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AIEEE NRRL 2936 RIASERE M S MER RN FRIR
FIE R AIEE B EEA R

KRR ZRE KE Wins HTH MER REA RAE anR BT
(EHECEAE RS R RE RS0 i 200030)

B OE (5Tl mBLEFRETRAANBERAE L, BABSTHRBALEEN. ZE2 W4
AL T LM A B AR TN TR THFSARENFEE, AN, KREZBLTFAEAKRTEEH NRRL
2936 B9 A FH FANTMELEEHNAMORERE. [B6] RELAYLSREHZLE
12| 7 A e Ao A B 5K F o9 2 AN EIE A B e b R E AR R T 48 E H NRRL
2036 AR RAXETF BT AA ML EZAMSRTELRR KGR pJQKAS0, FAET Rt
PIQKA50 E4EFH ¥ 69 F R AL, KANT MBHEFEENFRER, ST ez AW ERILE %
b AEAE GG, (k] AR RA B X RN 1% 4 3 B 40 SR Tm ik 69 7 ik, MARTT 4%
% 1 (Streptomyces lincolnensis) NRRL 2936 A R0 X ¥ itk 2] T A A L EE A Mo R TE
A B 3% 69 Fosmid JiT 42 pJQK450. AJs, iz #1444 2| E. coli ET12567/pUZ8002 F, #1JF X
FAAT B -4k B R FE A4S 0 7 ik 48 pIQKAS0 ARG £ . AFIRIF TR R A B ARUEAT
KB &, R BEYE 5 BATE mc?155 VA F AR AT D B A A MK, e
4 LC-MS 9o trs e ta B EZN AR, e, AdARREFESRAG T %, FRWMDLE
EAMESRIEB K FiREEZEE PamR1l A2 PamR2 st ta L HEE A Moo, [4R] mLE
FAMGRARKERE EAEEH M1154 F I T &L, iE9 PamR1 = PamR2 5142 7 4 5
FEEAMhoemegidiz, (4] MBEEEFRERRARGRAFREL, —FEETLADE R
BRI R, AL EEZNANERBEM T BERRERT A, B, HEAR S
R AL FEE T SRR T B8 B 47,
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Heterologous expression of the biosynthetic gene cluster of

pamamycin and investigation on the functions of regulatory genes

from Streptomyces lincolnensis NRRL 2936

JIANG Cheng-Kai MENG Si-Tong ZHANG Fei HU Xiao-Jing XIE Shou-Feng
TAO Mei-Feng LIANG Jing-Dan KANG Qian-Jin® BAI Lin-Quan DENG Zi-Xin

(State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,

Shanghai 200030, China)

Abstract: [Background] Pamamycins are macrolid compounds with anti-infectin bioactivities. Their
unique structural features and promising biological activity stimulated extensive efforts towards their
various investigations. Furtehermore, we discovered that the biosynthetic gene cluster of
pamamycins was located in the chromosome of Streptomyces lincolnensis NRRL 2936. [Objective]
The biosynthetic pathway had been investigated, and the function of two regulatory genes in the gene
cluster was elusive. In this research, the plasmid pJQK450 containing a full length of pamamycin
biosynthetic gene cluster was cloned from the genomic library of S. lincolnensis NRRL 2936 and
introduced into heterologous hosts by intergeneric conjugation. Subsequently, the function of two
regulatory genes was elucidated by targeted gene disruption and complementaion. [Methods] The
Fosmid, named pJQKA450, containing of the completed pamamycin gene cluster was captured by
narrow-down polymerase chain reaction strategy from Streptomyces lincolnensis NRRL 2936 Fosmid
genome library. Plasmid pJQK450 was transferred into the E. coli ET12567/pUZ8002 and then
introduced into the heterologous hosts by intergeneric conjugation. Then, the validated-exconjugants
were fermented, and the biosynthetic capacity of pamamycin of the recombinant strains was
evaluated by bioactivity analysis against Mycobacteriun smegmatis mc?155 and LC-MS detection.
Furthermore, the regulation roles of PamR1 and PamR2 were determined by targeted gene
inactivation and complementation experiments. [Results] The entire gene cluster of pamamycin was
successful expressed in S. coelicolor M1154. Through genetic validation, both PamR1 and PamR2
were found to be negative regulators in pamamycin biosynthesis. [Conclusion] Heterologous
expression of pamamycin facilitates the biosynthesis engineering and targeted accumulating
pamamycin component. Additionally, the determination of the two negative regulatory genes paved
way for the yield improvement of pamamycin.

Keywords: Streptomyces lincolnensis NRRL 2936, Pamamycin,

Bioactivity analysis

Heterologous expression,

A Eh 85 2R H U R BT 1 AR 25 T4 (Streptomycess
alboniger) iy & ™Mb, JB T RIANERZEIIAER,
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R, R, R; R, R;
Pamamycin-607  CH; CH, CH; CH; H
Pamamycin-649A C,H;, CH, CH; CH; H
Pamamycin-649B C,H; CH, C,H, CH; CH;

Pamamycin-621A CH; CH; CH; CH,; CH;
Pamamycin-621B C,H;, H CH, CH, CH;
Pamamycin-635A CH, CH, CH; CH; CH,
Pamamycin-635B  CH, CH, CH; CJH, CH;

Bl mEEHEMNEHN

Figure 1 The chemical structures of pamamycin

BAERAD A BT RS L SoE ST Bz —
ARG I AT LA B AR TE R B A A A
3 PR 72 S BB ) 56 U B T T EL D 3R TR 1 3
s AT LA A= 1 SR R 7 e TR
B, WS UTRR Y R A 4R i B AR S
U8 T DSBS T AR D ) R B L % A
AR AT B AR s AR e
HER AT, KU AEREY G BRI Z
) 7 — S E SN . AHSCTR I R D RE Y 4
FE S H AR R R AL T EE , X
B AL A T 4 PR,

) 2 B 2R A H B A AN LA S T
RRIRF AR Z TS, AW SerEpk ] i
B 4 NRRL 2936 14> 2 [ 417 91 rf & 3L T 10 %5
RV G RERE, DA% R AR Y 25 R 41 S
AR TR SE RN R R AR WA U IR ) JBORE
pJQK450 , 7 K i {0 #F % B (Streptomyces
coelicolor) M1154 15l 7 R RIL, FEXTA 5
B WA A DR 2 A WA e ) RS R 4 R R Y
DIREHEAT TERTY . 085 R AE WG O R A2 1)
iRk, ik BRI S B R AEY A
PHLEL S 25 AL B T 3emti . R, HAYE

3 PR 7 Hp R 4 I R T BB 11 S5 8 o N & R AR
Y16 AR AL B AL T W58 S
1 MRS
1.1 ##
1.1.1 BEHKRFARHRL

SCHR AT AR L 1, TR LR 2,
112 3¥

SCHETHB 1YL 3.
1.1.3 EFE

KIGFFHE B35/ LB (Luria-Bertani) 1 LA 5
FHEM BRI IRR T TSBY WlAR; FHE(g/L) -
JEEFE Wk 30.0, EEKE 103.0, EERHZEMY 10.0, pH
7.0-7.2; EEPRITENEEEFRIEE(SFM) (g/L): #
TRk 20.0, HEERE 20.0, 3K 20.0, pH 7.0-7.2;
BERE T KBRS R L (SGG) (g/L): mIwEMEERs 10.0,
A 10.0, HIh 10.0, EAETH 2.5, HEAMK
5.0, MERRREEUY) 2.0, & kil 1.0, BRERES 3.0, pH
7.0-7.2,
114 FERAFTIFLEE

PpfiER . A THER. RIBER. X
M iR . BALAE 22 TR 2 RO WL 22, 1 s 0 B L 2
AAA PR F]; DNA HEBEE, 5 H EAYRHE AT
BRONF]; Pfu B4 E DNA RAHE, B At
YR AR/ F]; BamH [ . EcoR 1 1 Kpn I [R
W EAZ R N VI, FEBR G RBHEA R AR, B
WE. LWROTE, EAERLEARARAR, 8
TGS, TR YT 2 BR A |l e
HRAL, MFFLEE L&A HRAH; LC-MS,
LR A .
1.2 F%
121 EEHEERFES

TEMA SR 2R AR A SRR 2L A 45 2 kb 4k
BETREN S, fiv44 A Pam-Lprobe F/Pam-Lprobe R
(Ze55 |90 Pam-Rprobe F/Pam-Rprobe R (£i%fi5 |
), FIRLX RS | PpRipRn] 5555 A NRRL 2936 1)
Fosmid FERIZ SCES TifiE, IR1S &4 S84 o E
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Table 1 Strains
Strains Genotype/description Reference/source
Escherichia coli
DH10B lacZ, recA, AM15 Gibco BRL
ET12567/pUZ8002 recE, dcm™, dam™, hsdS, Cm', Tet’, Str", Km' [10]
GB08 LR B [11]
XL1-Blue S PRI 3P s A bk [12]
Streptomyces
Streptomyces lincolnensis NRRL 2936 ARATEE R P A, SRR SO B b [13]
Streptomyces lividans SBT18 SBT5::nusG::mdfA::ImrA::afsRs [14]
Streptomyces coelicolor M1152 Aact, Ared, Acpk, Acda, ArpoB [15]
Streptomyces coelicolor M1154 Jact, Ared, Acpk, Acda, ArpoB, ArpsL [15]
JCK101 PJQKA50 T AASEYH HER T SBT18 H [ 5 A8 fk ENTIER
JCK102 pITU2554 T A4 k%5 e SBT18 HI K5 A8tk N
JCK105 PIQK450 T A K i (A4 A5 ] M1152 H i1 58 AR ik ENTIER
JCK106 pJTU2554 T A K il 5525 1 M1152 Hr 5848 ik N
JCK109 PJQK450 T A K i (4 A5 ] M1154 H i) 58 A8 ik ENTIER
JCK110 pJTU2554 5 A K ik (A58 7 M1154 158 A8k EN I
JCK113 PIQK451 T A K (4 AR I M1154 i) 58 AR ik ENTIER
JCK117 PIQK452 T A KK A I M1154 H1 1 5481k N
JCK121 pJQK453 T A JCK113 Hr A2 AE kK A5
JCK125 pJQK454 5 A JCK117 H A8tk N
Mycobacterium smegmattis mc?155 A s AR [16]
*2 A
Table 2 Plasmids
Plasmids Relevant characteristics Reference/source
pBlueScript II SK(+) Bla, lacZ, ori(f1) Stratagene
pJTU2554 oriT, attP(#C31), aac(3)IV, cos [17]
pPM927 pSAM2, tsr, oriT [18]
pJQKA450 A AR SE R A W) G R R Y Fosmid [Biks ASHESY
pJQK451 A RbR pamR2 FMA A R A& ALK %) Fosmid JFokL AW
pJQK452 A R pamR1 A S AE Y E REEFIERY Fosmid kL ASHSY
pJQK453 pPM927 1§ EcoR 1 {3754 AHF PermE*Jii 5 () pamR2 J&[4 AW
pJQK454 pPM927 1 EcoR 1 {3754 AHF PermE*Jii () pamR1 &[4 AW

AV RUERER TR, A5, TR SCRET %
AIPIXHEET 5 | P 1EF T PCR BYIRIE , K15 %Y PCR 7=
Yl T, 5ERFIEL T HO ARBLEAT — Sk .
IeAh, dE—FH Ecor 1 |, BamH 1 Al Kpn 1 =4

BRI PEAZ TR N D) EA T BRI VERED), S rr ok

Vector NTI I 5 (EcoR T . BamH I #llKpn [ =
BRI PAZ R A D)) T 434y B A 2 0 25 4 B
KB TXT L, BTS20 25 K/ N S5 80 Fn i
WIS 2T G, A RBEPE R R R s Fosmid
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Table3 Primers
Primers Sequences (5'—3") Size (bp)
Pam-Lprobe F GGTGGCATGTTCAGGGAG 18
Pam-Lprobe R CGTCGAGGTACAGGTGGG 18
Pam-Rprobe F TCACCCAGACCGGACAGG 18
Pam-Rprobe R CCCAAGAGACCGCAGCAG 18
Apr-F GCCCCTGCCACCTCACTC 18
Apr-R TCTTCGCATCCCGCCTCT 18
Tsr-F CAGCGACAGCAGTCCTTT 18
Tsr-R GCTCTGGCTCATCATGGG 18
R1-Tar-F CAGCAGCTGCTGTACTCACTGTGTGAGGAGTTCTCCATGATTCCGGGGATCCGTCGACC 59
R1-Tar-R CCGGTCCGGTCAGCCCCTGACCACGGTGGTCGCACCGCCTGTAGGCTGGAGCTGCTTC 58
R2-Tar-F GGATCGATCTGGCTGCGCGGTACGAAGAAGCGAGCGGTGATTCCGGGGATCCGTCGACC 59
R2-Tar-R TGGTCCGCGACGCGGAGGACTGACCGGCCCGGCGGCTCATGTAGGCTGGAGCTGCTTC 58
R1-T-VF GCACCGCAACAACGTTTCCC 20
R1-T-VR GTGCACGCGCCTTCGTCCAG 20
R2-T-VF CGCGTTAGAATGGAAGGGTG 20
R2-T-VR ACAGATCGCACTCCTGGTCC 20
R1-F AACATATGATGCAAGCGTTAGGTGTTCT (Nde 1) 28
R1-R AAGAATTCTCAGCCCCTGACCACGGTGG (EcoR 1) 28
R2-F AACATATGGTGAAGCAACCGCTGAGCCG (Nde 1) 28
R2-R AAGAATTCTCAGGAGGGCAGTGACCGCA (EcoR 1) 28

122 BEEEBRRTIHKIFR

WAL I T 2 T2 A % 1 Bk pJQK450
pJQK451, pJQK452. pJQKA453 Fl pJQK454, it
ML A0 1 7 L i A R AP ET12567/pUZ8002
PO SR, A T - N DU R
R AMNEEGE T, 13 h S S B R
K ZERERARR R 1 mL JCHKE 55, 15 SFM Ak T
JEEIE SR 34 d AT DL BIRES T KSR
LRPERN S AN BTAE R SFM 53R |, F 30 °C
REFRAE A TR 3% OB ) PCR ™88 ok 244 1 it
Az R0 I DR R DR v %) 56 IR ff O S5 s A 15 3
[l SRR N S X2 Rty /8
123 $EBHEIEFREIRE

TE SFM $5 32 585 F2 ML A 20 pl A7 10 55 5
AT, (AR 254 R A B 5 R R Ak JCK101 .
JCK102, JCK103., JCK106., JCK109. JCK110,

JCK113, JCK117. JCK121 1 JCK125 #1157
APERGFRARM, RRRE AR AR W e R H I E A
30 °C {HIRSEFARTFE ISR 7 d, SRIERIFARZEAIE
FEHELER R FERBGE T, TR AL 20%
HIMPEFMOGERE T, IRGI51)E T30 °C P17
124 WEMEEREREIEEZE

g3 0 B AR AT 1Y 5 U5 R I8 K B TR 58 I T bk
(JCK101. JCK102. JCK103., JCK106. JCK109.
JCK110, JCK113. JCK117. JCK121 I JCK125)
TE SFM $577 58 FRIZIGFE 3d, FICEARE SR mrh
HI AR A 2 SGG ATk, 30 °C. 220 r/min
PEATHA R 4 A, LS oS , A 50 mL B0
B KR B4, 3 500 r/min 2.0 10 min K&
W5 FIERTE . BRI O 1.2 a5
B, WRSHEE 12 23RS BHCROERA
IR B A< O, A T4, SRS P 1 mL
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H LR AR A TR, 4e0d 0.22 um A7 HLAHARAL
VBT IS, HEAE YR PER LC-MS S L,
1.25 H4EMENR

A YEE R R TR ML 5 (1) R R
P B P T LB WA SRS 37 °C. 220 r/min
MR 18 h, MAHRAHAF R (2) #
2520 mL BALIS I 1% LA BRI, 1B
SHEHIIAZE 50 mL B0, B HIE 50 °C 5N
A 25 pL i A aF IR - B TR, R A ]
1R5T; () MHRAWBEIATAR, 2920 min J51i5¢E
M58 4, D058 B P P s 7 LA o) 5 o
A AR R A bR P2 e 3R R TR
BRI 100 pL AR PR R R
AR, AR AP RN A IR AR LA T8
&, BAEYIINE RS SR IMCETE 37 °C fHIRBE SR
b, ERERESE 18-20 h 5, NS E 0 i e Y
Ko
1.2.6 LC-MS #&m

gt Agilent 5 pm, Eclipse XDB-C18,
4.6 mmx150 mm. Befii 44 FishAH A S 20 mmol/L
Bt R E W, B M. 0-30 min: 100%—20%f A
AT ) ; 30—31 min: 20%—100%) A AH (IR L) ;
31-35 min: 100% A FH(IRFLLL). {U#F75 . Agilent
1100 Series LC/MSD Trap, HLE5 . ESI, TR .
350 °C, Wi 0.4 mL/min, PHE7#i, #ke
Wb TEBE JCK101, JCK102, JCK103, JCK106,
JCK109., JCK110. JCK113. JCK117. JCK121 FI
JCK125 1 & ey W3 BOR (i £ 71k W, 1.2.3)
1.2.7 PCR-Targeting B E E 8y 775%

TE R BRI B bR 3 AL, S A R Y
PCR-Targeting 5| % R1-Tar-F/R1-Tar-R Al
R2-Tar-F/R2-Tar-R, FFHiXPix}514) PCR 9445 2
T RIER DI EMEEE DNA FBt. SR
FERIAFF 1 GB 08 552 B[Rl A BTz {1 b5 s 4
i FER Rk, 2 RIHAT# GB 08 Hi% ka2 521
MY FEHG 1 ul Fokn pJQKA50 5 5 pl 3KAR MY
PCR ¥ /=R &35, ilad b iy b 2

KIGFFEE GB 08 (L ALIEsz 8 4t , FIIFHRAR
B RPUEIL R TS RIC, TR 2AH R 1 STk
pJQK452 il pJQK4512
1.2.8 ERFE R RABIMESE

1E 5L R b6 % 65 F RN 280k S AL 15 T
pamR1 Fl1 pamR2 ) PCR § 1454 R1-F/R1-R FlI
R2-F/IR2-R, LAJFiki pJQK450 JMibitiy, F|H m#E
DNA Z 4 PCR #7444 pamR1 F1 pamR2., #5471
1930 1Y b B 55 AH N B DAL PR S A9 pBlueScript 11
SK(+) AR, PRI s AT i By o B HGE
iR FoRE T Nde T i EcoR T HEA7HEY), {4 DNA
D BEWHEE I (AT T s A 6 R R Bt ¥ Tl
HBES5H Nde T 1 EcoR 1 4bHS i pJTU968 HEF T
Mg, PRHCR SRS IR R o S5 S W 90 TE L A 174 5
KifdiF Mun T filEcoR 1 EYI(Mun T FlEcoR 1K
[ FERE), WIS s ry 3L 5 B 5 M EcoR T E#YIAb
G pPMO27 4%, B iE 1A e 58 3 D5 0] sk
pJQK453 Fil pJQK454 fifyzdt

2 ZRG40W
21 SEEAMHESEEZEBEMERERENE
R i

T o 5R A e X N 326 4 R DR 21 S 1Y O ik
SPARATHERS T NRRL 2936 (14584 SCPE A TRl
43 WA XTHE4ES 9 Pam-Lprobe F/Pam-Lprobe
R F1 Pam-Rprobe F/Pam-Rprobe R #47 PCR fifiik,
FEviRER S [P0 PCR =412k 219 bp, £t 514
() PCR =¥} 318 bp (&l 2A). WXT5 19134 R BT
B, FORIZTUR AT B % 588 A S R AV A L
LA, SRt A BHME seE Sy 10F1L (K 2A). A T
NS iy ORI TS 6 A SR AN b T aw i iR Y @i 3
17 PCR #1 EcoR I . BamH I F11 Kpn I EEt7) %k (1&]
2B), PCR F=4 ki Jy Al H AR kL ) BiD) 25 S 1 5
FUA—3, Ak i vE B BAM: FopE 10F1L 3 T
SEREMM SR A G ML (B 3), mah
pJQK450. 7£ pJQK450 ki -, AR AYIG K
BN 32 kb, FAEYER¥ M RHILSE
I 1 1 PR RE R B P A I R R AE WA R R
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Figure 2 The results of the PCR screening of genomic library (A) and digestion by restriction endonucleases of pJQK450 (B)
d:: M: DNAladder. A: 1. 3, 5: A PCRESR; 2. 4, 6: fiiA PCREIR; 7. 25305 PCR FIPEXTEE; 8: A3l SEBHMEXS B] 5
9: MRV, 10: ALV, B: 1. pJQK450; 2: EcoR I BV ; 3. BamH I EEVIFIE; 4: Kpn I EEIFGE.
Note: M: DNA ladder. A: 1, 3, 5: PCR results of left boundary; 2, 4, 6: The PCR results of right boundary; 7: The PCR result of left boundary

of positive control; 8: The PCR result of right boundary of positive control; 9: The PCR result of left boundary of negative control; 10: The
PCR result of right boundary of negative control. B: 1: pJQK450; 2, 3, 4: Gel electrophoresis of pJQK450 digested by EcoR 1, BamH 1,

Kpn I.

A E R (3 4 i Similar protein H3E 5 T
PR BRI P S Ee R AR WS ARG 1), Hop
pamA. pamB. pamD. pamE. pamF. pamG. pamH.
pamJ, pamK. pamL. pamM. pamN Fl pamO A4
Y& A ShRERE Y, T S I DB R A TR
Z8; pamR1 il pamR2 Ry =LA, AT BEF T R A
Y& AL N FE M pamW h dihb iz S Y
FEA, ATRETA TR DR R E B (3R 4). TH R R 5
WG LR Ok, S TORIT A YIS
BAILHI A FNZH 23 O B At 1 ARG Ay LA
22 WHEEREVERERKRNRFERIE
MRATEE 5 NRRL 2936 1) 4 R 41 ST 12+ 4
UKL R pdTU2554, % J50kE & A 4 i e bn ic 1Y

BpyaPraE RPUE A, U TEAS Al 6
KR AT | attP (LS A AR oniT oo
0T g OB pJQKA50 HL B Ak & K g AT T
ET12567/pUz8002 H?%, BB E#H: AL T SR)5 .
T B 4945 4% 75 T4 (Streptomyces lividans) SBT18 .
RiE s R M1152 MR AR A M1154
SRR B FW . KA - RSO S
¥, %S AL 3 R RESGES, B
Apr-F/Apr-R (&l 4A)F1 Pam-Lprobe F/Pam-Lprobe
R (Kl 4B)#17 PCR HiiF, 43 5| £ 15 31 2 A8 Bk
PR A S IR Rk AT A R AR, A TR R PR
AN, WiEfE 55l JCK101la—d .,
JCK105a—d F1 JCK109a—d , Yt Bt f1 1% £ 1E—30 °C
2.
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pamR2 w C G F D E O

. aa D DDD

. Regulation gene
. Transport gene

Aminotransferase gene

. Hydrolase gene

D Ketosynthase gene

D Acyltransferase gene

M N

K J H ,?( S pamRI
LOLY :

b

% CoA-ligase gene

Methyltransferase gene

Hydratase gene

D Acyl-carrier protein gene Ummlmmm» Ketoreductase/Dehydrogenase gene

& 3 #MA$EEHE NRRL 2936 FHIIHE E=ZE WS R ERE%E

Figure 3 The biosynthetic gene cluster of pamamycin in S. lincolnensis NRRL 2936

x4 MOBEREYERERZDHITNEER

Table 4 Functional genes in pamamycin biosynthetic gene cluster

Gene aa Proposed function Similar protein (Accession No.) Identical (%)
R2 245 TetR family transcriptional regulator AJS09379.1 76
w 558 Drug resistance transporter AJS09380.1 84
C 76 Acyl-carrier protein AJS09381.1 74
G 344 Ketoacyl-acyl carrier protein synthase AJS09382.1 85
F 439 Ketoacyl-acyl carrier protein synthase AJS09383.1 82
A 445 Ketoacyl-acyl carrier protein synthase AJS09384.1 83
B 620 3-Ketoacid(adipate/glutaconate) CoA transferase AJS09385.1 81
D 319 Ketoacyl-(acyl-carrier-protein) reductase AJS09386.1 85
E 344 Ketoacyl-acyl carrier protein synthase AJS09387.1 87
() 264 Ketoacyl-(acyl-carrier-protein) reductase AJS09388.1 88
K 336 Ketoacyl-acyl carrier protein synthase AJS09389.1 82
J 431 Ketoacyl-acyl carrier protein synthase AJS09390.1 87
M 525 Ketoacyl-(acyl-carrier-protein) reductase AJS09391.1 75
N 275 Ketoacyl-(acyl-carrier-protein) reductase AJS09392.1 83
L 567 Hydroxy! acids CoA ligase AJS09393.1 83
H 327 Metal-dependent hydrolase AJS09394.1 86
X 448 Aminotransferase AJS09395.1 90
Y 273 Methyltransferase AJS09396.1 89
S 268 Enoyl-CoA hydratase AJS09397.1 84
R1 215 LuxR family transcriptional regulator AJS09398.1 81

23 WMEEBREVERERKRRERIEEKT
YIRS A YR 1EF0 LC-ESI-MS 41R

I Hik 35 43S RTAE Sk ) 0 25 25 A6 0
RIFERE, BT RR AN A RRIEER 31>,
5394 JCK101la—c . JCK105a—c Fl1 JCK109a—c #Ff T
RIEFUR =i 4, X HRIR AR (JCK 102 Sh A8 Y

HHER A SBT18 iy H Brkixf i, JCK106 S K ik
RERE A M1152 1975 BRI AR, JCK110 S K ik
EEEE R M1154 11975 [ SoR0x B ) o 1 FAHE R 9 77
DT R IERE A 5 o AR IS PRI RS SR

SR FER bR JICK109a—c —FR B 1Y 2 1 Py 4 ot ik
e FF A TRIVE R, R T ISR A G
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SR T RETE R E (A HE R M1154 iRl 1
(Bl 5). {HJE, 7EARETHHERE IR SBT18 FlK i fofik
B P M1152 1~ 3 B Y - IR F A bk JCK101a—c
1 JCK105a—c YA ™11, oA & AT ik 434
PR EAMBERNSST, SRS ERNEYS
BCEE DR AT REAE X P AR AR ik . oy T i
— i R A T B B AE JCK109a 18 bk H A AR A I
V&M Agilent 1100 Series LC/MSD Trap W H J5ii5%

FHAX, FIFHBHES TR JICK109a (SEIEZEk HkE) F
JCK110 (%5 Bkt HREEIER) 0 e A 53 AT , A
50 R JCK110 MR I A IR & R 431
FEA TAE JCK109a & 8=y hid 28 R L T In 85 2R
RS 2H 4 A 5 55 25-607 (miz 608.3 [M+H] ) Al
75 25-649 (m/z 650.2 [M+H]YIIAELE(E 6). %34
() SEBGAE R, AR B RIS SRR TR AE AR
B FGARE ) A B2 5

A 1413121110 9 8 7 6 5 4 32 1 M bp Bbp M1 23 45 6789 1011121314

300

300

4 FFEFRIEZERE PCR EIELER

Figure 4 The PCR validation results of heterologous strains

{E: M: DNAladder. A: 1, 2, 3, 4: R7ZEHk JCK101la—d Fip# s S iPERER PCR BIES5H; 5. 6. 7. 8: Sk 105a-d Filiffi
HRPUESER PCRIIESSSH; 9. 10, 11, 12: Z¢78Hk 109a-d FIiffa ZpTHESEIA PCR BRTESS R 13: FIHEXTHR; 14. [T HE.
B: 1. 2. 3. 4: %7FHk ICK10la-d A1 PCR BiiF45 R ; 5. 6. 7. 8: Z7A5Hk 105a-d 231 # PCR BIEZEHE; 9. 10, 11, 12:
RALKR 109a-d ZEH1 5 PCR BE4E s 13 PHYEXTHE; 14 BAVEXTHE.

Note: M: DNA ladder. A: 1, 2, 3, 4: The PCR validation results of JCK101la-d (Apr-F/Apr-R); 5, 6, 7, 8: The PCR validation result of
JCK105a-d (Apr-F/Apr-R); 9, 10, 11, 12: The PCR validation result of JCK109a—d (Apr-F/Apr-R); 13: The PCR validation result of positive
control (Apr-F/Apr-R); 14: The PCR validation resultsof negative control (Apr-F/Apr-R). B: 1, 2, 3, 4: The PCR validation result of left
boundary for JCK101a-d; 5, 6, 7, 8: The PCR validation result of left boundary for JCK105a-d; 9, 10, 11, 12: The PCR validation result of
left boundary for JCK109a—d; 13: The PCR validation result of positive control (Pam-Lprobe F/Pam-Lprobe R); 14: The PCR validation
result of negative control (Pam-Lprobe F/Pam-Lprobe R).

S. coelicolor M1152

S. cl'.r'cm’or M1154 S. lividans SBT18

B 5 RERIERTH ICKL01. JCKI05 F1 JCK109 % EE =414 #iE MR 45 R
Figure 5 The results of the bioactivity analysis of the cultures of JCK101, JCK105 and JCK109
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Figure 6 The results of LC-ESI-MS analysis of pamamycin from heterologous host

24 WESREVERERZPAZER
pamR1 1 pamR2 RITIREFR 5T

IS HE BLAST 40#r, THEERAEY G N
&4 pamR1 1 pamR2 PN LN, Hi
pamR1 Zif & 1 LuxR G E N, pamR2
MRS 10 TetR WA E I N T IRUEX H4
PRI 500 S5 R A A BB, A X
pamR1 Fl pamR2 #4171 bR (B 7), AT B
PJQK452 Fil pJQKA51L, H5iX A~ FA 43 il v 5% b 2
ET12567/pUZ8002 H, Fiid 45 S S AR
W OEERE R M1154 H | BRI R AR RRIE I 4 I
HRASHRE, 0540 JCK117a—d (pamR1 FE[A
RAFFR) M JICK113a-d (pamR2 JE[H RALKK) . [HIRT,
PEBUR I F A bR JCK109 Al JCK110 HEFT P47 %
o R IESE UG A T R T A TR ORI 2%
PR A WIS PR (E 8C), 45 R, pamR1 Gk
RREAEMRICKILT)FI pamR2 fijtJk 58 72k (JCK113)
() % R A AR HE JCK109a Y & BERE i, T HLYR 2
FEATF AR AR B8 7 B S35, 2 SR FIH K S

D5 4 B 1) 2 1 B R4 T IR S R R AT A K

J T L IAE pamR1 Al pamR2 JL A 1y 1h
fig, #iL PCR #4415 %] pamR1 il pamR2 [,
I 1 A i JHL v e 21 3% 5 B 2Rk pPM927 I,
IAET PermE*Ji5 2l F yFE I N , il 1 H2 5 e # 41
S IRL kb E A A N PR sk K 9% B bR JCK117 Al
JCK113 1, AL AN FRE I 3 N A T,
43518 ] R1-F/R1-R. R2-F/R2-R F tsr-F/tsr-R 3]
Y, 43 51K 55 0E 1E ) 19 B R4 44 8 JCK125a—c¢
(pamR1 FE [A] [A] #1 i k) A1 ICK121a—c (pamR2 JL[A]
] %h 8 £k ) . #F JCK125. JCK121 5%t Be B bk
(JCK109a . JCK110. JCK113 F1 JCK117)i# 47T F-47
RWE, FPATHEBOR B Wi AT AR s I
ZE B R R pamR1 Fl pamR2 JE A [mkh DA J5 (450
DR AR SIE E) T JICKL09 TRk ™ A=
K-, e R — Ui B T AL pamR1 1 pamR2
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A B
bp M1 2 bp M 3 4
39nt__reo_ 39 nt

39 nt__Jeo 9 nt

R2W XY §
GO~ -0

1650 RI-T-VF3 (RI-T-XR
250 13kb [ 50K451 pJQK4s52 13 kb1
650 aac(3)1

Heterologous expression

Heterologous expression

B 7 ERA pamR2 (A)F0 pamR1 (B)WEE B~ EE K PCR WiE4

Figure 7 The schematic and validation results of the gene replacement of pamR2 (A) and pamR1 (B)

T: M: DNA ladder; 1: Jithr pJQK450 #iBk pamR2 Fijfy PCR 2524 2: #iBRk pamR2 51350y BTkL pJQK451 Y PCR 455 ; 3: it
L pJQKA450 %k pamR1 Hij i) PCR 455 ; 4. iR pamR1 /S5 1 BTkL pJQK452 1) PCR 4528,

Note: M: DNA ladder; 1: The PCR result of pJQK450 before knockout of pamR2; 2: The PCR result of gene replacement of pJQK451; 3:
The PCR result of pJQK450 before knockout of pamR1; 4: The PCR result of gene replacement of pJQK452.

A bpM 12 34 5 6 M7 8 9 101112 €

SN0
S
(==

B bp M

=

B8 EEE#EHKE PCR IELR(A. B)FIHEXE Mk A BN E 88 7189 ELEL(C)

Figure 8 PCR validation of the related complementation strains (A, B), comparison the bioactivity against M. smegmattis
mc?155 of the cultures from related strains (C)

#: M: DNAladder. A: 1. 2, 3. 4. ¥k JCK121la—d A% [l #ME[A pamR2 A PCR BRIEZ5H:; 5. FHM:XTIE PCR 2554 ; 6. FHM:XTIE
PCR 455%; 7. 8, 9. 10: Mtk 125a-d A [EI#PEER pamR1 5 PCR KAES5 45 11 FHMEXTHE PCR 455%; 12, BHHEXTHR PCR 453R. B.
1. 2. 3. 4: Btk JICK121a-d MTEEZ R HIMEILN PCR BUELEA; 5. 6. 7. 8: Wbk JCK125a-d (MBikELLH R HiMEILR PCR
IOUESE R 9: BHMEXTIE PCR 2525 ; 10 BIM:XT I8 PCR ITESS . C: AHICTRRE & 10 1 A i P D 4

Note: M: DNA ladder. A: 1, 2, 3, 4: The PCR validation results of JCK121a-d (R2-F/R2-R); 5: The PCR result of positive control (R2-F/R2-R); 6:
The PCR result of negative result (R2-F/R2-R); 7, 8, 9, 10: The PCR validation results of JCK125a-d (R1-F/R1-R); 11: The PCR result of positive
control (R1-F/R1-R); 12: The PCR result of negative result (R1-F/R1-R). B: 1, 2, 3, 4: The PCR validation results of JCK121a—d (Tsr-F/Tsr-R); 5, 6,

7, 8: The PCR validation results of JCK125a—d (Tsr-F/Tsr-R); 9: The PCR result of positive control (Tsr-F/Tsr-R); 10: The PCR result of negative
result (Tsr-F/Tsr-R). C: The result of bioactivity against M. smegmattis mc?155 of the cultures from related strains.
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