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a toms.  The  M S - s p e c t r u m  accoun t s  for a n  una l t e r ed  A 
p o r t i o n  of t h e  molecule  (ions a t  m/e 305 and  363) 5, 
while  t he  f r a g m e n t s  a t  m/e 393 a n d  504 of t he  v o b t u s i n e  
spec t run l  sh i f t  a t  m/e 391 a n d  502 respect ively ,  showing  
t h a t  t he  add i t i ona l  r ing  is p re sen t  in p a r t  B. F u r t h e r m o r e ,  
t he  MS (ions a t  m/e 110 and  138) ~ ind ica tes  t h a t  t he  F '  
a n d  E '  r ings  do no t  ca r ry  subs t i t uen t s .  
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F r o m  these  d a t a  i t  is clear t h a t  t h e  c a r b o n  i nvo lved  in 
the  e the rea l  b r idge  can  on ly  be  one of the  a t o m s  C-22', 
C-3', C-4' a n d  C-11', t he  absence  of low-field r e s o n a t i n g  
s ingIets  in  t he  1 H - N M R - s p e c t r u m  of I a u t o m a t i c a l l y  
exc lud ing  C-23'  as a possible  l inkage  posi t ion.  

Compar i son  of t he  ~3C-NMR-spectrum of qu imbe l ine  
(22.6 MHz,  CDCI~) w i t h  t h a t  of v o b t u s i n e  gives s u p p o r t  
for  t he  loca t ion  of t he  e the rea l  b r idge  a t  C-22'. In  a d d i t i o n  
to  t he  s ignal  of the  f i -ani l ino-acryl ic  es ter  un i t  (C-2 166.9, 
C-3 93.9, C-13 137.7% C-14 121.5, C-15 120.6, C-16 127.7, 
C-17 109.3, C-18 143.1, C = O  168.6, OCH 3 51.0) a n d  t he  
7 -me thoxy indo l ine  g roup ing  (C-13' 137.4% C-14'  114.8, 
C-15'  118.3, C-16'  111.0, C-17'  145.2, C-18'  134.5, OCH s 
55.1), t he  s p e c t r u m  of v o b t u s i n e  exh ib i t s  a s t rong ly  
deshie lded s ingle t  a t  6 94.4 due  to t h e  C-2'  a tom,  wh ich  
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conf i rms  t h a t  the  h y d r o x y  func t i on  is p a r t  of a carb inol -  
a m i n e  sys tem.  The  chemica l  sh i f t  a s s i gnmen t s  for t he  
v o b t u s i n e  c a r b o n  a t o m s  der ive  f rom shi f t  theory ,  a n d  
pa r t i a l l y  follow the  a r g u m e n t s  d iscussed b y  WENKERT 6 
in t h e  ~aC-NMR ana lys i s  of Aspidosperma a lka lo ids :  

C-6 87.6 C-6" 80.5 
C-I9  69.0 C-19'  63.7 
C-21 64.3 b C-21'  65.3 b 
C-12 54.9 C-12'  56.0 
C-8 53.9 C-8" 48.8 
C-10 51.9 ~ C-10'  51.0 ~ 

C-23' 46.2 a 
C-5 47.7 C-5' 44.2 
C-11 45.0 a C-11' 36.5 
C-7 39.7 C-7" 27.4 
C-20 34.8 C-20' 33.9 
C-4 25.8 

.~, b, o, a Assignments may be reversed. 

The  r e m a i n i n g  th ree  c a r b o n  a t o m s  (C-22', C-3'  and  
C-4') r e sona te  a t  • 31.2, 31.5 a n d  32.5. 

The  l sC-NMR-spec t rum of q u i m b e l i n e  is t he  same  in 
c h a r a c t e r  as t h a t  of vob tus ine ,  t he  m o s t  n o t e w o r t h y  
differences be ing  t he  presence  of a n  a d d i t i o n a l  o x y m e t h y n e  
c a r b o n  a t o m  a t  d 82.0 a n d  t he  downf ie ld  sh i f t  of t he  C-7 
s ingle t  a t  d 43.3 and  of t he  C-3' doub le t  a t  d 58.3. These  
d a t a  are on ly  c o m p a t i b l e  w i t h  t h e  a l loca t ion  of t he  e the rea l  
br idge  a t  C-22, as r ep re sen t ed  in fo rmula  I. 

Since upon  h y d r o g e n o l y t i c  f issure of t h e  oxe t ane  r ing  ~ 
(MeOH, Pd-C, 5 days)  v o b t u s i n e  is ob t a ined ,  t h e  2 
a lkaloids  are ass igned t he  same abso lu t e  s t e reochemis t ry .  

Qu imbe l ine  is the re fore  t he  f i rs t  c o m p o u n d  be long ing  
to  t he  v o b t u s i n e  class w h i c h  sure ly  possesses a n  oxe t ane  
r ing.  I n  fact ,  a m a t a i n e  should  con t a in  a n  ana logous  r ing  
be tween  C-2' a n d  C-23", t h o u g h  a n  a l t e r n a t i v e  e the rea l  
br idge  b e t w e e n  C-2' and  C-8 c a n n o t  be  excluded s. 

Rdsumd. La  s t r u c t u r e  I a 6t6 a t t r i bu6e  & la quimb61ine,  
un  rmuvel  alcaloide indol ique  e x t r a i t  de l '6corce des 
r a c i n e s  du  Voacanga chaloliana, gr&ce & des m6 thodes  
phys iques  et  n o t a m m e n t  ~ la compa ra i son  de SOil spec t re  
de r6sonance  m a g n 6 t i q u e  du  zsC avec  le spect re  de  la 
v o b t u s i n e  (II).  
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Propert ies  of the Purified Penici l l in V-Acylase  of Erwinia aroideae 

The  a c t i v i t y  of a penic i l l in  V-acylase,  (E.C. 3.5.1.11) 
p r e sen t  in  Erwinia aroideae was s tudied .  The  b a c t e r i u m  
was g rown in  shak i ng  cul tures  on  t h e  fol lowing m e d i u m :  
glucose 1.0 g ; s econda ry  p o t a s s i u m  p h o s p h a t e  1.0 g; yeas t  
e x t r a c t  5 g; t r y p t o n e  5.0 g; d is t i l led  wa te r  1 1 (pH 7.0). 
Af te r  24 h of g r o w t h  a t  28 ~ t h e  cells were cent r i fuged ,  
washed  3 t i m e s  a n d  suspended  in a steri le p h o s p h a t e  

buffer  (pH 5.6). To t he  cell suspefisions penic i l l in  V 
(4 m g / m l  f ina l  concen t r a t i on )  or o the r  penici l l ins  were 
added .  The  d e g r a d a t i o n  p r o d u c t s  were d e t e r m i n e d  
q u a l i t a t i v e l y  b y  t h i n  l ayer  c h r o m a t o g r a p h y  ~ and  quan t i -  

1 •. J. VANDAMME a n d  J .  P. VOETS, J. C h r o m a t .  77, 141 (1972). 
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Fig. 1. Bioconversion of penicillin V into 6-amino- 
penicillanic acid by penicillin-acylase action. 

tat ively by the colorimetric method of SARGENT2 or by 
the microbiological method of OOSTENDORP a. 

At pH 5.6 penicillin V is rapidly and specifically trans- 
formed into 6-aminopenicillanic acid (6-APA) by suspen- 
sions of intact cells 4 (Figure 1). No other degradation 
products could be detected. #-Lactamase is completely 
absent. The enzymatic act ivi ty is strictly associated with 
the cells and the penicillin V-acylase is not produced 
exogenously. At pH 5.6 only penicillin V is hydrolyzed 
into 6-APA; other penicillins or penicillin derivatives are 
not affected. 

Tile hydrolytic activity of this Erwi~z ia  acylase on 
penicillin G and V is very low at pH 8.0, but cloxacillin 
and methicillin are transformed at an appreciable rate. 
Other semi-synthetic penicillins are not hydrolyzed at all 
at  any pH value. 

At pH 8.0 the amides isonicotinamide, benzamide, 
acetamide, L-glutamine, L-asparagine and urea are 
hydrolyzed by a dense suspension of E.  aroideae cells. 
L-glutamine and L-asparagine are hydrolyzed at pH 5.6, 
while the other amides are not affected. Low transacylase 
act ivi ty is detected only with acetamide as substrate4 

The transformation rate of penicillin V is influenced by 
the cell density in the reaction mixture;  5 • 1011 cells/ml 
being tile optimum. 

In the reaction mixture containing intact cells and 
penicillin V, the 6-APA produced, disappears partly 
upon further incubation. I t  was concluded that  the 6-APA 
was transformed to some extent again into penicillin Vby 
resynthesis. Acetone dried cells are fully active in trans- 
forming penicillin V into 6-APA, but resynthetic act ivi ty 
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t500 t 

I000 9 

<, 
500 

#i ys~ 
. ~ l t r a s o n i c  

, / /  pH 5.6 

f Osmotic shock 

Mechanical disruption 
' 1' 1/2 2 h 

incubation time 

Fig. 2. Acylase-activity of different cell-free extract preparations 
(based on identical protein content) of Erwinia aroideae. 

seems to be destroyed. This would indicate that  a different 
enzymatic activity is responsible for this resynthesis 
phenomenon. 

Cell-free extracts of E.  aroideae were prepared by the 
following techniques: mechanically by grinding with 
ballotini glass in a Mickle apparatus or with a MSE 
ultrasonic disintegrator; by the osmotic shock procedure; 
by thermal shock procedure (10 rain at 70 ~ enzymati- 
tal ly by t reatment  with lysozyme in the presence of 
EDTA. The enzymatic activities of these 5 extracts on 
penicillin V are shown in Figure 2. Treatment  with lyso- 
zyme and ultrasonic disintegration seem to be tile most 
effective procedures for the preparation of the enzymatic 
cell extracts. The activity of the cell-free extracts, 
prepared by thermal shock, indicates the heat stability 
of the acylase present. The results obtained suggest that  
the penicillin V-acylase is probably located near the 
cytoplasmic membrane. 

For the preparation of purified cell-free extracts the 
following procedure was used. Washed cells were sus- 
pended in a mixture containing tris buffer (pH 8.0), EDTA 
10 -4 M and #-mercaptoethanol 0.5 mM. After homogeni- 
zation, lysozyme was added to prepare a crude cell-free 
extract and the mixture was kept at 37 ~ during 15 min. 
Tile viscous liquid was treated with 2% dihydrostrepto- 
mycine sulfate to remove nucleic acids. After clarification, 
the pale amber fluid was treated with ammonium sulfate. 
The resulting precipitate was dissolved in phosphate 
buffer M/15 at pH 5.6, containing 0.5 m M  /%mercapto- 
ethanol and dialyzed against the same buffer. The dialyzed 
fluid was eluted on a cellulose No. 123 column. The eluate 
was applied to a Sephadex G25 column and eluted with 
the buffer. Fractions of 5 ml were collected. The active 
tractions were pooled and lyophilized. The concentrated 
Sephadex G25 effluent was applied to a Sephadex G100 
column and eluted with phosphate buffer of pH 5.6, 
containing 0.5 mM #-mercaptoethanol. The fractions 
showing acylase activity were pooled and lyophilized. 
Figure 3 shows the distribution of the protein content 
and the acylase activity of the different fractions after 
elution on a Sephadex G100 column. The resulting white 
powder was stored at 4 ~ This preparation was used as 
the purified enzyme throughout the further experiments 
as this extract showed on cellulose acetate electrophoresis 
two bands both displaying acylase activity. On this cri- 
terion, this final preparation was estimated to be homo- 
genous. The data obtained in a typical enzyme purification 
experiment are presented in Table I. The molecular weight 
of the purified enzyme as estimated by thin layer gel 
chromatography was + 62.000. 

The substrate specificity of the enzyme preparation was 
tested at pH 5.6 on the following compounds: penicilIin V 
and G, their penicilloic and penilloic acids, methicillin, 
ampicillin, cloxacillin and oxacillin. Only penicillin V was 

2 IV[. G. SARGENT, J. Bact.  95, 1493 (1968). 
3 j .  G. OOSTENDOm 5 Antonie  van  Leeuwenhoek,  J.  Microbiol. Serol. 

38, 201 (1972). 
4 ~E. J.  VANDAMME, J. P. VOETS and A. DHAESE, Ann. Inst .  Pas teur  

121,435 (1971). 
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Table I. Purification procedure on the E. aroideae acylase 

Specialia EXPERIENTIA 31/2 

Treatment Volume Total activity Total protein Specific activity Purification Recovery percentage 
(unit) (mg). (U/mg) 

Lysozyme 150 1050 2250 0.4 1 100 
Ammonium sulfate precipitation 80 930 1450 0.65 - - 
Cellulose No 123 50 750 810 0.93 - - 
Sephadex G25 20 380 340 1.2 - - 
Sephadex G25 15 150 44 3.5 - - 
Sephadex G100 5 146 3.7 39 98 times 14 

Sephadex @lO0 filtration pattern 
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Fig. 3. Sephadex G100 filtration pattern of Erwinia aroideae penicillin V-acylase. �9169 protein content; 0 - - 0 ,  acylase activity; 1 
unit (U) is defined as the amount of enzyme, which produces 1 [zmole of 6-APA under the conditions of the experiment. 

t r a n s f o r m e d  i n t o  6 -APA.  T r a c e  a m o u n t s  of  6 - A P A  were  
f o u n d  f r o m  pen ic i l l i n  G. Tile  a c t i v i t y  of  t h e  p u r i f i e d  
e n z y m e  e x t r a c t  w a s  p H  d e p e n d e n t ,  in t h e  s a m e  w a y  as  
t h e  i n t a c t  cell  a c t i v i t y .  T h e  a b i l i t y  of  t h e  e n z y m e  to  
c a t a l y s e  t h e  r e v e r s e  a c t i o n  (penic i l l in  r e s y n t h e s i s )  w a s  
t e s t e d  b y  a d d i n g  s o d i u m  p h e n o x y a c e t a t e  a n d  6 - A P A  to  
t h e  e n z y m e  s o l u t i o n  in  t h e  p H  r a n g e  4 to  8. No  m e a s u r a b l e  
a m o u n t s  of  pen ic i l l in  V cou ld  be  d e t e c t e d .  

W i t h  t h i s  p u r i f i e d  e n z y m e  h o w e v e r ,  t r i p e p t i d e s  con-  
t a i n i n g  t h e  g l y c i n e - g l y c i n e  m o i e t y  w e r e  h y d r o l y z e d  a t  
p H  5.6. D i p e p t i d e s ,  N - a c e t y l - L - a m i n o  ac ids  or  a n a l o g o u s  
c o m p o u n d s  were  n o t  a f f ec ted .  T h e  p u r i f i e d  e n z y m e  p r e p -  
a r a t i o n  w a s  a lso  e x a m i n e d  fo r  t r a n s a c y l a s e  a c t i v i t y .  T h e  

a c y l a t i o n  of  h y d r o x y l a m i n e  b y  ac ids  or  a m i d e s  t o  y i e ld  
h y d r o x a m i c  ac ids  w a s  n o t  d e t e c t e d .  Th i s  i n d i c a t e s  t h a t  
t h e  s t r u c t u r e  of  b o t h  t h e  acy l  a n d  a c y l a t e d  p a r t  of  t h e  
s u b s t r a t e  i n f l u e n c e s  s t r o n g l y  t h e  r a t e  of  t h e  h y d r o l y t i c  
ac t ion .  

T h e s e  spec i f ic  p a t t e r n s  i n d i c a t e  t h a t  t h i s  pen ic i l l i n  
V - a c y l a s e  is n o t  a n 0 n - s p e c i f i c  a c e t y l a s e  or  a m i d a s e  as  is 
s u g g e s t e d  for  m a n y  o t h e r  pen ic i l l i n  acy la ses  s- l~ N o t  
o n l y  t h e  s ide  c h a i n  s t r u c t u r e  of  t h e  pen ic i l l i n  V molecu le ,  
but also the intact fl-lactam ring are necessary for full 
activity, as is proven by the lack of activity on phenoxy- 
methylpenicilloic and phenoxylnethylpenilloic acid. How- 
ever, only recently penicillin acylases have been purified 

Table It.  Influence of tryptophane on acylase biosynthesis 

Tryptophane concentration (%) 6-APA production (~o) 

0 100 
0.001 96 
0.01 100 
0.05 96 
0.1 98 

M. COLE, Nature, Lend. 203, 519 (1964). 
6 W. I{AUFMAlgN and 1K. BAUER, Nature, Lend. 20S, 520 (1964). 
T G. LUC~CTE, A. ROMEO and D. RossI, Experientia 21, 317 (1965). 
s L. NvI•t, Nature, Lend. 2td, 1347 (1967). 
9 I. HAUPT and H. THRUM, Z. allg. Mikrobiol. 7, 343 (1967). 

l0 D. RossI, A. RoMeo, R. LUCENTE and O. TINTI, Farmaco 28, 262 
(1973). 
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Table III. Influence of glucose and nitrogen sources on acylase biosynthesis 
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Glucose concentration (%) 6-APA production (%) Nitrogen source (5 g/l) 6-APA prodt~ction (%) 

0 100 
0.05 95 
0.10 100 
0.15 110 
0.25 105 

Tryptone 100 
Peptone 100 
Neopeptone 120 
Casamino acids 100 
Proteose peptone 100 
Vitamin-free easamino acids 100 
Casitone 100 
(NH4)~SO a 100 

and  charac te r ized  11-2~ and  a general  p ic ture  of the i r  
subs t r a t e  specif ic i ty  is still diff icul t  to indica te  2x. 

In  order  to  f ind some indica t ions  abou t  t he  metabol ic  
func t ion  of this  acylase, E. aroideae was grown in d i f ferent  
media.  According to  GOTOVTSEVA 22 acylase b iosynthes i s  
by  bac te r ia  depends  on the  t r y p t o p h a n e  con t en t  of the  
g rowth  medium.  The following basal  med ium was used 
for t he  g rowth  of t he  organism:  casamino  acids 5 g; 
beef ex t r ac t  7 g; glucose 1 g; s econda ry  po t a s s ium 
p h o s p h a t e  1 g; wa te r  1 1. (pH 7.0) DL- t ryp tophane  
was added  a t  concen t ra t ions  of 0.001, 0.01, 0.05 and  

11 Jc~. WALDSCHMIDT-LEITz and G. BRETZEL, Hoppe Seyler's Z. 
physiol. Chem. 337, 222 (1964). 

1-~ C. CHIANG and R. E. BENNETT, J. Bact. 93, 302 (1967). 
13 N. S. BONDAREVA, IV[. M. LEVITOV and E. V. GORYACHENKOVA: 

Biokhimiya 3d, 96 (1969). 
14 D. A. SELF, G. KAY, M. D. LILLY and P. DUNNILL, Biotech. 

Bioeng. 77, 337 (1969). 
i5 13. SPENCER and C. MAUNG, Biochem. J. 718, 29P (1970). 
16 F. BAUMANN, R. BRUNNER and M. ROHR, Hoppe Seyler's Z. 

physiol. Chem. 352, 853 (1971). 
17 D. WARBURTON, K. BALASINGHAN, P. DUNNILL and M. D. LILLY, 

Biochim. biophys. Acta 284, 278 (1972). 
lS S. t3. THADHANI, P. S. BORKAR and S. RAMACHANDRAN, Biochem. 

J. 728, 49P (1972). 
10 R. OKACHI and T. NARA, Agric. biol. Chem. 37, 2797 (1973). 
s0 C. KFTZBACH and E. RAUENBFSCII, Hoppe Seyler's Z. physiol. 

Chem. 355, 45 (1974). 
ei E. J. VANDAM~E and J. P. VOLTS, Adv. appL Microbiol. 17, 311 

(1974). 
�9 23 V. A. GOTOVTSEVA, G. L. GORCHENKO and N. N. SUVOROV, 

IV[icrobiologiya 37, 683 (1968). 
e8 j. M. T. HAMILTON-MILLER, Bact. Rev. 30, 761 (1966). 
2~ T. NARA, N. MISAWA, R. OKACm and M. YAMAMOTO, Agric. biol. 

Chem. 35, 1676 (1971). 

0.1%. After  48 h a t  28 ~ ul t rasonic  ex t rac t s  of the  grown 
ceils were p repa red  and  checked for acylase act iv i ty .  The 
resul ts  ob ta ined  are summar ized  in Table  II .  I t  is clear 
t h a t  the  in t roduc t ion  of t r y p t o p h a n e  in the  g rowth  
m e d i u m  has no influence on the  acylase ac t iv i ty  in th is  
case. 

The influence of glucose and  di f ferent  n i t rogen  sources 
on the  p roduc t ion  of the  acylase was de t e rmined  in the  
same way. The resul ts  are summar i zed  in Table I I I .  The 
presence  or absence of glucose has no appreciable  influence 
on the  acylase biosynthesis .  All n i t rogen sources tes ted,  
behave  in the  same way  as t ryp tone .  Only neopep tone  
shows a sl ight s t imu la to ry  effect.  F r o m  these  results  it  
can be concluded t h a t  the  penicil l in V-acylase,  p resen t  in 
Erwinia aroideae cells is a cons t i tu t ive  enzyme.  

This penicil l in acylase presen ts  proper t ies  ab e r r an t  
f rom the  classical penicil l in acylases 23 I t  is surely no t  a 
real 'bacter ia l '  acylase and canno t  be classified as a 
typ ica l  ' fungal '  acylase. Indeed ,  its subs t ra te  spec t rum 
and  its p H  o p t i m u m  are quite  unusual .  

However ,  dur ing this  work  was in progress  a raising 
n u m b e r  of microbial  penicill in acylases have  been  de- 
scr ibed differing in m a n y  aspects  f rom the  classical 
types  5,10,1~, 21, 24. 

Rdsumd. Une p6nicilline V-acylase intracellulaire,  
p rodu i te  par  une souche Erwinia aroideae a 6t6 purifi6e et  
caract6ris6e. Cette  enzyme pr6sente  des propri6t6s 
diff6rentes des penicil l ine-acylases classiques. 

E. J.  VANDAMME and J. P. VOLTS 

Laboratory o/General and Industrial Microbiology, 
University o/Gent, Coupure 533, B 9000 Gent 
(Belgium), 29 August 1974. 

I n h i b i t o r s  of  P r o s t a g l a n d i n  C a t a b o l i s m .  I.  D i f f e r e n t i a l  S e n s i t i v i t y  of  9 - P G D H ,  1 3 - P G R  
and  1 5 - P G D H  to  L o w  C o n c e n t r a t i o n s  of I n d o m e t h a c i n  

Since the  f i rs t  r epor t s  t h a t  p ros t ag land in  b iosynthes is  
could be inh ib i t ed  by  aspir in-l ike drugs 1-5, considerable  
a t t en t i on  has been  d i rec ted  towards  t he  use of these  
compounds  in explor ing the  possible  role of p ros tag land ins  
in t he  m a i n t e n a n c e  of body  homeostas is .  For  example ,  
t h r o u g h  the  use of these  drugs p ros tag land ins  have  been  
impl i ca ted  in t he  m a i n t e n a n c e  of smoo th  muscle  tone  6, 7, 

as med ia to r s  in neuro t ransmiss ion  8-10, in au toregula t ion  
of renal  blood flow lI-la and  in u ter ine  cont rac t i l i ty  14-16. 

I n d o m e t h a c i n  has  been  considered as a p o t e n t  selective 
blocker  of p ros t ag land in  b iosynthes is  b o t h  in in vivo and  
in v i t ro  sys tems.  In  th is  repor t ,  t he  f i rs t  of a series in 
which we describe the  inh ib i to ry  effect  of cer ta in  drugs on 
the  ca tabol i sm of pros taglandins ,  we d e m o n s t r a t e  t h a t  


