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WFFER R OMEE (330) : More than 50 siderophore producing clones were found from the
marine metagenomic library. Among them, DNA sequences of the four clones were
determined. By chemical and spectroscopic methods, vibrioferrin and bisucaberin were
identified as active products from the obtained clones. Especially, isolation yield of
vibrioferrin was 40 times higher than that of the original producer. The other clone had a
biosynthetic gene cluster whose total size was about 25 kbp which is one of the largest one
found by functional metagenomic screening. These results suggested the promising
potential of the functional metagenomic technique for cloning of biosynthetic genes and
heterologous production of active molecules.

AN IR TE R
(EAHAL - 1)
ELPEREEY A o Ft
AT ERR 3, 400, 000 1,020, 000 4,420, 000

WFe45 8« BE iy Sk

Bl 058 - #E - Al b

F—TU— R RS - AER - A X T A

1. WFFERRME 4O 5 i LT 2 FiETH 5, BRETMAED D
(1) BFREER A X7 DNERITREET D 95 99% LU 1T A TERE: F TR A3 N ¥
WA Oy B 2 iR T ) 4 DNA % ThoHEEN, TD XD IR RSO EERER



EWEFI - T 2 FEL LTER ST
W5,

— 5. WHEEEEHEE > 5 1385 < O 4B
TEVEE NG ST Y . ZOHITIEESE
mERE LTHER O DR, L
L7273 & SR HEEN) H ORI KSR D K
B ORENDIZE AR A ST
W, Fo, EROWEOE L I3E O AEMAE
MINREFELTNDEBEX LN TSR, HAE
HOBELIFEAEDEARTHETH D,

PLEDBRRMN G, A X7 ) NEE WA
WNZIE T L. A AR R D B OB s
G L. B LFRICWEAEET DT,
INFTHBOMEN LRI TE otz
ABLRMHERRYOTER ZATRRICT 26D
Th b,

(2) HEETEORME Fx OFFZE=ETITAE
W) 2 KRVE O @ WA B O IR D e R0V I
THEEB 2 X GUTHK 30 T m—rnbied
WHEA LT ) LT A4 77V EBER LTz, £
MEEBREE DN ERA A RRTH Y | MY
DL L PWEKRGEITLHRE TH D8A A 5
Dl-b&EREEME YT a7+ T B EET
LHFICERL, FEA ) —=0 7 R &G
L7z, T80 74 T34 RERIES & LT
Ty OgEEBAIO ) — FMeadw e 5%
HDOTHY, EXOMEZL DBREE /37
BIHER Ukk & 7o A BTG O 38 BLS 14 &
NOWETHD, TDI-OERRHE D
R I BT ZOLRERN 2GR RO B
Wb,

ABT ) ETATZ7 VI L TCeBER
K Chrome Azurol S ZH\Wiev T a7 47
BHRT veA 2iTo7c L 2 A, ZNETIZE0
ER DT T AT AEES v — & R
LT3,

2. WHEDBEE

VTR T A TRBEAT Y == TIZB N
TRHENEEE o= h, 14w
HIFIEIC K D BRI T O, BXOA
BEAL ) TR X D A EY O RE R & AT
EEATO, EEMERE LTHERY T 1Y
G 7 DR &AW LA IR A PE R ORESL %
Hi L35,

BoNEMBEIZOWTIEEEAL 4T v
T A R TEOHEMRAEVIEEOHRT 21T 9,
BLREMER R AL EIZ DN T,
EEHRBILFOmBIRELE, HDWVIIES
FRATBRAR D G2 Bl X v | TR AR
DWEFEEIT O,

3. WHEDTE

VTR TATHEEIB— D, EMEREL
\ZLE R KR D DNA fEikz %7 7 v —=
Y7L, EORINOHREEITI, £lo. 5D
NI AERZ ST EEE D& 3Bl 1 —
VEARRT D, AEM v— 2 EER, A
BILZHFiEE2 O TEEDE O &
s L OMEERE T 9o

Fro. WG LeAB BB OWEEITV,
B AR E A HE D | A EM SR O MG
BRI,

“ _ _ ABILTATFINE

BREYIIN WEARG I LS54T

!

TO747
RoY—=24

| & & RRET DR N
) L L& MOMBE M RE k ;
& & RRET LEEDORIT

1. BFFEGETE OB,

STAIAPEEIO—Y

4. WFIERLE

(1) Vibrioferrin AR T B L 0 #E



BLTIAZT ) DTAT TV NOHERY
T a7 g T AEEEE R v — 2 R
L7, 2EH35Kp D7 4 A3 F_Y X —7n
SIEMERBICHAEOEE LYy 7 7 a—=1
7' L. DNA BSZikELTE 24, b fHD
ORF Z&Tp#) 7 kbp DFEZ 4 E LT-,
BLAST R D F. €45 ORF (I Vibrio J&
B HSkD 7 17 7 T 5 vibrioferrin A4

BB T AZ— L mWHREEEZ R L
=2 e, AT a— 4 vibrioferrin & 5
X OFFRILAWE EFEL TV D HENRE
ST,

M7 n— ik, 7 v 7+ TiEM
WROONIEER EFEL VA7 o~ BT
T 7 4 —ITUHEMRR D O 2 D | R
(ZWiAH HPLC (2 & Y {EMERSY 21572, NMR
BLOMS DAY MUVHTIZ LD | AP
B & BT HE D & Tl S A7z vibrioferrin T
b5 ERE LT,

vy

CO,H

g;kﬂ /\ﬁwcw

CO,H

vibrioferrin

et — it

w

vibrioferrin biosyntheticgene cluster

5 ORF (7245 bp)

2. Vibrioferrin O & EARERLR T2
TAE—,

ZTOAFERIT 92.6 mg/L TH Y, Akt
PER CTd 5 Vibrio parahaemolyticus & bk L
N FEHLORNETHT, £, V
parahaemolyticus 73 vibrioferrin OZEpEIZ 8k %
BRI CBRE LT Rk IR B S LB T H %
WXL T, A7 v— Tl o5 T Rz

&L RIEFEAPEOFMME R LIz, b DDA
ARG NE LT 5, A S
EROAEMDEGRBIRFEAZ T ) L
ETHAG L, 2RI E BAETE
FEIAEGEROFEREERT DO TH T,
N A USRI S ES
150-1000 m DRMEHEFREMIH KA X 7 ) INT
LTINS, ¥TFuaTdx T hEEI a— %
Bf Uiz, Ak & FEROFET, JRIKEE T
AT LIZE 2 A, 4 DD ORF b b2k
5 kbp OAELKERT 7 T AX—% L
oo FRIFEMEREAT OFE R, N-hydroxy-N-succinyl
cadaverine (HSC) 5 1 7 4 7 A A K& s
+F & OFELMEDFRD Hivens, ZE OFEIEME

40-60% ThH VY, F£7= HSC T a7 4+ 7%
BEIN BT D HEN D DNABLSIN H D

PEMI DHERNINEE T - 7o,

(0] (o]
(l)H
PN
N N
H H
N\/\/\/'}l
OH
(o] (o]

bisucaberin

i)

(2) Bisucaberin

bisucaberin biosyntheticgene cluster

4 ORF (5463 bp)

3. Bisucaberin Of#it & A G KGER T2
T AH —,

Z 2T EEE R LG AR RE . &
FEARY MT —Z NOHEEZ YT L, EE
¥ % N-hydroxy-N-succinyl cadaverine ™ KEg:{k
2 B{ATdH D bisucaberin LIREL7Z, ZhE
TIZ Vibrio J&#HEE 2> & bisucaberin O 4 A Al
GERHMEINTWAER, SEERELZLO

B2 7 A X —OWIRR R £z
DNA Fit#l s K& < 8722 2 F0 b  RBEIT L



WHROAGRBLET 7 FAX—Th D&
EBAD XTI, ARERIZ, AXT 7 MEICK

F AT IRA W £ Sk D BAR B IR % RS L FEBS
CBEAEE TITA2FETTHOTH D,
(3) Vibriobactin BIEME  KEFEHER
FORE LI AXT ) LT74 7T VR
T 74T AEERE n— & R LT, R
WOFEIZLY , ZOMHEBETOY T 71
—= U T HRBTCD /NS T2 DNA WA TR
EMEER D 2 eh D, AMEBWOAFEITITR
ERAEAREETZ 7 AX—BEE LT
HEHER L, K 35kbp DT F A Ry Z—
2@ DNA B8 2 RE LTz,

LY "!‘E‘— E=) ﬂ-

A B CDE G H I JK L M

mil:l ruv&\,nrg}

vibriobactin
4. WG LeAGREE 7 7 A% —B X
O BE Z1 FH R PR 2 & B8 28 HE I & 7o
vibriobactin D,

ZDOFEF, 15 D ORF 72572 5% 25 kbp &
HERRBIR TV 7 AX—Tholz, FHFEMES
Hroofk ., Vibrio J&# i Hi 3k @ vibriobactin 4

BBV 7 AL —L OHBARRD LI
723, vibriobactin 7 7 A % —|ZAF(ET 58
FO—EBRBPLTEBY, FFIHREAH
DT PEEAAET D70 L, HEPITHRR
LA T HEND ., FRULEOEED
RSN, THVE TR 25kbp £V KE
HGRGRIB T2 T A X —D3, BB — AR
V== ZETES SN BITELS . 227
J BWEDIGHMEDIL S 2 - 368 Th 5,

— 5. T DEFEMIRNT & BT D3 RIS
BEATO LAEFEMDRESTINRLFE, 4k

FEW DL EVEDRE DR IZHBEICE - C
W, AiE, IRIE L7z DNA Blsl% & &
YT a—=2 T ETV, RERBEETO
brESCHBLDOIEME L 72 Sl L v AFEM DM
EEITV, LAY & HER S D A FEM O
[FEEZHED TOLEFHETH D,

5. F/RFEEFMLE

(WFFEEH, FE
(ES )

Gy e ONEEERT B8 12

(dERERm 30 (R4 1)

(1) Fujita, M. J.; Nakano, K.; Sakai, R.;
Bisucaberin B, a Linear Hydroxamate Class
Siderophore from the Marine Bacterium
Tenacibaculum mesophilum; Molecules 2013, 18,
4, 3917-3926.; doi:10.3390/molecules18043917

(EHAY)
(2) Nasuno, E.; Kimura, N.; Fujita, M. J.;
Nakatsu C.; Kamagata, Y., Hanada, S,;

Phylogenetically novel Luxl/LuxR-type Quorum
Sensing Systems Isolated Using a Metagenomic
Approach; Appl. Environ. Microbiol., 2012, 22,
8067-8074.; doi:10.1128/AEM.01442-12 (i
AY)

(3) Fujita, M. J.; Kimura, N.; Yokose, H.; Otsuka,
M.; Heterologous production of bisucaberin
using a biosynthetic gene cluster cloned from a
deep sea metagenome.; Mol. BioSyst., 2012, 8,
482-485.; doi:10.1039/C1IMB05431G (i
D)

(4) Eujita, M. J.; Kimura, N.; Sakai, A.; Ichikawa,
Y. Hanyu, T.; Otsuka, M.; Cloning and
heterologous expression of the vibrioferrin
biosynthetic gene cluster from a marine
metagenomic library.;  Biosci.  Biotechnol.
Biochem., 2011, 75, 12, 2283-2287;
doi:10.1271/bbb.110379 (EFEH V)

(%K) Gtomh)

O  FRHEMEA - BEHE—. WEERE S DI
BIRE Fe$YA@BR LT o757 o BEEE
LHEEEBARERTFD I a—= 7 R 25
FRE HAKE TR RE, 2013 4 3 H 26
—30 H., HREERY: CGER)

@ BREMER., A X7 MBI X DER R
FERBEMAEM DO OFRARK~ T U —
DR EMEAFE, AR~ T ) —& 4[]
NPV RY T A, 20124212 A7 H, B
Ky ()

@ BEEHERL., A X7 AEEHWTETEER
SR D Bigs LAEPE, AR RAL SR
S IBEFEFOS, 2012410 H5H, B
Hoo<r T (FH)



@ Masaki Fujita; Functional metagenomic
study on marine natural products chemistry; 2012
International Conference of Natural Products
Biosynthesis (8th US-Japan Seminar on the
Biosynthesis of Natural Products); 2012 4% 6 H
17—22 H; WS s (JuH)

©® FREEIR - RIFHED - FREMEAL, W A
7 AR TR T AT EEIR—D
fRHT. 55 132 [A] A AR 2| 2012 4F 3 A
26—30 H | duifpE Ry (dbisE)

® Masaki _ Fujita, Masami  Otsuka;
Heterologous Production of Siderophores by
Metagenomic  Approach; Gordon Research
Conference, Marine Natural Products; 2012 4 2
H 26 H—3 A 2 H, Ventura Beach Marriott
(California, USA)

(@ Masaki Fujita; Heterologous Production of
Siderophores by the Genes Cloned from a Marine
Metagenome; 2011 US-Japan Bioorganic Marine
Chemistry; 2011 4F 12 A 11—16 H; #hf=
Nyvg by g— (i)

® FEEHEA. A&7 NEIC X D EEE R
PEBRBEWMAEY DD OFRAGK~ YT U —
DYRR LB AEPE, ABR~ T U —5 3 [H
NP RV T A 20104212 A 3 B, B
R ()

© FEEHEA, A X7 NEIC X D EEE R
PEBRBEWMAEY DD OFRAGK~ T U —
DR LB AEPE, ABR~ T U —5 2 (A
NPT URY T A 2010456 A 4 B, BELK
7 (R

(HE) G144
(1) BREHER, fth, "R, £KF
M5, 2012, 3-14

(Z fth)
R AR DA
http://www.cris.hokudai.ac.jp/fujita/index.html/

6. WFFEHAK

() WFgefEs

JEH  HEfC (FUJITA MASAKI)

JeEE RS - BRI TERERE - FRTBhE
e %= 30505251

(2) WFFE55 14
L

(3) T FEA
L



