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SRR AE R T, ESkRE R C. FIRER
H1 salinosporamide A 2512, FRYT 11 i 4b W7 BT X
B, RREEFRERRRA, HRAESRSGEY
VTR S R G A LR R B A2 24T iE Rk
B, BB IR TR RR L i A T 1 10%),
ERF O A S T R A G = W it 5 g i e
HFEE P TR E M, a0 hR e R i s
THUESEIN T BRERTL F 20RO Ve S U5 1Y) 4% 25 TR
Streptomyces iakyrus SCSIO NS104 H /%% T
— ZRIVHA R B A PUE TG TERY piericidin 25428
U7/ RN = I A (N VN U e = 7/ )
peroxiredoxin 1 (PRDX1)# piericidin 5 2 4 H
LSS AT N 1 ARERTT T ORI S TR Y B
F5 1 Streptomyces sp. ZJ306 H 43 E A T P
KRB EE R, s T HAY G it
TR A3 SRR AL S AL ™) 3 BRI 5 $ R BR VT
RS v ) B B T EAT 7 A B A RS MR ARG
YR s .

RSV S —KEEW KRR, HAHT
WL BUMIE . DU S Z R E R, R Ao SR
4 (polyketide synthase, PKS)fEfLIE MAgI, H
RS WY 25 M AT LR H g =28 TAL, T Al
AR Forp TR PKS A7 fEf ) 2 BRI i
B, HP Y EEONRIRNEER . Z2mEFE
b 59 .1 B PKS J2& HH 2 MR (module) 4 AL,
1> Module 38 # H il 345 BB (ketosynthase, KS)
gERIE . TSR AL L (acyltransferase, AT)Z5#3a
LR 2 AR EE M (acyl carrier protein, ACP)ZE5f41E
Y, I Claisen 465 KW 5| A — ik
JG. W4 Module A] BB & A i AL ik i i
(ketoreductase, KR)ZEH43e, . Jii /K (dehydratase,
DH)%% #4) 35 5% 45 I 34 52 i (enoyl reductase, ER)%ZE
P, A TR SR R B R 5 S A (] A B 1Y) 4R
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ik ). 117 PKS WFRIA R PKS, &—XKZ
REMG S A4, i —Z&n] 84l T B 25 A0 SR (KS,,
KSp Fl ACPYH N, -2 MM 7 A R RAL S WY
A . 11 24 PKS J& T /K il (chalcone) & B, /&
— ol AT e A P A [ OB 2 1, AT AR
ACP T B EAE AL BEAEAIEE A A4 G, FEA5E
PRI A SR I G A s SRy
I A PKS RGP A= )5 L DA i e R T
50 kb, BUILAIFESEM cosmid SCRARME VTR
SEREAY 17U PKS FE N1 , 1X 45 L PR R R IR Y
N TR ERBACTE TR F HF,
PG FRAR DNA 731, ol &l ek 120-300 kb
() DNA J7 B, PHIew) iz BT 12 PKS BEH 7%
B s kb 4EE R " quinolidomicin®!
salinomycin!'” | streptoseomycin!"*'F1 lobophorins!'”!
AR L BAC SR s B ARAT T 58 4 i Bk R 5 552
BAEA R BE R R 1E EH A RIA
ERWEEY, BT
plecomacrolide ZX %, HAZ.LEEHE K170 AR
PR Ko7 oe e IR0, iR Ry Werner %5 F
1983 4F NEEEZ A S. griseus sp. sulfurus TU 1922
e AR RIS AR AE B A E] L dn
fi 4 1 o« dt B 8 1§ Kitasatospora
KM-605421 WG PEEERE A Streptomyces sp. RIAT1
il RIA635PY | M N A4 Streptomyces sp.
YIMS56209%4 DL Je W W 4 3% 18 Sk U 5 5
S. albolongus YIM101047% #fF5¢ %1 , bafilomycins
HAPURE R 2 IR . FUR) . DU . Biard:
L GBI RIGE BUBAA SR O, ST,
ARG R Sk B R e AR . RS . Jk
My . BAC SUEGR A B ETE, 4
B AR B2 i KOCHRHRIE , AN 1 BRERVL ITIT

Bafilomycins

setae
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WG )55 R 7 Streptomyces sp. SCSIO 40020
R3] 2 RS9 bafilomycins A, A1 D,
veREIFSE T AR A RN, S T HAYE
BEAE , BT T I E R Y A R A
B FIRRIBE R, JFNINTERER TR Streptomyces
lividans SBTI18 ., Streptomyces coelicolor M1154 Fl
Streptomyces albus J1074 HH K47 T bafilomycins,
M5 %% bafilomycins [ 454 2l ik A # Pk SCSIO
40020 Ay A 248 B T LA, o

LAk A
1.1

111 B#h 555 1 Streptomyces sp. SCSIO 40020
(5 %5 LW701)H1 A< 256 28 X gl 1 BRI 1H
DIBRWI(AR 4 114.0432°, Jb45 22.0194°, 28 m /K
U)oy B aiAb AR 5 o B ORAE FNA% AR 8 A [ 44
AM6 Fi IR LT 28 °C K5 g%, TR ORI T Hh AR e
A VR RIE S TV B I 5 HP O B R DR
ETETE S, lividans SBT182" S, coelicolor M115418
S. albus J1074% R SRR KM F 18, i RiFsCHE
K2 B 56 R Pt . KIGFFIR Escherichia coli
ET12567/pUB307 H A< L6 25 0T .

1.1.2  BE5R3E. HRk SCSIO 40020 [ {445 5%
AM6 [EARREFR I PIVEHETER 20 g, %M 10 g,
BEBERY 5 g, A FEIE S g, CaCOs5g, MHEL
30g, BifE20g, NMKERZ 1L, pH7.0; i
FE IR A AU N o 2H Dbk AR SR T R B SFM
gk WO 15 g, HEREE 20 g, ZifE 20 g,
NaCl2g, CaCO;5¢g, IZKEZRZE 1L, pH7.0;
Pk SCSIO 40020 K S5 7 1k o 2H TRTAR MR 14 T
BRFR(H R ISP3 KRSk MK 20 g, CaCOs5 g,
Wi 30 g, MKERZ 1L, pH7.0; 5 TR

IR KLY ISP4 [FIRKE IR 3L . I PEdERs 10 g,
K,HPO, 10 g, MgSO47H,O 1 g, NaCl 1 g,
(NH4),S0, 2 g, CaCOs2 g, Hifl§ 20 g, Wit L&R
RAW 100 uL, II/KERZE 1L, pH 7.0;5 KIFHFF
WS LB AR R0 BREE R 10 g, WEEE
PEH) 5 g, NaCl10g, NI/KEXRZE 1L, pH7.0;
M F IR0 TSB WA IRk REE IR R LY
DR FRRE 30 g, MEER 30 g, IIKEZAZE 1 L,pH 7.0,
113 FEEGAER: P PCR 51 ddEstR
BHRFENPHCA R A A GG TR
DAL EYPHATIRA R SE R R4 BAC
SCPE DU\ BUR A R IR WA s BAC
BT A Sl 2R\ A R A BRA
SEi; Easytag DNA &SRR AR 4
KXEEYEARARAF; FiA R A Sigma A7,

PCR 1%, & [= Eppendorf /A 7] ; Tanon EPS-300
HIKAY, EHRBERMHCARA R BERER RS
Gel DocTM XR+, [H Bio-Rad A F]; WEf7E K
{¥(Laborota4000 efficient), 7% [ Heidolph 2\ F];
FRR AR AT, SEFE Agilent 2vH], Cig JAH{G
ﬁaﬁ*{(S pm, 250 mmx4.6 mm; Phenomenex Gemini
Cis)s il S RBOBAH (1% 1L, H 7S Hitachi 22 7]
1.2 BEEWEAERNHAKRRE 16S rRNA EH 75
K E

R I SCHR 30141 18 #Y 7 v 32 U Bk SCSIO
40020 HEENZ] DNA, HEDURKRA LY RHA
PR 2 W) 58 P R ) 4 BE L2 e o 4 DA R A
53R 16S TRNA L T4 7E EzBioCloud
16S database AT HXT, SEHBOHRIMEE = R F
51, MH MEGA7.0 #/F#) Clustal W kit 172
A X, R F AR #23% (neighbor-joining ) #4) & 2
GBRFM
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1.3 KRB A Y& R EE R aHr
Bk SCSIO 40020 MYKEH 4 EH Fig =

antiSMASH 3f;(https://antismash.secondarymetabolites.

org/#!/start) AT IR AR 7 W £ W) S R A 1
437« FF 2ndFind (http:/biosyn.nih.go.jp/2ndfind/)
BN b 35 R 72 T W s P9 P 00 A 7 8 5] T2 AE
TR B AR 45 & Or s R T, JF 454 BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.Cgi)?kﬁ:XﬂL%
RESEA TR
1.4 PHPRTEEE S

B HFE SCSIO 40020 By - 3 &0
TAGE S ICH KPR 10 min #5407 55 /0 Eie .
6 -5 g AR ek YR BB AT RN B ST AT, Al
TEERRE N 0%, 0.5%. 1%, 2%. 3%. 4%. 5%.
6%. 7%. 8%. 9%. 10%M AM6 FHx b A % 5
AL, FAATERIZR; 78 28 °C 15 12.d, W%
BRI A A L
1.5 TEEREIKBERE SR

PG b B HE AR SCSIO 40020 432 A B & A
30 mL TSB i AKT 37309 250 mL HEIEH5 8
28 °C. 200 r/min }55% 3 d #5350 . FFh K
DUATH AL 10%09 4R35 A5 10 L (9 ISP3 )
KRR 3, 28 °C. 200 r/min R 7 d, T
il 15 & B RE 7)
1.6 KEE™=Y)HIRBUN 5B

Xof & e 45 25 ) A T 8 00 75 81 8 VR R 4K
gy, SRS T IR FI N AT 3 %k, A9
SRAFHIEDI(13.5 @) BHALIRY S5 (100200 H)
—RIEITRERE, SRERAEZEHT, LAE/H A vk
5, MARFIEL 100/0 E 0/100 A EEVRE, WA
A3, R €033 (TLC) Fl /8 RO AR €4 1% (HPLC)

actamicro@im.ac.cn

MG ISR Fr-Fr.3, BB Fr.l dHfrBERA:
JZ #7 (Sephadex LH-20) , & 4& & FF 153 2] 1& 2>
Fr.1.1-Fr.1.10, #RJ5XH@4> Fr.l.6-Fr.1.10 #1712
il 28 RO ARAE Z BT GRS AR A A FR L 85:15 I L
/7K, Wk 2.5 mL/min), f5314bE%9 1; Fr.2 it
1T Crs R FEBAHFE ZHT (HE AL 14.5 cm*2.5 cm),
L 15 mL/min), 53] 18 M4 (Fr.2.1-Fr.2.18).
V41853 Fr.2.9-Fr.2.18 M7 =0 AAT )= lifk,
HEMEEY) 2.

1.7 BAC SCEEMIT %

FIH SS9 Baf-sk-1F (5'-TGTGACTGA
GCACGCCAGTG-3")#1l Baf-sk-1R (5'-CCGGTGC
GTGCATGACCCTC-3"), Baf-sk-2F (5'-ACCGCAA
TGTTTTCGCCATC-3")# Baf-sk-2R (5'-CTCTTCG
TCCGTGGTCTCAG-3")*¥ Btk SCSIO 40020 F&[H
44 BAC SCE#EAT PCR ik . 2 BAC SCFEH [F]—
Pt by . HmiEA DNA o35l ittt 17
PCR A, 4 BH 47 4 25 68 Ny 19 s B 1~ A
BAC SCEH Pk, QI o1 0 . PCR AR
M+ 10xEasytaq Buffer 2 uL, dNTPs 1 pL, Easytag
Enzyme 0.2 pL, 5% F 0.5 uL, 5/4 R 0.5 uL,
DMSO 1.2 uL, 4R 1 uL, H,O 13.6 uL. PCR X
N2 A . 95°C 10 min; 94 °C 30s, 60°C 30s,
72 °C 1 min, 32 ME¥; 72 °C 5 min,

1.8 RIEREERIEE

I RERE ALY E. coli ET12567/pUB307 Fi
PEURTE (255 PR BAC 244) T LB WA RE IR 4k
37°C, 200 r/min $3% 34 h, & ODg 21N 0.6,
WCAE R, I LB WUARRE IR AL 0E 2 I, ARG
BERBALAS R N SFM A b &I BUCsE 5
(S. lividans SBT18, S. coelicolor M1154 8% S. albus
J1074)f1 7, fnAGE R TSB AR FR3E, 50 °C K
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I 10 min, )5 & THEIKQ28 °C, 200 r/min)
BiFewi & 2-3 h, VRG2S IRGH
BRI Z IR, WA T MeCly (B
47 20 mmol/L)f ISP4 -4 I, 28 °C £55F 18 h;
FHRAECRIE(TMP, Z9KREEN 50 pg/mL)FIE 52
Z(Apr, LHIE N 25 png/mL)E # A, 28 °C B
I 5-7d )5, ATWEEG TR MRS TR
[N2H DNA JFH| A% 5 1519 Baf-sk-1F/R Al
Baf-sk-2F/R #17 PCR B ik, i e 354560 & H bRtk
PR 2 118 7 5 SR T R o
1.9 FEFRBEMRM R BN

WA B B b R R 0 S R 3R 8 T MR D 2
SFM ~F-iz |, T 28 °C fEkd:F: 7 d. BIHGE T
AT ISP3 WA SR AL TR S T do W
5 mL KRG T i, 75 5 H 2 AP
BET, A 100 pL H EE RS HC 50 uL 54 . HPLC

REZAE R i A AR 10% 206, % 0.1%—
SOBR, WiEhH B AN 90%Z 0, i 1 mL/min,
K 8 254 nm HPLC 3EFEFREF A : 0—15 min,
5%-100% B #H;15-25 min, 100% B 4 ;25-26 min,
100%—5% B #H; 26-30 min, 5% B #.

2 ERAAMN

2.1 TEFEEE Rtk BT

FIAR SCSIO 40020 HhAEIZH X1 jai fei - IRV T
TR (R4 114.0432°, Jb4522.0194°, 28 m K
W Ea], XHZERHT 16S IRNA JER 751
Y 7E (GenBank 45 : MW582618), @i FE41 AT,
ARIVE ST 2 H S Streptomyces halstedii NBRC
12783" P AIARIUM S =, ol 99.86%. ilf—b A
F & SCSIO 40020 16S rRNA F:[H [R5k F
(1 1), G55 Bz bk S48 b R A bR PR R SR A

[ 62 — Streptomyces pulveraceus LMG 203227 (AJ781377)
0002 87 _r— Streptomyces gelaticus NRRL B-2928" (DQ026636)
Streptomyces sanglieri NBRC 100784 (AB249945)
04 64 Streptomyces yanii NBRC 146697 (AB006159)
80— SCSIO 40020

& 1.

— Streptomyces halstedii NBRC 12783 (AB184142)

32 Streptomyces flavovirens NBRC 37167 (AB184834)
L Streptomyces nitrosporeus NBRC 3362T (AB184751)

Streptomyces noboritoensis NBRC 13065T (AB184287)

Streptomyces mauvecolor LMG 20100" (AJ781358)

74 Streptomyces xanthochromogenes NRRL B-5410" (DQ442559)

Actinoalloteichus cyanogriseus NRRL B-2194T (NR_044137)

ETF 16S rRNA EEFFIHZEHIE# SCSIO 40020 R4 B#E

Figure 1. Neighbor-joining phylogenetic tree constructed on the basis of almost-complete 16S rRNA gene
sequences showing the relationships between the stain SCSIO 40020 and closely related members of genus

Streptomyces. The numbers at branch nodes indicate bootstrap percentages derived from 1000 replications; only

values above 50% are shown. Bar, 0.002 substitutions per single nucleotide position. Numbers in parentheses

. . T .
represent the sequences accession number in GenBank. ": Type strain.

http://journals.im.ac.cn/actamicrocn
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[Fl—4r3, PEIHGE FRE SCSIO 40020 M4ERE )R
Wk, 44N Streptomyces sp. SCSIO 40020,

B FR SCSIO 40020 7EA [R] Rk FE i B 5
Ferp R R SR, g5 R B E R SCSIO 40020 A ifif
TR, T 0% S%ANEEME TAK R, X5
I A PR VA o B 9 R B VAR A%
2.2 Bafilomycins A, #1 D B4 5 M5 E

X Bk SCSIO 40020 #H47 10 L &AL e, K&
T 77 1) 24 A8 WS ) 26 BUR A4S Fh (8 0, R4S
&% 1 12, @i ESI-MS . 'H NMR . *C NMR
EEP TS M M 552 SCERAE e g, BREAR S 1
(bafilomycin A,)#l 2 (bafilomycin D)#Z5#4 (& 2).

LG 1 R EARY) . (ESI-MS) m/z
645.5 [M+Na]', #&/RnHAoTFE R 622, G55 10E
RIS 0T, B2 F2UN CisHssOoo 'H NMR
(700 MHz, CDCl;) dy 6.67 (1H, s, H-3), 6.50 (1H,
dd, J=15.0, 10.7 Hz, H-12), 5.81 (1H, d, J=10.6 Hz,
H-11), 5.77 (1H, d, J=9.1 Hz, H-5), 5.53 (1H, s,
OH-19), 5.16 (1H, dd, J=15.0, 9.4 Hz, H-13), 4.95
(1H, d, J=8.6 Hz, H-15), 4.65 (1H, d, J=3.6 Hz,
OH-17), 4.13 (1H, d, J=10.5 Hz, H-17), 3.88 (1H, t,
J=9.0 Hz, H-14), 3.63 (3H, s, CH;0-2), 3.48 (1H,
dd, J=10.2, 1.9 Hz, H-23), 3.29 (1H, d, J=6.9 Hz,

H-7), 3.24 (3H, s, CH;0-14), 2.50 (1H, m, H-6),
2.29 (1H, dd, J=11.9, 4.7 Hz, Ha-20), 1.98 (3H, s,

CH;-26), 1.93 (3H, s, CH;-29), 1.32 (1H, td, J=10.0,
6.5 Hz, H-22), 1.15 (1H, t, J=11.1 Hz, Hb-20), 1.06
(3H, d, J=7.0 Hz, CH5-27), 1.04 (3H, d, J=7.2 Hz,
CH;-31), 0.93 (3H, dd, J=6.4, 3.7 Hz, CH;-32),
0.90 (1H, d, J=6.9 Hz, H-25), 0.82 (1H, d, J=6.9 Hz,
H-30), 0.76 (1H, d, J=6.8 Hz, H-33), C NMR
(176 MHz, CDCl3) dc 167.5 (C, C-1), 143.2 (C,
C-10), 142.9 (CH, C-5), 141.4 (C, C-2),
133.7 (CH, C-3), 133.2 (C, C-4), 133.2 (CH, C-12),
127.3 (CH, C-13), 125.4 (CH, C-11), 99.1 (C, C-19),
82.4 (CH, C-14), 81.3 (CH, C-7), 77.0 (CH, C-15),
76.0 (CH, C-23), 71.1 (CH, C-21), 70.8 (CH, C-17),
60.1 (OCH;, C-2), 55.7 (OCHs, C-14), 43.6 (CH,,
C-20), 42.2 (CH, C-18), 41.3 (CH,, C-9), 41.2 (CH,
C-22), 40.1 (CH, C-8), 37.3 (CH, C-16), 36.8 (CH,
C-6), 28.0 (CH, C-24), 21.8 (CH;, C-28), 21.3 (CH;,
C-25), 20.3 (CHs, C-29), 17.4 (CHs, C-27), 14.5
(CH;, C-33), 14.2 (CHs, C-26), 12.3 (CH;, C-32),
10.0 (CHs, C-30), 7.2 (CHa, C-31), FLHRAb A 5 Ak
T 5 B A1k &) bafilomycin A, —E

EY 2 MIREAHRY . (ESI-MS) m/z
627.5 [M + Na]", #&/RHArFEN 604, 25550
FWIE 0T, #0E H o F2UN CisHseOs. 'H NMR
(700 MHz, CDCL;) 8y 6.90 (1H, d, J=15.8, 8.3 Hz,
H-21), 6.64 (1H, s, H-3), 6.48 (s, 1H), 6.28 (1H, d,
J=15.8 Hz, H-20), 5.80 (1H, d, J=10.7 Hz, H-11),

5.75 (1H, d, J = 9.1 Hz, H-5), 5.17 (2H, dd, J=15.0,
9.1 Hz, H-13), 5.05 (1H, d, J=8.0 Hz, H-15), 3.80

Bafilomycin A, (1)

Bafilomycin D (2)

& 2. 1k&417502 9481

Figure 2.

actamicro@im.ac.cn

Chemical structures of bafilomycin A, (1) and bafilomycin D (2).
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(1H, m, H-14), 3.76 (1H, m, H-17), 3.67 (3H, s,
OCH;-2), 3.30 (1H, m, H-7),2.52 (1H, m, H-6), 1.97

(3H, s, H-26), 1.90 (3H, s, CH3-29), 1.19 (3H, d, J=
7.0 Hz, CHs-31), 1.07 (3H, s, CH3-32), 0.93 (3H, d,
J=6.7 Hz, CH;-33), "*C NMR (176 MHz, CDCl;) dc

203.3 (C, C-19), 166.6 (C, C-1), 148.7 (CH, C-21),
142.9 (C, C-10), 142.4 (CH, C-5), 141.6 (C, C-2),
133.1 (CH, C-3), 133.0 (C, C-4), 132.9 (CH, C-12),
129.5 (CH, C-20), 127.2 (CH, C-13), 125.5 (CH,
C-11), 83.5 (CH, C-14), 81.4 (CH, C-7), 79.9 (CH,
C-23), 76.5 (CH, C-15), 72.8 (CH, C-17), 60.3
(OCHj3, C-2), 55.8 (OCH3, C-14), 46.4 (CH, C-18),
41.4 (CH,, C-9), 40.1 (CH, C-22), 39.9 (CH, C-8),
38.6 (CH, C-16), 36.9 (CH, C-6), 31.1 (CH, C-24),
22.0 (CHj;, C-28), 20.1 (CHs;, C-29), 19.8 (CHs,
C-25), 17.5 (CHs, C-27), 16.9 (CHj;, C-33), 16.7
(CH;, C-32), 14.1 (CHs, C-26), 10.8 (CH;, C-30),
10.4 (CHs, C-31). HERAbM: BT A 34 ir 5 2 80

b4 ) bafilomycin D —%

2.3 Streptomyces sp. SCSIO 40020
bafilomycins 4 ¥ & BIE RIS

2.3.1 Bafilomycins &= ¥)& BEEER N . FIFH
antiSMASH 5.0 X} Bk SCSIO 40020 %t K 20 1% 1)

PAT AT, 5 SCERIE Y bafilomycins A=)
B B DR R HEA T L X 034330, EI}'E Region 25 1]

fit5 bafilomycins & WAH X . #— 4 F| F 2ndFind
M BLAST XL X BGHATIRA ST, B 5E %
X s N — Bt K/l 73549 bp, AL 19 DNIFHR
PLHER) DNA JF8(bf1 L) M 3¢ Rtk SCSIO
40020 9 bafilomycins A4 (&l 3). SHRE &K
bafilomycins =¥ & IEH TR, XF bl FLHFRE N
FENFEATIREE R (R 1), RS 6 1N 1B PKS
i KEIH bAIAL . bfIA2. bflA3. bflA4. bfIAS5 . bflA6
DAK 1 AN Y 11 BUGR BRI IE Y bA1G, 5 155
HH 43 N —E-ACP JE 3L R bfIB . bfIC. bfID.

30 40

bAIM bfILbAIK bfIAl

40 50

bflA2 bf143

70 80
| |

BIC bIE  bfIR bfIH bflJ

——ﬁﬁ*@ i

bflA4 bfIA5

- PKS genes

L] Regulatory genes
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Figure 3.

The bafilomycins biosynthetic gene cluster from Streptomyces sp. SCSIO 40020.
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BfIE. bfF, 534k bafilomycin A, fill5E 5 1&
WiR B bfIM . BfIL. bfIK. bfll. bflJ, 2 ks
VEFEEEN bIR F bfIH,

2.3.2 Bafilomycins 2] & BUSZMHET . AR 1

B PKS WSROI | bff FEDRIFE N2 BE R R Eh R RE
K SCHRARIE Y bafilomycins AE ¥ @200,
FATHIF R SCSIO 40020 H bafilomycins A; I D
MG BGEAR T T HEF(E 4),

=1
Table 1.
SCSIO 40020

Streptomyces sp. SCSIO 40020 7 bafilomycins £ & B EFFENZ EE O IHAE TR
The deduced gene functions in the bafilomycins biosynthetic gene cluster from Streptomyces sp.

Protein homologue (GenBank accession No.) identity/similarity

Gene Size/bp Proposed function
K. setae KM-6054 S. griseus DSM 2608 S. lohii JCM 14114
bfIM 1596 acyl-CoA ligase BfmM (BAJ33096) BafBI (AGK25217) BafX (ADC79613)
90/93 92/94 91/94
bfIL 1545 amide synthetase BfmL (BAJ33097) BafBII (AGK25192) BafY (ADC79614)
85/89 89/93 91/93
bfIK 1245 5-aminolevulinic acid BfmK (BAJ33098) BafBIII (AGK25193) BafZ (ADC79615)
synthase 89/94 92/95 94/96
bflAl 14424 polyketide synthase BfmA1 (BAJ33099) BafSI (AGK25194) BafAI (ADC79616)
83/86 85/87 88/90
bfl42 10038 polyketide synthase BfmA2 (BAJ33100) BafSII (AGK25213) BafAll (ADC79617)
86/89 89/91 91/93
bflA3 5187 polyketide synthase BfmA2 (BAJ33100) BafSII (AGK25213) BafAll (ADC79617)
84/87 89/92 89/91
bflA4 11877 polyketide synthase BfmA3 (BAJ33101) BafSIII (AGK25214) BafAlIll (ADC79618)
86/89 91/92 91/93
bflAS 10398 polyketide synthase BfmA4 (BAJ33102) BafSIV (AGK25195) BafAIV (ADC79619)
85/89 86/88 89/90
bflA6 6372 polyketide synthase BfmAS (BAJ33103) BafSV (AGK25196) BafAV (ADC79620)
83/87 88/91 89/91
bfIB 891 glyceryl-ACP BfmB (BAJ33104) BafAl (AGK25191) BafB (ADC79621)
dehydrogenase 88/91 92/95 92/94
bfiC 282 acyl carrier protein BfmC (BAJ33105) BafAll (AGK25197) BafC (ADC79622)
(ACP) 87/90 90/92 94/95
bfiD 1116 3-oxoacyl-ACP BfmD (BAJ33106) BafAlll (AGK25198) BafD (ADC79623)
dehydrogenase 92/95 94/96 94/96
bfIE 1140 glyceryl-ACP synthase BfmE (BAJ33107) BafAIV (AGK25199) BafE (ADC79624)
87/90 92/96 93/96
bfIF 663 O-methyltransferase BfmF (BAJ33108) BafAV (AGK25200) BafF (ADC79625)
91/95 92/97 93/98
bfIR 1947 AfsR family BfmR (BAJ33109) BafRI (AGK25201) BafG (ADC79626)
transcriptional regulator ~ 84/88 90/92 92/94
bflG 762 thioesterase 11 BfmG (BAJ33110) BafT (AGK25202) BafH (ADC79627)
82/88 92/93 93/94
bflH 354 LuxR family BfmH (BAJ33111) BafRII (AGK25203) Orfl (ADC79628)
transcriptional regulator ~ 72/79 86/90 89/91
bfll 963 fumaryl transferase BfmlI (BAJ33112) Orf17 (AGK25204) Orf2 (ADC79629)
91/95 92/96 92/96
bflJ 1080 fumarate BfmJ (BAJ33113) Orf18 (AGK25205) Orf3 (ADC79630)
adenylyltransferase 90/92 94/96 94/96
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Figure 4. The proposed biosynthetic pathway of bafilomycins from Streptomyces sp. SCSIO 40020.
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AL R S i 5 A= BY bafilomycin A, FoA PO
W ER Y C23 o7 A FR R C19 AL A M5 1 7B 8 o
A& bafilomycin D FYZEFY XS HAE YIS a2 k47
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Identification of bafilomycins and heterologous expression of its
biosynthetic gene cluster from the Pearl River Estuary
sediment-derived Streptomyces sp. SCSIO 40020

. :1,2 IR | 1,3 ; 1 . 1
Shilan Zhai **, Wei Liu', Zhengchao Wu °, Yiguang Zhu', Wenjun Zhang ',
1,2 . 1*
Changsheng Zhang “, Liang Ma
" Key Laboratory of Tropical Marine Bio-resources and Ecology, Guangdong Key Laboratory of Marine Materia Medica,
RNAM Center for Marine Microbiology, South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou

510301, Guangdong Province, China

? University of Chinese Academy of Sciences, Beijing 100049, China

3 State Key Lboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese Academy of Sciences,
Guangzhou 510301, Guangdong Province, China

Abstract: [Objective] To identify the macrolide antibiotic bafilomycins from the strain SCSIO 40020 isolated from the
Pearl River Estuary sediment. To clone and heterologously express the biosynthetic gene cluster (BGC) of bafilomycins.
[Methods] The strain SCSIO 40020 was identified based on phylogenetic analysis of its 16S rRNA gene sequence. The
generated compounds from SCSIO 40020 were purified via normal phase-column chromatography and semi-preparative
chromatography. The chemical structures of the isolated compounds were subsequently elucidated by comprehensive
spectroscopic analyses. The bafilomycins BGC was identified by using bioinformatics approach. Through screening the
bacterial artificial chromosome (BAC) library of this strain, the BAC containing the bafilomycins BGC was introduced
into three Streptomyces hosts by conjugation for expression. Afterwards, the fermentation culture of the recombinant
strains were analyzed on high-performance liquid chromatography (HPLC). [Results] The strain SCSIO 40020 was
identified as Streptomyces genus and two macrolide compounds bafilomycins A; and D were isolated from the
fermentation crude extract. The bafilomycins BGC was cloned and successfully expressed in three heterologous
Streptomyces hosts. In addition, the biosynthetic pathway of bafilomycins was proposed. [Conclusion] The
bafilomycin-producing strain Streptomyces sp. SCSIO 40020 was obtained from the Pearl River Estuary. The BAC
heterologous expression system of this strain was successfully established. Moreover, the bafilomycins BGC was
successfully expressed in Streptomyces lividans SBT18, Streptomyces coelicolor M1154 and Streptomyces albus J1074
for the first time, which laid solid foundation for the production of bafilomycin analogues and mining other interesting
BGCs from Streptomyces sp. SCSIO 40020 in the further study.

Keywords: Streptomyces sp. SCSIO 40020, bafilomycins, biosynthetic gene cluster, heterologous expression
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