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Abstract

A marine bacterium producing carotenoid was isolated from the Yosu coastal area of South Korea, which was
recorded as MCK-1. It was identified as Erythrobacter sp. Optimum conditions of marine carotenoid fermentation
from Erythrobacter sp. were pH 6 0, a temperature of 25°C, 16 mM mannitol as a carbon source, 0.5% tryptone

as a nitrogen source, 0.1 mM Fe™

ion as a mineral source and 1 UM of cyanocobalamine as a growth factor in

a jar—fermentor. Erythrobacter sp. was produced 351.27 mg/100 mL of the marine carotenoid in these optimum
conditions. This marine carotenoid was composed of 4 different compounds, like as notoxanthin (61.4%), can—
thaxanthin (24.6%), fucoxanthin (8.2%), and zeaxanthin (5.8%). Physiological properties including antibacterial
activity, cytotoxic effect, antioxidative effect and free radical scavenging activity were characterized with crude
carotenoid. Carotenoid exhibited no antibacterial activity against E. coli and Lactobacillus bulgaricus, but showed
cytotoxic effect against cancer cells such as HepG2 (Hepatocellular carcinoma, human, ATCC HB-8065) and
HeLa (Cervical carcinomna, human, ATCC CCL-2) cells. The impediment ratios for HepG2 and HeLa cell were
37.14% and 33.78%, respectively. This carotenoid expressed a strong antioxidative effect (77%) against CCL-13
(diploid, monotypic hepatocyte, human, ATCC CCL-13) and free radical scavenging activity (36.7%) when using
5 ng/mL and 50 pg/mL crude carotenoid, respectively.
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kol 2 okF, AlE, ARAE Soll o) 4717 & Ao 7)
= 2 9 vH(7-9). Carotenoids A 424 ¥4k ofu]z} 4]
w2 A7, AL R MR, o oF4-A 24 thofslA o] &5
A F=87}F Eolx 3 9l o(7), A carotenoids®) AAHE of
A, A5, AR Sl A Aabe] FhsslA A 5] vl F
o] 3 ko] A 1% o2 A Fxcl 71Ae] o}
A A7} 9l nR w35 Y ol Aztel Ex]efA]
+= Dunaliella salina(10,11), Haematococcus pluvalis(12,13),
Phaffia rhodozyma(14,15) 5 25 &2 FA24E Q&= A
E3EA A 7lge] A= Jok1L,16,17). Dunaliella
salina®| B-carotene FAYFA 2] A4 0 2 = Dynaliella salina
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CTGGCTCAG-3’, 5'-AGAAAGGAGGTGATCCAGCC-3")
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Fig. 1. Extration procedure of total carotenoid produced by
MCK-1.
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TLCE Kiesel gel 60F(Merk, Germany)-& AF2-3}] pe-
troleum ether : acetone(8 : 2)9] 4w} 24 H7|ste] #-2]3t
9lc}. =& column chromatography+ silicagel 60G : Celite
5458 1: 12 &35t columnel] %138}, petroleum ether,
acetone 5-9| A 2 A A4 o8 F4 & ZUHAIHA FE,
A A 8ol e}

Carotenoide} 53

& oFA-o MCK-12 2 %8| 43 carotenod®] &4- ca-
rotenoid®] & &2 acetonel] =<3 spectrophotometer 2 3
st TFFY 7HAF 5 spectrumt W] EFA L FA
stelod, 2], 4R 39 carotenoid®] #F71Y FFE A
7] 915 IR spectrum< &4 3te] REFo F3 X9} v
stolch. el 3, )% 7} carotenoid B 5-2) o)A A9 F-&)
2wt A 29l #halslr] 98], 3t crude carotenoid &
e, £A43b7] ¢1ste] HPLCH 23 el = sslei o, &
Al 27L& Table 13} 2t} Lol & o] A&k 1F-5-(25)-2 ca-
rotenoid & #2] petroleum ether £ 4 mLol| 19%2} I petro-
leum ether -4 2~3 drops 7}& ¥, A-&ellA vk--A17] ¥
7FA) ¥ F<= spectrum®] W3R A #lshgd )

NaBHuel| )3l 214k-3-(26)- carotenoidell 95%2} etha-
nol& 7}aled &34 7] 12 5%<) NaBH. ethanol £ f| 2} &
A & 3pFH w1 A 7] 5 TLC 2 7FA % &4 spectrum
o] Wste ] Falsledvt 28] I carotenoid & #-2- line spot-
ting& TLC plate®} c-HCIE Ze] ¥ 74 dojv}i= v-5-&
7 B3] epoxy groups 7HA AL Q=21 8] o -5 2 A
oh(27).

Table 1. Condition of HPLC analysis for carotenoid produced
from Erythrobacter sp.

Items Conditions

Pharmacia LKB LCC 2252 complete system
LKB VWM detector (450 nm)
LKB 2221 intergrator

Instrument

Column Sumichiral OA-2000 (4 mm i.d <250 mm)
Mobile phase Hexane : Dichoromethane : Ethanol (48:16:1.2)
Flow rate 1.0 mL/min

Chart speed 0.5 cm/min

Carotenoidel gm&y

| oF A MCK-17} A48t carotenoid®) #8438 7
E3}7) 913 F524 = E colitKCTC 1039) % Lactobacillus
bulgaricus(KCTC 3188)& 37°CellAl Z}7F TGY (tryptone,
glucose, yeast extract) & MRS(DeMan, Rogosa and Sharpe)
al 2] of] 4]l oF3k & 10, 25, 50 2 100 ug/mL2] carotenoid &
A7)1sle] FA7F A LR 660 nmoll A FHEE SA 5ho]
A AAAEE A st

MEZEM AlE

HepG2(Hepatocellular carcinoma, human, ATCC HB-
8065) % HeLa(Cervical carcinoma, human, ATCC CCL-2)
A EE5S 10%2] fetal bovine serum(FBS)e] A7} Dul-
becco’s Modified Eagles Medium(DMEM)& Al-8-3}of 37
°C, 5%2) CO.& 24 % incubatorol]A] wjofgt 3~ wjz]& A
78k o3 74A] FE9| carotenoidZt Eel = AlAIRE wiA]
& A7psta 7247 wloFEke] hemocytometer® Al 45

=4 shede.

Carotenoide| &Hitst AlH

CCL-13(diploid, monotypic hepatocyte, human, ATCC
CCL-13)% 10%2] FBS7} &% DMEMell 4] 244 7} v <f
F a2 & A A5t o8] 7FR] FE(25~100 ng/mL)¢) carot-
enoid7} E°19l& AlAE w2 & Arste] w3t § PBS
(Phosphate Buffered Saline) & 4| 2] 8} 2 hemocytometer &
F+5 &A% 3 sonication 3tATh Sonicationdt Al 2
TBA w4 (2829)0] F3ted AP F 532 nmol|A FH4=
221 819} malonaldehyded] ®FA s 22 e TBA 3
< Tl

Free radical &7 &4

Carotenoid®] free radical 27 #4312 DPPH ¥4 (30,31)
o2 233}l r}. Carotenoidd 32| 7}A] 8] FX(5~50 ng/
mL)E dimethylsulfoxided| &3)A1# #2351, o] &4 |
mLE DPPH Al ¢¥ol| 3 7}sbe] 528 nmol A F359 #4E
ki iag

20 Y o

5o Y

Fig. 2014 3.3 wle} ol #F MCK-1-2 16S rDNA 5-
B2 A7 MGl 7] 23 BAA S EF A B4 A Ervthro-
bacter <ol 431 ol 99.3%2 A FAH 224 Erythro-
bacter < WF 2 FA

A

Carotenoide] =& ME4A =740t MMH
pH 6.0, 16 mM2] mannitol2 &4 2 23} 25°CellA]
uj ok A 7hel] b peake] W3S B s} FAIT Ervthrobacter
sp.2] carotenoid 4§42 wioF F- 48417kl A kA13HA| =



146

{_ Strain

Erythrobacter longus

Erythrobacter litoralis

Porphyrobacter

Porphyrobacter

Erythromicrobium

Sphingomonas  capsulata

Sphingomonas  paucimobilis
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e

ook

ATCC 33941 T
DSM 8509 T
neustonensis DSM 9434 T
tepidarius DSM 10594 N
ramosum DSM 8510 T

IFO 12533 T

IFO 13935 T

Rhodobacter

R

Roseobacter

denitrificans OCh114 T

sphaeroides IFO 12203 T

dospirillum lexig DSM 2132 T

Agrobacterium

tumefaciens DSM 30105 T

ol

Escherichia  coli

Fig. 2. Phylogenetic tree based on 16S rDNA 5-partial sequences showing the position of strain MCK-1 and some other taxa.

Scale bar represents 0.01.
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Fig. 3. Change of visible spectrum during fermentation of
Erythrobacter sp. in 5L Jar fermentor.
Cultivation after (a) 26 hr, (b) 33 hr, (c) 40 hr, (d) 48 hr.

moFslol& o pH 6.0914 2}k carotenoid7t Ak o] 3
HzA o2 ks h(Fig. 4). pH 7.0, pH 8.0 % pH 9.0
A F52 ARe EA Jebg 2, carotenoid®] A4S
2 5] ol E9th 0] 7L carotenoid?} AR = A4 &7}
2] sl A Bl A W4t SallE R @] dELR oA
A}, 18] 37, carotenoid®] A4 2 752 A A2 25°Cell A
713 Eo 7o & Jelhton(Fig. 5A), carotenoid®] A4S
2wyt Zr1a g FAT AT Bavh =3 YAES
scanningd] ¥t wjol = 25°Cell 4] peak®] A A=
(Fig. 5B)7} 30°Coll A 2] ZAxrch bk Z1& & 4 9l (Fig.
5C). wheka] o] A|F o & HE carotenoids®] A4S 25°Ce]|

0.06
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id =
005} —l— caroteno| T
o
f— 3 3.0 2
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) E
] h-]
5 0.03 | 20 3
a s
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- o
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Fig. A. Effect of pH on cell growth and carotenoid production
by Erythrobacter sp.

Fermentation was performed at 25°C for 3 days at indicated pH.
All values are mean® SE (n=3).
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Fig. 5. Effect of temperature on cell growth and carotenoid
production by Erythrobacter sp.

Fermentation was performed at 25°C for 3 days at indicated
temperature (A). Peak patterns of marine carotenoid production
on temperature 25°C (B) and 30°C (C) for 48 hours culturing. All
values are mean* SE (n=3).

HAql g o e, sk AT B Az
v gadozd e g §r]EA S AHEsl Al
2] A7 F carotenoid®] A4H& 7 3 A7} mannitole] t}
E exducs A3 Ao 2 Jelhdoh(Fig. 6A). £8 16
mM2] mannitole] ©}& F =2 mannitol®.t} carotenoid?]
Aibe] A3 Freta #adE A ohFig, 6B). o3 72
& 571 29U L 2143149 carotenoidd] A4S gAFAL Y]
A sl o} 7] A 98 carotenoid?) Aol £ 938
& F7A v A2 vebwthFig. TA). f71A a0 024
yeast extract, tryptone, peptone 5 ¢32] el9] §7] A A
< AH&-ste] A E319 S o tryptoneo] F8% F7] A
o 2 #ot= gl © 1 (Fig. 7B), 0.5%2] tryptone®] carotenoid
o kel M 2702 viebgriFig. 7C). &£, & 717
o) WA A2 E Folli= Fe*', Ca™’, Mg” 52 o]20] Zn®, Mn”,
EDTA 52t} carotenoids®] A4tell & 4 8-& vxl& A2
2 vebhgend 0.1 mMe) Fe*' o &4} 3loll A carotenoid®]
Ao} who] o] 212 Erythrobacter sp.©| 5+ carotenoid
o) WFA Eart Fe' iond cofactor2 o]-&3h= Z o Al
F¥HFig. 8). Growth factor®A] £ cyanocobalamine©] hi-
otin®]“} mevalonic acid®c} F& 35 Vel =, cy-
anocobalamine®] CO»& H =3} biotinelv} carotenoid9]
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Fig. 6. Effect of carbon source (A) and concentration of

mannitol (B) on cell growth and carotenoid production by

Erythrobacter sp.
All values are mean*SE (n=3).

A A<l mevalonic acid®.t} carotencid®] A4He] X2 & 4
2 %S 3l Ao & Ao (Fig. 9). 283 &%, pH,
kgl Aadd vlgkd 4 Y growth factor So] # A9 24
o2 ol gL u 7 L9 jar-fermentorel £|% carotenoid
9] AAareke 351.27 mg/100 mLZ YFebwtH(Fig. 10). 3 & H#
7t A ALl 1% W9l 8l 33 wlas) B Erythrobacter
sp. 2] carotenoidiz tHEAAbe] 7l Ao AR}

Carotenoide| 3

) opAlF Erythrobacter sp. 2] A4S carotenoid &
TLCE £43151& o 47k 9] &} & 342 vebt s, o]
£ band& S £z AA3}7] 918t carotencidE v] 73}
&l & column chromatography @ HPLCE 31§} 2 3} 4749
band® ¥z =9l o, 7t fraction® EA T A3} &3 3
ol TAHAAU}

Fraction 1 : 5% acetone/hexane © & -8-%% fraction 1-&
7HAI R F spectrum® A A3, F5-59 2] 7} acetone &
= ol 4] 459 nm2] keto carotenoid E-8-2] single band= )}
w1, NaBHyoll 98 3h9d ul-$ A3 449, 476 nm®] B-caro-
tene type®] 5 spectrum< e on], Lell 2|3t o] A 3}
uh-g- A E9) FRAI R F spectrumS- 445, 474 nmEA} 2
nm blue shiftdlgdc}. %FF canthaxanthin(F. Hoffman-
La RocheAl | #)3} co-TLC ¥ co-HPLC® Z 3} @ g7t
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Fig. 7. Effect of various inorganic (A) and organic (B) nitro-
gen sources, and optimun concentration of tryptone (C) on
cell growth and carotenoid production by Erythrobacter sp.
All values are mean®* SE (n=3).
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Fig. 8. Effect of ions for cell growth and carotenoid produc-
tion from marine bacterium Erythrobacter sp.
All values are mean*SE (n=3).
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Fig. 9. Change of cell growth and carotenoid production
during fermentation from different growth factors.
All values are mean® SE (n=3).
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Fig. 10. Effect of fermentation time on cell growth and ca-
rotenoid production at optimum conditions.

Optimum conditions of marine carotenoid production from Eryth-
robacter sp. were pH 6.0, a temperature of 25°C, 16 mM mannitol
as a carbon source, 0.5% tryptone as a nitrogen source, 0.1 mM
Fe'? ion as a mineral source and 1 UM of cyanocobalamine as
a growth factor in a jar-fermentor. In this optimum condition,
351.27 mg/ 100 mL of the marine carotenoid were produced. All
values are mean® SE (n=3).
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duced by Erythrobacter sp. with their retention time from
HPLC.
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Fig. 12. The growth curve of E. coli (A) and L. bulgaricus

(B) with various concentrations of bacterial carotenoid from

Erythrobacter sp.
All values are mean*SE (n=3).
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Fig. 13. Growth inhibitory effect of marine carotenoid from
Erythrobacter sp. on cancer cells.

At 60 pg/ml. of marine carotenoid, it showed an 37.14% inhibitory
effect on HepG2 cell and exhibited a 33.78% inhibitory effect on
Hela cell. All values are mean*SE (n=3).
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Table 2: The antioxidative effect of carotenoid from Erythro-
bacter sp. by TBA method
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Fig. 14. Changes in the free-radical scavenging level of DPPH
by carotenoid from Erythrobacter sp.
All values are mean*SE (n=3).
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