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The Reversal of Glucose Repressed Prodi~iosin Production in S e r r a t i a  m a r c e s c e n s  by the Cyclic 
3'5'-Adenosine Monophosphate Inhibitor Theophylline 
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1975. 

Summary.  Glucose was found to cause severe repress ion of prodigiosin p roduc t ion  in Serratia marcescens and a dose 
re la ted  par t ia l  reversal  was d e m o n s t r a t e d  by  theophyl l ine .  I t  is suggested t h a t  th is  reversal  is due to the  inhibi t ion of 
cAMP phosphod ies te rase  and  the  c o n c o m i t a n t  increase in cellular cAMP concent ra t ion .  

I t  has  been repor ted  1 t h a t  a cyclic Y5 '  adenos ine  
m o n o p h o s p h a t e  phosphodies te rase  (PDE) f rom Serratia 
marcescens was compe t i t ive ly  inhib i ted  by  theophyl l ine ,  
in con t r a s t  to t h a t  of la ter  work  2 which  repor ted  the  lack 
of inhib i t ion  of a compara t ive  enzyme f rom a s t ra in  of 
Escherichia coll. Several  workers  a have  also d e m o n s t r a t e d  
the  glucose repress ion of prodigiosin  syn thes i s  in s t ra ins  
of Serratia marcescens and  a r ecen t  review 4 repor t s  the  
cAMP invo lvemen t  in prodigiosin  synthesis .  I t  was the  
in ten t ion  of this  s t u d y  to es tabl ish  whe the r  in vivo in- 
h ib i t ion  of th is  enzyme would resul t  in a demons t rab le  
reversal  of glucose repression of prodigiosin synthesis .  

Materials and methods. The tes t  s t ra in  of Serratia 
marcescens was k ind ly  suppl ied  by  Dr. A. G. SC~IAFFER 
of Bris tol  Poly technic .  Theophyl l ine  was ob t a ined  f rom 
B. D. H. Chemicals  Ltd .  

An ove rn igh t  cul ture  was grown in the  following me- 
dium, which  is referred to as pro l i fe ra t ion  medium,  a t  
37~ and  100 r p m  in a Gal lenkamp orbi ta l  incuba tor  
shaker.  K H @ O  4 4.5, KuHPO 4 10.5, (NH4) 2 SO~ 1.0, 
MgSO4.7HeO 0.25, sod ium ci t ra te  0.5, yeas t  ex t r ac t  
5.0, v i t amin  free Casamino acids 5.0 (all values  quo ted  
as g/l). 100 ml in. a i 1 conical  flask. This cul ture  was 
used to inoculate,  a t  1%, 6 • 100 ml volumes  of prolifera- 
t ion m e d i u m  and  fu r the r  i ncuba ted  ove rn igh t  a t  the  same 
incuba t ion  condi t ions  supra  vide. In  th is  medium,  a t  
these  incuba t ion  condi t ions ,  no p igmen t  was formed.  
The g rowth  was ha rves t ed  by  cent r i fugat ion ,  washed  
once wi th  p h o s p h a t e  buffer  con ta in ing  K H @ O  4 4.5, and  
K2HPO 4 10.5 g/l, and  resuspended  in half  the  vo lume of 
p roduc t ion  m e d i u m  con ta in ing  L-proline 5.0, K~HPO 4 
10.5, and  K H @ O  4 4.5 g/1. The absorbance  at  600 n m  
(OD600) was measured  (1 cm cell) w i th  a Pye  Un icam 
S.P. 600 spec t ropho tomete r ,  and  20 ml a l iquots  were 
d ispensed  in 250 ml conical flasks. 1 ml  addi t ions  were 

made  as f i l ter  steril ized aqueous sout ions  as follows: 
glucose 11%, theophy l l ine  44, 22 and  11 m M .  Volumes 
were  made  up, where  necessary,  to 22 ml  w i th  sterile 
dist i l led water .  The flasks were incuba ted  for 48 h a t  
30~ and  120 rpm.  At  th is  t ime,  the  cul tures  were moni-  
tored  for OD600 and ex t rac ted  for assay of t he  prodigiosin 
conten t .  

To 10 ml  volumes  of cul ture were added  0.5 ml  2 N 
HC1 and  0.5 ml  10% formal  saline. The resu l t an t  mix tu res  
were shaken  wi th  10 ml  volumes  of bu tan-2-one  and  the  
emulsions were cent r i fuged to  separa te  the  organic layers. 
These were re ta ined  for t he  m e a s u r e m e n t  of t he  absor-  
bance  a t  540 n m  (OD540) (1 cm ceil). Af te r  th i s  ex t rac t ion  
the  cells were visual ly  devoid  of p igment .  The con ten t  of 
prodigios in  in the  ex t rac t s  was calcula ted wi th  reference 
to the  molar  ex t inc t ion  coeff icient  of prodigiosin HC1 a t  
540 rim. E = 7.07 • 104 (ex. Merck Index) .  

Results. The resul ts  of a typ ica l  expe r imen t  are depic ted  
in the  Table.  The specific co n t en t  of prodigiosin  is (the 
ra t io  of prodigiosin  co n t en t  per  ml of ex t r ac t  to  the  
OD600 value) x 100. The Figure  depicts  t he  concen t ra t ion  
of theophyl l ine  p lo t t ed  aga ins t  average specific prodigio-  
sin con ten t .  The glucose repression of prodigiosin produc-  
t ion  was found  to  be par t ia l ly  rel ieved by  theophyl l ine  in 
a dose re la ted  manner .  2 m M  theophyl l ine  increased the  
specific co n t en t  of prodigiosin,  in glucose conta in ing  
media,  by  a factor  of ap p ro x i ma t e l y  2.3. 

1 T. OKABAYASHI and M. IDE, Biochim. biophys. Acta. 220, 116 
(1970). 

2 L. D. NEILSEN, D. MONARD and H. V. RICKEIZBERG, J. Bact. 116, 
857 (1973). 

a R. P. WILLIAMS, Appl. Microbiol. 25, 396 (1973). 
a H. V. RE~:ENBERG, A. Rev. Microbiol. 28, 353 (1974). 

The effect of theophylline on the glucose repression of prodigiosin synthesis 

Initial Final OD~ 0 Prodigiosin Prodigiosin specific Average 
OD600 OD600 (~g/ml) content 

No addition 3.47 4.84 2.0 10.2 
No addition 3.47 4.57 1.8 9.1 

0.5% glucose 3.47 6.02 0.184 0.9 
0.5% glucose 3.47 6.01 0.174 0.9 

0.5% glucose + 2 mM theophylline 3.47 5.48 0.345 1.8 
0.5~ gIueose+ 2 mM theophylline 3.47 5.45 0.410 2.1 

0.5~ glucose + 1 mM theophylline 3.47 6.01 0.280 1.4 
0.5~ gIueose+ i mM theophylline 3.47 5.80 0.273 1.4 

0.5 % glucose + 0.5 mM theophylline 3.47 5.58 0.238 1.2 
0.5 % gludose + 0.5 mM theophylline 3.47 5.69 0.232 1.2 

211 205.0 
199 

15 15.0 
15 

33 36.0 
39 

23 23.5 
24 

22 21.5 
21 

Washed cells suspended in production medium, containing z-proline 5.0 g/l, IK2HPO 4 10.5 g/1 and KH@O 4 4.5 g/l plus additions and after 
48 h incubation, at 30 ~ monitored for OD600 and prodigiosin content of extracts by measurement of OD~4 o. OD~o o values obtained from ad- 
justed values of 1/10 dilutions. 
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Discussion. I t  is p o s t u l a t e d  t h a t  t he  reversa l  of t he  
glucose repress ion  of prodig ios in  syn thes i s  b y  t heophy l l i ne  
is t he  resu l t  of t he  i n h i b i t i o n  ot P D E  and  t he  concomi-  
t a n t  increase  in cel lular  c A M P  concen t r a t i on .  However ,  
f u r t h e r  s tudies ,  i nvo lv ing  ti le m e a s u r e m e n t  of ce l lu lar  
c A M P  levels, are requ i red  to  s u b s t a n t i a t e  t he  v a l i d i t y  of 
t h i s  suggest ion.  

W i t h  reference to t he  s tudies  of f l-gMactosidase induc-  
t ion  and  repress ion  in c a t a b o l i t e  repress ion  sens i t ive  and  
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The concentration of theophylline plotted against the average 
specific prodigiosin content for glucose repressed cells of S. mafces- 
CflnS.  

insens i t ive  s t r a ins  of E. coli ~, a n d  t h e i r  c A M P  deg rada t i ve  
ab i l i t i es  2,6 i t  was n o t  expec t ed  to ach ieve  comple te  
reversa l  of glucose repress ion  of prodig ios in  p r o d u c t i o n  
a n d  th i s  was n o t  ach ieved  w i t h  t he  doses of t h e o p h y l l i n e  
ut i l ized.  However ,  2 m M  t h e o p h y l l i n e  d id  cause  app rox i -  
m a t e l y  a doub l ing  of specific con ten t .  

I t  is i n t e r e s t i ng  to no t e  t h a t  t h e  reversa l  of glucose 
repressed m o t i l i t y  in E. coli b y  t h e o p h y l l i n e  ha s  been  
r epo r t ed  ~, wh ich  ,if one assumes  i t s  ac t ion  to  be  v ia  P D E  
inh ib i t ion ,  is a t  va r i ance  w i t h  t i le in v i t ro  E. coli in- 
h i b i t i o n  s tudy .  U n  r epo r t ed  work  of m ine  fai led to  dem-  
o n s t r a t e  t heophy l l i ne  reversa l  of glucose repressed  
f l-galactosidase i n d u c t i o n  in E. coli K12, b u t  this ,  however ,  
could  be  due  to  t he  i n s e n s i t i v i t y  of t h e  enzyme,  or to  t he  
i n h e r e n t  d i f fer ing sens i t iv i t ies  of t he  d i f fe ren t  sys t ems  to  
t he  m o d u l a t i o n  of c A M P  levels. 

I t  is sugges ted  t h a t  t h i s  work  m a y  fo rm the  basis  for  
t he  d e v e l o p m e n t  of a cor re la t ive  screen for  p o t e n t i a l  
pha rmaco log ica l l y  ac t ive  compounds ,  t h e  m o d e  of ac t ion  
of wh ich  are, in  pa r t ,  or in to ta l ,  t h e  i n h i b i t i o n  of P D E .  
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Summary. The  f rac t ion  of t h e  free bas ic  amino  acids in t h e  lent i l  seed was shown  to  con t a in  T-hydroxyarg in ine ,  7- 
h y d r o x y o r n i t h i n e  a n d  h o m o a r g i n i n e  bes ides  t h e  c o m m o n  amino  acids. S imi la r  d i s t r i b u t i o n  was found  in 5 var ie t ies  of 
lenti l ,  w i t h  h y d r o x y a r g i n i n e  a n d  arg in ine  domina t ing .  The  s ignif icance of these  f indings  w i t h  r ega rd  to  c h e m o t a x o n o m y  
and  lent i l  c o n s u m p t i o n  is discussed. 

I n  a p rev ious  repor t ,  T -hydroxyarg in ine  and  7 -hydroxy-  
o r n i t h i n e  were s h o w n  to  occur  as free a m i n o  acids in  5 
var ie t ies  of lent i l  seeds 1. These  c o m p o u n d s  were ident i f ied  
b y  compar i son  w i t h  s y n t h e t i c  samples  on  an  a m i n o  acid 
analyser ,  u n d e r  d i f fe ren t  e lu t ion  condi t ions .  As t he  n a t i v e  
c o m p o u n d s  f rom lent i l  are s te reo-chemica l ly  un i form,  a n d  
since chemica l  syn thes i s  of each  of these  h y d r o x y l a t e d  
amino  acids yields a m i x t u r e  of t he  two  possible  d ias tereo-  
mer ic  forms, full e luc ida t ion  of t h e i r  s t r u c t u r e s  could no t  
be  accompl i shed  2. Fo r  f u r t h e r  s tudy ,  y -hydroxya rg in ine ,  
r ep r e sen t i ng  up  to  70% of t he  t o t a l  free bas ic  a m i n o  
acids in  lent i l  seeds, was  i so la ted  f rom a seed e x t r a c t  b y  
ion exchange  c h r o m a t o g r a p h y K  A n  un iden t i f i ed  com- 
pound ,  showing  a n i n h y d r i n e - p o s i t i v e  r eac t ion  and  Muted  
a f te r  a rg in ine ,  was  f u r t h e r  i sola ted b y  t he  same  separa-  
t ion  p rocedure  *. 

T r e a t m e n t  b y  6 N hydroch lo r i c  acid,  u n d e r  reflux,  
lef t  t he  c o m p o u n d  unchanged .  Boi l ing for 1 h w i t h  2 N 
sod ium h y d r o x i d e  decomposed  t he  sample  to lysine, u rea  
a n d  d e c o m p o s i t i o n  p r o d u c t s  of t he  la t te r ,  in  equ imola r  
ra t io .  The  p r e s u m p t i o n  t h a t  i t  was  h o m o a r g i n i n e  could 
be  m a d e  b y  compar i son  w i t h  an  a u t h e n t i c  sample  of 
h o m o a r g i n i n e  (mixed samples ,  us ing  buffers  of d i f fe ren t  
p H  va lues  in t he  analyser) .  

The  Tab le  shows t h e  d i s t r i b u t i o n  of t he  free basic  ami-  
no acids in 5 var ie t ies  of lent i ls  i n v e s t i g a t e d  5. H y d r o x y -  
a rg in ine  a n d  a rg in ine  d o m i n a t e  ove r  h y d r o x y o r n i t h i n e  
a n d  t h e  c o m m o n  basic  amino  acids. On t he  basis  of these  
f indings,  homoarg in ine ,  as well  as h y d r o x y a r g i n i n e  a n d  
h y d r o x y o r n i t h i n e ,  ha s  to  be  cons idered  a regu la r  a n d  
specific c o m p o n e n t  of t he  lent i l  seed. The  occur rence  of 
u n c o m m o n  me tabo l i t e s  m a y  be  he lpfu l  to  b o t a n i s t s  for  
c lass i f ica t ion work,  or for t h e  s t u d y  of phy logene t i c  
re la t ionsh ips .  The  p l a n t  f ami ly  of Leguminosae  offers a 
g rea t  field of c h e m o t a x o n o m i c  s tudy .  I t  shou ld  be men-  

i H. SULSER and R. STUTE, Lebensm.-Wiss. + Technol. 7, 322 
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For experimental details concerning ion exchange chromatography 
and analysis of fractions, see ref). Homoarginine was collected 
between 10 and 12 1 of eluant. 

5 The determination of the hydroxy amino acids is sensitive to vari- 
ation, since these compounds are partially converted to y-laetones, 
even under slightly acidic conditions. The concentrations given ill 
the Table have, therefore, to be regarded as approximate values. 


