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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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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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Fig. 1. Gel filtration on Sephadex G-25. A) Crude cyclized acetyl 
nonapeptide amide (--) and reduced one (- --). B) Crude eyclized 
nonapeptide (--) and reduced one (- - -). 
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Fig. 2. Inhibition by synthetic fragments for tryptie activities. 
A) for esterase activity: 0.05 M Tris-HC1 containing 0.01 M CaCI~ 
at pFI 8.0 and 25 ~ Tos-Arg-OlVie, 1 inM; enzyme, 0.153 [xg/ml. B) 
for peptidase activity: the same buffer at pH 8.5 and 30~ Gly 2- 
Lys-Gly,, 3 mM; enzyme, 4.76 btg/ml. 

The pept ide  resin I I  (1.0 g) was t rea ted  wi thNH3/MeOH-  
D M F  (2:1) for 48 h and crude pro tec ted  nonappet ide  
amide,  Boc-Cys(4-OMe-Bzl)-Thr(Bzl)-Lys(2,  4-Cl~Z)-Ser 
(Bzl)-Asn-Pro-Pro-Gln-Cys(4-OMe-Bzl)-NH 2 (III) ob- 
tained, was purified twice by Sephadex LH-20 co lumn 
(4 • 170 cm) using MeOH as a solvent ;  yield of pure I I I ,  
250 mg (61% based on I I  and 47% based on the  amino 
acid-resin);  mp  118-120~ [~]~ --42.7 ~ (c 0.5, DMF) ;  
Rf  (TLC) (solvent, CHC13-MeOH (4:1)), 0.60. Anal.  
Calcd. for CstH10501oNlaS2C12-2H20: C, 56.04; H,  6.10; 
N, 10.49%. Found :  C, 56.04; H,  6.13; N, 10.64%. 

Af ter  remova l  of the  Boc group of I I I  (174 rag) wi th  1 N 
HC1-AcOH (4 ml), the  nonapept ide  amide hydrochlor ide  
obtained was acety la ted  by acetic anhydr ide  ill pyridine.  
Recrys ta l l iza t ion  f rom DMF-wa te r  gave pure  pro tec ted  
acetyl  nonapept ide  amide,  Ac-Cys(4-OMe-Bzt)-Thr(Bzl)-  
Lys(2, 4-CI~Z)- Ser (Bzl)-Asn-Pro-Pro-Gln-Cys (4-OMe-Bzl)- 
N H  2 (IV): yield, 152 mg  (90%); mp  182-184~ ~ 
--45.7 ~ (c 0.5, DMF) ;  Rf  (TLC) 0.49. Anal.  Calcd. for 
C7sHgoOlsNlaS2C12-2H~O: C, 55.84; H,  6.19; N, 10.85%. 
Found :  C, 55.58; H, 6.11; N, 10.82%. 

The deblocking of IV  (130 rag) was achieved by  t rea t -  
ment  wi th  H F  in the  presence of anisole% and the  
pept ide  obta ined was oxidized wi th  potass ium ferri- 
cyanide 10. The crude p roduc t  thus  obta ined was purified 
by  gel f i l t ra t ion on Sephadex G-25 (2 • 80 cm), the  eluate 
wi th  1 M A c O H  being collected in each 4 ml  fraction. 
A plot  of the  UV-absorbance  values  at  240 n m  of the  
var ious  fract ions showed the  presence of 3 peaks suppos- 
edly corresponding to polymer,  d imer  and required cyclic 
acetyl  nonapept ide  amide Ia  as shown in Figure  1A. 
Rf  (Gel) means  the rat io  of void vo lume (V0) to the  
elut ion volume.  The peak  3 was lyophil ized to afford 45 mg  
(48%) of white  fluffy powder,  which showed a single spot 
(R 0 .44•  by  ninhydrin  and NaCN-ni t ropruss ide  
reagents  n on a paper  e lectrophoregram, the solvent  used 
being HCOOI-I -AcOH-MeOH-water  (1 : 3 :6:10)  at  p H  1.8, 
and a single peak  in CM cellulose column (0.9 • 50 cm) 
ch romatography  wi th  0.2 ~VI pyrid~nium aceta te  buffer at  
p H  5.0. Amino acid analysis gave:  Asp, 1.00; Glu, 1.02; 
Ser, 0.94; Thr, 0.95; Pro, 2.08; Cys, 1.78; Lys, 1.00; NH3, 
2.82. 

The other  cyclic nonapept ide  I b was direct ly  prepared 
f rom I I  (500 Ing) by  t r e a t m e n t  wi th  H F  and following 
potass ium-ferr icyanide  oxidat ion.  The crude I b was 
purif ied by  gel f i l t ra t ion (Figure 1 B), and the  peak  3' was 
lyophil ized to afford 28.2 mg  of f luffy whi te  powder,  the  
pu r i t y  being ascer ta ined by  p~per electrophoresis  
(R 0 .58xLys )  and CM cellulose ch roma tog raphy  as 
ment ioned  for Ia .  Amino acid analysis gave:  Asp, 1.00; 
Glu, 1.04; Ser, 0.93; Thr, 0.95; Pro, 2.10; Cys, 1.46; 
Lys, 1.03; NHa, 1.87. The  yield of I b  was 20% based on 
the  weight  gain on the  resin. 

The inhibi t ion of t ryp t i c  hydrolysis  of Tos-Arg-OMe by  
I a and I b was assayed following the  l i tera ture  1~. I n  
case of Gly2-Lys-Gly 3 ~3 digestion, an increase of tr iglycine,  
one of the  digested products ,  was quan t i t a t i ve ly  es t imated  
by  the  use of an amino  acid analyzer  ~. 
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The k ine t ic  pa ramete r s  of the  f ragments  in  inh ib i t ion  of t ryp t i c  
activities 

I50 ~ (~tM) K, �9 (~tM) 

Tos-Arg-OMe Gly2-Lys-Gly 3 Tos-Arg-OMe Gly2-Lys-Gly 3 

Ia 40 3.6 15 1.5 

Ib 330 13 99 3.8 

�9 The kinetic measurement was carried out under the conditions 
described in Figure 2 : the substrate concentration was selected in the 
range of 0.33-1.0 mM for esterase activity, and 1.0-3.0 mM for 
peptidase activity. ~The substrate concentration was 1 mM and 3 
mM for Tos-Arg-OMe and Gly2-Lys-Gly3, respectively. 

Results and discussion. The  gel f i l t r a t i on  of c rude  I a on 
Sephadex  G-25 gave  3 peaks.  Mater ia l s  o b t a i n e d  f rom 
p e a k  2 and  3 were r educed  sepa ra t e ly  w i t h  f l -mercapto-  
e thanoI  a t  p H  8.6 and  appl ied  to  t he  co lumn  giv ing  a 
m a i n  peak  a t  t he  same  pos i t ion  to p e a k  3; Rf  (Gel) 0.61 
(Figure 1A), pos i t ive  b y  n i t ropruss ide .  The  s imi la r  resul t s  
were o b t a i n e d  for t he  c rude  cyclic n o n a p e p t i d e  I b 
(Figure 1B).  On p a p e r  e l ec t rophoreg rams  t he  p e a k  2 
m o v e d  to ca thode ,  R 0.49 •  and  peak  3, R 0.44 •  
Reduced  p e a k  2 or 3 showed t he  same  mob i l i t y  as peak  
3 itself. Similar  resul t s  were ob t a ined  for t he  ma te r i a l s  
re la ted  to  I b. These  obs e r va t i ons  suggest  t h a t  t he  peak  
3 a n d  3'  are m o n o m e r s  a n d  peak  2 a n d  2' are p r e s u m e d  
to be  dimers .  

F igure  2 shows t h a t  b o t h  of I a and  I b i nh i b i t  es terase  
and  pep t idase  ac t iv i t ies  of t ryps in .  However ,  these  smal l  
f r a g m e n t s  did  no t  form s tab le  1:1  complex  w i t h  t ryps in .  
The  va lue  of Ia015, t he  c o n c e n t r a t i o n  of a n  i n h i b i t o r  in 
wh ich  t r y p t i c  a c t i v i t y  was suppressed  to 50%, was g iven  
in t he  Tab le  for each  f r agmen t .  

The  resul t s  of k ine t i c  m e a s u r e m e n t s  i nd i ca t e  t h a t  t he  
mode  of i n h i b i t i o n  was compet i t ive .  The  K,  va lues  of 
f r a g m e n t  I a a n d  I b were d e t e r m i n e d  b y  D ixon ' s  p lo t  a n d  
shown in t he  Table .  The  dif ference of K~ va lues  of frag- 
m e n t s  be tween  es terase  and  pep t idase  a c t i v i t y  seems to be  
a t t r i b u t a b l e  to  t h a t  of t he  K ~  va lue  of each  subs t ra t e .  
Af ter  I a  (10 mg) was t r e a t e d  w i t h  t r y p s i n  a t  p H  3.75 as 
descr ibed in t he  l i t e r a tu re  ~6, t he  d iges ted  f r a g m e n t  (Ia*)  
which  h a d  been  hydro l i zed  a t  Lys-Ser  (16-17) b o n d  was 
isola ted b y  gel f i l t r a t ion  as descr ibed  above  (Rf (Gel) 0.69) 
and  asce r t a ined  b y  p a p e r  e lec t rophores is  (R 0.63 •  
I a* did  no t  exh ib i t  a n y  i n h i b i t o r y  ac t iv i ty .  The  f r a g m e n t  
I a d id  no t  i nh ib i t  c h y m o t r y p t i c  a c t i v i t y  w h e n  Gly 2- 
Tyr_Gly 317 was used as a subs t ra t e .  A n o t h e r  n o n a p e p t i d e  
(41-49) con ta in ing  a n t i c h y m o t r y p t i c  si te  a n d  i ts  ana logs  
are u n d e r  syn thes i s  in th i s  l abo ra to ry .  

Zusammen/assung. Zwei N o n a p e p t i d f r a g m e n t e  des 
B o w m a n - B i r k  I n h i b i t o r s  w u r d e n  m i t  HiKe der  Merrif ield- 
Syn these  herges te l l t  u n d  de ren  T r y p s i n h e m m e n d e  Akt i -  
v i t g t  b e s t i m m t .  
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T h e  A s s o c i a t i o n  o f  E n z y m i c  A c t i v i t i e s  i n  S u b f r a c t i o n s  o f  I s o l a t e d  R a t  L i v e r  G o l g i  

The  Golgi a p p a r a t u s  has  been  impl i ca t ed  in the  bio- 
syn thes i s  of g lycopro te ins  and  l ipopro te ins  and  in 
su lpha t e  m e t a b o l i s l n l - K  I t  is t e m p t i n g  to specula te  t h a t  
t h e  d i f fe rent  enzymic  ac t iv i t i es  are localized to d iscre te  
areas  of t h i s  complex  organelle.  I n  our  expe r i men t s  i t  
h a s  been  possible  to  show some sepa ra t i on  of ac t iv i t i es  
a f t e r  mi ld  homogen i za t i on  a n d  cen t r i fuga t ion  in sucrose 
gradients .  

Materials and methods. The  Golgi f r ac t ion  was isola ted 
f rom male  W i s t a r  r a t s  (200 220 g), fas ted  16-18 h, b y  t he  
p rocedure  descr ibed p rev ious ly  4. Golgi f rac t ions  f rom 
2-3 l ivers  were col lected in a vo lume  of no t  more  t h a n  
2 ml  and  were homogen ized  a t  80 r p m  w i t h  3 up  a n d  
down  passes  w i t h  a t y g o n  pes t le  h a v i n g  a c learance  of 
0.006 inches.  This  h o m o g e n a t e  was p laced  on a sucrose 
g r ad i en t  of densi t ies  1.20, 1.18, 1.16 and  1.14, con ta in ing  
5 m M  MgC12, 3 m M  m e r c a p t o e t h a n o l  a n d  37.5 m M  
Tris-maleate buffer ,  p H  6.4. The  g rad ien t s  were cent r i -  
fuged a t  30,000 r p m  for 3 h in  SW-50.1 B e c k m a n  rotor .  
3 b a n d s  were isola ted and  k e p t  f rozen a t  - -18~  un t i l  
enzymes  were assayed.  A b o u t  2 5 - 3 0 %  of the  or iginal  
Golgi p ro t e in  was recovered  w i t h  a d i s t r i bu t i on  of 66 in 
t h e  first,  23 in t he  second, and  11% in t he  t h i r d  b a n d .  
The  enzymes  assayed  h a v e  been  chosen for t he i r  r epo r t ed  
presence  or suggested  i n v o l v e m e n t  in t he  ac t iv i t i es  in t he  

G o l g i - G E R L  s sys t em l-a, as well as non-Golgi  enzymes  to 
m o n i t o r  p u r i t y  of t he  p r e p a r a t i o n s  t h a t  were assayed.  

Enzyme assays. The  fol lowing enzymes  were assayed.  
Acid p h o s p h a t a s e  (EC: 3.1.3.2)s; a lka l ine  p h o s p h a t a s e  
(3.1.3.1) 7 ; a ry l su l fa t a se -A (3.1.6.1) a n d  a ry l su l f a t a se -B  
(3.1.6.1) s, 9; t h i a m i n e  p y r o p h o s p h a t a s e l ~  galac tosyl -  
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