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Wi th  vanil l in in concent ra ted  hydrochlor ic  acid Ib, I Ib,  
and I I I b  gave  a ve ry  character is t ic  cornflower blue colour 
in con t ras t  to the  red colour obta ined  with  other  alkaloids 
of the  yoh imbine  type.  

The  second fe rmenta t ion  product  from apoyohimbine  
was m o n o h y d r o x y l a t e d  b u t  not  phenol ic ;  its ul traviolet  
spec t rum was prac t ica l ly  ident ical  wi th  tha t  of Ia. 
A l though  an  unambiguous  proof  of the  s t ructure  of this 
compound  is still lacking,  there  is some evidence for the 
locat ion of the  hydroxy l  group to  the  18-position (Ic): 
T r e a t m e n t  in chloroform wi th  ac t ive  manganese dioxide 
yielded an amorphous  product  which showed strong in- 
frared absorpt ion  bands  a t  i601, 1680, and 1723 cm -1 
corresponding to  the  16, 17-doubte bond, the  keto  group 

~,!o. and the  ester carbonyl  in the  grouping CHaOOC- / 
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Zusammen/assung 

Aerobe Kul tu ren  yon  Cunninghamella Blahesleana 
Lendner  hydroxyl ie ren  Apoyohimbin ,  f l -Yohimbinmethyl-  
Xther und 3 -Epiapoyohimbin  in der 10-Stellung. Aus Apo- 
yoh imbin  wurde  auch ein zweites Umwand lungsp roduk t  
erhal ten,  ve rmut l i ch  18-Hydroxyapoyohimbin .  

A S e r i e s  o f  N e w  C o m p o u n d s  I n h i b i t i n g  

t h e  A c e t y l a t i o n  o f  G h o l i n e  in v i tro 

lntroduction.--In prev ious  work, some der iva t ives  of 
pheny lace t i c  acid were  shown to  inhib i t  the  enzymat ic  
a c e t y l a t i o n  of b o t h  su l fan i lamide  1 and ehol ineL 

I n  th is  paper ,  we deal  w i th  the  expe r imen t s  per formed 
wi th  o the r  acy l -de r iva t ives  on the  choline ace ty la t ing  
sys tem,  in order  to  es tabl ish  some re la t ionship  be tween  
chemica l  s t ruc tu re  and ac t iv i ty ,  and to inves t iga te  the  
m e c h a n i s m  of t he  inhib i t ion .  

We  a d v a n c e d  the  hypothes is ,  as suggested by COTTET 
for p h e n y l e t h y l a e e t i c  acid a, t h a t  these acy l -der iva t ives  
migh t  inh ib i t  the  synthes is  of ace ty lsu l fan i lamide  and 
ace ty lchol ine  by  p r e v e n t i n g  the  ace ty la t ion  of coenzyme 
A, t he  f irs t  step,  c o m m o n  to b o t h  systems,  in the acetyl-  
a t ing react ions .  I t  was l ikely  tha t ,  using chemical ly  
p re fo rmed  ace ty l - coenzyme  A, t i le inhibi t ing  ac t iv i ty  
would  d isappear .  

Exper imentaL-Chol ine  acetylase was prepared from 
ace tone-dr ied  p o w d e r  of r abb i t  b ra in  and par t ia l ly  
pur i f ied  b y  f r ac t iona ted  a m m o n i u m  sulfate  precipi ta-  
t ion,  accord ing  to  NACttMANSOHN'S m e t h o d  4. 

Coenzyme A was suppl ied  f rom P a b s t  Laborator ies .  

AcetyI-Coenzyme A was p repa red  by  ace ty la t ing  CoA 
wi th  acet ic  anhydr ide .  Af t e r  the  aee ty la t ion ,  the  pre- 

1 S. GARATTINI, C. MORPURGO, and N. PASSErUNL G. ital. Chemio- 
terapia 2, 60 (1955); Boll. $oc. ital. Biol. sper. 31, 1658 (I955). 

2 S. GARATTINI, C, MORFURGO, B. 3[URELL[, R. PAOLETTI, and 
]'q. IOASSERINI, Arch. int. Pharmacodyn. 109, 400 (1957). 

8 j .  COTTET, A. MATIIIVAT, and J. R~'DEL, Pr. m~d. 62, 939 
0954). 

4 D. N*CH~ANSOHN and L B, WILSON, Advane. Enzymol, 12, 259 
(1951). 

para t ion  was lyophil ized to r e m o v e  acet ic  anhydr ide  and 
then  dissolved in phospha te  buffer  a t  p H  7.2. Chroma to -  
graphic controls  were carr ied ou t  on an a l iquo t  of the  
prepara t ion  n. 

Inhibiting compounds marked  Th  have  been k ind ly  
supplied by COTTET (Therapl ix ,  Par is) ;  c o m p o u n d s  
marked M.G. were syn the t i zed  by  CAVALLINI and  
MASSARANI {Laboratori  Maggioni,  Milano)n; c o m p o u n d s  
marked  L were syn the t i zed  by  CARANI (Labora to r i  Lo-  
farina, Milano). 

AcetylchoIine assay was per formed  on the  c o n t r a c t i o n  
of frog rectus muscleL Simi lar  resul ts  were  ob t a ined  
with chemical  de te rmina t ionsL  bu t  we used b ioassay  as 
a routine test,  since some c o m p o u n d s  were found to  
interfere in the  color imetr ic  react ion.  None  of t he  
compounds  tested, a t  the  doses employed ,  in te r fe red  
with  the biological assay. 

Results 

(a) Inhibition in acetyIcholine synthesis with various 
compounds. In  Table l I  the inhibi t ing  values  ob ta ined  
with  the various substances are presented.  

(b) Experiments with di//erent doses o/ CoA or choline 
acetylase. Some exper iments  were pe r fo rmed  by v a r y i n g  
tile different  components  of the enzyma t i c  sys tem.  

Increased amounts  of choline, ace ta te  or  A T P  do no t  
affect the inhibi t ing ac t iv i ty  of the tested" compounds .  

On the contrary,  a decrease in the percen tage  in- 
hibi t ion was obtained by increasing coenzyme  A or 
choline acetylase in the system. Some resul ts  are  sum-  
marized in Table  I. The  mos t  s t r ik ing  effects were 
obta ined by con temporary  increase of CoA and chol ine  
acetylase;  even when larger a m o u n t s  of ace ty lchol ine  
were synthet ized,  the inhibi t ion d isappeared.  

Table I 

Inhibitor and doses 

L 10 1/tmole 
MG 1763 1/tmole 

L 1 0  1 ttmole 
MG 1763 1/tmole 

L 10 1/tmole 
MG 1763 1/mmle 

Enzymatic 
solution (elm. 
lin aeetylase) 

in ml 

0.25 
0.25 
0.25 

% inhibition 

II1 prcs(qlCe 
of 10y of CoA 

(110) * - -  
77 
34 

ill presellCC 
of 100y of CoA 

(150) * 

(212) 0"50 
0"50 
0'50 

(170) - -  
49 
15 

(162) - -  
22 

9 

(216) 

49 
4 

* They of synthetized acetylcholine are reported in brackets. 

(c) Experiments with acetyl-coenzyme A . - - I n  Table  I I I  
are repor ted  the  resul ts  ob ta ined  when  chemica l ly  
preformed ace ty l -coenzyme A was subs t i tu t ed  to coen-  
zyme A, ace ta te  and ATP.  E v e n  a t  a dos2 of inh ib i to r  

s G. D. Novr, LI3, Methods o[ Biochemical Analysis, luterscience 
Publ. New York 2, 208 (1955). 

e G. Cavm.Ltm and E. MASSAI~ANI, II Farmaeo, Ed. scient. 11, 
167 (1956). - G. CAVALLINI, l':, MASSARANI, I). NARDI, and R. D. 
AMBROSlO, J, Anler. chem. Soc. 79, 351.1 (1957). 

? H. C. CHANG and J, H. (~ADDUM, J. Physiol. rg, 225 (1938), 
8 S. HIgSTRIN, J, biol, Chem, 1so, '2|9 (191q). 
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Table I I  

Code number  

T h  4141 
T h  4142 

M G  1271 
M G  1753 
M G  1559 
M G  1681 
M G  1763 
M G  1765 

M G  1713 
M G  1777 

L. 1 
L. 3 
L. 4 
L. 10 
L. 13 
L. 14 

Formula 

R = H 
R = e t h y l  
R = e thy l  
R = h e p t y l  

R 1 

R 
R 1 = H (pheny lace t i c  acid) 
R l = H 
R 1 = e t h y l  
R 1 = H 

% inhibition of acetylcholine 
synthesis with doses of 

0-5 1 2 /~ mo51es /~ moles t~ moles /~ moles 

4 6  27  

0 8 
7 17 

22 27 
67 100 

R = p h e n y l  R 1 = H (d ipheny lace t i c  acid) 

<7> /7>F ooH 
R 

U = 

R = 
R = 
R = 
R = 
R = 

R = 

R = 

U = 

R --  
R = 
R = 
R = 
R = 

H (d iphenyly lace t ic  acid) 
m e t h y l  
e t h y l  
p ropy l  
b u t y l  
a m y l  

/ ~  CH CH~--/--\--CHCOOH 
\ - - - / - -  =-- ~ / 1 

R 
(d ipheny le thanace t i c  der ivat ives)  

e thy l  
p ropy l  

o  oo. / - - \ / - ~ -  
~ ,  / I  O - R  (d iphenylg lycol ic  der iva t ives )  

m e t h y l .  
p r o p y l  
i sop ropy l .  
h e p t y l  
p r o p y l p h e n y l  
e t h y l o x y p h e n y l  

20 

20 
19 
20 

25 
31 

20 
18 

51 
33 
55 

27 

22 
24 

t 33 
39 
52 
64 

34 
46 

82 
75 
80 

50 

34 
54 
52 
65 
78 
90 

60 
78 

74 

80 
85 
88 

100 
100 

90 
100 

28 48 
45 68 
42 62 

100 

92 100 

The enzymatic system was set up as follows: choline chloride 10 /,moles; sodium acetate 10 /,moles; ATP 6 /,moles; cysteine HC1 
a0 /~moles; KC1 40 /,moles; MgC12 0-7 ktmoles; CaC12 2 #moles;  Na2HPO a 1-5/,moles; DFP  0.1% one drop; choline acetylase 0.25 rot; 

CoA 10y;  H20 to 1 ml;  pH 7-7-~. a h incubation at 37°C (90-110y of aeetyleholine were synthesized in the absence of inhibitors}. 

w h i c h  i n h i b i t s  c o m p l e t e l y  c h o l i n e  a c e t y l a t i o n  a l s o  i n  
p r e s e n c e  o f  l a r g e  a m o u n t s  o f  c o e n z y m e  A,  t h e r e  is  n o  
s i g n i f i c a n t  i n h i b i t i o n .  

Table I I I  

Inhibitor dose 

L 10 1 0 / , m o l e s  

L 10 1 0 / , m o l e s  

L 10 10/~moles  

CoA 

2 ,~moles 
2 ' ,moles  

AeCoA 

2 # m o l e s  
2 # m o l e s  

4 / * m o l e s  
4 / ,moles  

Aeetyl- 
choline 
synthe- 

sized in y 

140 
0 

70 
60 

110 
110 

% 
inhibition 

1 0 0  

14 

0 

D i s c u s s i o n . - - M a n y  a c y l - a r o m a t i c  a c i d  d e r i v a t i v e s  
h a v e  b e e n  s h o w n  t o  i n h i b i t  a c e t y l c h o l i n e  s y n t h e s i s  in  
C o A  c a t a l y z e d  s y s t e m s  " w i t h  c h o l i n e  a c e t y l a s e  f r o m  
r a b b i t  b r a i n .  

S o m e  s p e c u l a t i o n s  a b o u t  t h e  r e l a t i o n s h i p  b e t w e e n  
c h e m i c a l  s t r u c t u r e  a n d  i n h i b i t i n g  a c t i v i t y  a r e  p o s s i b l e :  
p h e n y l a c e t i c  a c id ,  t h e  f i r s t  c o m p o u n d  s t u d i e d  ° h a s  o n l y  
a w e a k  i n h i b i t i n g  a c t i v i t y .  T h e  i n t r o d u c t i o n  o f  a n o t h e r  
a r o m a t i c  n u c l e u s  s t r o n g l y  i n c r e a s e s  t h e  a c t i v i t y  (see 
d i p h e n y l a c e t i c ,  d i p h e n y l g l y c o l i c ,  d i p h e n y l y l a c e t i c  a n d  
d i p h e n y l e t h a n a c e t i c  a c i d s ) .  I n  e v e r y  s e r i e s ,  t h e  i n t r o d u c -  
t i o n  o f  a s i de  c h a i n  s t e a d i l y  i n c r e a s e s  t h e  a c t i v i t y  a n d  
s u c h  i n c r e a s e  is  r e l a t e d  t o  t h e  l e n g t h  o f  t h e  s i d e  c h a i n .  

A s  t o  t h e  i n h i b i t i n g  m e c h a n i s m ,  t h e  f a c t  t h a t  n o  in-  
h i b i t i o n  a p p e a r s  w h e n  a c e t y l - c o e n z y m e  A is u s e d  o r  

The system with AcCoA contained choline 10 #moles;  DFP 0.1% 9 S. K. KoI~EY, D. NACflMANSOttN, and B. BRAGANZA, J. biol. 
one drop. Choline acetylase 1 ml in both systems, Chem. 189, 705 (1951). 



[15. III. 19583 Kurze Mitteihmgen - Brief Reports 91 

when the  a m o u n t s  of c o e n z y m e  A and  choline acetylase 
( therefore  CoA a c e t y l a t i n g  sys tem)  are  increased, sug- 
gests t h a t  these  c o m p o u n d s  do no t  affect  the  enzymat ic  
t r ans fe r  of acet ic  group f rom ace ty l - coenzyme  A to 
choline, b u t  t h e y  inh ib i t  the  ace ty l a t i on  of coenzyme A. 
This,  moreover ,  was l ikely,  because  our  substances  in- 
h ib i t  su l fan i l amide  ace ty l a t i on  also in pigeon l iver  
ex t r ac t s  ~, 1o. 

Acknowledgement. We wish to thank Dr. E. MII.~SlNI for his 
cooperation in carrying out chromatographic controls on acctyl- 
coenzyme A. 
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Riassunto 

Numeros i  de r iva t i  di acidi  ac i l -a romat ic i  si d imos t rano  
a t t i v i  ne l l ' in ib i re  la  ace t i laz ione  del la  col ina ca ta l izza ta  
da l  Coenz ima  A. 

Si r i t iene  che q u e s t s  inibiz ione si realizzi a t t r ave r so  
una  in ibiz ione della ace t i laz ione  del Coenzima A. 

10 S. GARATTINI, C. MORPURGO, and N. PASSERINI (itl press). 

Serological  Properties of Poly-L-Tyros ine  
Derivatives ~ 

SELA et al. ~ h a v e  r epo r t ed  t h a t  gu inea  pigs are  sen- 
s i t ized b y  the  in jec t ion  of  po ly tyrosy l -ge la t in ,  b u t  no t  
by  ge la t in  alone, nor  by  a c o p o l y m e r  of tyrosine and 
aspar t ic  acid. Since ge la t in  has  been found to be anti-  
genic in some species n, i t  is no t  clear whe the r  the  anti-  
gen ic i ty  of po ly ty rosy l -ge l a t i n  is due to its gelat in 
m o i e t y  o r  to  i ts  po ly ty rosy l  residue.  W e  h a v e  inves t iga t -  
ed, therefore ,  t he  serological  behav ion r  of two poly-  
ty ros ine  de r iva t ives .  One  of them,  poly-L-tyrosine-azo-  
pheny la r sona t e  (PTA) was p repa red  by coupl ing poly-  
ty ros ine  (n = 45) 4 wi th  an excess of diazot ized arsanilic 
acid. The  other ,  po ly-L- tyrosy l -ge la t in -azophenyla rson-  
a te  (PTGA)  was ob ta ined  in the  same m a n n e r  f rom poly- 
L- ty rosy l -ge la t inL R a b b i t s  were in jec ted  subcutaneous ly  
wi th  four  30 mg  doses of P T A  or  P T G A  direct ly  or  af ter  
add i t i on  of  a l u m  and  neu t ra l i za t ion  wi th  alkali.  The 
first  th ree  in jec t ions  were g iven  in in te rva ls  of 3 days,  
the  las t  in jec t ion  af te r  a fu r the r  week. One week la ter  
the  an imals  were  bled and the i r  sera tes ted  wi th  PTA,  
P T G A  and  also w i t h  arsani l -azo-bovine-y-globul in  
(AsBGG) p repa red  f rom one g r a m  of bov ine  },-globulin 
(Armour)  w i t h  0.1 g of d iazot ized  arsanit ic acid. Nei ther  
P T A  nor  P T G A  g a v e  a n y  precip i ta tes .  However ,  the  
se rum f rom a r abb i t  in jec ted  wi th  a l u m - P T G A  gave  a 
d is t inc t  p rec ip i t in  tes t  w i th  A s B G G .  W h e n  4.5 ml of the 
se rum were i ncuba t ed  wi th  0.5 mg  AsBGG,  a precipi ta te  
was ob t a ined  which  was no t  no t iceab ly  soluble on ad- 

1 This work was supported by research grants of the National 
Science Foundation and the U.S. Public Iiealth Service, and by 
contracts of Indiana University with the Office of Naval Research 
and the Atomic Energy Commission. 

2 M. SELA, E. KATcnALsKI, and A. L. OLITZKI, Science 123, 1129 
(1956). 

a p. 3IAul~l~, Arch./3iochcm. Biophys. 58, ~05 (1955). 
4 E. KATCHALSKI and M. SIn.A, J. Amer. chem. Soc. 75, 5284 

(195a). 

d i t ion of 0-5 ml of a 2% solu t ion  of A s B G G .  The  in- 
soluble residue, a f te r  washing,  we ighed  2.2 mg;  colori-  
metr ic  compar i son  of its solut ion in 1% N a O H  wi th  a 
s tandard  solut ion of A s B G G  showed t h a t  i t  con ta ined  
0,2-0.3 mg AsBGG.  W h e n  three  2 ml  samples  of the  
same immune  serum were incuba ted  wi th  0.2 mg P T A ,  
P T G A  or AsBGG,  only  the  las t  subs tance  g a v e  a precipi-  
t a t e ;  i t  con ta ined  a p p r o x i m a t e l y  0.I  mg  A s B G G .  

We conclude from these results  t ha t  poly-L- tyros ine-  
azophenylarsonate  is not  an ant igen,  bu t  t h a t  poly-L- 
tyrosyl -ge la t in-azophenylarsonate ,  if in jec ted  wi th  a lum 
as ad juvan t ,  induces fo rmat ion  of prec ip i t ins  which  
combine wi th  the ty ros ine-bound azopheny l a r sona t e  
groups. Ev iden t ly ,  the  nonant igenic  po ly - ty rosy l -azo-  
phenylarsonate  acquires  an t igenic  proper t ies  by  its 
combinat ion  with  gelatin. 

M. SI.:LA* and F. HAUROWI'rz 

Department o[ Chemistry, Indiana University, Bloo- 
mington, Indiana, November 2, 1957. 

Zusammen]assung 

Polytyrosin  und Poly tyrosy lge la t ine  wurdcn  mi t  di- 
azot ier ter  Arsanils~hwe gekoppel t  und in L6sung oder  
nach Fitllung mi t  Alaun und Alkali Kan inchen  inj izier t .  
Die injizierten Substanzen wurden yon ke inem der  Sera  
prS.zipitiert. Hingegen prii.zipitierte das Se rum der  m i t  
gef~llter Arsani lazo-polytyrosyl-gela t ine  in j iz ier ten Tiere  
Arsani lazo-Rinderserumglobul in .  Wi t  schliessen daraus ,  
dass Arsani lazopolytyrosin nicht  als Ant igen wirkt ,  dass 
es aber  durch Bimtung an Gelat ine ant igene  Eigenschaf-  
ten gewinnt.  

* On leave of absence from the Weizmann Institute of Science, 
Rehovoth (Israel). 

Sucrose and Starch Synthesis  in Sugar Cane 
Plant 

During the invest igat ions  on the format ion  of sucrose 
in tile sugar cane plant  i t  was observed tha t  all par t s  of 
the plant  except  the top node of the ma tu r ed  sugar  cane 
contained only sucrose, glucose and fructose bu t  no t  
starch, at  all s tages of tlle deveh)pment ,  whereas  the  
top  node of the ma tu red  sugar  cane con ta ined  s tarch.  
This led us to th ink tha t  a sucrose-synthesiz ing e n z y m e  
system may  be p redominan t  in all par ts  excep t  the  top  
node of the mature  sugar-cane in which the presence of 
s tarch-synthesiz ing enzyme  m a y  be a special  feature.  
Hence  studies were unde r t aken  to de tec t  the  sucrose-  
and the s tarch-synthes iz ing enzyme  sys tems  in var ious  
tissues of the p lant  a t  d i f ferent  s tages  of d e v e l o p m e n t  
and the results are recorded in this communica t ion .  

Young,  middle-aged and ma tu red  sugar-cane  p lants  
were taken  for the  exper iment .  Cell-free ex t rac t s  of 
leaves, roots, nodes and in ternodes  were p repared  as 
previously  described * and  tes ted  for t i le presence of 
sucrose-synthesizing and s ta rch-synthes iz ing  e n z y m e  
systems.  

For  es t imat ion  of sucrose-synthesis ing e n z y m e  sys tem,  
2 ml of tile assay sys tem conta ined  c i t ra te  buffer  (pH 
6.5), 50 I,M; fructose, 60 I,M; ghlcose - l -phospha te ,  

1 K. I ). PAm)VA aud C. V. RA~IAKRtSUSAN, Naturwissensehaftctt 
1.5, 35'2 (1956). 


