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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). 
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T h e  c h o l e s t e r o l  f r a c t i o n s  we re  c r y s t a l l i z e d  t o  c o n s t a n t  
spec i f i c  a c t i v i t y ,  w h i l e  t h e  r a d i o c h e m i c a l  p u r i t y  of  t i le  
A - n o r - s t e r a n e s  f r a c t i o n  w a s  e s t a b l i s h e d  b y  c r y s t a l l i z a t i o n  
a n d  f o r m a t i o n  of  d e r i v a t i v e s .  P o r t i o n s  of  t h e  A - n o r -  
s t e r a n e s  f r a c t i o n ,  a f t e r  c r y s t a l l i z a t i o n ,  we re  h y d r o g e n a t e d  
on  p a l l a d i u m - c h a r c o a l  a n d  t h e n  o x i d i z e d  w i t h  c h r o m i c  
ac id  to  y i e l d  t h e  c a r b o x y l i c  a c i d s  ( p a r t  s t r u c t u r e  7).  T h e  
l a t t e r ,  a f t e r  a d d i t i o n  of  c a r r i e r  5 e - c h o l e s t a n - 3 - o n e  in  t h e  
c a s e  of  c h o l e s t e r o l  i n c u b a t i o n s ,  w e r e  c h r o m a t o g r a p h e d  on  
s i l ica  a n d  t h e  ac id  f r a c t i o n  r e c o v e r e d  w a s  c r y s t a l l i z e d  a n d  
m e t h y l a t e d  w i t h  d i a z o m e t h a n e  to  y i e l d  t h e  c o r r e s p o n d i n g  
e s t e r s  ( p a r t  s t r u c t u r e  8). A f t e r  e a c h  c o n v e r s i o n  (exper i -  
m e n t a l  d e t a i l s  in  r e f e r e n c e  7) t h e  c o m p o u n d s  w e r e  p u r i f i e d  
b y  c h r o m a t o g r a p h y  a n d  c r y s t a l l i z a t i o n  a n d  m e a s u r e d  fo r  
1 4 C - r a d i o a c t i v i t y  in  a B e c k m a n n  L S - 2 5 0  l i q u i d  s c in t i l l a -  
t i o n  s y s t e m .  T h e  r e s u l t s  a r e  g i v e n  in  T a b l e s  ~ I - I I I .  

A c e t a t e  is  i n c o r p o r a t e d  e f f i c i e n t l y  i n t o  f a t t y  ac ids ,  b u t  
u t i l i z e d  o n l y  t o  a v e r y  s m a l l  e x t e n t  for  t h e  b i o s y n t h e s i s  of  
3 f l - h y d r o x y m e t h y l - A - n o r - 5 ~ - s t e r a n e s  ( T a b l e  I), s u g g e s t i n g  
t h a t  t h e r e  is l i t t l e  o r  n o  de  n o v o  s t e r o l  b i o s y n t h e s i s .  O n  
t i le  o t h e r  h a n d ,  w h e n  choles te ro l -4-14C w a s  a d m i n i s t e r e d  

to  t h e  s p o n g e ,  t h e  h y d r o x y m e t h y l - A - n o r - 5 c ~ - s t e r a n e s  
w e r e  v e r y  s i g n i f i c a n t l y  l abe l l ed  ( T a b l e s  I I  a n d  I I I ) .  T h e  
d i s t r i b u t i o n  of  r a d i o a c t i v i t y  in  t h e  3 f i - h y d r o x y m e t h y l -  
A - n o r - 5 ~ - s t e r a n e  s a m p l e  (290 h i n c u b a t i o n ) ,  d e t e r m i n e d  
b y  r a d i o g a s c h r o m a t o g r a p h y  o n  t h e  a c e t a t e s ,  r e v e a l e d  t h a t  
al l  of  t h i s  r a d i o a c t i v i t y  w a s  a s s o c i a t e d  w i t h  3 /%ace toxy-  
m e t h y l - A - n o r - 5 e - c h o l e s t a n e  (1) 10. 

T h e s e  r e s u l t s  i n d i c a t e  t h a t  A v e r r u c o s a  r e a d i l y  t r a n s -  
f o r m s  t h e  c h o l e s t e r o l  n u c l e u s  i n t o  t h e  3 f l - h y d r o x y m e t h y l -  

10 Carlo Erba gaschromatograph, model GV, equipped with a Ilame 
ionization detector and connected with a Nuclear Chicago flow 
counter, model 4998, was utilized and the analyses were performed 
using a 2 m • 8 m m  column packed with 2% OV-17 on gasehromo 
programmed temperature from 220 ~ to 260~ at 1.50/min. We 
thank Dr. G. GALLI (Istitnto di Farmacologia e Farmacognosia, 
Faeolt5 di Farmaeia, Universit5 di Milano) for radiogasehromato- 
graphic measurements.  

Table I. Incorporation of label from [1-14C]-acetate into fat ty  acids and 3fl-hydroxymethyl-A-nor-5a-steranes by A .  verrucosa 

Weight (g) dpm/nlg 

48 h 290 h 48 h 290 h 

Lyophilized animals 12.2 
Fa t ty  acid methyl  esters 0.20 
Crude stanol fraction 0.11 
AIter reerystallization (1-6) 0.06 
After conversion to earboxylie acids (7) 0.04 
After conversion to earboxylie acid methyl  esters (8) 0.030 

20.4 --  --  
0.21 30,170 28,700 
0.17 --  --  
0.11 43 120 
0.07 36 86 
0.05 35 81 

~[1-14C]-acetate(62 mCi/mmole; 0.1 mCi) was fed to the animals by addition of 5 ml aqueous solution to the aquarium (10 1). 48 h after the 

administration, ca. half of the animals were taken, washed and frozen at --20 ~ and the remaining animals were Idlled after 290 h incubation. 

Table II. Incorporation of [4-14C]-Cholesterol into 3/~-Hydroxymethyl-A-nor-5~-steranes by A .  verrucosa 

Period of Lyophilized Total fed Total sterol recovered Radioactivity Radioactivity in 3fl-Hydroxymethyl- 
incubation (h) animals (g) (dpm) (mg) (dpm) recovered (%) in precursor (%) A-nor-5c~-steranes (%) 

48 22 5.55 • 10 s 180 3.34 x l07 6.0 63 37 

290 54.3 5.55 • 108 440 1.13 • 108 20.4 34 66 

~[4-1~C]-cholesterol (61 mCi/mmole) was fed to the animals by addition of 2 ml ethanolic solution to tile aquarium (50 1): 48 h after the 
administration, ca. half of the animals were taken, washed and frozen at --20 ~ and the remaining animals were killed after 290 h incubation. 

Table III. Purification of 3fl-hydroxymethyl-A-nor-5~-steranes from [4-14C]-cholesterol incubations to constant  specific activity 

dpm/mg 

Free stanols (1-6) Carboxylic acids (7) Methyl Esters (8) 

1st Feedings (48 h) 5.5 • 104 5.7 • 104 5.8 X 104 

2nd Feeding (290 h) 1.6 x 105 1.7 x 105 1.7 • l0 s 
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22 

H O H 2 C ~  

1,R=H 2,R=H,E 2 
3, R=Me 4, R=Me, A 22 
5R=Et 6, R=Et, A 22 

10 mg) were added to a mix tu re  of carrier A-nor-stanols  
(ca. 300 mg), hydrogena ted  on pal ladium-charcoal  and 
conver ted  to the  nor-ketones (part s t ructure  9). The 
conversion was accomplished (see reference 7) by  oxidat ion  
wi th  d icyc lohexylcarbodi imide /d imethylsu lphoxide  of the  
free stanols to the  corresponding aldehydes, which were 
then  t rea ted  wi th  isopropenyl  aceta te  and sulphuric acid, 
and the  resul t ing enolacetates  oxidized wi th  ozone to 
yield the  nor-ketones.  The s tanol  mix tu re  had a specific 
rad ioac t iv i ty  of 4.22 • d p m / m g  and all of this was 
recovered in the  nor-ketone mix tu re  (specific ac t iv i ty  
4.31 • 10 ~ dpm/mg),  showing tha t  in the  r ing-contract ion 
carbon-4 of the  cholesterol nucleus is not  lost, nor  does it  
furnish the  3/~-hydroxymethyl carbon of the  A-nor- 
cholestane skeleton. 

RO2C~H ~ o 

7,R=H 9 
8,R=Me 

A-nor-5e-cholestane nucleus, and suggest t ha t  in the  
sponge these unique A-nor-stanols  (1-6) arise main ly  by  
modif ica t ion  (ring-A contraction) of d ie ta ry  sterols. 

To obta in  some informat ion  on the  na ture  of this ring 
contract ion,  por t ions  of the  labelled stanols der iving 
from 290 h incubat ion  wi th  [4-t4C]-cholesterol (ca. 

Riassunto. La spugna Axinella verrucosa t ras forma iI 
E4-1aC~-colesterolo nel 3fl-idrossimetil-A-nor-5e-colestano 
(1), ment re  ut i l izza l '~l-xaCj-acetato per la sintesi dei 
3/~-idrossimetil-A-nor-sterani (1-0) in misura  trascurabile,  
Si suggerisce che quest i  unici  stanoli si originino principal-  
mente  per  modif icazione di steroli  dietarici.  I1 carbonio-4 
del nucleo del colesterolo non ~ n5 perso n~ ds origine al 
carbonio 3fl-idrossimetilico dello scheletro A-nor-cole- 
stanico. 
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Laboratorio per la Chimica di Molecule di [nteresse 
Biologico del C .N.R . ,  Via Toiano 2, Arco Felice-Napoli 
(Italy), 26 November 7974. 

S y n t h e s i s  and  Act iv i ty  of N o n a p e p t i d e  F r a g m e n t s  of 

Bowman-Bi rk  inhibi tor  (BBI)1 has been known as a 
double-headed proteinase inhibi tor  which inhibi ts  t rypsin  
and chymot ryps in  at  two non-over lapping react ive sites 2. 
The  p r imary  s t ructure  of Bt3I has been de termined  by 
ODANI and IKENAKA a, Lys-Ser  (16-17) and Leu-Ser  
(43-44) bonds hav ing  been es t imated  as an t i t ryp t i c  and 
an t i chymot ryp t i c  sites respectively3, 4. The same authors  
have  fur ther  d ivided the  inhibi tor  molecule, consist ing of 
71 amino acid residues, into 2 f ragments :  one consists of 
38 residues and the  other  29 residues, each of which 
retains the  inhibi tory  ac t iv i ty  on t ryps in  or chymotrypsin ,  
respect ive ly  5. 

In  order to find out  a smaller  act ive  fragment ,  if any, 
and to inves t igate  s t ruc tu re -ac t iv i ty  relat ionship of 
na tura l  proteinase inhibitor ,  we a t t e m p t e d  to synthesize 
heterodet ic  cyclic pept ides  wi th  a disulfide bond. The 
present  communica t ion  reports  the  syntheses and inhibi-  
to ry  propert ies  of cyclic nonapeptides,  X-Cys-Thr-Lys-  

l 
Ser -Asn-Pro-Pro-GIn-Cys-Y (Ia: X=Ac, Y = N H  v Ib :  

I 
X=H, Y=OH), which correspond to the  nonapept ide  
sequence of -Cys-Thr-Lys-Ser-Asn-Pro-Pro-Gln-Cys-  (14- 

I I 
22) of Bt3I conta ining the  an t i t ryp t ic  site. 

Material and method% The pro tec ted  nonapept ide  res- 
in, Boc-Cys(4-OMe-Bzl)-Thr(Bzl)-Lys(2, 4-Cl~Z)-Ser(Bzl)- 
Asn-Pro-Pro-Gln-Cys(4-OMe-Bzl)-resin (II) was syn- 
thesized by Merrifield's solidphase me thod  in a stepwise 
fashion s tar t ing wi th  2.19 g of Boc-Cys(4-OMe-Bzl)-resin 
conta ining 1 mmole  of S-4-OMe-Bzl-cysteine.  The Boc- 
amino acids wi th  pro tec ted  side chains were:  Lys(2,4- 
C12Z) ~, Ser(Bzl), Thr(Bzl) and Cys(4-OMe-Bzl). The 

S o y b e a n  B o w m a n - B i r k  Inh ib i tor  

coupling reactions to form pept ide  bonds were media ted  
by DCC in CHIC12 for 4 h, except  in the case of Boc-Thr  
(BzI) and Boc-Cys(4-OMe-Bzl),  which were al lowed to 
react  for 12 h. In t roduc t ion  of Boc-Gln and Boc-Asn was 
carried out  over  12 h wi th  the  corresponding p-n i t rophenyl  
esters in addi t ion to hydroxybenzot r iazo le  s. Boc groups 
were removed  wi th  1 N HC1-AcOH, except ional ly  wi th  
50% tr i f luoroacet ic  acid in CH~Ct~ for Boc-Gln and 
I3oc-Asn residues. The weight  of finally obta ined I I  was 
3.24 g. The weight  gain of 1.05 g (0.77 mmol) ,  at  this 
stage, indicated a 77% incorpora t ion  of p ro tec ted  pept ide  
based on the  ini t ial  Boc-Cys (4-OMe-Bzl) con ten t  in the  
resin. 
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