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On the Regulatory Properties of a Halophilic Malic Enzyme from Halobacterium cutirubrum 
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Summary. The  N A D P - l i n k e d  mal ic  e n z y m e  f rom Halobacterium cutirubrum is s t r ong ly  i n h i b i t e d  b y  acety l -CoA a n d  
N A D H ,  a n d  r a t h e r  weak ly  i n h i b i t e d  b y  oxa l oace t a t e  and  g lyoxyla te ,  in  t he  presence  of v e r y  h igh  KC1 c o n c e n t r a t i o n s  
(3 M), cons idered  phys io logica l  for t he  e x t r e m e l y  ha loph i l i c  bac ter ia .  

N A D P - l i n k e d  mal ic  e n z y m e  (EC 1.1.1.40) is i n h i b i t e d  
b y  severa l  me t abo l i t e s  in mic roo rgan i sms  like Escheri- 
chia coil 2,a a n d  a m a r i n e  P s e u d o m o n a d  4,5. T he  e x t r e m e  
ha iophi le ,  Halobacf, erium cutirubrum, con ta in s  a N A D P -  
l inked  mal ic  e n z y m e  ~, wh ich  is s t r ong ly  i n h i b i t e d  b y  
ace ty l -CoAL W e  show in t h i s  c o m m u n i c a t i o n  t h a t  t he  
e n z y m e  is also i n h i b i t e d  b y  N A D H ,  oxa l oace t a t e  a n d  
g lyoxy la t e ;  these  inh ib i to rs ,  as well  as acetyl-CoA, were  
effect ive  in t h e  p resence  of a h i g h  c o n c e n t r a t i o n  of I(C1 
(3 M), supposed  to  be  physio logica l  ~or t he  e x t r e m e  halo-  
phi le  s 

Malic e n z y m e  was pur i f ied  a b o u t  50-fold, wi th  a yie ld  
of n e a r l y  10%, b y  a m e t h o d  invo lv ing  o b t e n t i o n  of c rude  
e x t r a c t  b y  sonic d i s i n t eg ra t i on  fol lowed b y  t r e a t m e n t  w i t h  
deoxyr ibonuc lease  I v, u l t r a c e n t r i f n g a t i o n  a t  150,000 • g 
for  150 min,  f r a c t i o n a t i o n  w i t h  s a t u r a t e d  a m m o n i u m  sul- 
p h a t e  so lu t ionL the  e n z y m e  be ing  p r e c i p i t a t e d  be t ween  
3 a n d  3.7 M a m m o n i u m  su lpha te ,  a n d  h y d r o x y l a p a t i t e  
ch romatography~0 .  T he  l a t t e r  was  pe r fo rmed  wi th  buf fe r  
so lu t ions  c o n t a i n i n g  3 M KC1, 0.1 m M  E D T A  and  in- 
c reas ing  c o n c e n t r a t i o n s  of p o t a s s i u m  p h o s p h a t e ,  p H  7.0; 
the  b u l k  of t he  e n z y m e  a c t i v i t y  was Muted  b y  t he  250 m M  
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Inhibition of the malie enzyme from HalobacterJum cutirubrum by 
aeetyl-CoA, NADH, oxaloaeetate and glyoxylate. The enzyme 
activity was assayed spectrophotometrieally at 340 nm, at 30 ~ as 
previously described v, in the presence of 1 mM L-malate, 0.1 mM 
NADP, 2 mM MgCle and 3 M KC1 (closed symbols) or 1 M NH4C1 
(open symbols). The inhibitors were added at the concentrations 
stated on the abeissa. The enzyme activity in the absence of inhib- 
itors was 0.07 or 0.13 b~moles of NADPH formed/min/ml of enzyme 
preparation, in the presence of 3 M KC1 or 1 M NH4C1 , respectively. 
A) Inhibition by acetyl-CoA (O, @) or NADH (&, A). B) Inhibition 
by oxaloacetate ([2, I~) or giyoxylate (V, ~'). 

p o t a s s i u m  p h o s p h a t e  buffer.  The  pa r t i a l l y  pur i f i ed  en- 
z y m e  (specific a c t i v i t y  0.3 ~moles of N A D P H  f o r m e d / m i n /  
m g  of p ro te in ,  w h e n  assayed  as descr ibed  in t he  Iegend 
to  t h e  Figure,  in  t he  presence  of 5 m M  L-malate)  was  
d ia lyzed  aga in s t  0.05 M Tris-HC1 buffer  (pH 7.6), 
5 M NaC1, 1 m M  E D T A  a n d  used for t h e  e x p e r i m e n t s  
descr ibed.  The  e n z y m e  p r e p a r a t i o n  was  free of ace ty l -  
CoA-deacy la t ing  ac t iv i ty ,  a n d  was u n a b l e  to  oxidize 
N A D P H ,  e i t he r  in  t he  absence  or in  t he  presence  of 
oxa loace t a t e  or g lyoxyla te ,  or N A D H .  F u r t h e r  pur i f ica -  
t i on  was p r e v e n t e d  b y  t he  e n z y m e  i n s t a b i l i t y  a n d  i ts  
lack  of r e a c t i v a t i o n  f rom t h e  sal t - f ree  s ta te .  

As p rev ious ly  descr ibed  for c rude  e n z y m e  p r e p a r a t i o n s  ~, 
t he  p a r t i a l l y  pur i f ied  mal ic  e n z y m e  was o p t i m a l l y  act i -  
v a t e d  b y  1 M NH4C1; KC1 was also a n  effect ive  ac t iva to r ,  
a t  c o n c e n t r a t i o n s  of 3 /],f or h igher .  The  d i v a l e n t  ca t ion  
r e q u i r e m e n t  cha rac t e r i s t i c  of mal ic  e n z y m e n  was 
sat isf ied b y  Mn 2+ or  Mg~+; t h e  a p p a r e n t  K~ va lues  (in 
t he  presence  of 5 m M  L-mala te  and  0.1 m M  N A D P )  
were a b o u t  5 ~ M  a n d  0.2 raM,  respect ive ly .  These  va lues  
were n e a r l y  t he  same  in t he  presence  of 1 M NH,C1 or  
3 M KC1. The  a p p a r e n t  Nm va lue  for L-mala te  ( N A D P  
fixed a t  0.1 raM) was a b o u t  2.9 m M  or 6.6 raM,  in t he  
presence  of 2 m M  MnCle or MgCI~, respect ive ly .  Since 
s u b s t r a t e  i n h i b i t i o n  was e v i d e n t  a t  L-mala te  concen t r a -  
t ions  h ighe r  t h a n  5 raM, t h e  a p p a r e n t  Km va lues  were 
o b t a i n e d  by  e x t r a p o l a t i o n  of t he  a s y m p t o t e s  to  t he  
cu rved  double  rec iprocal  plots ,  accord ing  to CLELA.nD ta  
The  a p p a r e n t  Km va lue  for  N A D P  (L-malate  f ixed a t  
5 m M )  was a b o u t  17 F M  or 25 ~tM, in t h e  p resence  of 
2 m M  Mr~C12 or  MgC12, respect ively .  A l t h o u g h  t h e  n a t u r e  
of the  m o n o v a l e n t  ca t ion  a c t i v a t o r  d id  no t  s ign i f i can t ly  
change  t he  a p p a r e n t  K ~  va lues  for b o t h  subs t ra t e s ,  t he  
g rea te r  e f fec t iveness  of I M NH~C1 was ev idenced  b y  
a p p a r e n t  Vm~z va lues  twice  as h i g h  as those  o b t a i n e d  in 
t he  p resence  of 3 M KC1. The  dependence  of t he  a p p a r e n t  
K ~  vaIue  for  L-mala te  on  t he  n a t u r e  of t he  d i v a l e n t  
ca t ion  a c t i v a t o r  is s imi la r  to  t h a t  p rev ious ly  r epo r t ed  for  
t he  mal ic  e n z y m e  f rom a m a r i n e  P s e u d o m o n a d  n.  
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The  ha lophi l i c  mal ic  e n z y m e  was s t rong ly  i n h i b i t e d  
b y  acetyl -CoA and  N A D H  (Figure A) and  r a t h e r  weak ly  
i n h i b i t e d  b y  oxa loace t a t e  and  g lyoxy la te  (Figure B). 
The  fo rmer  i nh ib i t i ons  p r e sen t ed  s igmoida l  kinet ics ,  
sugges t ing  t h a t  t h e y  are  p r o b a b l y  allosteric.  The  effects  
of oxa loace t a t e  and  glyoxyla te ,  on t he  o the r  h a n d ,  ap-  
p a r e n t l y  followed hyperbo l i c  kinet ics .  All  t he  inh ib i tors ,  
wh ich  were compe t i t i ve  t ow ar ds  t he  s u b s t r a t e  L-mala te  
(reid and  u n p u b l i s h e d  resul ts) ,  were more  effect ive in t he  
presence  of 3 M I~C1 t h a n  in t he  presence  of 1 M NH4C1; 
th i s  was  pa r t i cu l a r l y  s ign i f ican t  for N A D I t ,  wh ich  was 
v e r y  l i t t le  effect ive  in t he  presence  of t he  l a t t e r  mono-  
v a l e n t  ca t ion  a c t i v a t o r  (Figure A). Since t h e  a p p a r e n t  
K ~  va lues  for  b o t h  s u b s t r a t e s  were t he  same  in t he  pres-  
ence of e i t he r  salt,  i t  seems l ikely t h a t  t h e  i n h i b i t o r y  
effects t h e m s e l v e s  requ i red  a h i g h  sa l t  concen t r a t i on ,  
s imi lar  to  t h a t  r epo r t ed  as p re sen t  in  l iv ing ha lophi le  
cells s. A s imi la r  f ind ing  was r epo r t ed  b y  KUS~INER et  
al.Xa, 14 for t h e  i nh ib i t i on  of t he  a s p a r t a t e  t r a n s c a r b a m y -  
lase f rom H. cutirubrum b y  CTP.  The  resu l t s  s h o w n  in t he  

F igure  were o b t a i n e d  w i t h  Mg '2+ as d i v a l e n t  ca t ion  ac t i -  
v a t o r ;  s imi la r  resu l t s  were o b t a i n e d  in t he  presence  of 
Mn~+. 

The  e x p e r i m e n t a l  d a t a  p r e sen t ed  here  sugges t  t h a t  t he  
mal ic  e n z y m e  f rom H. cutirubrum, in  sp i te  of i t s  t r u l y  
ha lophi l i c  cha rac te r ,  s h o w n  b y  i ts  abso lu te  r e q u i r e m e n t  
of h i g h  sa l t  c o n c e n t r a t i o n s  for  b o t h  a c t i v i t y  a n d  s t ab i l i t y  6, 
is s imi la r  to  t he  mal ic  enzymes  f rom o t h e r  mic roo rgan i sms  
in b o t h  i ts  k ine t i c  a n d  r e g u l a t o r y  proper t ies .  The  low 
c o n c e n t r a t i o n s  of ace ty l -CoA a n d  N A D H  (abou t  10 ~M) 
effect ive for 50% i n h i b i t i o n  in t he  presence  of 3 M KC1 
(Figure A) sugges t  t h a t  these  me tabo l i t e s  m a y  p l ay  a n  
i m p o r t a n t  role in t h e  r egu la t ion  of t he  e n z y m e  a c t i v i t y  
in  vivo.  

13 V. LIEBL, J. G. KAPLAN arid D. J. I{USHNER, Can. J. Bioehem. d7, 
1095 (1969}. 

14 p. NORBERG, J. G. I{APLAN and D. J. KUSHNER, J. Bact. 113, 680 
(1973). 

Food-Induced Changes in UV-Absorption Spectra of Isolated Chromatin from Liver of Rats under 
Controlled Feeding Schedules 
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Summary. W e  h a v e  m e a s u r e d  t he  U V - s p e c t r a  of l iver  c h r o m a t i n  e x t r a c t e d  a t  2 d i f fe rent  t imes  of day,  co r re spond ing  
to low or h i g h  ra t e  of R N A  syn thes i s  f rom r a t s  m a i n t a i n e d  u n d e r  cont ro l led  feeding schedules.  Resu l t s  show t h a t  food 
in t ake  does m o d i f y  t h e  UV-spec t r a  of l iver  c h r o m a t i n .  

The  con t ro l  of the  feeding schedules  on wh ich  t h e  
l a b o r a t o r y  r a t  is m a i n t a i n e d  has  been  p r o v e d  to be  a v e r y  
useful  e x p e r i m e n t a l  m e t h o d  to  s t u d y  t he  physio logica l  
m e c h a n i s m s  w h i c h  regu la te  nuc lea r  R N A  synthes is .  

L ive r  cells r e spond  to  food i n t a k e  w i t h  all increased  r a t e  
of R N A  syn thes i s  a in  r a t s  m a i n t a i n e d  u n d e r  t he  con t ro l led  
feeding schedules  deve loped  b y  PORTER et  al. ~. Such  
increased  ra tes  of R N A  syn thes i s  can  be  ascr ibed  b o t h  to  
a n  a c t i v a t i o n  of nuc lea r  genome b y  increas ing  t h e  avai l -  
ab i l i ty  of c h r o m a t i n  D N A  t e m p l a t e  a, ~ and  to an  increased 
a c t i v i t y  of p re -ex is t ing  R N A  po lymerase  molecules  ~. 

R e c e n t l y  i t  has  been  shown t h a t  i so la ted  nucle i  a n d  
c h r o m a t i n  can  be  s tud ied  b y  opt ica l  m e t h o d s  5-7 and  t h a t  
t he  changes  of t he  U V - s p e c t r u m  cor respond  to d i f fe ren t  
func t iona l  s t a t e s  of c h r o m a t i n  a n d  ra t e s  of R N A  syn-  
thes is  8. 

I n  t he  p r e sen t  c o m m u n i c a t i o n ,  we r e p o r t  food- induced  
changes  in U V - a b s o r p t i o n  spec t r a  of pur i f ied  c h r o m a t i n  
o b t a i n e d  f rom the  l iver  of s t a r v e d  or fed r a t s  in r e l a t ion  
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UV-absorption of liver chromatin at 2 different times of day and in different feeding conditions from rats under controlled feeding schedules 

Time of Feeding condition Chromatin ab- Nucleoplasmic Actinomycin-D binding Chromatin apparent 
day sorbance at 258 nm RNA synthesis to chromatin a K~ for form-B 

(O.D. units/rag DNA) in purified ([zg/mg DNA) RNA polymerase 4 
nuclei ~ (pmoles ([xM deoxy- 
A~P/mg DNA) nueleotides) 

09.00 h Starved since 17.00 h of previous day 8.672 • 0.09 (9) 
15.00 h Fed from 09.00 h 9.690 • 0.12 (10) 
15.00 h Starved on the day of experiment 8.763 =E 0.08 (6) 

(since 17.00 h of previous day) 

740 -t= 59 30.6 d- 2.3 (6) , 53.4 
1289 i 83 56.9 ~ 2.9 (6) 32.2 

720 • 62 31.2 =k 2.7 (6) 51.8 

Measurements were performed in 1 cm path length cuvettes on chromatin solutions containing 50-100 ~g DNA/ml. Data are expressed as 
O.D. units at 258 nm/mg DNA ~ SEM; in parentheses is the number of experiments performed in different occasions. 


