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Isolation and Optimal Culture Conditions of Prodigiosin-like Pigment Produced by Zooshikella sp. JE-34.
Kim, Ju-Sang, Man-Chul Kim, Kyeong-Jun Lee!, and Moon-Soo, Heo*. Department of Aquatic Life Med-
icine & Marine and Environmental research Institute, Jeju National University, Jeju 690-756, Korea, ' Department
of Marine Life Science, Jeju National University, Jeju 690-756, Korea — A bacterial strain, JE-34, producing a
high concentration of red pigment was isolated from a sediment in East China Sea. It was identified as
Zooshikella sp. JE-34 based on the 16S TRNA gene sequence analysis. The red pigment was purified by sol-
vent extraction and HPLC was identified as prodigiosin-like compound. Nutritional and cultural conditions
were optimized for the production of prodigiosin-like pigment in the flask level. Optimal culture conditions
were at initial medium pH 6.0~7.0, 30°C and 4 days incubation. For carbon and, nitrogen sources were soluble

starch and malt extract.

Key words: Red pigment, Zooshikella sp. JE-34, prodigiosin-like compound, optimal conditions

x
ri

A 7|17 Tk AREH ] Sl ® Esla
AL} 2ho] A8 FAR v FFHI I B0}
WA ekom d Rt Tl AEelA AH FE3] 714
o] WL AE 27 9 ApdgHAel weh F4) W) Al
g S AU gl o]e} 22 RIS S8 $18)ed
"1%9] ZAkS B AN AAte] dTEe] dF A

A A7t ARERET R slg)e ‘4’ AlEe] FAp ok HA] Al
Zro| o Aejx Ak o] & AHE XU gle11].

A AE A v A E T°ﬂ}‘1 Serratia sp.= A 9]
prodigiosinl]| 4} MA-F AAks g A7} APH o
[16,24]. Prodigiosin (2-methyl-3-amyl-6-methoxyprodigiosene)
2 712EF4 9] prodigioseneel 77| TR alkyl X|37]E 7}
A= 25¢) prodiginines (6-methoxyprodigiosenes)®l] <3}
©}. ©|= Serratia marcescens, Pseudomonas, Streptomyces
p. SO AL Feldlel Ho Adolnl H1F4s) B
7} 20709) wipyrrole 22 Kraft’} Bacillus prodigiosus
oA Aoz FEIv10].

ol e AAFA F AeFAol e AAEHA kot
AA7] S vFAH EAA APAREE FolHgl o xR
ol A Q9l, wiAZA], 2%, pH 5] S9lo) 3L
HE=t4H19, 20]. Prodigiosin®] A3 A& Baksl vl
qt A ol A ¢FA 3F bipyrroled] 4-methoxy-2,2-bipyrrole-
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5-carboxaldehyde(MBC)®} #1442} monopyrrole?] 2-methyl-
3-amylpyrrole(MAP)e] 27] X2 F2j5]l 24 FA =]
o] B4 o2 Z3ksle] A9 tripyrroles 3AIZICH18).

Prodigiosine- A1 ¢l ejekA|Z A 9] 7}sA S 7}113'— 4
of A, S, BF, eEelelol, WA 2 Sk
Aol AT A7t F3 Z‘EEE]%C’”%[S 14, 15], A4
A A3kl wAES] AR 22 prodigiosin FAH =
o] A A=Z[13,16] @ FZEA[4, 6] o] ATHA
o] /HE Serratia sp. KH-957} AJAF8l:= prodigiosin®]
FREA, FeAA P wikSAS A7 e vk sle
(2, 11, 21], Hahella chejuensis?| A 343 =+= prodigiosin
o] A5 FEEA, AR Y] ARt o) LA
AR, mA AR Al zA 0] B4, HEHkA B4 5] d7F
53 8 HAEEA 7S A7), =3 prodigiosin
o] 8172} F#s}e] chitin synthase [19] A SANZA] 218
ghol= o Bl vb oluh (8], ol2sh #dst A7el= &
T ARIA 4 2 T3l Hgt A7t 2l o
= prodigiosin®] HEZ ] AR Serratia sp2] - A
& AJAFEFe] 10-100 mge 2 wi-%- w7 wf o] v 23],

E AFeME o]HAFA Sk EHE prodigiosing
A&V Zooshikella sp. JE-34 (FJ595984)% £2], 539
W75 AMER o] 8 B3l prodigiosin®] AARAIEA &
L1538 gl A8l Zooshikella sp. JE-349] w]|FE
A& Falslglom A5 v AE Rl prodigiosin®] AHY
3 3 s Roll| 71249l ARE AlFEtA}t g
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B Aol AMEE T 20059 9¥ $EFsfelAl 1)
= o83l FHHZFozHE Ay Resiglon, A =
AEL2 A A7A] "dFE L7)o) Fo} 4°Co|A Hakslyd
I A FHHE oF 1g& 37 QA2 Q94 PBS )]
A A eg sMg F, 7} 3HEE MA (Marine Agar,
Difco. Co. USAPY 100 mLE A%, =2 $ 25°CollA] 1~7
U7 wieFslsdet. el Foll AANAE ok Yaksls
TF JE-34% APdste] Algsig,

MAZEO| F&

R FF JE-34Z MB (marine broth, Difco. Co. USA)
50 mLel| 30°CeA] 24A17F F}F AuloFt ¥, o] 200 mL
MBel| AAFEE &, 30°Cell A, 72417 Bt wheksisich. o
o1l vkl 10,000xgell A 2087t YA R 8lod Abzel
2 T ethyl acetateS 7}3ted M AE F23)9] 1, 74
9] A= 20mLe] 100% acetoneS 7}8be] F235)q0)

TAFEELS 10,000xgol A 2087 9A2e] 5] gAY
2 FAE AAST AEA9 ethyl acetate FZE7 335}
At ol sodium sulfateE 7}3te] ©A1Z) F 3HeE
55712 5531 50% methanol2 1 mg/mLe] FE2 &
SAIFEH12]. HPLCE o]-8-3le] MAEAS $A317] Y3
prodigiosing AT L2 U212 Serratia marcescens
KCCM 21204 755 $19} 5U3 o2 F3535)e) 24
o] ARE-3)w}

HA2Fo| FHEY

FE3 Lo AE B AT 24 Hfed) ghos
oF7] $8] A A JP 7100F, Color Techno System
Japanys ©]4-38te] BAe). C. L E diagrame 4& %
ket slo] AR A doiAl M ARE X, Y, Z2
Heplim ohEe] F2jo) 2Fle] AAksigic). oW B
T X, Y, Z 32 27 90.65, 95.66, 103.240]%ic}.

— X = Y
TX+Y+Z TX+Y+Z
22 Ake) BAEHS blsle) ZMI%A 3o 400700

) T e S350 S3ESe) $olE %

Hef 7RO Ak 2289 B 9 TAE 22e]
o,
Mag@ole] HPLC EAZ7

_{

F-Aof] AF8-3F HPLC(Waters Co. USA):= Waters 2690
°|93.2™ JE-34 Y Serratia marcescens®] MArFEZENL A
BLA o2 ALt A6 A28t columne XTerra

MS Ciz (5pm 2.1 mmx150 mm, Waters, USA)e] 12w,
o] EA] #1455 0.3 mL/min®E 3k 100% methanol?} %
FrE 01%6}04 =574 (10~100% methanol 60 min)S-
2 5 X892 peakE H|TEAM3IH.

Prodigiosin-like pigment2| MM =A

Prodigiosin 2432 Goldschmidt®} Williams®] #PH 171
o] 83l ZAsleh 1 mLe Wik o]l 2 mLe] acetone}
2mLe) AMvleh(4 mL 1 M HCIZ} 96 mL methanol) 7}
g o 10,000xgell A 208 T QAR F, RS
#zte] 5349} 655 nmell M FEHEE S0

534¢} 655 nmell A 9] F F3= 7] ko] 12 193 ug
prodigiosin/mg protein®.Z. A 2] 8}9 2™, bovine serum
albumin(BSAYS TFEhA 2 o] £8}ed Bradforde] ¥WpH.L
2 A7l

i sS4

W SFAIZE Bl vl oF2- o) thE prodigiosin-like red pigment
RAAATFR JE-349] ok F A2 Adel] n]R]= FekE 7
E317) $13te] Ao AuiFA & 1%(viv)E déﬁ}“]
4, 15, 20, 25, 30, 35, 40, 50°CN A z}2+ HH°°]:'5}'93 o %

7] pHE] °J3FS oli] Hsﬂ IM HCl £ 3M NaOHZ
78t Z¢z}t pH 3~12% 2AI3}H HHXM] %‘Q‘ﬂ'ﬁi AE3}
o] A5} prodigiosin T{V‘] & A3 WA 2A <l
&t FRA5 prodigiosin FAFHE S8 A 7180
A4l MB(marine broth, Difco. Co. USA)oll NaClE 0~10%
7HA] A7}sle] wioksled i, B4 (chitosan, soluble starch,
fructose, glucose, lactose, mannitol, sorbitol, sucrose,
xyloseyg A7 1% H7Fete] 43 2 A2YA-S 3
sl vl A A2 malt extract, peptone, yeast extract,
NH4NO;, NaNOs, (NHy),HPO, KNQOs;, (NH,),S0, =< 7+
7t 0.5% H7FIAL, §71979] 7% BaCl,, CaCl, CuSO,,
FeCly, HgCl,, KCl, MgCl,, NiCl,, Na,HPOy, ZnClL,E Z+7t
0.1% 71 ABT) FAEAL T 5] A
TEETEY
A2 M W 3

B AN Zooshikella sp. JE-349} Serratia marcscens
o] AN AE FEete] MA EAEARS ool £ FH
UV-Vis spectrophotometerE AF-8}e] &3]3} Zhzte] F4
spectras 7FA A el A 27} Y peakE YiERH LS.
™, Zooshikella sp. JE-349] HNEFTIA e 528 nm,
Serratia marcscens®] 735+ 526 nm= -$- FAF8F Bgs)
A EAS BYohFig. 1).

Serratia marcscens?} YAFs= A A= prodigiosinA]

g9 Aty deA glem R HPLCE £3l9 2ed
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Fig. 1. UV spectrum of prodigiosin-like red pigments isolated
from Zooshikella sp. JE-34 and Serratia marcscens.
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Fig. 2. HPLC profile of prodigiosin-like red pigment from
Zooshikella sp. JE-34 (A) and Serratia marcscens (B).

peakE FA S| JE-349] WA} prodigiosindl o] A4
S FHolsled £ A}, Fig. 240048} 7o) Serratia marcscens
7} ks AL 39.873 minel A @ peak® A
Hlom, peak®] HAFFIH A (hngo©] 536.0 nmmZ. F-H 5]
°] prodigiosin®] 7]ZEAF 1] BT k0] 535-540
nmel A%} AR A2 2o prodigiosindl 49 M4 YL
gelsich.

Zooshikella sp. JE-349] 71§ Fig. 22| Bol|A ¢} #bo]
37.713, 38.449, 39.544 min°l|lA 3709] peak’} &=
7t peak®] Amare 536.0, 537.2, 536.0 nm= SAFH drE}
W peak Co| 73-$- Serratia marcscens?} A= A
M40l AEA7E 79 5"‘3} LB 2 Zooshikella sp. JE-
3471 AAERs F8 A A S prodigiosin A9 EAel
Aoz slsic B} Aok BAPE 9 YAl =
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Fig. 3. Effect of temperature on the production of pigment in
shake flask culture. A. Cell growth; B. Pigment.

=% 913 NMR, LC-ms/ms 58] FE3A o] A Folct,
Prodigiosin-like red pigment MAl2 2|8t &H4x HH%*""'
B2 F5 Zooshikella sp. JE-342) HAujokexE 3lo)3)
7] $1s d52] AS= % pigment A TAd ] “]7135 wi ¥
250 G 2AsIoL e, 4-50CS] L el 5
F}E wieksle] SAdsIdTt. = A&l AR Zooshikella sp.
JE-342} 7§~ 20~35°CellX prodigiosin-like pigment -85
+ 10 ug/mg protein °] 422 epoh(Fig. 3). JE-34=
30°Col A 9641 2F wioFAlell ZHF w2 S Holal
pigment®] AT 3t =9k o) URFHOE Sk A
T2 #2111 & (psychrotroph)2A] X1 A7} X319
vh TA 8 A4 pigment®] AFAIH] BA A A2
QAL 24A17F AR At ALE JebgA
pigment®] A 2447k o| FolA] FAF] o] Fol =
o] prodigiosin®] AgA el AAHA F v]FA Al EeA
AE/‘]—H‘* EX #o] 9= 7oz AlE Y. Prodigiosin
£ AEAsl= alok =l u|BE S Zooshikella ganghwensis,
Hahella chejuensis =31 A 2Av|AAEZ. 30°Cel|A A &
prodigiosin®] §de] el Ales HIwe{[9,25] & It
T} frake A i
R Zooshikella sp. JE-349] 739 27] pH 6~7914
7H AAEo] Fol 2FA] vl E-(neutrophile)] AoZ B
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Fig. 4. Effect of pH on the production of pigment by
Zooshikella sp. JE-34. Pigment production: -M-, 24 hr; -A-, 48 hr;
-@-, 72 hr; Cell growth: (1, 24 hr; &2, 48 hr; 8, 72 hr.

o|w} pH 8~100lA = 724]7ke| A OD%E 1.5¢]14+2] AAH&
Hei dgle] sA M E s A 3l Aoz s
NATH(Fig. 4). Pigment A& 2] 7-¢- =38k pH 6~794 ¥
< WS e o} piv)l ool wlhet A3 ae)
a7t A3 e ZloE vepged ol pHl &
oA TAe] A SR Ehel uippiua) ghA
o] AA|H ] HE7} £AFE7| 2 dp] o FEAEA}] o]
sk Wislel] o3t BAEFS5e] dolA AT A F
A=A B4A9 prodigiosin®] FA o] Asl|EH= A
22 A5 8 S marcscens®] 73 prodigiosing] A
49 A pHE: 8.0~8522 A o3t pHY| &=
prodigiosin AJ3Hdel FeJsl= ZEI <k} B e
Aoz B FHEd|[13,21] JE-342) A= o]9} gjzA
22 #Ho] pH 67 AT o] F2 Afolo)] w2 T}
Hgake] Afelof] 27t Ao AlFHe] AF AT7E A
o]ct.

Prodigiosin-like red pigment 2Akg I8t HiX|=AMo| &k

NaCl &2 gk dubH o= sgol= oF 3.0% (whv)e]
NaClo] FH-5le] )22 2 NaClel o2 FA| A Y o]}
HAAEES] A A WA= Qg A SHFig. 5).
NaCl F%=5 0.0~9.0 (wv7HR] 243 wijx|ol|A] ujekst ¥
5% 2 pigment APAHE SA3 A3, 0.5%~6.0%7)
A19] FEH A 7247kl OD ko] 1.0 o]Ake] &=
" 35 ug/mg protein ©)AF2] pigment JAFEFS vyeh) om
BEE2 At 2%A 7H3 B4 JElde). Pigment A3
e oA 8] Al wet F7181.0m 2%l dA] 7}
A =& APAHE Jepldd.

§HH, JE-34% NaCl 0%°0A 4= 2 pigment A A
= 3 = ZleR AT ki nAERA AlETt
o] AT o) IS 918 Nate] 49l Aoz
Ho|uw] A £YAI7F(obligate halophile)2-2 AL2¥IT}.

Pigment concentration (ugimg protein)

NaClconcentration (%)

Fig. 5. Effect of NaCl concentration on the production of
pigment by Zooshikella sp. JE-34. Pigment production: -H-,
24 hr; -a-, 48 hr; -@-, 72 hr; Cell growth: O, 24 hr; &, 48 hr; &,
72 hr.

Eragio| g JE-349) A4 9 pigment A4kl w2 <
Aol oS xA}8l7] ¢ MB(marine broth, Difco.
USA)E- 7] Eu)R)2 3}od chitosan, fructose, glucose, lactose,
mannitol, sorbitol, soluble starch, sucrose, xyloseE z+z+
1.0% (wivyd A71ete] 2487 2 pigment BALRS 54
3199cH(Table 1). A2 A2 fructosed AlLJskil ZF o
ZTH o] 418 Z1E AR 5 UK ggal
soluble starchol] X )ZF R} ¢ 156% AAAES A3
. Pigment A3 #-2 chitosan, fructose, mannitol, sorbitol,
soluble starch, sucrose®] H7lollM A3Adeko] 7=
v A9 AR vl 2. soluble starchell A 7247wl
el oF 229% AR S F7HIAT = Xylose®] 7+
9] A5+ AFEF7E A F pigment A o] o] Fo1A]
A k=l ol xyloseZ} JE-349] AAE At WiE2
2 A8 ¥ t}(data not shown). 38 glucose?] 73+ A4
I FAAAL 27 vlsl 7} =A% pigment A F
AL 2318 AAHA = ol S. marcscens® 7%
glucose?} prodigiosin®] AJAdS A3 JAAIZIR= A-[3]
o} fARE AR Holr) o] UWHH 2R glucose?} 7o)
AA o1& FFsd 712 1 AA7) ol xfiAEL] AFHA
I LSS AN PR ol YR E ] 714
o] &3 9 pyruvic acid ¥ a-ketoglutaric acid 52| 3
Ao Z 93t 1Al AMaEIe} AZ] e ALE A7
F}22]. A kA el soluble starchZ 0.0~5%(w/v)7}HA|
A7)t sxol whE FAXY F pigment BASS A
3+ A3} (Fig. 6A) T pigment AL 2.5% 7}
A oo, 1 oAk FxelM= wAIS] A W pigment
Adege] AasiiEd ol A A5 H=37 71
el ot M EHE AR,

Eaglo| Hgh ALYL v|AES] a2l AAA ] o
S w X AJEC 2 malt extract, peptone, yeast extract
9] #7]1" 493} NHNO;, NaNO;, (NH,),HPO4;, KNO;

™
tjo



(NH):50,2) #7184:9% A7hse] A alodchTable 1),
I A BE ALYe] 2T vlstd FAAAY 2
pigment A 3Adege] F715HE WHY 5 oA F7124
9] 73-%- malt extract, 77| 2A9] 7$- (NH,),HPO, 27t
o 193% 2 177%2 AYAFE T 53
prodigiosin®] A2 i) ofnjcAbe 2 NE] AR
H 3= v} 9lej[13] Aol F83 &S sh}. Pigment
A S7HEe] 7P E2 malt extracel] Wl H=
HE APE AEFg. 6B) TR 1.5%2 et on
pigment®] YIRS 2 o] F7IA7]E A= eyt
o =3 e A¢ Z7)edle A 9 A ) 2ka
3t 21t A|7te] gt whel FAXA D A ) F
73] F715HE B9lvh. o= malt extract} THA} EA-o]m
2 ol F o] &3l HA 9o 2I)dE L EE AT
catabolite repressor® Z1g-3}x|qt 712l o] HajP oz 13}
ofp] Al 5o wiA] W = Fvlel] s AP F4
3] S71eE Aoz AlmHr),

2I1gRe &7t 23k v YA o X AR
Akl sle] F4549E F23 93 I geiA glon
53] s FmB 2] A5 dllel F719F TR we)
w599 o] B % F8% ZloR Al v} 7R
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71995 BaCl,, CaCly, KCl, MgCl, Na,HPOZ 0.1% (w/
v) 522 Arisle] wAA37 2 pigment Aol B X =
FeFE A TH(Table 1). ARIAHES T3] CuSO,,
FeCly, HgCla, NiCly, ZnClLell A 72A)7F F<t wiokst A=
A o] F] AR ot FFERY A M= dAGA
pigment A3 2] A8l o T Absl= A o2 AR FS)
TH(Data not shown). °|= FF<40] -SH 2-47]5 714 o+
WAy Agleld shAS v]EAs) A7) Ao Q3kd A
e} A7k A3} BaCly, Na,HPO,2] 7S o7l
vls] A2 A7 2 pigment Aol SHHH o] FAEH
o0, MeCLe] 75 #A19) AL dx7-9 Akl e
1} pigment AL FHEE FFS Bl Mg AFA
Aol 3 w)AE AR AZE™ Na,HPOsS 735 7t
A =& ASE 9 AR M debloh

olo) wel NayHPO,Z 0~3.0%(wiv)E 27t 3 7)sted ul
k3t A} (Fig. 6C) 1.0%14 5= 2 P50 EA
vehton) I ojake] Fleo M AEE S Bed
S. marcscens®] ¥13A] MEAA F7]2lAH 0.3 mM o]
o)A prodigiosin 43S 43 F7H71A]% 10~250 mM
9] F= WleME AAATE 73S Vet Bal[24]
b= v2A el s o= 7 SelAde] 7| WE

Table 1. Effect of carbon, nitrogen, and mineral sources on the cell growth and production of pigment.

Cell growth (ODggonm) Pigment concentration (ug/mg protein)
Source Component

24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs

Control 1.081 1.656 1.712 28.5 38.7 53.1

Fructose 0.088 0.681 1.559 3.1 22.0 45.0

Glucose 0.802 1.815 2.080 16.9 40.1 488

Lactose 0.933 1.771 1.800 32.8 76.3 68.7

Carbon .

(1%, wiv) Mannitol 0.960 1.723 1.755 338 46.4 56.1
’ Sorbitol 1.084 1.787 1.829 46.9 854 59.5
Starch 1.457 2.608 2.675 91.8 91.1 121.5

Sucrose 1.293 2.031 2.054 397 73.4 529

Chitosan 1.085 1.619 1.664 22.1 45.0 37.8

Control 1.081 1.656 1.712 28.5 38.7 53.1

Malt extract 1.017 2.208 2.447 20.2 92.8 102.5

Peptone 1.350 1.800 2.003 34.8 54.5 61.0

. Yeast extract 1.185 1.382 2.145 277 52.7 85.2

Nitrogen
NH4NO; 0.938 1.618 1.773 38.6 50.3 43.2
0.5%, wiv)

NaNO; 1.078 1.716 1.708 42.7 58.2 63.3

(NH,4),HPO, 2217 2.564 3.345 66.7 84.9 94.3

KNO; 1.128 1.688 1.696 61.6 55.6 383

(NH4),SO4 1.011 1.706 1.799 66.1 64.9 67.6

Control 1.081 1.656 1.712 28.5 38.7 53.1

BaCl, 1.450 1.959 1.975 344 54.7 70.3

Mineral sources  CaCl, 1.133 1.696 1.676 384 40.2 54.7
(0.1% wiv) KC1 1.078 1.749 1.758 38.0 383 65.2
MgCl, 1.061 1.747 1.745 62.9 70.7 90.2

Na,HPO, 1.094 1.960 1.996 66.4 63.1 90.2
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Fig. 6. Effect of starch concentrations (A), malt extract concen-
trations (B), and Na,HPO, concentrations (C) on growth and
producing pigment. Prodigiosin production: -B-, 24 hr; -a-
48 hr; -@-, 72 hr; Cell growth: 0, 24 hr; &, 48 hr; 8, 72 hr.
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o 33 JFedin AdEn YAFEES V1E02 Pt
A= $A48 ekt pigment AGAL T7]QAke] e}
o] e AL ArL,

E[HuiX|=Mol M2 pigment A0l CHEH D&
A7 A5 EHZE B F5E 92 Prodigiosin
AL AAE AP 3 AS RIS wiA) 2wz
Z& 243k FAAAT Prodigiosin Al A4 AEHA]
Fe 7 o] 98] A=l o] ¥23%) Prodigiosin
o AAEES FTMIE 4 e 71ZABEA o)Lk}
s Aelet AR =Y F714ql A7) 8sica Beld
53 B d7elA #AEA 2 olmxal 249
prodigiosin®] Aol w|X= 8L A7 WRA o) 9}
S 7= o]i= Serratia marcscens?] prodigiosin A&

Aol dehd, 3|2Eld, ZE 5o oln|xAle] AL
frdsies A5 v} Q7] dEo|wH23]. nIES] ol x|
ARRFEAJAL 9 o] SRS 913 F A FEA1Y g
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