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T h e  Effect  of  G l y c e r o l  o n  the  B i o s y n t h e s i s  of 
B e n z y l p e n i c i l l i n  b y  the  W a s h e d  Cells  of 

P e n i c i l l i u m  chrysogenum 
In  the  course of our  s tnd ies  on the  effect  of various 

c a r b o h y d r a t e s  on the  b iosyn thes i s  of benzylpenici l l in by  
the  washed  cells of Penici l l ium chrysogenum, suspended in 
p h o s p h a t e  buffer  and  p h e n y l a c e t a t e  (PA), we have s tudied 
the  effect  of glycerol and  compared  it wi th  those  of glucose, 
sorbitol ,  and  m a n n i t o l  on the  one hand ,  and  of lactate,  
py ruva te ,  c i t ra te ,  mala te ,  and  succ ina te  on the  other.  The 
expe r imen t s  were  conduc t ed  essent ia l ly  as descr ibed by  
DESHPANDE and  GANAPATHI 1. Tables  I and  II  show t h a t  
glycerol is a b o u t  as effect ive as glucose, sorbitol,  and 
mann i to l  in increas ing the  ra te  of b iosyn thes i s  of benzyl-  
penicillin. Glucose, as e s t ima ted  in the  sample  f i l t rates by  
the  SOMOGYI m e t h o d  2, d i sappeared  in abou t  14 h whereas 
glycerol, as e s t ima ted  by  the  m e t h o d  of RYLEY s, was 
p re sen t  to  t he  e x t e n t  of 0.2% a t  t he  end of 24 h. No 
s ignif icant  a m o u n t s  of reduc ing  sugar,  as e s t ima ted  by  the  
SOMOGYI m e t h o d ,  could be de t ec t ed  in the  various hours 
in t he  f i l t ra tes  in the  e x p e r i m e n t s  wi th  glycerol, sorbitol,  
and  m a n n i t o l  (Table II) .  Lac ta te ,  py ruva te ,  c i t rate ,  
mala te ,  and  succinate  ( tested as t he  sodium salts  in abou t  
1% concen t ra t ion)  had  no apprec iable  effect  on the  bio- 
syn thes i s  of penicil l in over  w h a t  was observed  wi th  PA 
alone. In  the  PA plus glycerol sys tem,  no inhibi t ion of bio- 
syn thes i s  of penici l l in was observed  when  2,4-dinitro- 
phenol  (DNP),  cyan ide  (KCN), and  arseni te  were added  in 
0-00006 ]I~r 0-0001 M,  and  0.0002 M concen t ra t ions  re- 
spect ively,  bu t ,as  seen f rom Table  I I I ,  there  were  di f ferent  
degrees of inhib i t ion  w h e n  these  compounds  were added  
in 0.0006 M,  0.005 M,  and  0.005 M concen t ra t ions  re- 
spect ively.  The inhib i t ion  b y  cyan ide  is effect ive up to 
abou t  14 h only  and  no t  later,  poss ib ly  due to the  de- 
s t ruc t ion  of the  cyan ide  b y  t h a t  t ime.  I t  has  also been 
observed  t h a t  in the  las t  th ree  cases where  there  was 
inh ib i t ion  of penicil l in b iosynthes i s  (Table III) ,  glycerol 
d i sappea red  a t  a s lower rate .  

I t  is ev iden t  t h a t  the  m e c h a n i s m  of ac t ion  of glycerol is 
s imilar  to  t h a t  of glucose, sorbitol ,  and  manni to l ,  and 
d i f ferent  f rom t h a t  of lacta te ,  py ruva te ,  and  the  o ther  tri- 
carboxyl ic  acid cycle in te rmedia tes .  I t  is likely t h a t  
glycerol is conve r t ed  in to  hexose  in the  p resen t  case 
according to the  p a t h w a y  sugges ted  by  HORECKER4; such 
convers ion  of glycerol  into glycogen and  hexose has been 
observed  in the  in tac t  ra t  5, Pseudomonas aeruginosa 6, 
Acetobacter suboxydansL and  the  b rown rot  mould,  Poria 
vaillantii 8. Sorbi tol  and  mann i to l  h a v e  also been  ob- 
served  to  be conve r t ed  in to  f ructose by  Acetobacter sub- 
oxydans 2 and  by  s p e r m a t o z o a  1° b y  the  act ion of de- 
hydrogenases .  The inabi l i ty  of lac ta te  and py ruva t e  to 
increase the  ra te  of b iosynthes is  of penicil l in may  be 
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Table •.--35 H mycelimn (batch '20t-o), washed arid suspended in 
0.0'25 M phosphate buffer (pH 7.0). Mycelial dry weight: 1.77% . 

Constituents added 

PA (0.05%) 
PA (0.05 %) + glycerol (1%) 
PA (0.05%)+glucose (1%) 

Penicillin titre in units/ml after 

mmmm, m~m m mmm m,m,'Im~m 

35 100 115 124 162 
32 130 230 347 517 
34 125 260 350 504 

Table II.--34 H myceliun! (batch 2021), washed arid resuspended 
in 0.0'25 M phosphate buffer (pH 7.0). Mycelial dry weight: 1.78% . 

Constituents added 

PA (0.05%) 
PA (0.05%) + glycerol (1%) 
PA (0-05%) + mannitol (1%) 
PA(0.05%)+sorbi tol  (1%) 

Penicillin titre in units/ml after 

7 h ~.! h 

83 117 122 179 
94 198 259 386 
98 173 225 48O 

103 188 267 441 

Table I I I . ~ t I  H mycelium (batch 2o51}, washed and resuspended 
in 0.0'25 M phosphate buffer (pll 7.0). Mycelial dry weight : '2.'2.t%. 

Constituents added 

PA (0'05%)+glycerol (1%) . . . 
PA (0.05%)+glycerol (1%) . . . 

+ DNP (0.0006 M) 
PA (0-05%)+ b:CN (0.005 M) . . 
PA (0-05%)+glycerol (1%) . . , 

+ NaAsO 2 (0.005) M). 

Penicillin titre in milts 
per ml after 

3 h" 7 h 1 h [ 14 b ] 24 h 

66 141 279 429 544 

58 106 221 324 477 
26 46 112 201 500 

26 39 56 921 194 

due to their  not  being conver ted ,  unde r  the  condi t ions  
of tile exper iment ,  into hexose  b y  the  reversa l  of t he  
glycolytic p a t h w a y  because of e i ther  the  absence,  or 
non-funct ioning,  of the  'd icarboxyl ic  acid shu t t l e '  of 
TOPPER and HASTINGS ll, The pass iveness  of c i t ra te ,  
malate ,  and succinate  in compar i son  wi th  t he  effect  of t h e  
hexoses is s t r iking and seems to indica te  prima [acie t h a t  
the  t r icarboxyl ic  acid cycle p lays  no p a r t  in t he  bio- 
synthesis  of penicillin. Dini t rophenol ,  cyanide ,  and  a rsen i te  
produce the inhibi t ion at  much  h igher  concen t r a t ions  t h a n  
t h a t  observed wi th  PA plus lactose sys t em x2. Deta i led  
work is being unde r t aken  to u n d e r s t a n d  the  s ignif icance 
of this. 

F a t t y  oils have  been repor ted  to  enhance  the  p r o d u c t i o n  
of penicillin 13. F r o m  the  resul ts  r epor ted  here w i th  glyc- 
erol, it seems a t t r ac t ive  to pos tu la t e  t h a t  a s igni f icant  
pa r t  of this effect  migh t  be due to glycerol  l ibera ted  f rom 
the  oils by hydrolys is .  

We arc very much indebted to Miss I. NALIN! who carried out 
the bioassays reported here. 
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Rdsumd 

Les au teurs  on t  t rouv6 que le glyc6rol ac t ive  la bio- 
synth~se  de la benzylp6nicil l ine ob tenue  par  des cellules 
lav6es de P. chrysogenum suspendues  dans  un  t a m p o n  de 
p h o s p h a t e  et  d ' ac6 ta te  de ph6nyle .  Le lacta te ,  le py ruva t e ,  
le ci trate,  le mala te  e t  le succ ina te  n ' o n t  6t6 d ' a u c u n  effet.  
Le dini t roph6nol ,  le cyan ide  e t  l ' a rs6ni te  i nh iben t  la bio- 
synth~se de la p6nicilline ~ un degr6 var iable  darts le milieu 
PA plus glye6rol, aux  concen t r a t ions  de 0,0006 M, 0,005 M 
et 0,005 M respec t ivement .  

H y d r o l y s e  e n z y m a t i q u e  de  la  p r o p i o n y l c h o l i n e ,  
de  l ' a c 6 t y l t h i o c h o l i n e  et  de  la  

b u t y r y l t h i o c h o l i n e  p a r  le  r e c t u s  de  g r e n o u i l l e  

Dans  une note  ant~rieure ~, nous  avons  mont r6  que le 
rec tus  de grenouille con t i en t  non  seu lemen t  une ac6tyl-  
chol inest6rase  (AcChE) mais  aussi  une pseudochol in -  
est6rase (XChE),  ces enzymes  h y d r o l y s a n t  r e s p e c t i v e m e n t  
l 'ac6tylchol ine  e t  la bu tyry lchol ine .  

Darts ce t ravai l ,  nous avons  recherch6 quelles 6 ta ien t  
les i n t e rven t ions  de ces enzymes  darts l ' hydro lyse  d ' a u t r e s  
es ters  p r~sen tan t  un  int6r~t physiologique,  ~ savoir,  la 
p rop ionylchol ine  (PrCh), d o n t  la na tu re  biologique a 6t6 
d6montr6e  pa r  BANNISTER et al. 2, GARDINER el al. aet  les 
es ters  ac6t ique (AcThCh) e t  bu ty r ique  (BuThCh) de la 
thiochol ine,  l a rgemen t  utilis~s, depuis  KOELLE et  FRIE- 
D E N W A L D %  pour  la d6tec t ion  h i s toch imique  des <~vraies~> 
et  (~pseudo~) cholinest6rases.  

Nos essais ou t  6t6 r6alis6s, avec la m d t h o d e  mano-  
m6t r ique  classique de W a r b u r g - A m m o n .  La  t echn ique  
d ' o b t e n t i o n  des b r o y a t s  de rectus ,  les condi t ions  expdri-  
men ta l e s  son t  celles qui  on t  6t6 d6crites an t6 r i eu rement .  
Les concen t r a t i ons  te rmina les  des PrCh,  AcThCh  e t  
B u T h C h  6 ta ien t  de 0,01 M, eelle du muscle  de 0,2 g pa r  
cupule.  E n  ra ison de la l en teur  des hydrolyses ,  les r6sul ta ts  
ont ,  darts t o u s l e s  cas, 6% relev6s 120 min  apr~s la mise en 
c o n t a c t  de l ' enzyme  (inhib6 ou non) avec  le s u b s t r a t :  on  
s ' e s t  assur6, p a r  des lectures  r6guli~res rdalis6es en t re -  
t emps ,  que  le s u b s t r a t  ne s '6puisai t  dans  aueun  cas. 

Les an t ichol ines t6ras iques  utilis6s sour, c o m m e  ant6-  
r ieurement ,  le d i i sopropy l f luorophospha te  (D.F.P.) ,  in- 
h ib i t eu r  s61ectif de la X C h E  et  le d i iodom6thy la t e  de la 
b is (p ip6r id inom6thyl -coumaranyl -5)  c6tone (3318 CT), 
inh ib i t eu r  s61ectif de I 'AChE.  

Les vi tesses  des hydro lyses  e n z y m a t i q u e s  son t  r appor -  
tdes dans  le Tableau I. La  p rop iony leho l ine  occupe,  sous 
cet  aspect ,  une  pos i t ion  in term6dia i re  en t re  l ' acdtyl -  
choline e t  la bu ty ry lcho l ine ;  les es ters  de th iochol ine  son t  
hydrolys6s  plus r a p i d e m e n t  que les es ters  co r r e spondan t s  
de la choline. 

Ce m~me tab leau  m o n t r e  que  les C I 50 ob tenues  pour  
le D .F .P .  e t  le 3318 CT p e r m e t t e n t  de r a p p r o c h e r  d ' u n e  
pa r t  la P rCh  et  l 'AcThCh de l 'AcCh, e t  d ' a u t r e  par t ,  la 
BuThCh de la BuCh. I1 a p p a r a t t  ainsi que la P rCh  e t  
l 'AcThCh sont ,  de faqon p r6dominan t e  t o u t  au moins ,  
hydrolys6es  par  l 'ac6tylehol inest6rase  e t  la BuThCh  pa r  
la X cholinest6rase.  
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Tableau I 
Inh ib i t i ons  des  h y d r o l y s e s  e n z y m a t i q u e s  d ' e s t e r s  de  l a  choline et 

de la t h iocho l inc  p a r  le D F P  et  le 3318 CT 

Esters 

Nature 

AcCh , , 
PrCh . . . 
AcThCh 
BuCh . . 
BuThCh 

Concen- 
trations 

0,01 M 
0,01 M 
0,01 M 
0,03 2tl 
0,01 211 r 

Hydrolyses 
enzyma- 
tiques* 

48,1 4- 16,2"* 
24,1 :k 2,6 
67,1 4- 10,4 
13,4 4- 3,2 
22,3 4- 3,2 

Concentrations (M) 
inhibitrices 50% 

D. F . P .  3318 CT 

1,3.10 -~ 3.10 -7 
1.1.10 ~ 7.10 -* 

3.10 -5 2.10 -~ 
3.10-9 3.10-4 
6" 10 -9 2.10 -3 

* E n  m m  a CO 2 h/0 ,1  g muscle .  ** D f v i a t i o n  s t a n d a r d .  

Toutefois ,  quelques  ~carts des  C I 50 e t  s u r t o u t  l 'analyse 
des courbes  d ' i nh ib i t ion  en  fonct ion  de la concentra t ion  
des inh ib i teurs  m o n t r e n t  que  les hydro lyses  de la PrCh, 
de l 'AcThCh et  de  la B u T h C h  ne p e u v e n t  pas  ~tre attri- 
bu6es ~ un  seul enzyme.  

Les courbes  d ' i nh ib i t i on  par  le D .F .P .  (Fig. 1) sont  les 
plus d6mons t ra t ives .  

% SuCh D.EI? 

i t  h /" - . . . .  
- I . i l  / / z / I  i 

I i /Y _ PrCh_ ~._._~" 

10 "*° 10 -:~ 10 "8 10 "7 10 "s 10 "5 10 - *  10 -s 

Concenlt'ation* m o l ~ ¢ u / a i r e ~  

Fig. 1. Inhibition des hydrolyses des esters de choline et de thio- 
chol ine  p a r  le D . F . P .  

En ordonn6es: Inhibition en %. 
En abscisses: Concentrations mol6eulaires de D.F.P. 

[] . . . . .  [] PrCh • - - - = AcThCh ~ .  - - - ~ .  BuThCh 
Chaque point est la moyenne d'au moins deux essais distincts r6alis6s 
chaque fois en duplicata. Les eourbes de l'AcCh et de la BuCh sont 

emprunt~es au travail ant6rieur. 

Pour la propionylcholine, la conrbe  se d6compose tr~s 
n e t t e m e n t  en deux  par t i es  s6par6es pa r  un  long palier: 
dans  la p remiere  par t ie ,  l ' inh ib i t ion  a t t e i n t  jusqu'/~ 30% 
pa r  l 'e f fe t  de concen t ra t ions  de D .F .P .  (1 • 10-8-1  • 10 -7) 
qui n ' i n f l u e n c e n t  pas l ' hydro lyse  de l 'AcCh mais  inhibent  
celles de la BuCh jn squ '~  9 5 - 1 0 0 % ;  la seconde partie, 
c o m m e n ~ a n t  pour  1 t~ 3 • 10-% es t  pa r  con t re  tr~s voisine 
de la courbe  de l 'AcCh;  le pal ier  in te rm6dia i re  correspond 
5. une  zone de concen t r a t ions  oh l ' inh ib i t ion  de la BuCh est 
ma x i ma l e  e t  off celle de l 'AcCh d6bute  ~ peine.  

On ne p e u t  donc  s ' emp~cher  de conclure  que 30% de 
l ' hydro lyse  e n z y m a t i q u e  de la PrCh  son t  ell r6alit6 
assur6s pa r  la X C h E .  

Pour l'acdtylthiocholine, la conrbe  se d6compose  de fa~on 
similaire,  i n d i q u a n t  que  la X C h E  in t e rv i en t  pour  environ 
15% de l ' hydro lyse  de cet  ester .  

Pour la bu/yryl/hiocholine, aucun  acc iden t  de la eourbe 
ne p e r m e t  de penser  que  I 'AcChE i n t e r v i e n d r a i t  - en plus 
de la X C h E  - darts son hydro lyse .  


