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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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Specific activity of methanol dehydrogenase in cell-free extracts of methanol-utilizing yeast 

EXPERIENTIA 31/4 

Culture System Type of electron acceptor 

Cells grown 

Methanol Glucose 

Pichia pinus 

Kloeckera sp. 2201 

pH 7.0 NAn (at 340 nm) 
pH 8.5 NAD (at 340 nm) 
pH 7.0 DCPIP (at 600 ran) 
pH 8.5 DCPIP (at 600 nm) 
pI-I 7.0 NAD (340 nm) 
pH 8.5 NAD (340 nm) 
pH 7.0 DCPIP 
pH 8.5 DCPIP 

32 ~ 0 
72 0 

621 0 
870 0 
80 0 
64 0 
50 0 

435 0 

Specific activity in nmoles/min/nrg protein. 

et al. m a y  be due to differences in procedures  employed  
in the  p repara t ion  of t he  cell-free ex t rac t .  OGATA et  al. 
p repared  tile cel l -extract  by  gr inding cells in a mor t a r  witt l  
a lumina  for 5 h a t  4~ while in the  p resen t  repor t ,  cell- 
ex t rac t s  were p repared  by  sonicat ion.  

The results  reveal  t h a t  me thano l  dehydrogenase  
ac t iv i ty  was inducible since dehydrogenase  ac t iv i ty  was 
no t  found  in cul tures  p ropaga ted  on glucose. In  summary ,  
an inducible  me thano l  dehydrogenase  has been de tec ted  
in cellular ex t rac t s  of 2 me thano l  ass imila t ing yeasts ,  
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Pichia pinus and  Kloeckera sp. 2201. They  were found to 
be l inked to  e i ther  N A n  or D C P I P .  Nico t inamide  
adenine  dinucleot ide  p h o s p h a t e  did no t  serve as an 
e lectron acceptor .  This  is t he  f i rs t  repor t  descr ibing NAD-  
l inked me t h an o l  dehydrogenase  ac t iv i ty  in yeas t  ~. 

Zusarnmen/assung. Eine  induzierbare  Methano ldehydro -  
genase wurde  in Ze l lex t rak ten  von  2 Methanol  assimi- 
l ierenden Hefen,  Pichia pinus und  Kloeckera sp. 2201, 
festgestel l t ,  die en tweder  yon N A n  oder  D C P I P  ab- 
h~ngig waren.  Nico t inamid  Aden in -Dinuk leo t i dphospha t  
d iente  jedoch n ich t  als E lek t ronen-Akzep to r .  
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M e t a b o l i s m  in  P o r i f e r a  IV.  B i o s y n t h e s i s  of the  3 1 5 - H y d r o x y m e t h y l - A - n o r - S a - S t e r a n e s  f r o m  

�9 C h o l e s t e r o l  b y  A x i n e l l a  v e r r u c o s a  

Sponges con ta in  a great  va r i e ty  of sterols,  which  vary  
f rom one species to  another1;  knowledge of th is  subjec t  
has  increased rap id ly  in recen t  years2, 3. Besides con- 
ven t iona l  sterols,  unusual  sterols have  been found.  For  
example,  aplysterol  and 24(28)-didehydroaplysterol ,  
hav ing  the  cholesterol  nucleus and  s ide-chains in which an 
' ex t ra '  carbon a t o m  is a t t a ched  at  C-26 4, are t he  major  
sterol  componen t s  in t he  family  Verongidae  a. Modifica- 
t ions of the  sterol  nucleus have  also been  found 5. The 
to ta l  s~erol con ten t  of Axinella polypoides is a mix tu re  of 
19-nor-stanols,  which  combine  the  unusual  19-nor- 
choles tanol  nucleus w i th  convent iona l  s a tu ra t ed  and 
A22-unsatnrated C7 (24-nor), Cs, C~ and  C10 side-chains 6, 
while Axinella verrucosa, in which the  usual  sterols are 
also absent ,  conta ins  s tanols  w i th  a 3/3-hydroxymethyl-A- 
nor-5m-cholestane nucleus carrying C s, C9 and  C~o side- 
chains  (1-6) 7 

On the  o ther  hand ,  there  is l i t t le in format ion  abou t  
the  origin of sterols in sponges.  We have  recent ly  shown 
by  t racer  exper iments  t h a t  Verongia aerophoba does no t  
incorpora te  meva lona te  into aplys terol  s. We now repor t  
the  convers ion  of E4-14C]-cholesterol in to  3/3-hydroxy- 
methyl -A-nor -5~-s te ranes  by  d.  verrucosa. The sponge 
was also fed with El-x4C~-acetate, and the  r ad ioac t iv i ty  in 
tile f a t t y  acids and  s tanols  was measured.  

The labe l led  subs t ra tes  were fed to t he  sponge main-  
t a ined  in wel l -aerated sea water  a t  14~ by  add i t ion  of 

aqueous  (acetate) and e thanol ic  (cholesterol) solut ions to  
tile aquaria.  Sterols were recovered f rom the  l ight  pe t ro-  
leum ex t r ac t  of t h e  lyophi l ized tissues, while f a t t y  acids 
were  ob ta ined  f rom the  subsequen t  ch lo ro form-methano l  
ex t rac t  by  saponif icat ion,  and  t h e n  purif ied,  a f ter  
convers ion  in to  m e t h y l  esters, by  c h r o m a t o g r a p h y  on 
silica followed by  dis t i l la t ion at  250~ (exper imenta l  
detai ls  are given in referenceS). The l ight  pe t ro l eum 
ext rac t ,  af ter  addi t ion  of carr ier  cholesterol  in the  case of 
t he  cholesterol  incubat ions ,  was c h r o m a t o g r a p h e d  on 
silica 9. 
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" The 3fl-hydroxymethyl-A-nor-5c~-steranes are less polar than 
cholesterol (Rf on silica gel tic in chloroform 0.45 as against Rf 0.4). 


