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  Prodigiosin is a characteristic red pigment 
antibiotic synthesized in Serratia marcescens'). 
In a previous study, we attempted to use the 
membrane active cyclicpeptide antibiotic, poly-
myxin B (PB), as a probe on the site of bio-
synthesis of the pigment in S. marcescens 082). 
It was shown by the agar gel diffusion technique 
that PB inhibited pigment synthesis and the mini-
mal concentration of pigment inhibition was 
estimated to be 12.5 pg/ml. At this concentra-
tion, PB caused a reduction of over 80% of the 

pigment formation. However, it was not known 
if the reduction was the result of a decrease of 
synthesis of the precursors or an increase of de-

gradation of the pigment. The objective of this 
investigation was to analyze the pigment and its 

precursor components in S. inarcescens when the 
cells are grown in the presence of PB. 

  Three strains of S. marcescens, strain 08 (pig-
mented, polymyxin B resistant), mutant WF 

(nonpigmented, polymyxin B resistant), and mu-
tant 9-3-3 (nonpigmented, polymyxin B sensitive) 
were used in this study. The minimal inhibitory 
concentrations of PB on the three strains were 
> 1,000 tg/ml (OS), > 1,000 ,ug/ml (WF) and 
1.95 pg/ml (9-3-3). Mutant WF can only syn-
thesize one of the two precursors required for 
prodigiosin synthesis (2-methyl-3-amylpyrrole, 
MAP), while mutant 9-3-3 synthesizes the other 

precursor, 4-methoxy-2,2-bipyrrole-5-carboxalde-
hyde (MBC). Bacto peptone (0.5 %) - glycerol 

(I%) broth (PGB) or Tryptic soy broth (TSB) 
was used for bacterial cultivation. Bacteria were 

grown in a 500-ml Erlenmeyer flask containing 
150 ml of broth in the presence or in the absence 
of PB in a shaker bath at 25°C. The concentra-
tion of PB (Aerosporin, Burroughs Wellcome) 
used was 12.5 !rg/ml for strain 08 and mutant WF 
and 2 lug/m1 for mutant 9-3-3. After 24 hours

growth (mutant WF) or 48 hours growth (strain 
08 and mutant 9-3-3), the optimal times for pig-
ment or precursors productions, the bacterial 
culture was centrifuged at 10,000 x g in a Beck-
man Model J 2-21 centrifuge to separate the cells 
from the growth medium. 

  The pigment of strain 08 was extracted with 
acetone as previously described'). The amount 
of pigment extracted was determined spectro-

photometrically at 537 urn. The precursors, 
MAP or MBC, in the growth medium of mutant 
WF or mutant 9-3-3 were extracted with dichlo-
romethane according to the procedure reported 

previously4). The extracted MAP was monitor-
ed at 223 nm. The difference in absorbance be-
tween 365 nm and 400 nm was used to express 
the amount of MBC present'). Synthropic pig-
ment synthesis technique was used to confirm the 
identity of the precursors4). In addition to spec-
trophotometric analysis, the extracted pigment 
and precursors were subjected to high perfor-
mance liquid chromatographic (HPLC) analy-
sis. An isocratic chromatograph (Beckman 
model 330) with a 10 µl sample loop injector and 
a variable wavelength UV-visible detector were 
used. The column was a 25 cm x 4.6 mm (i.d.) 
reversed phase column packed with Lichrosorb 
RP-18 of 10 pin particle size. For the analysis 
of the pigment, 25% dichloroethylene in me-
thanol with 20 ppm of concentrated HCl was used 
as a mobile phase and monitored at 537 mm'). 
For the analysis of the precursors, 70'/.' meths nol 
in water was used as a mobile phase and moni-
tored at 223 nm for MAP and 250 nrn or 365 nm 
for M130). The peak area of the chromatograpn 
was used to express the amount of the various 
components separated. The identity of the pre-
cursor components (MAP or MBC) was con-
firmed by syntrophic pigment synthesis on the 

peaks collected. After the cellular protein con-
tent of the cultures were determined by the 
method of LOWRY et a1.8) (after the cells were 
hydrolyzed overnight with NaOH), the amount 
of the pigment or precursors was expressed as 

peak area/mg protein. 
  Results of the present study confirmed the 

previous finding that when cells of S. marcescens 
strain 08 were grown in TSB, there was no con-
comitant inhibition of cellular growth when the 

pigment production was significantly reduced by 
PB (over 90%)'). When strain 08 and mutant 
WF were grown in PGB in the presence of PB at
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Table 1. Effect of polymyxin B on cellular protein contents of various strains of Serratia inarcescens.

Strains 

 08 

 08 

 WF 

  9-3-3

MIC, 
(fig/ml) 

1,000 
  62.5 
  62.5 
   1.95

Growth 
media 

 TSBb 

PGB 

PGB 

 PGB

Concentration 
 of PB in 

growth media 
  (µg/ml) 

    12.5 
    12.5 
    12.5 

      2.0

Cellular protein content 
 (mg/ml of culture) 

Control PB added 

 2.12 2.13 
 0.78 0.61 
 0.81 0.67 
 1.02 0.51

Percent 
change 

0 
-22 .0 
-17 .0 
-50 .0

a MIC was determined in the corresponding growth media at 37°C by the two-fold dilution technique . 
b TSB=Tryptic soy broth . 
C PGB=Bacto peptone - glycerol broth .

Table 2. Effect of polymyxin B on production of pigment and/or its precursors in various strains of Serratia 
    marcescens.

Strains 

 08 

 08 

 WF 

  9-3-3

Growth 
media 

TSB 

PGB 

PGB 

PGB

Concentration 
 of PB in 

growth media 
  01g/ml) 

    12.5 
    12.5 
    12.5 

       2.0

Level of pigment or precursors determined by

    Spectrophotometer 
(absorbance units/mg cellular 

        protein) 

Control PB added % Change 

 0.23 0.02 -91.8 
 7.40 2.22 -70.0 
N.A.° N.A. N.A. 
 3.14 4.31 +37.3

       HPLC 
   (peak area (cm')/mg 
     cellular protein) 

Control PB added % Change 

 12.36 1.13 -90.9 
710.90 161.70 -77.2 
  5.68 1.78 -68.7 
  2.68 3.85 +43.6

  N.A.-not available. The MAP precursor was masked by several other contaminating components at 

  223 nm.

a concentration of 12.5 pg/ml, there was a reduc-
tion of growth by about 17% and 22%, re-
spectively (Table 1). In the case of mutant 9-3-3 
the cellular growth was reduced as much as 50 
by a concentration of PB as low as 2 lug/ml (the 
MIC of PB on 9-3-3 is 1.95 icg/ml). 
 The effect of PB on the production of prodigio-

sin and its precursors was studied by extracting 
these components from cells or growth media 
followed by spectrophotometric or HPLC analy-
sis (Table 2). The results of these two approaches 
are quite comparable. The yield of prodigiosin 
in strain 03 was reduced by as much as 70 to 77 
in comparison with those of the control. The 

yield of MAP in the PB containing culture of mu-
tant WF was only 31.3 % of the control sample. 
The study of the effect of PB on the synthesis of 
MBC was complicated by the fact that mutant 
9-3-3 was susceptible to PB in both TSB (MIC 
1.95 pg/ml) and PGB (MIC 1.95 µg/ml). Cel-
lular protein content of mutant 9-3-3 was re-
duced by almost 50 % when grown in the presence 
of 2 pg/m] of PB. When the ratio of MBC

synthesized to mg of cellular protein was used 
as an indicator, there was an increase as much as 
40% in its synthesis This finding requires further 
substantiation when a PB-resistant 9-3-3 mutant 
is available for investigation. 
 As previously suggested°~, the inhibitory effect 

of PB on the synthesis of prodigiosin and its pre-
cursor(s) could possibly be explained by the fact 
that PB, as a cationic molecule, could compete 
for the same sites for the pigment synthesis. 
However, PB has also been shown to have the 
ability to activate several degradative enzymes in 
the outer membrane in Gram-negative bac-
teria',','). We suggest that the outer membrane 
of S. marcescens strain 08 and mutant WF (and 
may be mutant 9-3-3) damaged by these degrada-
tive enzymes in the presence of PB may not pro-
vide the favorable environment required for the 
synthesis of the pigment and the precursor. In 
our view there is a strong likelihood that the main 
steps of pigment formation and/or storage might 
be localized in or adjacent to the outer membrane 
of S. marcescens.
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