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Isolation and Characteristics of Prodigiosin-like Red Pigment Produced by Serratia sp. KH-95.
Kim, Chang-Ho*, Sung-Ho Kim, and Suk-In Hong' Cheijedang Corporation, San 259, Daepung
-ri, Daeso-myun, Eumsung-gun, Chung-buk 369-820 Korea, 'Department of Chemical en-
gineering, Korea University, Seoul 136-701, Korea — A bacterial strain KH-95 producing a high con-
centration of red pigment was isolated from the soil. The strain KH-95 was identified as a strain of
Serratia sp. based on morphological and physiological characteristics. The optimal temperature and in-
itial pH range for the production of pigment were 28C and 7.0-8.0, respectively. The red pigment
was purified through solvent extraction and silica gel column chromatography. Analyzing the structure
of this pigment by instrumental analysis, it was identified as prodigiosin-like compound. In optimiza-
tion of carbon and nitrogen sources, all carbon sources tested in this work inhibited the production of
pigment except oils. Casein turned out to be the most suitable nitrogen source for pigment production.
Other nitrogen sources such as yeast extract, beef extract and peptone showed good cell growth but

potently inhibited the production of pigment.
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Precipitate

l extracted with 200 mL methanol.

Methanol extract

a rotary evaporator.

l removal of methanol in vacuum on
dissolved in 50 mL chioroform

Chloroform extract

concentrated to 10 mL in vacuum on
a rotary evaporator.

Silicagel 60
column chromatography

eluted with chloroform.
recovery of red pigment fraction.
removal of chloroform at 60°C.

Red pigment

Fig. 1. Isolation procedure of red pigment.
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Table 2. Utilization and acid formation in various sugars by
Serratia sp. KH-95

Sugar Utilization Acid formation

Arabinose + +
Cellobiose
Fucose
Glucose
Lactose - -
Maltose
Mannose
Melibiose
Raffinose
Rhammose
Sucrose
Xylose

o e Adonitol
Fig. 2. Scanning electron micrograph of Serratia sp. KH-95 Dulcitot
(%< 10,000;. Inositol
Inulin
Salicin

+
+

+ 4+ +

+ + + +
+ +

+ 4+ 4+ + + + +
)

Table 1. Physiological properties of Serratia sp. KH-95
ONPG test*

Arginine dehydrolase (ADH) + - o T e .
Lysine decarboxylase (LDC) + fucose® RnYLE o]83he SAHL0E Ro} Serratia
Citrate utilization + & FFe o 4 vk 285 KH-95 #5= catal-
ng t?‘ogluc‘;‘(’)‘; e . ase, oxidase @ lysine decarboxylase %43 ¥H-&-& ¥
elatin Hydroly - _
Urea Hydrolysis + 2w ge] o]gA3 wAAMS AR ZF actose,
Esculin Hydrolysis + rhamnosed ©]83}# X3}41.2u} arabinose, inulin,
Nitrate reduction + cellobiose, xylose, mannose, melibiose, raffinose %~&
Catalase + asted .
Oxidase N o]8-3}91 1 arabinose, xylose, glucose, mannose, mel-
OfF test** Oxidative ibiose 22X ¥ 4§ A st el KH-95 &3 Ser-
ONPG test*: Orthonitrophenyl-3-galactoside test. ratia & TF7%F {LE PAshs Aoz 483l S mar-

O/F test**: Oxidation-fermentation test.

Table 3. Comparison of the characteristics of 8. marcescens, S. plymuthica and Serratia sp. KH-95

Characteristics S. marcescens S. plymuthica Serratia sp. KH-95
Shape Short rode Short rode Short rode
Gram staining Negative Negative Negative
Production of prodigiosin + + +
Physiology
Good growth at 4T - + -
Lysine decarboxylation + - +
Esculin hydrolysis + + +
H,S production + + -
Growth on and acid formation
Arabinose - + +
Kylose - + +
Melibiose - + +
Rhamnose - - -
Cellobiose - + +
Raffinose + +
Growth on
Lactose - + -
Sucrose + + +
Salicin + + +
Raffinose - + +

+: 90% or more of the strains are positive. d: 11-89% of the strains are positive. -: 90% or more of the strains are negative.
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cescens, S. plymuthica, S. rubidaea ZNA 3§ o]-84d¢]
Bergey's manual of systematic bacteriology[17]¢] 7]
AN S, plymuthica®) 5433 A2l Y8k, B2 SA
2 S. marcescens®} rAFF o] wol glci(Table 3).
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Fig. 3. UV spectrum of prodigiosin-like red pigment.
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Fig. 4. FT-IR spectrum of prodigiosin-like red pigment.
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Fig. 5. FAB-mass spectrum of prodigiosin-like red pigment.
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Fig. 6."H-NMR spectrum of prodigiosin-like red pigment (CDCl;).
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3L Serratia T57} A A HA4Q0E v o) £
A Z~& prodigiosin ¥+ 1§ =4 (Fig. 7)2 == o
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Flg 7. The structure of prodigiosin-like plgment.

: R;=n-pentyl, R,=CH (prodigiosin)
II : Ri=H, R,=n-nonyl
I : R;=H, R,=n-undecyl
IV : R,=n-hexyl, R,=CH;
V : Rj-n-heptyl, R,=CH,

7F Ao AL L FAH Y A el mx]= f g XA}
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Fig. 8. Effect of temperature on the production of pigment
in shake-flask culture.
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Fig. 9. Effect of initial pH on the production of pigment in
shake-flask culture.

F3lglon, 37C oA YAl A FA L] Ao
72 o]Fo|x|x] ¢ttt Williams S[1612 S. mar-
cescens 57} prodigiosin®] AAHA] 40C °]AFl A
bipyrrole®] ATFEAQl  4-methoxy-2,2-bipyrrole-5-
carboxaldehyde(MBC)$2} monopyrrole®] Zde] A3
= wola] prodigiosin®] AAEA] Ferii Ryl e
=, Yang 5[18] d4] Efo2RE] R’k S mar-
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Table 4. Effect of carbon sources on the production of pigment

Carbon Source (20 g/L)  Pigment concentration (mg/L)

Glucose 8
Lactose 522
Maltose 85
Sucrose 79
Myo-inositol 480
Glycerol 958
Soy bean oil 3380
None 924

Basal medium: 2.0% polypeptone, 0.1% K,HPO,, 0.1% MgSO,.
7H,0, 0.1% NaCl.

Table 5. Effect of nitogen sources on the production of pig-
ment

Nitrogen source (20 g/L)

Pigment concentration (mg/L)

Bactopeptone 470
Polypeptone 924
Casein 1562
Casitone 602
Bacto-tryptone 604
Bacto-soytone 404
Bacto-yeast extract 156
Bacto-beef extract 12

Basal medium: 0.1% K,HPO,, 0.1% MgS0,.7H,0, 0.1% NaCl.

prodigiosine] A4 =™ pH 5.0 ¢]&}ell4+= prodigiosin
2] AAde] o] 7oA A Hgkvka Bwaldch A7 A
= Nakajima[12]9] A7 Z3e} o] A A4t
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°o|-& BF3 gl
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=S & 4 9ldt} =3 Table 59142} o] wijx]uo]
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