h e s i s ,  wh i l e  t h e  e n z y m e  a c t i v i t y  s h o w e d  a neg l i g ib l e  
(12%)  d e c r e a s e  (Tab l e  I I ) .  S i m i l a r l y ,  A c t - D  s h o w e d  n o  
i n h i b i t o r y  e f f ec t  o n  ~H- l euc ine  i n c o r p o r a t i o n  i n t o  p r o t e i n  
f r a c t i o n .  I n  o r d e r  to  f u r t h e r  e x a m i n e  t h e  role  o f  f r e s h  
t r a n s c r i p t i o n ,  if a n y ,  in  t h e  s t i m u l a t i o n  of e n z y m e  
a c t i v i t y ,  t h e  e f f e c t  o f  c o r d y c e p i n  ( 3 ' - d e o x y a d e n o s i n e )  
w a s  t e s t e d  on  o - d i p h e n o l a s e  a c t i v i t y .  C o r d y c e p i n  t o o  
fa i l ed  to  i n h i b i t  o - d i p h e n o l a s e  a c t i v i t y  (Tab l e  I I [ ) .  T h u s  
t h e  r e s u l t s  o b t a i n e d  w i t h  A c t - D  a n d  c o r d y c e p i n  s t r o n g l y  
f a v o u r  t h e  e x i s t e n c e  of  c o n s e r v e d  m e s s a g e  of o d i p h e n o l a s e  
in  u n g e r m i n a t e d  w h e a t  e m b r y o s  w h i c h  is c a p a b l e  of  
s t i m u l a t i n g  e n z y m e  a c t i v i t y  a t  t h e  t i m e  of g e r m i n a t i o n .  
T h e  o c c u r e n c e  of s t a b l e  m e s s a g e  is a lso  r e p o r t e d  in s ea  
u r c h i n s  1~ c o t t o n  e m b r o y s  n ,  r ice  e m b r o y s  ~ ,  s e e d s  of 

Fig. 1. l'2ffcct of actinonlycin I) (100 tzg/ml) on o diphenolase activity 
during early gernlination of excizcd wheat embryos cultured in dark 
at 25 "C. 
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Fig. 2. Effect of actinomycin D {Act-D, 100 ~zg/ml}, cordycepin 
(Cordy, 3 •  I M) and cycloheximide (CHI, 5 ~xg/ml) on the 
isoenzymes of o-diphenolase fractionated on acrylamide gels. The 
excized embryos were germinated for 48 h in the continuous presence 
of inhibitors. The 0 h represents gel pattern of isoenzymes at zero h 
germination of exeized embryos. I ,  high activity; [~], medium 
activity; ~ ,  low activity. 

9 I.. M. SItANNON, 1. IrR1TANI and H. IMASEKI, PI. Physioh /17, 493 
(1971). 

10 1). R.  (~ROSS, L.  I .  MALKIN and W. A. MovE~, Proc. natn. Acad. 
Sci., USA 51,407 (19(i4}. 

11 j .  N. IFtLI~. and L. S. DURE, in Plant Growth Substances 7970 
([Ld. D. J. CARR; Springer-Verlag Berlin, Heidelberg, New York 
1972), p, 216. 

12 S. P. Bm~a: and J. 1). PADAYATTY, Indian J. Bicohem. Biophys. 
11, 47 (1974). 

Table II. Effect of actinomycin D (Act-D) on o-diphenolase activity 
and 14C-uracil incorporation into RNA fraction in excized embryos 
cultured for 48 h in dark at 25 ~ 

Additions o-Diphenolase 14C-Uracil 
activity incorporation 

Enzyme units Control cpm/nlg Inhibition 
(%) protein (%) 

Control (acetone) 510 100 5,260 -- 
Act-D (50 ~xg/ml) 510 100 3,167 38 

Control (acetone) 510 100 5,085 --  
Act D (125 ~xg/ml) 450 88 1,220 76 

The excized embryos were cultured in the continuous presence of 
Act-D and 14C-uracil (0.5 [xCi/ml, spec. act. 49.3 mCi/mmole). Act-D 
(1.0 rag) was dissolved in a small aliquot (0.02 ml) of 79% acetone 
and the desired concentration was prepared by the addition of 
sterile nutrient medium. 
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Table III. Effect of cordycepin on o-diphenolase activity 

Additions o-Diphenolase activity 

Enzyme units Control (%) 

Control 600 100 

Cordycepin a) 10 -5 M 670 112 
b) 10 -r M 580 97 
e) 3 X 10- 4M 620 103 

The enzyme activity was measured in crude extract prepared from 
exeized embryos germinated (48 h) in continuous presence of cordy- 
cepin. 

Table IV. Effect of cycloheximide (CHI) on the o-diphenolase activity 
and 3H-leucine incorporation in the eluted fraction 

Additions o-Diphenolase activity in 8H-Ieucine incorpora- 
eluted fraction tion in eluted fraction 

Enzyme units :inhibition cpm/mg Inhibition 
(%) protein (%) 

Control 30 -- 1,120 -- 
CHI, 2 btg/ml 18 40 486 57 
CHI, 4 ~zg/ml 0 100 68 94 

The dialyzed crude extract wasfractionated on acrylamide gels and the 
region of 2 fast moving isoenzymes of o-diphenolase was eluted with 
0.05 M phosphate buffer (pH 6.6) and designated as eluted fraction. 

is G. R. BARKER and M. RII~BER, Biochem. J. 105, 1195 (1967). 
14 T. MORI, F. IBUKI, S. MATSUSHITA and T. HATA, Arch. Biochem. 

Biophys. 124, 607 (1968). 
15 Acknowledgments. Aetinomyein D was a generous gift from Merck 

Sharp and Dohlne. One of us (SRT) is grateful to Indian Council of 
Agricultural Research for the award of Senior Research Fellowship. 

Pisum13 and  soybeanZ4. I n  sea u rch in  eggs, Ac t -D failed 
to  i n h i b i t  t h e  a c t i v a t i o n  of p r o t e i n  synthes is ,  a l t h o u g h  
i t  r e t a rded  m R N A  f o r m a t i o n  1~ Also, in  g e r m i n a t i n g  
c o t t o n  co ty ledons  zl, t h e  i n d u c t i o n  of p ro tease  and  iso- 
c i t r a t a se  is s u p p o r t e d  b y  p re -ex i s t ing  m R N A  and  is n o t  
i n h i b i t e d  b y  Act-D.  

F r a c t i o n a t i o n  of c rude  e x t r a c t  on  ac ry lamide  gels 
revea led  4 o-d iphenolase  i soenzymes  a t  zero h g e r m i n a t i o n  
(Dz-D 4 in F igure  2). Af te r  48 h ge rmina t ion ,  6 new iso- 
enzymes  (Ds-Dz0) were formed (Figure 2). E m b r y o s  cu l tur -  
ed in presence  of C H I  (5 ~xg/ml) showed  a v i r t u a l  disap-  
pea rance  of 6 newly  fo rmed  i soenzymes  (Ds-D10). 
F u r t h e r m o r e ,  C H I  (2 a n d  4 g.g/ml) caused  a c o n c o m i t a n t  
decrease  in e n z y m e  a c t i v i t y  a n d  aH-leucine i nco rpo ra t i on  
in t he  e lu ted  f r ac t ion  o b t a i n e d  f rom the  f a s t  m o v i n g  
i soenzyme  b a n d s  (Dg-D10) of o-diphenolase  (Table  IV). 
Th i s  ind ica ted  t h a t  the  s t i m u l a t i o n  of o-diphenolase  
r ep resen t s  de novo  e n z y m e  synthes is .  Un l ike  CHI,  Act -D 
a n d  cordycep in  ta i led  to abo l i sh  t he  a c t i v i t y  of newly  
fo rmed  o-diphenolase  i soenzymes  (Figure 2). Br ief ly  then ,  
t h e  s t i m u l a t i o n  of o-d iphenolase  a c t i v i t y  a n d  i ts  iso- 
e n z y m e  f o r m a t i o n  d u r i n g  ear ly  g e r m i n a t i o n  of w h e a t  
e m b r y o s  is s u p p o r t e d  b y  conse rved  message a l r eady  
p r e sen t  in u n g e r m i n a t e d  embryo .  T h u s  t h e  s t i m u l a t i o n  of 
o-diphenolase  e n z y m e  seems to be  r egu la ted  a t  t h e  t r ans la -  
t i ona l  level. 

Zusammen[assung. Nachweis ,  dass  die S t imu la t i on  der  
o-Diphenolase-Akt iv i tg t t  u n d  der  I s o e n z y m b i l d u n g  w~th- 
r end  des f r i ihen  K e i m u n g s s t a d i u m s  yon  Weizenem-  
b r y o n e n  yon  e i n e m  konservier ter~ u n d  be re i t s  im  unge-  
k e i m t e n  S a m e n  vo rgeb i lde t en  I n f o r m a t i o n s t r ~ g e r  ab-  
h~ingig ist. 
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R e n a l ~ G l u c o s e  U t i l i z a t i o n  i n  G e n e t i c a l l y  D i a b e t i c  M i c r o a n g i o p a t h y  

The  c o m m o n  fea tu re  of d iabe t i c  m i c r o a n g i 0 p a t h y  is 
assoc ia ted  w i t h  t h i c k e n i n g  of t h e  cap i l l a ry  b a s e m e n t  
m e m b r a n e  z. A de ta i l ed  chemica l  ana lys i s  of h u m a n  dia-  
be t ic  b a s e m e n t  m e m b r a n e  revea ls  t he  f ac t  t h a t  t he  con-  
t e n t  of hexose  and  h y d r o x y l y s i n e  increased  2, 3. I n  a l loxan  
d i abe t i c  r a t  k idney ,  a n  e l eva t i on  of pos t - r i bosomal  glu-  
cosy l t rans fe rase  a c t i v i t y  3 is found  w h i c h  m a y  be  respon-  
sible for  t h e  increased  a m o u n t  of g lomeru l a r  b a s e m e n t  
m e m b r a n e  4. However ,  i t  is ye t  u n k n o w n  w h e t h e r  glu-  
cosy l t r ans fe rase  o r / a n d  o t h e r  fac tors  are  i n v o l v e d  in t h e  
gene t ica l ly  t r a n s m i t t e d  d i abe t i c  m i c r o a n g i o p a t h y .  

A h u m a n  t y p e  glomerulosclerosis  (diffuse, e x u d a t i v e  
a n d  nodula r )  assoc ia ted  w i t h  p r o t e i n  u r ea  a n d  increased  
b lood  u rea  n i t rogen  levels was  descr ibed  in t he  non-obese  
gene t i ca l ly  d iabe t ic  K K  mice 5. T h u s  K K  mice  are t h e  
ideal  mode l  for s t u d y i n g  t h e  b iochemica l  change  d u r i n g  
t h e  d e v e l o p m e n t  of gene t ica l ly  t r a n s m i t t e d  d iabe t i c  mi-  
c r o a n g i o p a t h y .  

Since glucose c o n t e n t  was  increased  in t i le  h y d r o x y -  
lys ine- l inked  d i sacchar ide  u n i t  2, p r e s en t  i n v e s t i g a t i o n  was 
to  s t u d y  glucose u t i l i z a t i on  b y  rena l  t i s sue  of K K  mice  
d u r i n g  t h e  process  of m i c r o a n g i o p a t h y  deve l opmen t .  
Moreover ,  t h e  g lucosy l t rans fe rase  wh ich  i nco r po r a t ed  glu- 
cose f rom U D P G  (ur idine  d iphosphoglucose)  to  fl-D-gMac- 

t o s e - h y d r o x y l y s i n e  b a s e m e n t  m e m b r a n e  was also exam-  
ined  in K K  mice. 

Materials and methods. The  K K  mice were m a i n t a i n e d  
u n d e r  c o n s t a n t  l a b o r a t o r y  t e m p e r a t u r e  and  regu la r  mouse  
c h o w  diet ,  c o n t a i n i n g  11% fa t  was  given.  

D-glucose-l*C (U), a n d  UDPG-Z4C (U) were p u r c h a s e d  
f rom New E n g l a n d  Nuclear ,  Company .  Calf sk in  collagen 
was t he  p r o d u c t  of S igma  Company .  NCS Tissue  solubi-  
l izer  was  p u r c h a s e d  f rom A m e r s h a m / S e a r l e .  All o the r  
chemica ls  were of r e a g e n t  grade.  

Non- fa s t ed  K K  mice  a n d  Swiss a lb ino  mice were sacri-  
ficed b y  s tunn ing .  K idneys  were r e m o v e d  a n d  d ryed  b y  
Kimex .  The  t issue was  weighed,  c u t  a n d  p laced  ill 1.5 m l  
of Krebs - lR inger -b ica rbona te  so lu t ion  (KRB)  for  15 rain.  
The  p r e i n c u b a t e d  t i ssue  was t h e n  t r a n s f e r r e d  to  a f lask 
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