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SEPARATION AN11 l l~~ '~ i~CT10N OF MONOPYKROLE AND BIPYRROLE PRECURSORS 

OF PKOnIGIOSlN FROM SERRATIA MAKCESCENS BY A COMBINED METHOD OF 

H I G H  PERFORMANCE LIQUID CHROMA'IOGRAP1IY A") SYNTKOPHIC PIGMENI SYNl'llliSTS 

++ 
J .  S. Feng', H .  L .  Qian and .J .  C .  Tsang* 

Depzrtment o f  Chemistry 

I l l i n o i s  S t a t e  U n i v e r s i t y  

Bloomington-Normal, 11, U . S . A .  

ARS'I'RACT 

'The nionopyrrole (2-met l iy l -3-anry lpyr ro lc )  and h i p y r r o l e  (4-methoxy-2,Z'-  

bipyrrole-5-carboxaldehyde) p r e c u r s o r s  o f  t h e  t r i p y r r o l e  pigment a n t i b i o t i c  

p r o d i g i o s i n ,  from ____ S c r r a t i a  ~ marcescens were s e p a r a t e d  and d e t e c t e d  by a 

combincd method of h i g h  Iwrformancc l i q u i d  chromatography (HPLC) and  s y n t r o p h i c  

pigment s y n t h e s i s .  The monopyrrolc arid b i p y r r o l e  p r e c u r s o r s  were e x t r a c t e d  

from mutants  which were a b l e  t o  s y n t h e s i z e  one h u t  n o t  b o t h  of  t h c  p r e c u r s o r s .  

Mutant WF i s  i n c a p a b l e  o f  s y n t h e s i z i n g  t h e  h i p y r r o l e  w h i l e  mutant 9-3-3 i s  

unable  t o  s y n t h e s i z e  t h e  monopyrrole p r e c u r s o r .  

r c v e r s e d - p h a s e  HPLC w i t h  a moliilc phase  of  70% methanol i n  w a t e r ,  t h e  mono- 

p y r r o l e  ;ind h i p y r r o l e  p r e c u r s o r s  were w e l l  s e p a r a t e d  and r e s o l v e d .  

By means of  i s o c r a t i c  

The i d e n t i t y  

+On l e a v e  of absence  from t h e  Department o f  B i o c h e m i s t r y ,  Medical C o l l e g e ,  
.Jinan U n i v e r s i t y ,  Guangzliou, 'The Pcoplc's Repulil ic o f  China.  

On l e a v e  of absence  from t h e  Departnicnt o f  Bas ic  S c i e n c e s ,  Nanj ing  Col lege  
o f  l'harni;icy, N a n j i n g ,  . J iangsu ,  The P e o p l e ' s  Republ ic  o f  China.  

'To whom a1 1 cor respondence  should  be  a d d r e s s e d .  
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1330 FENG, Q t A N ,  AND TSANG 

of  t h e  precursor peaks was e s t a b l i s c d  Iiy t h c i r  a h i  l i t y  t o  undcrgo s y n t  roplii c 

w i t h  t h e  cor rcs l ionding  c e l l s .  'The s y n t r o p h i c a l l y  s y n t h e s i z e d  

pigments s h a r e d  s i m i l a r  s p c c t r o s c o p i  c a s  w e l l  as chromatographic  c h a r a c t e r i s t i c s  

a s  t h e  p a r e n t  t r i p y r r o l c  pigmerit, p r o d i g i o s i n ,  c x t r a c t c d  from w i l d  t y p e  of 

- S. marccsccns .  Thc potcn t i : i l  a p p l i c a t i o n  o f  t h i s  method i n  t h e  s t u d i c s  of 

p r o d i g i o s i n  h i o s y n t h e s i s  and i n  t h e  quail t i  t a t i o n  o f  monopyrrolc compormds 

i n  c l i n i c a l  d i s e a s e s  i s  disciisst:d.  

r a t  i :i In:ircesccns produces  H r e d  t r i p y r r o l e  pigment a n t i b i o t i c ,  

A U i f u r c a t c d  pathway i n v o l v i n g  t h e  enzynmtic c o u p l i n g  of 

__ _I__.. 

p r o t l i g i o s i n .  

t h e  monopyrrolc (2-inctl iyl- . i-amylpyrrolc) (MAP) arid t h e  b i p y r r o l c  (1-methoxy- 

2 , L  ' bipyrro lc -5-car l i~ ix : i l  dehyde) (MBC) in tc rmedi  a t e  p r e c u r s o r s  t o  form p r o -  

d i g i o s i n  hiis I i c e i i  proposed by v a r i o u s  wurkers ( 1 , 2 , 3 ) .  Most of t h e  ev idence  

f o r  t h i s  pathway has  hccn 11 

mutants  ( 2 , 3 , 4 ) .  Synt r q i h i c  s y n t h e s i s  i s  t h e  c r o s s - f e e d i n g  o f  precursors 

f o r  pigment format ion  i n  the  c c l l s .  F o r  cxample,  mutant 9-3-3 which accumula tes  

t h c  h i p y r r n l e  p r e c u r s o r  (MBC) o r  inritant WI: which produces t h e  monopyrrole (MAP) 

normally does n o t  synt l ics  i zc prodi  g i o s i n  i t s e l f ,  h u t  w i  I I p roduce  p r o d i g i o s i  II 

i f  the  miss ing  precursor i s  p re sen t .  

c1 nn t h e  s y n t r o p h i c  i n t e r a c t i o n s  of  many 

Although t h i n - 1 a y e r  chromatography and gas l i q u i d  chromnt.ography have been 

used t o  scpnrii tc arid c h s r a c t e r i z c  MAP,  h i g h  performancc I i q u i d  cliriimatography 

(HPLC) has  not heen a p p l i e d  i.n t h c  s t u d y  o f  e i t h e r  the monopyr'role o r  t h e  b i  

p y r r o l e  p r e c u r s o r s  o f  p r o d i g i o s i n .  

t i o n a l  chromatography iirc h e t t e r  r e s o l u t i o n ,  ~ h ~ i r t c r  a n a l y s i s  t i m c  and s i q i c r i o r  

p r e c i s i o n ,  rcproduci11ity :ind s e n s i t i v i t y .  We havc a p p l i e d  p r e v i o u s l y  HP1.C i n  

t h e  a n a l y s i s  o f  proc l ig ios in  e x t r a c t e d  from a w i l d  type 2. marcesccns  08 ( 6 , 7 ) .  

In this  communication we rcport  t h e  r c s u l t s  [if I I Y I L  s c p a r a t i o n  o r  t h e  m o n o -  

p y r r o l e  and h i p y r r o l e  p r e c u r s o r s .  

chemical ins t rumcntn t io i i  f o r  t h e i r  i d e n t i f i c a t i o n ,  wc used a combined mcthod 

of llPLC r e t e n t i o n  t i m c ,  so:rction o f  E r l i c h  reagcni.  (~i-N,N-'diemtIiylaniino- 

hcnzaldchydc) and most i m p o r t a n t l y  t l i c  ah i  1 i t y  t o  undergo  s y n t r o p h i c  pigment 

s y n t h e s i s  fo r  t he i r  d e t e c t i o n .  

'I'hc major advantages  of llPLC over  convcn- 

Instead of u s i n g  t h e  t c d i o u s  arid expens ive  
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MONOPYRROLE AND BIPYRROLE PRECURSORS OF PRODIGIOSIN 1331 

MATERIALS AN0 ME'THOOS 

Chemicals.  Py r ro l e ,  2,4-dimcthyl-3-ethyl-pyrrole (k ryp topyr ro le )  and p y r r o l e  

carboxaldehyde were purchased from Ald r i ch ,  Milwaukee, WI. A l l  o t h e r  chemicals 

used wcre of a n a l y t i c a l  grade.  Solvents  used f o r  HPLC a n a l y s i s  were HPLC grade 

ohtained from F i s h e r  S c i e n t i f i c  Co. ,  Chicago, I L .  

Growth o f  Bac te r i a  

S e r r a t i a  marcescens 08, a pigmcntcd s t r a i n .  was i n  s tock i n  ou r  l abora to ry .  

Mutants WF and 9-3-3 were k ind ly  supp l i cd  by P ro fes so r  R .  P .  Wil l iams,  Baylor 

Col lege of Medicine,  Houston, Texas.  A l l  c u l t u r e s  were grown i n  2 1 Erlenmeyer 

f l a s k s  con ta in ing  1 1 of l i q u i d  medium con ta in ing  0 .5% Bactopeptone and 1% 

g l y c e r o l  on a r o t a r y  shaker  a t  27 C f o r  36-72 h r  depending on t h e  s t r a i n .  

Bac te r i a  were ha rves t ed  by c e n t r i f u g a t i o n  at  10,000 x g ,  and washed with 

d i s t i l l e d  watcr .  In  t h e  case o f  s t r a i n  O R ,  harves t ed  cel ls  were submit ted t o  

pigment e x t r a c t i o n  according t o  t h e  procedure of Will.iams e t  a l .  (8) with 

acetone followed by p a r t i t i o n  with pctroleum e t h e r .  

and 9-3-3 were saved f o r  monopyrrole and b i p y r r o l e  p recu r so r s  e x t r a c t i o n s .  

Ex t r ac t ion  o f  Monopyrrole and Bipyrrolc  P recu r so r s  

The supe rna tan t s  of WF 

The supe rna tan t  o f  mutant WF a f t e r  36 h r  of growth and t h e  supe rna tna t  

o f  mutant 9-3-3 a f t c r  7 2  h r  o f  growth were e x t r a c t e d  with dichloromethane 

according t o  t h e  modified mcthod of Wasserman e t  a1 (9 ) .  The dichloromethane 

l a y c r s  wcre c o l l e c t e d  a f t e r  c e n t r i f u g a t i o n  a t  10 ,000  xg f o r  25 min t o  break 

t h e  emulsions.  In t h e  case of t h e  WF t h e  organic  phase was washed twice with 

1/10 volume o f  1 N N a O H  followcd by washing wi th  1/10 volume o f  water .  A 

l i q u i d  r e s idue  of monopyrroles (WF Ex t rac t )  was obtained a f t e r  t h e  d r i e d  

o rgan ic  phase (with anhydrous N a  SO ) was removed by f r a c t i o n a l  d i s t i l l a t i o n .  

The supe rna tan t  of mutant 9-3-3 was t r e a t e d  i n  a s i m i l a r  manncr except  t h a t  

t h e  o rgan ic  phase was first washed w i t h  1 N l f C l  followed by 1 N NaOH and then 

wa te r .  

crude c r y s t a l s  of h i p y r r o l c  p recu r so r s  ( 9 - 3 - 3  E x t r a c t ) .  

HPLC Analysis  

2 4  

The d r i e d  o rgan ic  phase was removed by d i s t i l l a t i o n  y i e l d i n g  t h e  

_ _ _ ~  

A Bcckman model 330 i s o c r a t i c  High Performance Liquid Chromatography with 

a Pheodyne i n j e c t o r  va lve  con ta in ing  a 10 v l  sample loop and a Perkin-Elmer 
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1132 FENG, QIAN, AN11 'TSANG 

IS-55  va r i  A l e  ~ : i v e I e i i g t  11 I lV-visible d e t e c t o r  wcrc u ~ c d  f o r  scp;ir:it i i r n  ond 

i d r n t i f i r n t i o n  of t h e  monopyrrole and l i i py r ro l c  prcciirsor?, 

a 25 cm x 4 . 6  inm i . d  s t ; i in lcs : i  s t e e l  ci~1i1111r1 and the precolumn w a s  a 5 cm x 4 . 6  

mm i.d. s t a i n l e s s  c i ~ l u m r i  p;icki:il w i t h  I . ichrosorb K K 1 8  of 10 um p i i i ' t i r l c  d i a -  

mctcr.  Tlic fill lowing Solvent sys t rms  wcre developed t.o i i n i i l y sc  1111. p i  gmant 

iinil i t  :, Iiimrnpyrrnle :i11(1 h i p y r r o l e  p r e c u r s o r s  from tl ic v;irioiis p rq i a r : i t i nns :  

'The column was 

a)  25; d i r h l o r o e t h y l e n e  i n  methanol w i t h  10 1 ip i  [if coric. l l C l  w a s  used 

10s t h e  scporation o f  any fiirmi:d p igments  ( h i .  

1,) 70",, nict.lriuiol i n  wiitcr W A S  u r t d  ti1 sep:rrste bo th  t h e  monopyrrole and 

py rr01 1: precur so r s  . 

c)  SUoo a c e t o n i t r i l e  i n  wa te r  was fouiid t o  I I C  a n  ~ i1~I i t i i in : i l  s u i t a h l e  

so lven t  system for  t l ic scpiiri i t ioii  ( i f  1111: l i i py r ro l e  precursors .  

'llie flow r a t e  was 2 m l / i n i i i  f i ir  a l l  so lvcn t  :<ystems. 

Synt ro~t i  i c I' i ~:mi:ii t Synt lies is  
~~~~~ __ ____ 

a )  Syntropliic pigment format ion  i n  c e l l s  u f  9-3-3 i i i t l i  ni i ini~pyrrolr  

p r e c u r s o r  providcd  by c e l l s  o f  WT: ; 

c a r r i e d  out 011 R;it:topcptonc ~ ; lyce r i> I -Agar  a g a r s .  'The upper  h a l f  

o f  c~:icli .;et of  plates  w a s  h e a v i l y  i n o c u l a t c d  w i t h  3 - 3 - 3  mid t.hc 

lower h : i l f  was i nocu la t ed  w i t h  WF. l'hc p l i i t c s  wcrc i n c u l ~ a t c d  firr 

36 h r  a t  room tcmpcra turc  ( 2 2 - 2 4  C)  itnil i ih~c ' rve<l  f n r  pigment format ion .  

Syirt roplii c pigment asszrys w e r e  

13) Synt rophic  pigment rormotion i n  c e l l s  [if 51-3-3 w i t h  monopyrrole 

p r c c u r s o r  (MAP) o r  i n  c e l l s  o f  WI: w i t h  I i i py r ro l e  p r e c u r s o r  (MBC) 

scpa ra t ed  and c o l l e c t e d  from III'LC a n a l y s i s .  WF E x t r a c t  o r  9-3-3 

l i x t r a r t  from L I [if ~ i i p e m : ~ t : ~ r i t s  o f  c u l t u r e s  was d i s s o l v c d  i n  3 1111 of 

di  rhlnroineth:ine f o r  IIPLC s e p a r a t i o n .  Thc coml)incd c l u c n t s  (8-24 m l )  a f t e r  

5-6  i n j e c t i o n s  o f  10 ~1 each wcrc  c x t r a c t c d  I,y arkling 1 p a r t  o f  C11 C1, and 8 

p o r t s  of  11,O. A sirxi11 iinioiiiit iif tlit: c ~ l i i o r r t  h e fo re  e x t r a c t i o n  ims a l l o w 4  to 

r eac t  w i  th 0 .  S':, 11-N ,ii ' -11 i 1 1 1 ~  thy1 :mi nohenz:~  ldehydc i n  c t  hnno l /conc  . HC1 (Elrrl i clr- 

R c a g c n t ) .  Two m l  of t.he 

wr r r spond i r rg  c u l t u r e s  o f  51-3-3 or  IVF wcrc ;itldcd t.12 t.111: i ~ > s i d u e  and incirhnted 

f o r  3 hr  t o  a l low pigments t o  form. C u l t u r e  (if !I-.?-.? w a s  added  t o  peaks 

c o l l e c t e d  from IVF E x t r a c t  whcroas c u l t u r c  o f  WF was added t o  peaks  c o l l e c t e d  

from 9 - 3 - 3  L x t r a c t .  

2 2  

T111: o rgan ic  l a y e r s  w:is evapora t ed  t o  dryness i n  N 2 .  
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MONOPYRROLE AND BIPYRROLE PRECURSORS OF PRODIGIOSIN 1333 

Any pigment syn thes i zed  s y n t r o p h i c a l l y  was e x t r a c t e d  by ace tone  a s  

descr ibed f o r  t h e  pigment from c e l l s  of s t r a i n  O R .  

RESULTS AND DISCUSSIONS 

Recently we have app l i ed  HPLC i n  t h e  a n a l y s i s  of  t h e  pigment components 

o f  2. marccscens,  a g r a m - )  bacter ium f r equen t ly  i n d i c t e d  f o r  caus ing  many 

nosoconiial d i s e a s e s .  

components could be sepa ra t ed  ( 6 . 7 ) .  By ma in ta in ing  a small  but  cons t an t  

amount o f  concentrated H C 1  i n  t h e  mobile phase of 25% d ich lo roe thy lene  i n  

methanol on a r eve r sed  phase column, t h e  pigment components could be  

sepa ra t ed  and r e so lved  i n  about 5 minutes .  

i s o l a t i o n  o f  t h e  i n d i v i d u a l  components a long with t h e i r  hydrogen pe rox ide  

ox id ized  p roduc t s .  We suggestcd t h a t  components s epa ra t ed  by t h i s  method and 

de tec t ed  i n  t h e  u l t r a v i o l e t  region may r ep resen t  t h e  p recu r so r s  o f  t h e  

pa ren t  pigmont, p r o d i g i o s i n .  

deg rada t ion  product  of  p rod ig ios in  (9) as wel l  a s  a p recu r so r  f o r  i t s  b io -  

s y n t h e s i s  ( 5 ) .  

may p rov ide  a d d i t i o n a l  informati .on i n  t h c i r  p o s s i b l e  r o l e  i n  t h e  b i o s y n t h e s i s  of  

p rod i  g i  os i n .  

We have s t u d i e d  t h e  cond i t ions  under which t h e  pigment 

Th i s  method allowcd p r e p a r a t i v e  

Indeed,  MAP has hecn shown t o  be a chemical 

Systematic  s t u d i e s  by HPLU o f  t h i s  and o t h e r  degraded p roduc t s  

Syn the t i c  monopyrroles such a s  2,4-dimethyl-3-ethylpyrrolc (k ryp topyr ro le )  

having t h e  s t r u c t u r a l  s i m i l a r i t y  o f  MAP can a l s o  condense with MBC i n  a growing 

c u l t u r e  of 9-3-3 t o  produce t h e  p r o d i g i o s i n  anologs.  Other  p y r r o l e  d e r i v a t i v e s  

such a s  p y r r o l e  carboxaldehydc sha res  s i m i l a r  s t r u c t u r a l  r e l a t i o n s h i p  with MRC. 

The UV-visible abso rp t ion  s p e c t r a  of  t h e s e  py r ro l e  d e r i v a t i v e s  p rov ide  us  an 

important b a s i s  f o r  t h e  s e l e c t i o n  o f  t h e  s u i t a b l e  wavclcngth f o r  monitor ing 

t h e  analyses  of t h e  WF Ex t rac t  and 9 - 3 - 3  Ext rac t  by HPLC (Figure 1). WF Ex t rac t  

had n maximum IIV abso rp t ion  a t  210-235 nm which was shared hy pyrrolc and 

k ryp topyr ro le .  9 - 3 - 3  Ext rac t  had two maxima abso rp t ion  (250 nm and 365 nm) i n  

t h e  UV s p e c t r a .  The 250 nm abso rp t ion  r e p r e s e n t s  one o f  t h e  two maxima o f  

p y r r o l e  carboxyaldehyde. An a d d i t i o n a l  maximum abso rp t ion  nt 365 nm has a l s o  

heen r epor t ed  f o r  MBC. 

D i f f e ren t  r e s u l t s  were obtained whcn t h e  growth medium o f  mutant W F  was 

e x t r a c t e d  by va r ious  procedures  under d i f f e r e n t  cond i t ions  (Figure 2 ) .  Using 
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Figure 1.  Ultraviolet-visible Spectra of pyrrole and pyr ro le  derivativcs 

a) Pyr ro le  

b) 2,4-dimethyl-3-ethyl-pyrrole (kryptopyrrole) 

c )  Pyrrole carboxaldehyde 

d) Extract from mutant WF 

e) Extract from mutant 9-3-3 
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a)  

0 4 8 1 2  16 0 4 8 12 16 

Time ( m i d  Time ( m i d  

Figure 2 .  HPLC sepa ra t ion  of monopyrrole p recu r so r s  from 5. marcescens 

mutant WF. 

Column packing: Lichrosorb RP-18,  10 um p a r t i c l e  s i z e  

Solvent  system: 70% methanol i n  wa te r  

De tec t ion :  223  nm a t  20 mV, 10 mm/min 

Flow r a t e :  2 ml/min 

a) Fresh e x t r a c t  from growth medium wi th  d i e t h y l  e t h e r  

b) Ex t rac t  from growth medium with d i e t h y l  e t h e r  a f t e r  two months 

s t o r a g e  i n  t h e  co ld .  

c) Fresh e x t r a c t  from growth medium wi th  d i e t h y l  e t h e r  fol lowed 

by washing with 1 N NaOH 

d) Fresh e x t r a c t  from growth medium wi th  dichloromethane fol lowed 

by washing with 1 N NaOH 
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1336 FENC, QIAN, AND TSANG 

708 methanol i n  w a t e r  as a mobile p h a s e ,  t h e  chromatogram o f  t h e  f r e s h l y  

prepared  samplcs as cx t . rac ted  hy d i e t h y l e t h e r  a c c o r d i n g  t o  t h e  p r o c e d u r e  of  

l k o l  e t  n l .  (5) shiiwoil t w o  !main peaks ,  a s t r o n g  peak and a s m a l l  peak  (I:i.gure 2-a)  

When t h i s  sample was s t o r e d  i n  t h r  ci i ld f o r  a p e r i o d  01' two months,  t h e  f i r s t  

peak wigs dcgradcd i n t o  s c v e r a l  smal l  peaks  :md pe:ik 7 i n  the  o r i g i n a l  snmpIc 

: i Im i i s t  ~1is:ippcarcd (Figure 2 . 1 ~ ) .  However, when c i t h c r  d i e t h y l  e t h e r  o r  dichloru-  

mcthane was used  as e x t r a c t i n g  s o l v c n t  h u t  washed w i t h  1 N NaOll,  f o u r  peaks  w i t h  

r e t e n t i o n  t i m e s  of 2 . 3  min, 8 .9  min, 1 1 . 4  rnin and 17 .3  m i n  were o b t a i n e d  ( F i g u r e  

2-c. and 2 - d ) .  

v i s i h l e  alisorpt ion c h a r a c t e r i s t i c s  as  p y r r o l e .  p o s i t i v e  t e s t  w i t h  Ehr l ic l i  

reagent  (p-N ,N'-iliiiietIiylainiiiohrnr;ildcliydc i n  a c i d i c  e t h a n o l )  showed i t  was 

c i t h c r  p y r r o l e  o r  p y r r o l e  d e r i v n l  i v c .  P e a k  3 ( R t  = 1 1 . 4  min) was t h e  m:iin 

peak w i t h  p o s i t i v e  E h r l i c h  1le:igent t c s t  arid w i  t l i  a l , sorp t  ion  c h a r a c t e r i s t i c s  

s i m i l a r  t o  t h o s e  o f  k r y p t o p y r r o l c  ( F i g u r e  1 ) .  'That t h i s  peak b e i n g  :I niono- 

p y r r o l e  p r e c u r s o r  such :is MAI' was 1:onfi  rritcd I J ~  thc s y ~ i t r o p h i c  a s s a y  t e c h n i q u e  

(Tahlc 1).  The remaining two peaks  were not  c h a r a c t e r i z c d ,  s i n c c  n c i t h c r  one 

was present i n  any s i g n f i c i a n t  amount. 

The chriiiiiarograiiis o f  t l ic e x t r a c t s  from t h e  growth niedi:r o f  m i l t  a n t  9-3-3 

Tile f i r s t  peak (Kt = 1 . 3  m i r i )  had s i i i i i l a r  r c t c n t i o n  t ime arid IIV- 

( 9 - 3 - 3  L x t r a c t )  were f a i r l y  siniplc ( F i g u r e  3 ) .  When 70% methanol i n  w a t e r  

was uscd as a mobile p h a s e ,  :a s i i i g l o  11eak with r e t e n t i o n  t i m e  o f  2 . 7  min was 

oli taii icd when moni tored  a t  e i t h e r  L!;O r i m  (1:iguru 3-a)  o f  365 nm ( F i g u r e  3-b) .  

Again tlic! syrit l irophic p igmcnta t ion  t c s t  was p o s i t i v e  when t.liis peak was 

c o l l e c t e d  and nllowcrl t o  r c a c t  w i t h  t h e  monopyrrole p r e c u r s o r ,  MAP,  i n  the c e l l s  

(if' mutant WI: (Table 1) .  'The UV-vis ih le  s p e c t r a  were s i m i l a r ,  i f  n o t  ident  i r a l ,  

t o  t h o s e  r e p o r t e d  f o r  MRC ( 5 ) .  T l i c r c f o r c ,  we conclude  t h a t  t h i s  peak  i s  most. 

l i k e l y  t o  he MBC. When 50% a c e t o n i t r i l e  i n  w a t e r  was used  as t h e  mobi le  p h a s e ,  

t h e  r e t r i i t i o n  tinic of t h i s  peak s h i f t e d  s l i g h t . l y  g i v i n g  a r e t e n t i o n  t i m e  of 

3 .1  min  (l 'ahlc 1 ) .  

'The results o h t n i n c d  i r i  this s t u d y  c l e a r l y  i n d i c a t e d  t h a t  pcaks s e p a r a t e d  

from e i t h e r  t h e  e x t r a c t  o f  t h e  s ~ q i c r i i a t a n t s  o f  mutant W F  o r  mutant 9 - 3 - 3  

gave p o s i t i v e  s y n t r o p h i c  p i g m e n t a t i o n  w i t h  c e l l s  o f  mutant 9 - 3 - 3  ( t e s t  f o r  MAP) 

o r  c e l l s  of  mutant WI: ( t e s t  f o r  MBC) .  The r e t e n t i o n  t i m e  and t h e  a b s o r p t i o n  
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a, 
m 
E e 
a, 
k 
k 
0 
c, u 
a, 
c, 
a, a 

a j  

- 
I 1 1 1  I 1 1 1 1  I I 

0 2 4 0 2 4 6 

Time  (min) 

Figure 3 .  I P L C  s epa ra t ion  of b i p y r r o l e  p r e c u r s o r  of 2. marcescens mutant 

9 - 3 - 3  

Column packing and so lven t  system, s e e  legend of F igu re  2 .  

De tec t ion :  a) 365 nm, b) 250 nm 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



T
ab

le
 

1
. 

Su
m

m
ar

y 
of

 R
et

en
ti

o
n

 T
im

e 
o

f 
P

y
rr

o
le

 
an

d 
P

y
rr

o
le

 D
er

iv
at

iv
es

 i
n

 i
'a

ri
o

u
s 

H
PL

C 
S

o
lv

en
t 

S
ys

re
m

s 

an
d 

th
e

ir
 R

es
u

lt
s 

w
it

h
 E

h
rl

ic
h

 R
ea

ge
nt

 
an

d 
In

 S
y

n
tr

o
p

h
ic

 P
ip

e
n

ta
ti

o
n

 S
y

n
th

es
is

 

C
om

po
un

ds
 o

r 
D

et
ec

ti
o

n
 

R
et

en
ti

o
n

 T
im

e 
in

 V
ar

io
u

s 
S

o
lv

en
ts

 
(m

in
) 

E
h

rl
ic

h
 

S
p

tr
o

p
h

ic
 

E
x

tr
ac

ts
 

la
v

e 1
 en

g
th

 
P

i p
e

n
t a

ti
 on

 
A

ss
ay

 
25

%
 d

ic
h

lo
ro

- 
70

%
 

50
'; 

ac
et

o
- 

T
es

t 

m
et

ha
no

 1
 

in
 w

at
er

 
w

at
er

 
in

 n
m

 
et

h
y

le
n

e 
in

 
m

et
ha

no
l 

n
it

ri
le

 i
n

 

P
y

rr
o

le
 

an
d 

D
er

iv
at

iv
es

 

P
y

rr
o

le
 

22
3 

1.
 8

 
2

.2
 

2
.8

 

2
,4

-d
im

et
h

y
l-

3
-e

th
y

l-
 

p
y

rr
o

le
 

22
3 

2
.0

 
4

.8
 

8
.8

 

WF
 

E
x

tr
ac

t 
fr

om
 g

ro
w

th
 

m
ed

iu
m

 
o

f 
W

F 
(s

o
u

rc
e 

of
 M

AP
) 

22
3 

P
y

rr
o

le
 C

ar
bo

xa
ld

eh
yd

e 
25

0 

9-
3-

3 
E

x
tr

ac
t 

fr
om

 g
ro

w
th

 
25

0 
m

ed
iu

m
 

of
 

9
-3

-3
 

(s
o

u
rc

e 
36

5 
o

f 
PI

BC
) 

1
.9

 

2.
2 

8
.9

 
11

.4
 

1
7

.3
 

2
.1

 
2

.2
 

2
.7

 
3

.1
 

2
.7

 
3

.1
 

P
ig

m
en

t 
E

x
tr

ac
ts

 

E
x

tr
ac

t 
fr

om
 c

e
ll

s 
o

f 
08

 
53

7 
7

.7
 

E
x

tr
ac

t 
fr
om
 9

-3
-3

 
c

e
ll

s 
53

7 
7

.7
 

a
ft

e
r 

re
ac

ti
o

n
 w

it
h

 M
AP

 
fr

om
 W

F 
c

e
ll

s 

E
x

tr
ac

t 
fr

om
 9

-3
-3

 
c

e
ll

s 
53

7 
7

.7
 

a
ft

e
r 

re
ac

ti
o

n
 w

it
h

 p
ea

k 
(R

t 
= 

1
1

.4
) 

fr
om

 W
F 

E
x

tr
ac

t 

E
x

tr
ac

t 
fr

om
 W

F 
c

e
ll

s 
53

7 
7

.7
 

a
ft

e
r 

re
ac

ti
o

n
 w

it
h

 
pe

ak
 

(R
t 

=
 

2.
7)

 
o

f 
9

-3
-3

 E
x

tr
ac

t 

*N
D 

= 
n

o
t 

do
ne

 

+ + + ND
 

NO
 

ND
 

ND
 

iiD
" 

+ XD
 

N
D

 

Ii
D

 

ND
 

I
 

w
 

w
 

m
 

w
 

1
: 
0
 

m
 

c
 

z
 

u 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MONOPYRROLE AND BIPYRROLE PRECURSORS OF PRODIGIOSIN 1339 

s p e c t r a  o f  t h e  r e s u l t i n g  syn t roph ic  pjgments were similar t o  those  of  t h e  

pigment o f  p r o d i g i o s i n  obtained from pigmented wild type s t r a i n  08 o r  t h e  

pigments obtained af ter  syn t roph ic  s y n t h e s i s  between c e l l s  o f  mutant WF and 

c e l l s  of mutant 9 - 3 - 3  (Table 1 ) .  These r e s u l t s  p rov ide  s t rong  bu t  s imple 

evidence €or t h e  presence of  an a c t i v e  monopyrrolc p recu r so r  i n  t h e  growth 

medium o f  mutant WF (MAP) and an a c t i v e  b ipy r ro l e  p r e c u r s o r  ( M B C )  i n  t h e  

growth mediuni of mutant 9 - 3 - 3 .  

of  t h c  monopyrrole and h ipy r ro l e  p recu r so r s  i n  t h e  sample,  equal amount of  WF 

Ex t rac t  and 9 - 3 - 3  Ext rac t  was mixed and t h e  mixturc  was analysed under  t h c  

s i m i l a r  cond i t ion  a s  descr ibed above (Figure 4-c) .  The b i p y r r o l c  (MBC) 

(R  

and r e so lved .  The r e p r o d i c i b i l i t y  of  the  s e p a r a t i o n  provides  f o r  t h e  f i r s t  

In o r d e r  t o  study t h e  scpa ra t ion  and r e s o l u t i o n  

= 2.7 min) and t h c  monopyrrole (MAP) (Kt = 11 .4  min) were well s cpa ra t ed  

0 4 8 1 2  16 0 4 8 0  4 8 12  16 

Time I m h )  

Figure 4 .  HP1.C p r o f i l e s  o f  t h e  mixturc of WF E x t r a c t  and 9 - 3 - 3  Ext rac t  

a) WF Ex t rac t  1 1 )  9 - 3 - 3  Ext rac t  c) mixture  of WF Ex t rac t  

and 9 - 3 - 3  Ext rac t  (1:  1 ,  v/v) 

Solvent  system: 70% methanol i n  wa te r  

De tec t ion :  235 nm 
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1340 FENG, QIAN,  AND TSANG 

timc a p o s s i b l e  means t o  q u a n t i f y  t h c  monopyrrolc and b i p y r r o l e  p r e c u r s o r s  

p r e s e n t  i n  t h e  same sample.  

By combining t l i c  synt ropl r ic  IiigmonLation t e s t  and t h e  powerfu l  tcclrniqiie 

oT s c p a r a t i o n  and r e s o l u t . i o n  of IIPLC we b e l i e v e  we havc c s t a b l i s l i e d  a s i m p l e  

and f a i r l y  r a p i d  method f o r  t h e  d e t e c t i o n  of  nionopyrrole and b i p y r r o l e  p r e -  

c u r s o r s  o f  p r o d i g i o s i n .  

t h e  a n a l y s i s  of  pignrent and pigment p r e c u r s o r s  o f  v a r i o u s  pigmented and non- 

pigmcnted c l i n i c a l  i s o l a t e s  of  5. mRrcescens which might b c  r c s p o n s i b l e  for 

many nosocomial d i s e a s e s .  l : in:i l ly,  it i s  worth mcnt ioning  t h a t  t h e  method 

developed i r i  t h i s  s t u d y  could  a l s o  b e  appl icd t o  t h e  d e t e c t i o n  o f  o t h e r  

moiropyrrole compounds i n  diseases, such  as po~pl iyr i : i ,  p s y c h o s i s  and l e a d  

exposure  ( 1 0 ) .  

Wc a r c  i n  t l i c  process of  a p p l y i n g  t h i s  method i n  
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