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D i s t r i b u t i o n  of glucose a n d  l ac t a t e  in t he  b r a i n  p a r t s  
we i nves t i ga t ed  is simmilm- to  t h a t  oi g lycogen (Table  II) .  
These  f indings  sugges t  t h a t  t he re  is more  in t ens ive  
glycolysis in medu l l a  ob longa ta ,  c o m p a r e d  w i t h  t he  o the r  
p a r t s  of bra in .  

12 D. L. PURICH and H. J. FROI~IM, J. biol. Chem. 2d8, 461 (1973). 
1~ We wish to thank Dr. H. REHKs from Boehringer Mannheim 

GmbH, who kindly supplied us with all the enzymes, substrates 
and cofaetors. 

Rdsumd. Le cerve le t  c o n t i e n t  des q u a n t i t 6 s  plus g randes  
d ' A T P ,  d ' A D P  et  de nucl6ot ides  t o t a u x  que  le lobe 
f ron ta l  du  ce rveau  ou la moelle  cervicale.  Ces diff6rences 
ne son t  pas  t rouv6es  avee  I 'AMP. Le c o n t e n u  en  glycoggne, 
ell glucose e t  en  l a c t a t e  es t  plus  g r a n d  dans  la moel le  
cervicale  que dans  le cerve le t  e t  dans  le lobe f ronta l .  
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Methyl Mercury Effect on Rat Liver Mitochondrial 

Much  a t t e n t i o n  has  been  pa id  to m e r c u r y  and  i ts  
organic  de r iva t e s  as t h e y  a c c u m u l a t e  in  t h e  food c h a i n  1. 
A l t h o u g h  the re  are m a n y  obse rva t ions  on  b iochemica l  
a l t e r a t i ons  i nduced  b y  o r g a n o m e r c u r y  c o m p o u n d s  e, 
t he  way  m e t h y l  m e r c u r y  exer t s  i ts  t ox i c i t y  on  t a r g e t  
o rgans  is sti l l  sub jec t  to  con t rove r s i a l  i n t e r p r e t a t i o n :  
m e t h y l - m e r c u r y  reac ts  w i t h  su l fhydry l  groups  p re sen t  a t  
t he  ac t ive  si tes of severa l  enzymes  as o the r  mercur ia l s  
do~, ~. According  to  SEGALL a n d  W o o l )  5, i t  can  also 
ca ta lyze  t he  hydro lys i s  of a g roup  of phosphol ip ids .  

L ive r  t i ssue  ha s  been  selected because  i t  a ccumula t e s  
m e t h y l  m e r c u r y  a n d  pa r t i c ipa t e s  in t he  en t e ro -hepa t i c  
r e abso rp t i on  of t h e  compound .  F u r t h e r m o r e ,  r ecen t  
u l t r a s t r u c t u r a l  foeta l  l iver  e lec t ron  mic roscopy  has  
s h o w n  m i t o c h o n d r i a t  swell ing a f t e r  low exposures  which  
d id  no t  p roduce  m a t e r n a l  neurologica l  s y m p t o m s <  
Therefore,  besides i ts  a l r eady  recognized de tox i f i ca t ion  
role, l iver  ha s  a degene ra t ive  response  to  m e t h y l  mercury .  

W e  h a v e  i nves t i ga t ed  t he  effect  of m e t h y l  m e r c u r y  on  
isola ted inne r  m e m b r a n e s  of r a t  l iver  m i t o c h o n d r i a  and  
i ts  i n h i b i t o r y  ac t ion  on severa l  enzymes  of t he  o x y d a t i v e  
chain.  W o r k  ha s  been  focused on  3 h y d r o x y b u t y r a t e  
deshydrogenase ,  wh ich  requi res  lec i th in  as a cofac tor  7 
a n d  has  t h io l  residues in t he  ac t ive  si te  s. A p ro t ec t i ve  
effect  was  ob t a ined  a f te r  a p r e - i n c u b a t i o n  w i t h  t he  
phospho l ip id  and  a s u l p h y d r y l  reagent .  

Material and methods. Male W i s t a r  r a t s  (180-200 g) 
were sacrificed. Livers  were r e m o v e d  a n d  m i t o c h o n d r i a  
were e x t r a c t e d  in 0:25 M sucrose. I n n e r  m e m b r a n e  m a t r i x  
p r e p a r a t i o n  was ob t a ined  b y  d ig i ton in  t r e a t m e n t  and  
d i s rup t ed  b y  son ica t ion  accord ing  to t he  m e t h o d  of 
LEvY et  al. 9. Resp i r a t i on  ra t e  a n d  e n z y m a t i c  ac t iv i t ies :  
succ ina te  deshydrogenase ,  3 - h y d r o x y b u t y r a t e  deshydro-  
genase,  c y t o c h r o m e  oxydase  were assayed  accord ing  to  
severa l  m e t h o d s  de ta i led  in a p rev ious  pub l i c a t i on  ~0. The  
p ro t e in  c o n t e n t  of t he  e n z y m a t i c  p r e p a r a t i o n  was 
d e t e r m i n e d  b y  t he  m e t h o d  of LOWRy11. 

Deshydrogenases  

Liposomes  of egg lec i th in  were p r e p a r e d  accord ing  to 
t he  method of SINGLETON et al. t~: 2 m e r c a p t o e t h a n o l  was  
d i lu ted  to  0.5 M in p h o s p h a t e  buf fe r  0.2 M p H  7.4. Me thy l  
mercur ic  chlor ide  so lu t ions  in aq. 5% (v/v) e t h a n o l  were 
p r e p a r e d  j u s t  before  use. The  a m o u n t  of e t h a n o l  added  
w i t h  t he  i nh ib i t o r  ha s  no s ign i f ican t  effect  on t he  ac t iv i t ies  
assayed.  I n n e r  m e m b r a n e s  were i n c u b a t e d  for 5 m i n  w i t h  
t he  i nh ib i t o r  before m e a s u r i n g  t he  e n z y m a t i c  ac t iv i ty .  

Results and discussion. Some resu l t s  of t he  i n h i b i t o r y  
effect  of m e t h y l  m e r c u r y  on oxidase  and  deshydrogenase  
ac t iv i t i e s  are shown  in t i le Figure.  A decrease  in oxygen  
c o n s u m p t i o n  is obse rved  on  b o t h  subs t ra tes .  However ,  
m e t h y l  m e r c u r y  c o n c e n t r a t i o n s  should  no t  be  cons idered  
as abso lu te  values,  s ince m a n o m e t r i c  ope ra t ions  requi re  
a n  i n c u b a t i o n  t e m p e r a t u r e  (30~ a t  wh ich  m e t h y l  
m e r c u r y  v a p o r i z a t i o n  is s igni f icant .  E n z y m a t i c  assays  
show t h a t  5 0 % i n h i b i t i o n  of 3 h y d r o x y b u t y r a t e  a c t i v i t y  is 
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Methyl mercury effect on oxydase and deshydroge- 
nase activities. �9 �9 suceinate oxydation; A-- &, 
hydroxybutyrate oxydation; 0 - -  0, succinate deshy- 
drogenase activity (% inhibition); &--A, D-3-hydro- 
xybutyrate deshydrogenase activity (% inhibition). 
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Effect of pretreatment of the inner membrane with lecithin and mercaptoethanol on methyl mercury inhibition 
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Enzyme preparation CH~HgC1 nM/mg protein D-3-hydroxybutyrate activity nM substrat/min/mg protein 

Inner membrane -- 460 
hmer membrane 10 240 
hmer membrane + lecithin 10 300 
hmer membrane + 2 mereaptoethanol 10 420 
Inner membrane + lecithin 
+ 2 mereaptoethanol 10 460 

o b t a i n e d  for m e t h y l  m e r c u r y  c o n c e n t r a t i o n  of 10 n M / m g  
pro te in .  The  e n z y m e  is more  sens i t ive  t h a n  succ ina te  
deshydrogenase  (20 n M / m g  prote in) .  C y t o c h r o m e  oxydase  
is no t  i n h i b i t e d  in th i s  r ange  of concen t r a t i ons ,  (17% 
i n h i b i t i o n  for 4 m M / m g  prote in) .  The  s u b s e q u e n t  a d d i t i o n  
o5 pure  l ec i th in  a n d  2 m e r c a p t o e t h a n o l  (0.67 mdYI/mg 
prote in)  in  t he  m e d i u m  could no t  reverse  t h e  a c t i v i t y  of 
3 h y d r o x y b u t y r a t e  de shyd rogenase  i n c u b a t e d  w i t h  
10 n M / m g  p ro t e in  inh ib i to r .  T he  effect  of a p r e t r e a t m e n t  
of t he  i nne r  m i t o c h o n d r i a l  m a t r i x  w i t h  pure  l ec i th in  
(0.67 rag/ rag  pro te in)  a n d  2 m e r c a p t o e t h a n o l  (0.22 m M / m g  
pro te in)  on  t he  i n h i b i t o r y  ac t ion  of m e t h y l  m e r c u r y  on  
3 h y d r o x y b u t y r a t e  deshydrogenase  is r ep roduced  in t he  
Table.  The  e n z y m a t i c  a c t i v i t y  of t he  con t ro l  is no t  
s ign i f i can t ly  s t i m u l a t e d  b y  t he  a d d i t i o n  of t he  reagents .  

D - 3 - h y d r o x y b u t y r a t e  deshydrogenase  a c t i v i t y  is par-  
t ia l ly  p r o t e c t e d  b y  p r e t r e a t m e n t  w i t h  leci thin,  howeve r  
h igher  c o n c e n t r a t i o n s  of t he  phos pho l i p i d  do no t  p roduce  
a b e t t e r  act ion.  A d d i t i o n  of a n - S H  r eagen t  associa ted  w i t h  
t he  phospho l i p id  p r e v e n t s  a n  i n h i b i t o r y  ac t ion  of m e t h y l  
mercury .  The  i n h i b i t i o n  of m e t h y l  m e r c u r y  on  D-3-hydro-  
x y b u t y r a t e  deshydrogenase  seems to  i m p l y  b o t h  phospho-  

l ipids  and  th io l  groups  as possible  si tes of act ion.  F u r t h e r  
s tud ies  are u n d e r  way  to  e luc ida te  the  possible  i n t e r ac t i on  
of m e t h y l  m e r c u r y  w i t h  l ec i th in  a n d  t he  re la t ive  s t ab i l i t y  
of t h e  b i n d i n g  to su l fhydry l  groups  of t h e  e n z y m e  ~a. 

Rdsumd. L ' i n h i b i t i o n  p a r  le m 6 t h y l  mercu re  de ce r t a ins  
enzymes  de la m e m b r a n e  i n t e rne  de m i t o c h o n d r i e s  de 
foie de ra t ,  m o n t r e  que  la D - 3 - h y d r o x y b u t y r a t e  deshydro-  
genase  est  t r6s sensible.  L ' e n z y m e  pr6- incub6e  avec  de la 
lec i th ine  et  du  2 m e r c a p t o e t h a n o l  est  prot6g6. 
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Demonstration of Methanol Dehydrogenase in Methanol Assimilating Yeasts 

M e t h a n o l  ox ida t i on  in b a c t e r i a  ha s  been  i n v e s t i g a t e d  b y  
several  workers  ~-a, a n d  no ev idence  of a py r id ine  nucleo- 
t i de - l inked  m e t h a n o l  d e h y d r o g e n a s e  has  been  repor ted .  
OGATA et  al. 4 descr ibed  a m e t h a n o l  ox ida t i on  in yeas t  v ia  
a n  oxidase,  b u t  t h e y  did  no t  de tec t  a py r id ine  nuc leo t ide-  
l inked  dehydrogenase .  T h e i r  d a t a  suggests  t h a t  a f l av ine  
nuc leo t ide  cofac tor  was  i n v o l v e d  in t he  ox ida t ion .  The  
p r e sen t  no te  descr ibes  t h e  ox ida t i on  of m e t h a n o l  b y  
cel lular  ex t r ac t s  of Pichia pinus a n d  Kloeckera sp. 2201 
u t i l iz ing  py r id ine  nuc leo t ide  (NAD) or d i ch lo ropheno l  
i n d o p h e n o l  (DCPIP)  as e lec t ron  acceptors .  

Materials and methods. A 5-day-old  s l a n t  cu l tu re  of 
Pwhia pinus N R R L  YB-4025 and  Kloechera sp. 22014 
was inocu la ted  in to  respec t ive  f lasks c o n t a i n i n g  a s ter i le  
m ine ra l  sa l t s  m e d i u m  composed  of 1% NH4NO~, 0.1% 
K2HPO4, 0.1% KH2PO4, 0.05% MgSO4-7H~O, v i t a m i n  
m i x t u r e  ~ a n d  2% m e t h a n o l .  Cul tures  were p r o p a g a t e d  for 
4 days  on a r o t a r y  s h a k e r  a t  25C (250 R P M  w i t h  2 "  throw).  
Cells were cen t r i fuged  and  w a s h e d  twice  w i t h  0.01 M 
p o t a s s i u m  p h o s p h a t e  buffer ,  p H  7.0. W a s h e d  ceils were 
r e suspended  in buffer  a n d  son ica ted  a t  4 ~ in i ce -ba th  for 
5 m i n  ( ten 30 sec in te rva ls )  w i t h  B r a n s o n  U l t r a  Sonified 
(Branson  I n s t r u m e n t s ,  Conn. USA).  Cell debr i s  was 
r e m o v e d  b y  cen t r i f uga t i on  a t  20,000 •  for  10 rain.  The  
clear  s u p e r n a t a n t  was  used for e n z y m e  assay.  

M e t h a n o l  d e h y d r o g e n a s e  a c t i v i t y  was assayed  spect ro-  
p h o t o m e t r i c a l l y  us ing  a Zeiss Gilford i n s t r u m e n t  w i t h  an  

a u t o m a t i c  c h a r t  recorder .  The  assay  sys t em (NAD- 
l inked)  c o n t a i n e d  p o t a s s i u m  p h o s p h a t e  or Tris-HC1 buffer,  
p H  7.0 and  8.5, 70 [zmoles, NAD-1  ~zmole, e n z y m e  (1 m g  
prote in) ,  and  subs t r a t e ,  20 ~xmoles. N A D  reduc t i on  was 
m e a s u r e d  a t  340 rim. Specific a c t i v i t y  was expressed as 
n a n o m o l e s  of N A D  or D C P I P  a reduced  pe r  ra in  pe r  m g  
pro te in .  

Results and discussion. Cell-free ex t r ac t s  of b o t h  yeas t  
cu l tu res  g rown on a m e t h a n o l  c o n t a i n i n g  m e d i u m  oxidized 
m e t h a n o l  v ia  NAD- l inked  m e t h a n o l  dehydrogenase .  The  
Tab le  shows t he  a c t i v i t y  of m e t h a n o l  dehyd rogenase  
a t  p H  7.0 and  a t  p H  8.5. I n  the  case of Pichia pinus, t he  
m e t h a n o l  ox ida t ion  ra t e  u t i l iz ing N A D  or D C P I P  a t  
p H  8.5 was g rea te r  t h a n  t h a t  a t  p H  7.0, whereas ,  in 
Kloeckera sp. 2201, N A D - l i n k e d  a c t i v i t y  was found  to be 
g rea te r  a t  p H  7.0. OGATA et  al. 4 descr ibed  m e t h a n o l  
ox ida t i on  v ia  m e t h a n o l  oxidase  inKloechera sp. 2201, b u t  
no  dehyd rogenase  a c t i v i t y  us ing  NAD,  N A D P ,  or 
D C P I P  was repor ted .  Lack  of N A D  or D C P I P - l i n k e d  
a c t i v i t y  in  t he  Kloeckera sp. 2201 ce l l -ex t rac t  of OGATA 
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