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B E: [86] THEERRHSSSARRZHERARL, BRAEFEHOEMNEREN, 12
BRI, ABEH RKE T, AR §AEBIHEMEA AL $ &1k (bacterial artificial chromosome,
BACO)L &, st T ERF N ARE, FRAF  EA#TRATHTFREL, A
RAF—F 5| F M e ., [ k] & sk F B SIPI RP202 % 25 44 & ax Ak B 5% 47 37 #kE 4
A, itk 11 AN AEAER K. REFIRHE K ey R R E K, & BAC L&, jrilid PCR 7
HRFARERE;, ARBESESE IR LR FAIHFREAREART, KA 3FFLHEZAR
e 2 A K BERFE IR k. A LC-MS £l K 5K = & ) &L, REAT I LMt T
B, kb gMmmgir. [ER] RAE— N AFNBERSGRABRXRFT EZAT AREL, BEFAN
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Heterologous expression of unknown natural product
biosynthetic gene clusters from Streptomyces rapamycinicus and
identification of novel meroterpenoids rapamylic acids A-C

YU Xuchang'?, YOU Ruixiang®, WU Yuzhu?, SUN Runze’, CHEN Shaoxin®, WU Hui'", LI Lei*"
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2 State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong
University, Shanghai, China

3 National Key Laboratory of Lead Druggability Research, Shanghai Institute of Pharmaceutical Industry, China State
Institute of Pharmaceutical Industry, Shanghai, China

Abstract: [Objective] Streptomyces rapamycinicus has large biosynthetic potential with 55 natural
product biosynthetic gene clusters (BGCs), most of which have not yet been identified. This study
aims to obtain a series of novel compounds by Bacterial Artificial Chromosome (BAC) library-
based cloning of novel BGCs from S. rapamycinicus on a large scale and then heterologously
expressing them in model Streptomyces strains. [Methods] The bioinformatics analysis of the
novelty of BGCs screened out 11 unknown BGCs encoding non-ribosomal peptides, polyketides or
terpenoids, from S. rapamycinicus SIPI RP202. Then, we cloned these BGCs by constructing a
BAC library and screening via PCR, and then introduced them into three heterologous expression
hosts by conjugative transfer. Finally, LC-MS was employed to detect whether these BGCs were
successfully expressed after fermentation in three media and fermentation broth extraction with two
approaches. Novel compounds were separated, purified, and structurally elucidated. [Results] An
unknown terpenoid BGC was successfully expressed in Streptomyces albus Dell4. Three novel
aromatic meroterpenoids, rapamylic acids A -C, were identified. Then, the potential biosynthetic
pathways of rapamylic acids A — C were proposed based on their structural features and BGC.
[Conclusion] We successfully unlocked a silent BGC from S. rapamycinicus by large-scale BGC
cloning and heterologous expression, providing an alternative strategy for the activation of silent
BGCs from other Streptomyces strains. Meanwhile, the discovery of this kind of novel
meroterpenoids expands the structural diversity of bacterial terpenoids.

Keywords: Streptomyces rapamycinicus; genome mining; library construction; heterologous
expression; meroterpenoid

il B RO IR ) R AR ) /N T 25 i =
BORIR, fElR . RS & POl S ST L 5
oA, AR, BEAE R
DNA P HAR B AR, RIS DI L0 T 45 78
TR AURCE BRI AEY G RO T, B i

KART= W F2 PR 4208 T F & Mg IR, sk,
I R 90% A5 5 B IR =W ) & ik
FE [ 7% (biosynthetic gene cluster, BGC)7F 5L 5 &
A AL F<UUBO RS o W] 4G i e ik
R, © R B TR BURT 454 KK 7 i)
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MCSHMER O 1L 10 4R ], ZRG UEYE R
W AR AR BT % P T4 2 o << UK BE A R O R AE
BRI B LA . PR 28O0k DL B SO 3
B R IRRR AT o, (R BE IR 2H SO R A
B RE R S AR IR R SR, DRI RE A% PR L 2
AUE 397 0 35 PR i A2 3 )32 ST SRR 43
JEE ey A R B R (cosmid) . AP A T4 (oA
(bacterial artificial chromosome, BAC)5 P1 A T.
Y {1 {K (P1-derived artificial chromosome, PAC)%
i LI K A B DNA (40 kb DL B)AY#MA, Horp
BAC SCJE AT #3% 100-200 kb ()R 3L K 7%,
PRI ) 322 T 40 T 366 D) A4 S8 1) g 80,
4 e H bR R R 1) 0 e 55 S IR GA, REMB AT
KIRPY) 6 BURTE S G = Py P s e, W
IIGHH 25 A R = W i e Az i . Bian, b
2 KA B 55 RUUR R 4 A 2 T 20 Q4 25 1
Sal35 L[4 BAC SC, ) v e e Y SCJE %
IR TS R YL, SCIL T UG AR Y R A e U R
IKFNPE BT R TG R, R S T — Rk A
FEHAREY lexapeptide!' 1

T A 5% B 1A (Streptomyces rapamycinicus) &
— R TR, T ATz
(0 SR IR TR A A R0 A, KRR
P HE R A — e & 20-30 AN KR =4 i3k
M, ATEEER W AR A hH A 28 554K
SR R A . o, AU 6 N EERR Y
i P e e PO g R T TR
RFMIRE, JCHZGM 2 . 2yt e nyaE
% B 1A JIK (non-ribosomal peptides, NRPs)., 3 fifi

*1 AWMRDPAEKREERR

Table 1  Strains and their functions in this study

(polyketides, PKs)-5 iifi 25 (terpenoids) &5 & il &
W, RUEMBEEETEA B RWIZHE I,
A AL LB KR =P R A
P Jey R T 75 4% B TR A T 7 66 DRI Dt Ao I A )
VAT, TR T R 1 I PR T AAS [R] g A X
B DA RS SR AN OO R P S VR SR Ak R s e
[i] FEAIE B BR 1 BE (R . AR BIF 5% o i A ) Y
RIERERIGY, ANUAJE T MRSy
PS5 A, T HL I 2 5 e ok HL Al e
PUTBRIE R L B St T 5%

1 AR5

1.1 ##§
1.1.1 =#k

AT 5 o SR FH 8 35 DR 5 9 9 5 e R R R
H@mER 1 s, 36N S an (s 8
(14 J5E 06 B8 A7 i AE [ AR W R 2 B0 o
(http://nmde.cn), 45 A NMDCX0002077
112 EHE

LB i 3k(g/L): B FIIR 10.0, FREAR4RER
¥ 5.0, NaCl10.0, pH 7.0, T RHFFHE &S
YPD #5375 (g/L): BELEEEECY) 10.0, & M
20.0, Hi#HE 20.0, HTHEEFE; TSBY #55%
Fe(g/L): BEEE MK G A% (TSB) 30.0, JEEHH
103.0, BERFEE 5.0, 115 °CKH# 30 min, K
PG I INAH T 0.5% o H & w2, FTSOEH
TR IABE R R KT SR YENB KigR 3k (g/L):
KEEHCY) 7.5, EHEM 5.0, SRR 3.0, pH

Strains Description

Streptomyces rapamycinicus SIP1 RP202
Escherichia coli DH10B

Escherichia coli ET12567/pUB307
Streptomyces albus Del145"]
Streptomyces lividans SBTS
Streptomyces coelicolor M1152

Mutated strain of S. rapamycinicus ATCC 29253 for BAC library construction
Donor strain carrying BAC plasmids for conjugative transfer

Donor strain carrying the assisted plasmid pUB307 for conjugative transfer
Heterologous expression host

Heterologous expression host

Heterologous expression host

>4 actamicro@im.ac.cn, 7 010-64807516
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7.0, Tl = 2K A 1R DH10B H % ik 7
A 2xYT B3R 3k(g/L): BEE A 16.0, BELER
B 10.0, NaCl 5.0, pH 7.2, HT 5B
FEE R R IR MRS R, MS B (g/L):
WG PEK 200, HEEEE 20.0, g 20.0,
T 3 S R R IR G B R TR 10T bE AR R I
MISP4 5555k (g/L): P 5.0, HEEEE 5.0,
ALAEPERERY 5.0, FREMR 2.0, BERERY 1.0, NaCl
1.0, (NH4),S04 2.0, K,HPO, 1.0, CaCO; 2.0,
BUE Ry 20.0, i G R W (ZnSO, 1.0, FeSO,4
1.0, MnSO41.0) 1 mL, pH 7.0, KR E AL
J&24 10 mmol/L MgCL HI T4 ; TSB 153%
H(g/L): HEAMKERZ 30.0, HT LR
IRFRIC AR AR TR R ASM 553 5k(g/L):
HiZghE 5.0, Hh 20,0, RAEMETER 20.0, FEFF
¥ 15.0, BEREEEELY) 3.0, pH 7.0, FT A BER:
F%; RSa }iiH(g/L): FEME 100.0, MOPS 21.0,
%P 10.0, MgCl-6H,0 10.12, F#EE3E By
5.0, F&AEIZERR 0.1, NaOH 2.0, K,S0,0.25,
CaCl, 0.005 88, ZnCl, 0.000 08, FeCly+6H,0
0.000 4, MnCl, 0.000 02, CuCl, 0.000 02,
Na,B,07+ 10H,0 0.000 02, (NH4)¢M070,4+4H,0
0.000 02, pH 6.9, T KEHESE.
1.1.3  EERFFLEE

ST . LR TR, DI ARIRL R
MAERAF,; CRELTR., N, Jbatdfts
BHEABRAT; BREIMENDIRE . FastAP £#iR
L, FERCH/RBHLCHENABR A A T4 3%
Fellg, AR EYHEARAOARAE ;s 2xPCR
Mix, W X/REVR AR A A Ulra
GelRed Nucleic Acid Stain, FgILigMER YR
et AT FRA T s HP20 RALIE g, i st
YR ABR A T ; DNA BRI F & . /DR
b B BG4I B 2L 4 DNA R BURH &
KA A AR F 3 BAC/PAC DNA
/N FEEGA T &, Omega Bio-Tek /A f; Griess
WA &, A RAEYEARBGA RS
PCR 5| Y16 =9y iy i L il R A B e

ARRAESEM, BAC ARunil)y A TAEY) T/
(V) e B W 58 A o

600 MHz #ZREIIRIL, G redts)BHA
BRA W] 1260 F A S RAORAH €35 . 6230 R 51
TOF J& % B¢ i 1% (Agilent XBridge C18 #F ,
4.6 mmx150 mm, 5 pum)LL K 1260 F 51 &=
RO R £5,33% 1Y (XBridge BEH C18 OBD Prep #1:,
10 mmx150 mm, 5 um), ZEHERRHE (T E)ER
N PCRAY . ki3t i v bk ASORT H SR AR AL
AAR A A B2 2 i (TR A BRA R 28 e 4
10, FEERCHRBHL (P ENABRA R SR 597
L, R R BR A
1.2 FHEHBEBEXARTHE KE R E
T

W) 50 HE ) B IS RS A ATCC 29253 JE A
75 4% Z antiSMASH M3 (https://antismash.
secondarymetabolites.org/)iE 1T K AR =W il HE K]
A HT, FE454A NCBI BLAST (https:/blast.ncbi.
nlm.nih. gov/Blast. cgi) X} £% 3 [F 7% 5 X 1) D) g
BT Hr TR, dlid antiSMASH M MIBIG %45
JE XTI R R B e R A T A0 M, R BERE 11 A4S
5O D AR LB B AR L R Y AR BRI
K. SRR X 28 A UL R AR A T 5Y
1.3 FRESEEEZE BAC XEHE
S5ERFEFREE
1.3.1 BAC #iiF#Hl%E

fo /N I3 b7 2 B 5 & (TIANprep Mini
Plasmid Kit)$# i pHZAUFXJ Fki(fi#% pHZ, H
B\ A YR A FR A R4, FH BamH 1
VI FOkL, F ] FastAP Wi AR AL BEE A7 38 4k 2=
WRALFE 38 I i S Al A AR A e il AR B
1.3.2 BIRESEARFERERELE DNA H&

SR PR A8 15 35 D W, 1 e 2 BRI B 25 1
FEHZH DNA, HG, H TSBY B 3Ess 35 A
% A B SIPI RP202 BA #% 48 h, Y4k 5-10 g B
A SRIGH 1.5% IR0 s IR v au HEpR 1A, 3RA%
B KK 2 mg/mL % B i (1xTE) .

http://journals.im.ac.cn/actamicrocn
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1% SDS 1 1 mg/mL 2 H #§ K (1xTE) i 4b BH 5
A, I % 1 mmol/L PMSF (10xTE)A K
AbERSS, FRAS TR A4S R R L 2] DNA s,
BIFT IXTE ' 4 °CIRAFEH

%} DNA Ak £ 4T BamH 130 V),
S F AU S () RN B, R ad bk ol
VKB A2 LUK R, B ORI DI AR A5 1Y BER /NTE
100-300 kb Z [H] 5 38 15 R A A 35 B i 7] 5 fik
MHL Tk, AR KR >100 kb AR A B R 4
DNA H B, # 100-300 kb 78 il /) DNA Jit B
YIS, FHEVEBACE DNA P 2 IXTAE 22
W
133 #HAES5KFHE DNA EZEURNE
I

AR 5 HL R [T A% K A BE DNA 7 Bk
17 T4 BEREBRERERON , 16 °CIEEI ., Btk
FEMIEMGER I L UKTAERE | h DLSCEUE: ; K
0I5 B R 5 K AF T DHI0B & %Z S 1R
5], #EATHEE; 37°CEIN 1 hE, WATEA
f] ¥} 4% 2 (50 pg/mL). IPTG (100 pg/mL) Fl
X-gal (80 ug/mL)Y LB [E{AREFHE I, 37 °CH5
BRI 16-20 h, M LB A EPRE 30 4~ (058
B, FEEORR. BAC B, i g )5 ko d vk
Bk BAC K/INFISCE T 1

M LB - L BRECK 5 11 8 e R4 A% 2 384
fLMrR, 37 °CHiFE 20 h, FFEAL TR HER-AT .
BAC C ¢ ¥ 3 I A 2 IR Sk [13, 19, 32] H Y
ik
1.3.4 BinEEEFIELE

M antiSMASH I 26 1 JE K 7% 7 51, 41
Bl b o R 3 X5 . A St A
DNA $#HUR7 & U IR 5582 74 SIPI RP202
PRIZL, DA A AR A 56 E 5 | 42 B ml P (R R e
VIR ARG PO 405 o NMDCX0002077), 1
BAC/PAC DNA /)i $ G S 32 BAC SO
BATHNMEIR A TR, DIR A ORI, 7E
FAFRERBER L. H ., T E NS,
X R 384 FLAR B T A 4781 i 4T PCR i i

>4 actamicro@im.ac.cn, 7 010-64807516

SEA H bR BH P 55 B . PCR WA % (25 pL):
2xPCRMix 12.5uL, b, Fi#5147(10 pmol/L)4%
1 uL, DNA 4y 0.5 uL, ddH,O 10 pL. PCR J%
464 95 °C TR TE 5 min; 95 °C 78k 30 s,
60 °C iE k 30s, 72 °C %Effi 1 min, 3£ 35 9§
i 72 °C AIGEA 5 min, PIECE 7 09 BHME SRR
LU BAC Jfokr, st ¥k PCR %&E 54
HEAT BAC %5 . ¥ BAC JF ki g 47 A I il 17
T & BAC BT 7 5& IR AR 19 K /N B 3k TR 4 o
AL
14 REFREIIEEHE
141 REBEFRERSEMNEESER
W R R R . R s R T LA L
A Bl R TR FR DI Ak B R LA s (L R R
AR L S R LS R R e v SRR
B, OAE I e 32z N MR I R
Feik % EBOR 0 pAh, Myronovskyi 25 7E 14
BEFETE 11074 JERE EFF L T Dell4 RAVH K, il
FL AR S oy T, A8 KRR =Wy FAE Ty 1 2
A WERHEY Wk, ARSI A O E H
Dell4, K MEEE B MI1152 AR HHERHHE
SBTS fENFIREIATE ., ¥ 3 P IR KA H Ak
P AT MS B3k b, 30 °C RS R4 B 5%
5-7 d RIS T,
142 Z¥EEEBREBRERIEIIER
M BAC SCPE ik A H Ak R 0 1t
KT K% AT 55 DH10B/BACs (I3 47 85 2 Hi k)
F B K% A3 ET12567/pUB307 (K ABHE &
HEB\RERIM), =4 BORE E AT
6 mL LB Ak g2, 37 °C. 220 t/min K537
W $% 1% BT 50 mL LB WA 57
Ferp ) ARSI FE 2-3 h, & ODgyo N 0.4-0.6,
4°C. 4500 r/min 25.0> 5 min G CEFEIK, F#
W, AU LB VeV 2 i LA EBRsk it %, IF
FH LB HE % 100 pL, # 2 Fh RT3 S5 4R
RE.

MBI A A B 1 7R3 b RIS SRR A 1 3
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HERE AT, 2> YT el /a AR 100 pL,
5 R KBRS, WA TEA KB
F% 5 MISP4 (7 10 mmol/L Mg*") |-, 30 °Cx
F% 16-18 h 5, 7835 ZRE R ER FB -4 A R 24
BERETA L, 30 °CCHRLERETE 3-5 d SRAHER T
143 RERIEIIERGHCSEE

PRICBR A T, Bt 2 5 A 250 B iR A
(R VA & R o (R = S S it A4 1K oY =18
BRI TE, #@id PCR BIEESAH HinH N
o H 20% i 5 5 R Gk TR A,
-80 °CHRFF#5 H -
1.5 HiEmEELEERN
151 REBEFIEEMTELEESR

FH K TR 2 28 R BUIT A S 5 4 T AR B 78
AT TSB WA 73, 30 °C. 200 r/min 3%
I 48 h ARAFFI I ; WA TR AP, [
BF—2H S0 5 X B B TR AT, I LAAH TR
MR EE AT T AR, 30 °C. 200 r/min
PR 7 ds

EEXE BT B AR =W 24, 3 2 FaE e
K Z e JLUR s IR LA T R R e . il
2018 4F, He Z5% ] A3M 1555 5L DB S5 Bk
%5 I (Streptoalloteichus hindustanus) 5325 H 4 Fh
YA B TA=4) hinduchelins A-DP%), 2022 4,
Libis 55 F] F (1 (0 8E B 8 71074 FIAS 4575 6 55 1A
RedStrep 1.7 #4770k, R R5a i f bkt
1T KB, M58 H prolinolexin, cinnamexin
H1 conkatamycin 3 FE LS, Zhang Z0P0R
FH MS 1537 3 XF PPtase 3G B9 7 R 4T & 0
iR, IR T Z2AEEH KRR, BT,
AWFFE R H MS. A3M 5 RSa iX 3 Fl & BERS 5%
ST IR S TR A T
152 %REERAE

KR, R R EEE 35 mL, 4 500 r/min
B0 10 min, BUEFER LT 15 mL 5 EARF >
R 4% 1 HP20 FALIKBHBIAEAE 30 °C, 120 /min
M THEE 3-5h, HWZZ g, K igst

U JE WETE S0 mL 2504, hn 12 mL H s
20 min, 5B A W2 B 9 £k B W i A T R I TR
W, I BEIA TR 10 mL. BF I 4T 20 mL &
WSRO CBEF L, 4 500 r/min 5.0
10 min, WE FEZEBOR 10 mL, B 2 FpAbE )y
KT R T B2 e 4i, FH 200 pL H eV
f#t, 12 000 r/min &.0> 20 min, B E3F 34T LC-
MS K
1.5.3 &EZ4IEE LC-MS &30

KA Xbridge C18 #(4.6 mmx 150 mm,
5 um), FELHE 1260 F5 = R0R AR AR F 2R
H£I15 6230 Z51 TOF Jiik{i%Hz, H MassHunter
RO, AT R BRI S A AT . X
F A AR g S AT, TR A HO (% 0.1%
RFUM B I R) FI% 7] B: CH3CN (7% 0.1% 14
BN R, LR L ERAEBURAS I 251 =
0-1 min, 5% 5 B; =1-2 min, 5%-30% %
FIB; =2-20min, 30%—-95% %57 B; =20-25min,
95% %7 By =25-26 min, 95%-5% 7 B; =
26-30 min, 5% %5 B; i 0.4 mL/min, 25°C.
HP20 $EH KM 2514 =0-1 min, 5% %7 B;
=1-15 min, 5%-50% % #| B; =15-20 min,
50%-95% V7] B; =20-25 min, 95% %7 B;
=25-26 min, 95%-5% %7 B; =26-30 min,
5% V%557 By WiiE 0.4 mL/min, 25 °C,
1.6 HMAAESBHRCEMN B4t

W 1 04% 55 8 Dell4/pHZ-1-7B T2 14 A4 1
FEIFWAERNF] 50 mL TSB 1, 30°C. 200 r/min
5% 48 ho % 10 mL R 35756743 500 mL
R5a KEEM H, 30°C. 200 t/min #E3% 7 d )7,
R CERAB 12 L KR =Y, Kz 5 EH
e r T E] 2.78 ¢ HERHY . Fifif5 H Sephadex
LH-20 BERC 35, WEpeli s e & Binth &
PR A53(0.84 @) XA IR & Hinfb G4 5
F R b R T 28 $EAE 1260 2R 4 5 R4 AR (0 1
(Xbridge BEH Prep C18 #, 10 mmx150 mm,
5 um, 130 A)yitfr —fealifh, XT T A A
WO, AR A HyO (35 0.1% R0

http://journals.im.ac.cn/actamicrocn
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FIR) A7) B: CH3CN (& 0.1% IRFRA3 %0y 1
M2). Ve =0-2 min, 35% FH| B; =
2-35 min, 35%-65% ¥ # B; #=35-36 min,
65%-95% %57 B; =36-38 min, 95% & B;
=38-39 min, 95%-35% %] B; ~=39-40 min,
35% ¥ By iiE 2 mL/min, 25 °C. 140Ukt
TR Ak 59, il LC-MS 43 M
HAREA YR B I IR] 5 2l
1.7 {LEPEMENR
1.7.1  $EEMEMNE

FIA BT SE 80 4 7E 96 FLAE TR E Ml -l
B IR B Gl B Bk R AT o X T Staphylococcus
aureus Newman [ ¥, & 3% )5 LB i B
10 000 1% ; X} F Enterococcus faecalis ATCC
51299 Hitk, R FRE LB MRk 2 000 fi5; H
R AIEF G A LB #iks 5000 £, R4
IR BB S YPD B5 R AR B 5 000 £ K
100 uL A BRI S 100 pL 2 & 2L Bk
YIRA, RUPEILE N 64-0.125 pg/mL ., ¥
96 FLICHEI E MR AE 37 °C F 153 16 h J5 Mg
PR o T AT UL GO A K B SR A B e e 5%
S Ee /N € B (minimal inhibitory concentration,
MIC), Fifg MIC MEHEE 2 K.
1.7.2  ¢ApaE iR

SKHH CCK-8 IR 3 Rk A4 it 4n i 5k
WA B U 4 D 2 S HEK293T il HeLa., 7F
96 FLAR P EEFLINA 100 uL K40, 5 40 %k
2945000 4~ B E T 37 °C. 5% CO, 4HfiE
BR SR A BE 9% 24 h, FEANARNGEE . AESL 2 B
A 32,16, 8, 4.2, 1, 0.5, 0.125 ng/mL A4k
BYILA 2 pmol/L SAZEE R FHPEXT IR), B T4nff
BT E . 24 h J5 A CCK-8 %k, FH
PRNE 450 nm ARRIIRSEEE, THR AT %
1.7.3  FuiE MM

I/ B W4 i RAW 264.7 B4k 77 2 )
NO & R RIERAEFRE . S8, NO &)
/> FR AL G W HA ] SORE M TE . H S

>4 actamicro@im.ac.cn, 7 010-64807516

75 RAW 264.7 #iififl, 24 KOIREES R 47 ) RAW
264.7 AU EEFNT 96 fLAR T, #E N 5x10Y4L,
BRALARRN 200 L. 405G FE 20 h )5, AT
WS B9 AL W HEAT AL BEL(LL L-NMMA P A% X
W), BEJSHNA 1 ug/mL LPS, JCA B F: 48 s
B, 12h g SR, R Griess 147
EAE 570 nm ZPROGEE, MTTAfE NO REE,

2 EREQH

21 FHESEREHNRAZIERE
[l SR # 1 2 47

antiSMASH 7.1.0 FUl &5 %0, HihsEsE
SIPI RP202 BRI ZH H a1 55 D RIR“ WA BX
B, Hob, B 6 Mg e, HE
VEIERNER ., WELRER . Je AR E .
RESE L NN ) | I = | ANk W
20 AR FEA F 15 AP0 4 S E
HALEY, B4 35 A EA RFER R
BAbE, TIREgRAD MR A AR . o,
2 R B AZOME R K . R IR ol 2R Y 3 R AR £ 38
16 (Kl 1A), KT antiSMASH 453, &% %
BrTaxX 16 DFEHFE R B aiPE, JRket 11 A
FIGeers (8 1B, 1C), 4k 3 ks, 44
RS 3 AR IR 1 AR 5 R AR
R B 2GR R %
22 SREERESHEEREZE BAC X
EWES u NHirEERENERE

KT [EIE SR T 11 A BARIE R,

TEMASEE WL 4] BAC SO, U5 2304 4

vk, ATE 6 B 384 fLA (K 2A). BEMLEE
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Figure 1 The natural product BGCs and the novelty analysis of selected BGCs in this study from Streptomyces

rapamycinicus SIP1 RP202. A: The known and unidentified BGCs in Streptomyces rapamycinicus SIPI RP202.
11 selected new BGCs are marked in red, which encode NRPs, PKs or Terpenes; B: Schematic diagram of
11 selected BGCs; C: The novelty analysis of 11 selected BGCs.
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Figure 2 BAC library construction for the genome

of Streptomyces rapamycinicus as well as screening and

heterologous expression of target BGCs. A: Pipeline for constructing BAC library of S. rapamycinicus SIPI
RP202; B: PCR screening of BAC plasmids containing 11 target BGCs; C: Heterologous expression followed by
fermentational analysis of 11 target BGCs. The target peaks are marked in red arrow; D: MS analysis of three

target peaks in S. albus Dell4/pHZ-1-7B.
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Figure 3  Structures, biosynthetic gene clusters and gene functional analysis of rapamylic acids. A: The
structures of rapamylic acids A, B, C (Bold lines and arrows represent 'H-"H COSY and key 'H-""C HMBC
signals, respectively); B: Schematic diagram of the rapamylic acids BGC in S. rapamycinicus SIP1 RP202; C:

The functional prediction of rapamylic acids biosynthetic genes.
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