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BB R Y R A Bk
A B AT AL B R, ok B %O R
(Pseudomonas fluorescens Pf-5) [ i 4k 1§ PtA, HJEY)
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G HE T8 91 Py kAT PCR Rk PR3 7 12 1 44 1 1)
A RTT % I e A Bl A 4 W] RS B R Al R A
A7 T X - kAT R R AR A 0T 4K
. Bl Hormung &5 " S T 50 44 Wi 25 9 %4 550
PR TG VA 9 6 49 1) 103 Bk BH AL 1 B JF BE X H A
PRBEAT b A ) 73 25 %6 58 » B0 UE T K6 T i A4 I8 i A 4
AT B8 B A= W AT AT M o ARWIE UL G P I P
AHOG HE DA A 0, B S b W% g v BE 2 T 604F
(Streptomyces sp. 604F) BEAT pi A4 i 5 D] 1) e %, JF:
BT 1% o A B O R e i R 9SS 2R 20 B HLOE A
28 S T RE ) AL 7 IR A o i WIE 9N I SR 0 B 4
s H s kg T IF S il e 1% e 1l iR i K
SCHEAC AL Bt A 2 Dy BE B 1 H A s ik

B HE DA A 4 A S A

| O R IR

L1 ##
1.1.1  F#k: Streptomyces sp. 604F 435 B ALK FE

Chukchi Cap (168°00. 775°W, 78°00. 359°N) 445 m 7K
WOURIAE B R T 2008 4E 55 3 Wb Al Rl 24 % 52,
FH L R A S O AR e Tl A ) 2 S B = R o

11,2 FZ 50 000 E% - 40 B 2k X A1 52 Ol 7 6 )y
H BioDev-Tech 2 ®], PCR ¥ # #H 5¢ i 7 g H
TaKaRa 24w , 55 MO ) @ 08 A L 58 B A2 1
AT, K AT B (Escherichia coli) DHSa T H At 5
WL 18 B 5k B~ v, v B 3k pMDIS-T 1y H
TaKaRa 2v o W5 BT I 5190 ¥t BB T2
T & A #) & . Mastercycler gradient PCR {¥ 5
Centrifuge 5417R (Eppendorf) , HL ik & 48 5 e i il 14
% % (BIO-RAD), ZHWY=200B & i& k7 = #5 5
ZHWY 211D i i #2 K CF g 28 Ok o3 A7 43 3 ) 3 A
BR A #]) » SCIENTZ SDC-6 I% iff 5 i A (5 3 2 8
WIFHEAT A T 5 e e 78 A (B 250 AR AR AR %

] RE=2000) , ZZ4E 46 1290 i AH €4 35 -G6224 K AT I}
[ T3 K A
1.1.3 55 (1)2216E #5955 BB AM S o Rt
k1 og, BERR ik 0.1 g, I U8 0 b R i K o & 2
1 L,pH7.2-7.4. (2) YW REFRIE EAW 10 g, 5
B 40 g HHEB FKER S 1 LpH5. 6. (3) K#
RigR B ek 10 g, BERE 10 ¢, # &0 6 g, MgS0, 0.5
g, L b il /K e & % 1 L, pHT. 2
1.2 Streptomyces sp. 604F g5 FX F

¥ 2l 1k B KR B2 B T 2216E WA S R P, T
28°C 180 r/min &4 THi9E 2 -3 do AR LKA
P G A 32 DNA S B4R, SR HJ 16S rRNA Jk [X]
WA G PCR 41, = W 44k 5 B 3655
PIBE 5B A IR A W o K 168 rRNA JE K 5 4]
Y5 EzTaxon-e 4 % v 19 46 X 1 K ¥ 510 LE X5 3% %
FRABUE 5 T 98 % 1) 7 1) LA R 456 0 4 1 R 0 A A
1.3 EEMEREXETREREGED

PL 4 3% {0 % 49 Bk # ( Staphylococcus aureus
NICBP 26112) « A4 % 2F {8 #F W& (Bacillus subtilis
MIG1.22) « K i #F W ATCC 8739. [ & & B
(Candida albicans ATCC 10231) H1 4 2 i ¥ g 1%
(Pseudomonas aeruginosa CMCC (B) 10104) 1F 4 #i
T PR T AR R e B IE Bkt X Streptomyces
sp. 604F kAT Ht B G VE O 6 ¥ 1% WAk BN T
2216E “FH 1,28°C K F5 1 -2 d &Kt B s 1 o 1
o JUAT AL ¥ B ¥ B 2 S 48 s i P B T
25C KI5 4 d, B R OW 2230 5% 40w BN dle
Hanrald ™ " % A ¥EF 10 1 8 38 W 45 i (PKS D LI
R WA 45 B (PKS ID) AR &% B 4k 2 Ik & B i
(NRPS) Z= R % 5 51, LL Streptomyces sp. 604F
PRV 4 BEAR HE AT PCR, = 1128 0. 8% B Jlig Wl e i v
VKA o
1.4 Streptomyces sp. 604F B9 L4 % tH i
7B i8] R BX R i (LC-Tof MS) #:37

B AL B s 0 2 L R TR I R AT ) T A
TR AU UK AR ¥4 VR I R R 5 TR S AR 4 ) B
B2 ¢ B I 7 100 mL, 75 4R B 30 min; 5 JF
PO LA T3 43 ML 9 SR I s o &
AR o & I ML AR I W A# T 100 mL
P, B 1 mL B35 80 SR SL OB B3 0 s 4/ y LC-Tof
MS 15 A > VKT 7 58 OR A7 26

LCTof MS 4& 41 (1) 3 AH ¥ 43 : 43 7 #E YMC
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ODS-A 4.6 mm [150 mm, Hf £ & 5 pL, %5 0.5
mL/min; FL A L E K (535005 0. 1% =5 L TR)
51 :0 min 20% Z.Ji5,2 min 20% Z Ji%,28 min 85% £
Ji% 529 min 95% Z,JI%,33 min 95% & Ji§; (2) J 3% #
Sy IE B TR ESE AU 325 LA, A 8. 0
L/min, W5 22 2% Ik 77 30 psio
1.5 Streptomyces sp. 604F W x L EEE EH N 5
ek

Jil Hornung 45 "% %119 FADH, 4 it 14 1% 14, 1

fRiFE51M (F 1), 454 Darren 25" [ B& % PCR %
P47 48 o A Tl L TR Y BE S 8 e B pMD18-T 4 I 3k
AP o WA % 14 Ak g 2 5]/ BE, A Primer 5.0 5
Oligo 7.0 BBt 3 X EMIHE R 51 (£ 1), 4
SRS Y, F B Liv %5 %k S 9 hiTAIL-
PCR J5¥5 5 Zhou %" &1 3 & GC & & I 3 A 41
DNA & Hi {5 TAIL-PCR J5 v, # 884 C %11 5 41 150 95 3
8. TA STRE H I BT PF2 43 303% 040 1k i
M 4K

1L ANEUEERNEHINETrEEREKNFERIY

Table 1. Degenerated primers to amplify halogenase gene fragment and specific primers to amplify full gene sequence

primer sequence (5”7 —3") reference
degenerated primer

Halo-B4¥W TTCCCSCGSTACCASATCGGSGAG

Halo-B7-RV GSGGGATSWMCCAGWACCASCC fio]
specific primer

USP1 CGCTCACGGACCACGACGCCCTT

Usp2 GAGGAGCATCTGGTCGAACTTCAT

USP3 TGCCGCCCCGCTTCTTGACGAAC

DSPI1 GGTGCGCTTCGAGGACGAGAACGG this study
DSP2 ACGATGGACTCCAGTCGCCGCTACTCGGACTTCTTCCAG

DSP3 GACGCGGGCTGGTACTGGTACAT

SF GGAAATCCATATGCCCAGTCCCGGCGA

SR CGGGATCCTCACACCGCGGCGGACTC

2 HURAIT

2.1 Streptomyces sp. 604F H)E K45 1E

BIAK 604F 7 2216E 1 #t b 3 % 2 3L H 15 JE
BV TR TR G S 78 2216 K W A4 3% 77 Bk op DUKS B8 8 2K
REEHLEK. PCR § H1Z Wk 168 rRNA L 7 41
7331 1406 bp, 55 EzTaxon-e H 4 & rp 12 2 8 bk 5 H
5% 75 B (Streptomyces albidoflavus DSM 40455") A L
P dg i (99.43% ) » HAER — A6 23 32 A8 i
Bootstrap (80% ) SZ ¢ (& 1) , 0 B bR NV IH by B 55
B &, B %E 44 N Streptomyces sp. 604F, GenBank % 3%
Z 4 KJO17969,

) FH 35 i P2 A WUl A0 07 3 % 5 A I Streptomyces
sp. 604F X 115 2% R B B A Boom g Ml BEE
IR ] (24 - 72 h) [ 28K, 400 B B 02 AR K ()
il Bl EL AR 13 mm §7 K% 17 mm) , 3 J5 #] (72 - 96
h) 40w BE K/ T R e (A B AR IR R 1T
mm) 5B 0B 5 T A 5 bl B R R B T R
2 PCR ¥l » Streptomyces sp. 604F [&] i) E. A PKS 1.

PKS 11 &% NRPS 3[4 ([ 2) , PCR P24 K/ Kk 4
24 750 bp~650 bp F11 1000 bp, 5 i —E.

WA LC-Tof MS & 43 3% ot 1% 73 #r 45 4 (181 3) 5
1F /N R T K] Streptomyces sp. 604F & 47 B ) {6, i
g b, f% B WS ot A 15.8 — 16.1 min. 16.1 -
16. 6 min (¥ 21 73 1E 2 780 EST [ HE > 1 8 1 i F
HE, 43 5 BLAE m /2 367, 1368.367. 1324( [M +
H] *,C,H,,CIN,O " {15741 367. 1326) , #E 4 i% W B
U5y 1040 F R E ATy CooH o, CIN, O, 3 th 47 4070
A RE A ok 19,4 -20.0 min [ 4 45 1
2R EST [ 2 1 3 7 g U BLAE m /2 225, 1481
( M +H] ", CH,,CIN,O " {1 5 {1 225. 1482) , # H
AIAER 20 T3 CgH,, CIN, O, th BIR &4 &t % -
2.2 Streptomyces sp. 604F BYpq 1t & K 7 (& &
F5 54

th T M Streptomyces sp. 604F J T w5 FH 32 4
RER I 21 g b1 T2 AT BT XS FADH, 4K #6284k
Wit 1% {27 31 51 4 Halo-B4FW /Halo-B7-RV £ | & 5
G AL Ko M Streptomyces sp. 604F & [K 4
F 18 4 530 bp 1 R B 5 Streptomyces sp. L131 )
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98

Streptomyces hydrogenans NBRC 13475T(ABIS4868)
Streptomyces daghestanicus NRRL B-5418'(DQ442497)

Streptomyces somaliensis NBRC 1291 6T(AB 184243)

30 Streptomyces violascens ISP 5[831(AY999737)

Streptomyces albidoflavus DSM 40455 (Z76676)

Streptomyces sp. 604F (KJ017969)

_,7 Streptomyces koyangensis VK—AGOT(AYOW]S(;)
50

Streptomyces rutgersensis NRBC 128]9T(AB]84]70)

Streptomyces fumigatiscleroticus NRBC 12999T(ABIS4248)

o]

Streptomyces purpurascens NBRC 13077T(AB184859)

96

Streptomyces levis NRBC 15423'(AB184670)

Streptomyces spinoverrucosus NRBC 14228'(AB184578)

Streptomyces luteogriseus NRBC 13402T(AB]84379)

 —
0.002 80 4|——Mramyces hawaiiensis NRBC 12784 (AB184143)
96 Streptomyces arenae NRBC 1301 6'[(AB2499?7)
1. R4 16S rRNA E E 5 5|#J 32 Streptomyces sp. 604F W1 R % & & It

Figure 1. Phylogenetic tree based on 16S rRNA gene of Sireptomyces sp. 604F and closely related type strains. Accession numbers of the type

strains are given in parentheses. Numbers on nodes correspond to bootstrap values above 50% . Scale represents a 0.2% difference in

sequence. The strain from this study is in boldface.

M 1 2 3

1000 bp
<~—— 750 bp
630 bp

2. Streptomyces sp. 604F fj PKS I.PKS II 5, NRPS
B Sk A [

Figure 2. Agarose gel electrophoresis of PKS I, PKS II and NRPS
amplicons from Streptomyces sp. 604F. M, DL2000 DNA Marker;
lane 1, PKS II; lane 2, NRPS; lane 3, PKS I.

A il 5 o3 v BOAH UM B iy » 4 99% K ] hiTATL-
PCR 73 53 A\ % 7 Be Wi s G 10 4K 20 3% 15 51 3210 bp
(B 4) » AHE A 58 3 11 i 4 gk [8] (fdh604) K JE
M 2741 o fdh604 4= Kk 1443 bp, GenBank % %5
A KF597548

2t Blast b X}, fdh604 L5 Streptomyces sp.
FXJ7. 023 1) 15 A4 g AH AL 552 i b 88% 5 fdh604 (1)
B 568 bp AE4m g -4, 5 Streptomyces sp.

FXJ7.023 [ 4E G % 7 SUARABLYE y 85% %Ak i %
A L it Sk G B 2 JOE 2018 5 86 1) 816 bp 54> 7 41
5 Streptomyces sp. FXJ7.023 w2 PE & MR & 48 1 41
BAVE 93% ; fdh604 1) R iiF A — B4 i Of 57 R € R
H 1) 845 bp %1, 55 Streptomyces sp. FXJ7. 023 K&
SEE A R 89% - X 4 BE T A nl e JE T
FEASTE A o A W) A2 iR DR O #fE I FDH604
HIAE R Pt T — & By SE R AR 8
BT fdh604 it 1) 5 H 12 )y 51 (FDH604) 5
56 1 A 7 ) E I e A R R R A (]
5) 5 R FDHO604 FI 2 55 &5 b Ik 2846 &5 9 (¥ 1w 4k
558 B — % > 1M H. Bootstrap 3¢ FF {8 51k 100% , #2750
FDHG604 w] fE 2 5 UL & W 1) & 1o 10 e At 25 7Y
A A0 35 SR DS il 2% 5 2 M R R A B
UL Rt s e 48, HOE R (1 o A il I AT A E A B
% IRTAIE s
G ZASBE IR A S D) 0 A= 6 B TR 7% 2 R
5 FLIL 1 b T A 1R AIE DA S 45 R 34 1) A L O
YT FDHO604 558k KAk 45 W 1) o A 186 45 s Al (4
SR FADH, Mt 2 1 A g > 113X A i £ g b JL0)
CmlS ™™ FI CndH " (1) 5 51 55 &b 1 45 4 U5 1iF 4T T
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3. Streptomyces sp. 604F B4 x 1L 4 LC-Tof MS [E]iZ

mass-to charge/(m/z)

Figure 3. A: Liquid chromatography (LC) spectrum of extracts from Streptomyces sp. 604F fermentation, showing halometabolites

in three graphs (black arrow) ; B: Time-of-flight mass spectrometry (Tof MS) spectrum of halometabolites separated by LC from

Streptomyces sp. 604F (black arrow) .
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816bp CysS A0S
p Lys - 2 -
So8bp < LD~ 14430p FDI
< :' e o—
s PR §450p HP
DSP2»
DSPI-+

4. hiTAIL-PCR ¥ 1% fdh604 R MBI EE F 5T E

Figure 4. Scheme showing amplification of fdh604 full sequence and its flanking sequences via hiTAIL-PCR. USP1-3 and DSP1-3 are primers

for hiTAIL-PCR; CysS, cystein synthase; uks, unknown sequence; ncs, non-coding sequence; FDH, flavin-dependent halogenase; HP,

hypothetical protein.

02

100

87 halogenase Nonomuraea sp. ATCC 39727 (CAD91205) A40926

100 halogenase Actinoplanes teichomyceticus (CAE53362) Teicoplanin

halogenase A Amycolatopsis orientalis ATCC19795 (CCD33142) Vancomycin Glycopeptides

100

100 halogenase Amycolatopsis balhimycina DSM 5908 (CAA76550) Balhimycin

ComH Streptomyces lavendulae (AAK81830) Complestatin

FDHG04 Streptontyces sp.604F (KF597548)

alkylhalidase CmlS Strepfomyces venezuelae (AAK08979) Chloramphenicol

putative halogenase Streptomyces antibioticus (AEU17894) Simocyclinone

45

21

CmdE Chondromyces crocatus (CAJ46693) Chondramides B/D

] 98
100 CrpH Nostoc sp. ATCC 53789 (ABM21576) Cryptophycin

putative halogenase Streptomyces roseochromogenes subsp. oscitans DS 12.976 ( AAN65237) Clorobiocin

66

NapH2 Streptomyces aculeolatus (ABS50460) Napyradiomycin

30
97

CalO3 Micromonospora echinospora (AAM70353) Calicheamicin

Asml2 Actinosynnema pretiosum subsp. auranticum (AAMS54090) Ansamitocin

‘ £

yr29 Streptomyces vitaminophilus (ABO15865) Pyrrolomycins A/B/C/D

99 |: P
100 ChlB4 Streptomyees antibioticus (AAZ77674) Chlorothricin

86

HrmQ Streptomyces griseoflavus (ACE80255) Hormaomycin

halogenase Microcystis aeruginosa PCC 9812 (CAO82151) Acruginosin

100 E AdpC Arabaena circinalis 90 (CAC01605) Anabaenopeptilide 90B
100 MenD Microcystis sp. NIVA-CYA 172/5 (AAZ03553) Cyanopeptolin-984

PItA Pseudomonas profegens Pt-5 (AAD24882) Pyoluteorin

Pyrl6 Streptomyces vitaminophilus (ABO15852) Pyrrolomycins A/B/C/D

36

100 Cts4 Streptomyces aureofaciens (BAA07389) Chlorotetracycline

PmC Pseudomonas fluorescens (AAB97506) Pyrrolnitrin

putative halogenase Streptomyces carzinostaticus (BAD38872) Neocarzilin

28
Pyr17 Streptomyces vitaminophilus (ABO15853) Pyrrolomycins A/B/C/D

53
86 HalB Actinoplanes sp. ATCC 33002 (AAQ04685) Pentachloropseudilin

KtzR Kutzneria sp. 744 (ABV56598) Kutznerides

5. FDH604 55 55 RARHEHLENHNANBEERFINRAELEN

Figure 5. Neighbor—oining tree based on amino acid sequences showing phylogenetic relationship between FDH604 and published halogenases involved

in synthesizing underlined halometabolites. GenBank accession numbers are given in parentheses. FDH604 (in boldface) shows high homology with

halogenases involved in glycopeptides biosynthesis (in black box). Numbers on nodes correspond to bootstrap values. Scale represents a 20%

difference in sequence.
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FDH604 MPSPGDAASAESFDVIVVGGGPAGSSAATFVAMQGHRVLLLEKESFPRHQIGESLLPSTV 60
CndH MSTR———- PEVEDLIVIGGGPGGSTLASFVAMRGHRVLLLEREAFPRHQIGHSLLPATY 55
Cmls ————— MTRSKVATIGGGPAGSVAGLTLHKLGHDVTIYERSAFPRYRVQHSLLPGTM 51
Dookskekek | sksk | H sk ok sk ossksksk o ockekiekekk ok
FDH604 HGICALLGVDEELHAAGFVKKRGGTFRWGSSTEPWSFDFALSEKFAGPTSFAYQVERMKE 120
CndH HGICAMLGLTDEMKRAGFPIKRGGTFRWGKEPEPWTFGFTRHP——DDPYGFAYQVERARF 113
CmlS S- ILVRLGLQEKIDAQNYVK SATFLWGQDQAPWTESFAAPKVAPWVEDHAVQVKREEF 110
* *k L kL kR skek, ESIE A N Lk okkik |k
FDH604 DQWIlDNARRKGVVVRPRLSVRDVVFFNGRVbGVRFFDPVGAARFASBRPVVDASGVQSR 180
CndH DDMLLRNSERKGVDVRERHEV IDVLFEGERAVGVRYRNTEGVELMAHARFIVDASGNRTR 173
Cml1S DKLLLDEARSRGITVHEETPVTDVDLSDPDRVVLTVR-RGGESVTVESDFVIDAGGSGGP 169
d,odesk oo, sk Eok, ® ockk : * R S = R
FDH604 lYGRVGGRRRYSDPFQN[A[YGYFFGGKRPAAPN@GN[ICVAFDAGWPWY[PIQDT[TSV 240
CndH VSQAVG-ERVYSRFFQNVALYGYFENGKRLPAPRQGNTLSAAFQDGWEWYIPLSDTLTSV 232
CmlS ISRKLG—VRQYDEFYRNFAVWSYFKLKDPFEGDLKGTTYSITFEDGWVWMIPIKDDLYSV 228
S sk ok ok, Rk ko K Jk. L ok Rk R RR: Rk bk
FDH604 GAVVRK- PCADI]RGDRDKA[AAM[ADLPIVPGY]QFAKRVI@GPYGPVRVR'D SYLSD 299
CndH GAVVSR-EAAEATKDGHEAALLRYTDRCPITKEYLAPATRVTTGDYGEIRTRKDYSYCNT 291
CmlS GLVVDRSKSAEVREQGADAFYSSTLAKCAKAMDILGGAEQVD EVRIV(DWSYDTE 283
EE . A *, E T S Hokr koskk |
FDH604 NFWSPGIIIVGDAVGP[DP[PbbGVHMAlFbAI]AARSVVSVIRGDththFAPYA[RY 359
CndH SFWKNGMALVGDAACFVDPVFSSGVHLATYSALLVARAINTCLAGEMSEQRCFEEFERRY 351
CmlS VFSADRFFLCGDAACFTDPLFSQGVHLASQSAVSAAAAIDRITRHGDEKDAVHAWYVRTY 313
* vk oskeksk, sk okeknskek ckekekiok: skekr koro *
FDH604 RRPYQ[FHDFIVSPYDVI——RDPQQYFDDARRVIRDQSP——GACAFAGIVGCGASDDI—— 413
CndH RREYGNFYQFLVAFYDMN-—QDTDSYFWSARKI INTEER——ANEAFVRLTAGRSNLDEPY 407
CmlS REAYEQYHQFLASFYTFASFTEPDSEFWRKRRITESDDDRLTRKKWFESLAGNGPEDPSG 403
[ R = S FIE o e : LRk
FDH604 ——ALTSDSYRDQR KKDLSRQS—————— RDIHW 437
CndH FQSVAKDFFTEREGFGAWFGGLVTSMAKGDGGGLMVGEGATDATESTGFAPENFMQGFTR 467
CmlS TVASFRDRASTMIAIGRHQRPELSDDFSEAELNPARVRWISDLTKRLNSITRFKWTGGKA 463
: * R .
FDH604 EGHR IQMQAAFG—EADDDVPAVEGG LTTAQDGMHWAK-SQESA 478
CndH EITELQHLAMFGEDRGPETPLWSGG LVPSRDGLAWAVESGEDA 510
Cml1S VLKQHYRVEP IGFRLEQREVLANGEGLDMAQYPMDDEARQIFQDLAEEEFGYKTLVKRLG 523
. Dk Lk SER
FDH604 AV 480
CndH AG 512
CmlS AVGRQELSTQIVVRLMEAGLLTGYDAQGEKVFVQGRLHFGGVGVEYEV 571

*

[ 6. FDH604 53F & R B2 = (L B CmlS.CndH & FF 51 LL 3
Figure 6. Multiple alignment of FDH604 and non-ryptophan halogenases CmlS (GenBank No. AAK08979; 30% sequence identity) and CndH
(GenBank No. CAQ43074; 47% sequence identity) . Highly conserved regions are underlined, including domains GGGxxG and GWxWxIP.
Highly conserved residues catalyzing halogenation, i.e., Glu (E), Lys (K), and Asp (D) are in black box.
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Cift 7 9 47 46 W) 58 25 5. 76 Nt ¥ 50+, FDH604 3 1518
bR T & A7 FADH, K #8284 i A6 Wi 1) P A £f 55 JE P

(GGGxxG 5 GWxWxIP) 41, th 3% 4 CmlS F1 CndH AW G B A K R W VE TR B AR R IR AR
th Ay o AT VAL R OR ST Bk K81, FIAE K T IR AU = 4 3= 202 R R AL & WA AR R BE AR IR AL S
Z 5 AR T iR 5E ES3, L S SR 4 4 4l B IR 1 W) s 53 o) e R R R B TR P A O 2 4 G T G A B
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Cloning and analysis of a halogenase gene of Streptomyces
sp. 604F from the Arctic Ocean
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Abstract: [Objective] To clone a halogenase gene from halometabolite-producing Streptomyces sp. 604F to facilitate
identification of potential halometabolites and its biosynthetic gene cluster. [Methods] We used agar block method to
detect the antimicrobial activity of Streptomyces sp. 604F. We further amplified the conserved regions of type I polyketide
synthase (PKS 1) , type II polyketide synthase (PKS II) and nonribosomal peptide synthetase (NRPS) encoding genes by
degenerative PCR. We detected halometabolites in fermentation extracts of Streptomyces sp. 604F analyzed by liquid
chromatography-time of flight mass spectrometry (LC-Tof MS). Next, we amplified halogenase gene fragment from
Streptomyces sp. 604F by using degenerative primers targeting reduced flavin adenine dinucleotide (FADH,) -dependent
halogenase genes. Finally, we cloned the full halogenase gene and its flanking sequences through high-efficiency thermal
asymmetric interlaced PCR (hiTAIL-PCR) . [Results] Streptomyces sp. 604F showed promising antifungal activity against
Candida albicans ATCC 10231, and its genome contained genes encoding PKS I, PKS II, NRPS and a halogenase with
1443 bp. The halogenase is a new non-iryptophan halogenase, and most closely related to halogenases catalyzing the
chlorination of glycopeptides. [Conclusion] Streptomyces sp. 604F possessed a new non-tryptophan halogenase, which
may be involved in halogenation of glycopeptide-like metabolites. The cloning and analysis of this halogenase have
provided guidance for searching target halometabolites, and laid the foundation for obtaining the biosynthetic gene cluster.
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