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Abstract

The aerobic photosynthetic bacterium, which produces bacterial carotenoids was isolated and identified from
coastal marine environments. This bacterium was identified by 16S rDNA sequencing and designated as
Erythrobacter longus SY-46. E. longus SY-46 was Gram negative and rod shape, and the optimal culture con-
ditions were 257, pH 7.0, and 3.0% NaCl concentration, respectively. The carbon and nitrogen sources required
for the optimal growth were lactose and fryptone, respectively. Fatty acid compositions of E. longus SY-46
were Cis:1(78.32%), v-linolenic acid(Cis:ano.12.15:: 3.83%), margaric acid(Ci7.0: 3.38%), palmitic acid(Ciso: 3.07%),
and docosahexaenoic acid(Cazens: 2.21%). In addition, E. longus SY-46 showed the characteristic absorption
peaks of bacterial carotenoids(in the region of 450 to 480 nm) and bacteriochlorophyll(770 to 772 nm). Major
carotenoids of E. longus SY-46 were polyhydroxylated xanthophylls such as fucoxanthin and zeaxanthin.
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tal genomic DNAE F 3l template® A}-8-31Y
TF. 16S rRNA 8 x}9] F3F-o °]8¥ primer®-&
49F(5'-AGAATTCTNANACATGCAAGTCGAICG-3Y)
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ATk WA MTAN 5B MAAZ T, 94THAA
13, 61 oA 13, 72TColA 184 303 ¥hE3}q
DNAE S3A17]12, mtA 9o R 72TCoA 583
extensionA] # PCR WS ZAA|ZHTH AAH 168
tDNA ¢} PCR ¥F2-5-2 pGEM-T vector(Promega)o)
ligationA] 7| WHg-E-2 w]2] Fwl§ 200 we] XLI-
blue corhpefent cello]| transformation A]Z] & alkaline
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T} o]9} 7o) 16S rDNA 48 X3l 4A74gS
243t ¥, National Center for Biotechnology
Information(NCBI)2] GenBank ] ©] Ef vj] o] 2~ 9j| A] 7}
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CEERE

drochloride 1.0 g, nicotinic acid 1.0 g, trace element
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final pH 7.5, aged seawater(70%) 1 L.
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Table 1. Condition of HPLC analysis for carotenoids pro-
duced from strain SY-46

Items Conditions

Instrument Agilent 1100 series

Consist of system |4-channel gradient pump(G1311A)

UV-detector(G1316A)

Column compartment(G1316A)

Vacuum degasser(G1322A)

Injector

LiChrosorb RP 18(250 x 45 mm)

A: methanol/acetonitrile/D.W.
(83:13:4, viv)

B: acetone(100%)

Gradient condition|0~7 min  100% A

7~11 min linear increase to 60% B

11 ~20 min 60% B

20~28 min liner decrease to 100% A

1.0 mL/min

0.5 cm/min

Column
Mobile phase

Flow rate
Chart speed

peak?] 5A & 8-F5+ A9 retention time, 5
=3 co-HPLCE 3 3std FA39 ). Astaxanthin,
bacteriochlorophyll a, (-carotene, fucoxanthin, lyco-
pene, zeaxanthin F9] EFEFL sigmaAl(St. Louis,
MO, USA)Z R ¥ F 3G

31. 27| F2dMHe 22l ¥ 53

2 A A pink H=+= oranged] 2] colonyS 34
sl 609 A ago] EeHoy, 770~772
nmoj| 4] bacteriochlorophyll®] Eo]n}lZ-8 Role &
714 BFANTL SY-46 FFvlo] g Eul
SY-46 #F= WEE FEHoE M4 AL £
AMgt A3} bacteriochlorophylle] E-0]u}3} Qo %
460 ~480 nmoj| A carotenoids®] E-olwA T L}E}Y
RAHFig. 1). 714 FFAAATL 3714 %83
A di XA BaPEJou), B A7dA
23 609 F9 A F & 3 FF7Ho] bac-
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Fig. 1. Absorption spectrum of pigment extract of strain
SY-46.

Table 2. Physiological and biochemical characteristics of
strain SY-46 and Erythrobacter longus ATCC
33941

E. longus
ATCC 33941
Color Orange Orange
Cell shape rod long rod
Gram staining - -
Motility
Oxidase
Catalase
Indole production
Methyl Red test - -
Voges-Proskauer reaction - -
Requirement of

Biotin + +

Nicotinic acid - -

Ca-panthothenate + -

Thiamine - -

Vitamin B, ' - -
Utilization as a sole carbon source

Acetate -
Pyruvate +
Glucose +
Methanol - -
Succinate - -
Malate -
Citrate
Butyrate
Glutamate

NOs; reduction to NO,

Contents Strain SY-46

+ + + +
+ + + +

+ 4

+ + + o
+ + 0+

d3lA o, Gram &4, IHFo 2 FF4HE 7HT
Oxidase®} catalase testv= %A, MR-VP teste= 24 o]
1.0.H, indole XA S 7}X ™ biotin} Ca-pan-
thothenate & +A3E& 71X AR SY-46 HF—

Erythrobacter longus ATCC 33941 52} A8} 83

Aol FAFSIH o1}, Ca-panthothenate 8 43}
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butyrate & citrate o] -85 A] x}o]E HYTh HT}
&3 TAHL 3l SY-46 7352 16S tDNA ¢
714 E (1421 bp)& A3 NCBI GenBankol] 5=
B 4540 we FFEF FAAUY FBAL
ol A3}, E longus$t 99% o)39] 718 =2 A
&3S Yeh AtHFig. 2). 0]} 9) Aol ma £
714 BJAA AN TS Erythrobacter longus SY-46.2.
Z Wul3la, Genbankol] =38 accession nmum-
ber(EU 543273)2 Hojuigit).

32. 22|30 XA HExA

E. longus SY-462] HZA AAZ A 3] FA}3H
A%, HAF 5w 25T, F4 pHe 7.0, 33 NaCl
FEE 3.0%32 JeldthFig 3). B #2= pH 6.09]
A 10.074A19] vl wA Yo WHeel pH ZANAE
2 JAEF oW, NaCl =2 A$ 2.0~3.5%7} A
o] FxoA & A3l 0%} 5.0% o)M= A
o] AAEIA &ttt E longus ATCC 33941 #3<]
749 28T, pH 7.0~8.0, 2.5% NaCl = ojA A3
A%< veldo B dFoke 2ol AUY-. o)
o] HAZAANA E. longus SY-462] JZ24& F
AR A3, B g g F RADIMA FENE
AZ H 5243t whell F A 7)o o] 2 ¥ THFig. 4).

E. longus SY-46 ¥ FTF A 719 HA Z7io|A wj

Ervthmbacter fongus
100

Sirain SY-46

— Ciythmobacter citreus

Br
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Ervthrobacter flavus

Vibrio parahaemolticus

- —

ooz

Fig. 2. Phylogenetic tree based on comparison of the 16S
rRNA gene sequence indicating the position of
strain SY-46. The phylogenetic tree was generated
using the neighbor-joining method. Bootstrap val-
ues, expressed as percentages of 1000 replications,
are given at branching points. Bar, 2 nucleotide
substitutions per 100 nucleotides.
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Fig. 3. Effects of temperature, initial pH, and NaCl con-
centrations on the growth of Erythrobacter longus
SY-46 in PPES-II medium.
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Fig. 4. Growth curve of Erythrobacter longus SY-46 at
optimal culture conditions(25°C, pH 7.0, and NaCl
3.0%).

U3l g4y A9 o85S RAG AHfe=
Fig. 59} 69l YEI AU}, E. longus SY-46 O F=
lactose, glucose % starchE& 2 o] -&3}H o1}, su-
crose, galactose, fructose= A&} ©]-83}A] Ut} 2
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Fig. 5. Effect of carbon sources on the growth of
Erythrobacter longus SY-46 at optimal culture
conditions(25°C, pH 7.0, and NaCl 3.0%).

210 2= yryptoneL 7} & ol-&5te] HA HA

X 31 malt extract, soytone 2 yeat extract % 2]

71dAade & o]gS AT 1y Fr|Asde
Fo] A & %S A A LU

e do o B

33. Xjgdt 24

E. longus SY-462] A|EXuki 2448 B A3 &4
3} = Table 39} YJERY QT F A EX)HA2FL Shiba
9} Simidu®] R 1'% FLE Cip1 8 AR AEAY
A Sheke] 7832%¥ow, 1 th O 2 v-linolenic
acid(Cigan91215¢) 3.83%, margaric acid(Ci7.0) 3.38%,
palmitic acid (Cis0) 3.07%9] 0.2 YVEIGTL o] 7

ojthA - B+ -

o] A4

0.D. at 640 nm

Fig. 6. Effect of various inorganic and organic nitrogen
sources on the growth of Erythrobacter longus
SY-46 at optimal culture conditions(25C, pH 7.0,
and NaCl 3.0%).

Sl Axle= E longus®] 3= MEAYAS] BE7} Cigy
73.3%, Ciso 10.3%2}31 K313+ Urakami9} Komagata®”
o a7 Asshe el Folrt ATk

E. longus SY-46& EoldiAlxs s B ¥ 3 A ukat
(HUFA: high unsaturate fatty acid)¢l DHA(docosahex-
aenoic acid, Caen3) S 2.21%=E -5t AU} o)
AE FAU S X4 10~20/18 &4 Ales
X3 o, AR vAEE A3t AR
A S 7T B2 AL AN g BX3A]
upALo | T®), 3 4= <)l A(essential fatty acid)$l T %

Table 3. Fatty acid compositions of Erythrobacter longus SY-46

Standard Fatty acid(%) Standard Fatty acid(%)
Butyric acid Cs.o 1.56 Linoleic acid Cig.2n9¢ -
Caproic acid Cs.o - Linoleadic acid Cig-2noc -
Caprylic acid Cs.o 1.59 Linolenic acid Cig:309.12.15¢ 0.73
Capric acid ClO:O : - v-Linolenic acid C13;3n6,9‘129 3.83
Undercanoic acid Ciyg - Arachidic acid Cagg -
Lauric acid Cio - Eicosenoic acid Czo -
Tridecanoic acid C)s0 - Ficosadienoic acid Cyo -
Myristic acid Ciso - cis-11,14,17-Eicosatrienoic acid Cso3 -
Myristoleic acid Cia - Arachiconic acid Czo4 -
Pentadecanoic acid Cisg - Heneicosanoic acid Cay.o -
cis-10-Pentadecenoic acid Cisa - Eicosapentaenoic acid Caos -
Palmitic acid Cieo 3.07 Erucic acid Cy -
Palmitoleic acid Cis.) - Tricosanoic acid Cp.o -
Margaric acid Ciro 3.38 cis-13,16-Docosadienoic acid Cz:o -
Margaroleic acid Ci7, 2.94 Lignoceric actd Caao -
Stearic acid CIS;O 2.36 Nervonic acid C24;1n15c _ : -
Oleic, Elaidic acid Ciginoe 1noe 78.32 Docosahexaenoic acid Caz6n3 2.21

Total
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Absorbance (430 am)

b B S B ¥ T ¥ * ¥ < ¥ :
i & 3 9 us * 93 R
Retention time (min)

Fig. 7. HPLC chromatogram of total pigment extract of
Erythrobacter longus SY-46 at 430 nm.

XA PAE 2] - Zpo]o] g AEo H4F
A I EolE T WA glen, £3] EPA(eico-
sapentaenoic acid, Czosn3)2} DHAE 3j|4F o] F{-of] QU
oA )¢ F Q3 nEEEIFAFAoIT). B Ay
NA B3 5743 BFFAAAT E longus SY-46
Chlorella®} ¥3:3F %] DHAS &#-'93l1 9o
vZ sjak X - zpole) 7| oAl 2 A9 At
MeARE B AR dgdH

3.4. MA BM

E. longus SY-460] WASI= MAZ v|ehg =&
Mo g &3l 94 HPLCE B3 243 da&=
Fig. 79 Jehch =3 ¥FZ 3} co-HPLCE 3)
3leg B8 A} fucoxanthin(retention time: 3.612
min)¥} zeaxanthin(4.483 min)o] oo 2 &35}
© ™, bacteriochlorophyll(12.156 min)® Ao g 7
XA o]y A= Envthrobacterd2 major
carotenoids £ polor carotenoidsE 71X 31 §) 31 bacter-
iochlorophyll a, & 7AW, Roseobacterd: & major
carotenoids 2 spheroidenoneS 7}x 11 9o}= w11
o} & ARAFHPT. 3 E longus SY-46-2 fucox-
anthin¥} zeaxanthing o}zFo 2 $H3-3l11 919, bac-
terial carotenoids+= carotene 2.t} polyhydroxylated
xanthophyllsg}= Cieglere] B399} 2 o x]3}g ).

4. 4 =

e AFANGolA 0% AoFe 17
Koz HE|sgtgor}t, 1= 770 nmol A bacterio-
chlorophyll €] absorption peakE U el = 3714 &

FAATE 23 F FF el FAEAY. F3hA
AT Ay 5 FAo| ARt A H 0w,
Aol W2 qgd fFrEH Fr1EY ol &5H
< 7FA 3 1o v E A W 8% AXE
2} A8 vt 22l bacteriochlorophyll-S &3k
5714 BRMTY A EAHS AL,

16S tRNA geneS ©]-&3tq QrjxdE 431
AEARL v A3} E longus SY-460. 2 TS}

A}, E. longus SY-46-2 orange2! @] colonyE & Ao}
= Gram &4, 74 2.2 biotind} Ca-panthothenate
QFAL 7MY §AQ9 0 2 lactoseE 71 & o
2319 .01} sucrose, galactose, fructosex= # &) o]|&
31X ¢, AU O E &= tryptones & o] 8-31 3
o Rr]d4d Hoe R34 dS & o] &35
t}. E longus SY-469] HAH AJAZAL 25T, pH
7.0, 3.0% NaCl T=}.

E. longus SY-462] F M EAWAHE Cig 2 A A
XA 3ol 78.32%P oM, 1 The O v-
linolenic aCid(C13;3n9‘12'15c)2 3.83%, margaric acid(Cn;o):
3.38%, palmitic acid(Cieo): 3.07%%] £ 2 e}t
t}. E longus SY-462 83 X|W4ta}t 53] DHA
Cro221%)% 53k 310] X - Aolel ok 73
£ 93 HolAlRE R APe] 7t AR fJd
At} =3} carotenoidsE A] fucoxanthini} zeaxanthin
g oh 4Asa Qo) FY L F AR, HF 3
Ve, BaA, BABA, A9okE AL S cherd
Eopo A F-8o] 7} o HdH
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