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fit R %5 2 (kinamycin) 2l Omura 5T 1970 4%
1E Streptomyces murayamaensis KA-295 0% &% FER
RS ERS]. Z)5, Gould 58 T LT A
B AR X IR AR ) B 5T . 1985 4R, i
o R TR L, B [1,2-PCoIpRiC i 2 iR
WA S. murayamaensis WWAKR &R, 2828 K&
B SN 2505 PR PC NMR A TR 54347 o Al
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Figure 1.

Biosynthetic gene cluster of kinamycin (alp cluster).
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Figure 2.
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The proposed biosynthetic pathway of kinamycin.
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BRI R RE RN TSBY (g/L): FEMH
103, FREE MR 30, MEEREEEUY S, MA X B TK
iz 522, RRERE 1L, 115°C, 1x10° Pa
K 20 min; RS BR A R ERS R 5 R2 (g/L): 1
B 103, #Z58E 10, TES 5.6, &5 & LR (Difco
Casaminoacids) 0.1, MgCl,-6H,O 10.12, K,SO,
0.25, NMAZEBT/K(950 mL 2647 )i 22 58 4 Vit ,
SRIGTE pH 2 7.2, WJEESRZE 970 mL, 115°C,
1x10° Pa K& 20 min, ZEffFHFTA 15 mL 20%
i) L-Fli %% , 10 mL 0.5%#) KH,PO,, 5 mL 5 mol/L
i) CaCl,-2H,0 LA K 2 mL s e RIE . It
ZVEW(1 L): FeCly-6H,0 200 mg, ZnCl, 40 mg,
CuCl,-:2H,0 10 mg , MnCL4H,0 10 mg,
Na,B,0,-10H,0 10 mg, (NH,;)sM0,0,4-4H,0 10 mg,
A LB FREZ B2, RIFERE 1L,
121 °C, 1x10° Pa K% 30 min.

1.1.3  PCR-targeting 514 : 1% 11 T 2 XFaiBrs 47,
Bl S. gt-AalpAB-F: 5'-CGCGATGGCCACGCGCTT
CTACAGCTGGGAGGCCTCCCGATTCCGGGGA
TCCGTCGACC-3'; S. gt-AalpAB-R: 5-GCGGTTG
CGGTGCGTCGGTCGGGCGGTGTGCGGGGGTC
CTGTAGGCTGGAGCTGCTTC-3'; S. gt-AalpRO-

F: 5-GTGAACCGCGTCGTGATCACCGGGATCGG

CGTCGTCGCCCATTCCGGGGATCCGTCGACC-
3’5 S. gt-AalpRO-R: 5'-TCACTCCGTCTGAGGGG

CCCGGAGCACTGCGGCGGAGTTTGTAGGCTG
GAGCTGCTTC-3' . Ib4h, i 1511 1T 2 XTI UES 47,

Bl S. gt-alpAB-flank-F : 5'-CCACCTCCAGGAC
TTCGACGAGG-3'; S. gt-alpAB-flank-R: 5'-CCCG
CAGGGTGCGCTTGAGG-3'; S. gt-alpRO-flank-F ;
5'-GCCCGTCCTGGTCTTCGC-3'; S. gt-alpRQO-flank-
R: 5-AAGGCCAGGAGCCGGAAG-3',

1.1.4  FERFIAYLEE: PCR FrAAH . BRI

WY F TaKaRa 23w 5 BURCHR GG & . e lal
WO T & W B e ot v MEE AR W RECA R H
HPLC Ity B ZHER R A R A
1.2 EERER

AT P L R AR >R FH Y & PCR-targeting J7
Pio PIMEILEBNZRN A neo HUME(GRAS R A%
ZHHERTHNKE R 1.4 kb WHEL, EA
Xba VEcoR 1 XEFVIM pITU4659 JFki Y] Tk
(. mBRE 19 5 B A3 0 R IR B34 39 bp.
1.3 =FRABEAEB

AR5 r 5 R B S P 2 6 e B AL R S
KT = RAEGEHEN T MR T HEE
FETEMBER BAC b S 2 A T KIGFF A
ET12567 . TEHG 4 200 1R — RORZ bR 5 2
FEBhERIEY ET12567/pUB307 43 Sl E 0
TR HUAE R B LB 855 7ERR R h 5 SR 1
(37 °C, 220 t/min). 55 2 KA45HIHL 500 pL FR,
FEREENIIN T AHBIBTAE R Y 5 mL LB KiFRdkrp,
FEIR(37 °C, 220 r/min)}5FE E ODgo=0.6 (4 h /£
) BEFREERG 43 HIE 1 mL B, 12000 r/min
20 1 min, P B, A 1 mL JoHT LB %
%2 R(FEE, 12000 r/min &5.0 1 min, FF ).
SRIG 535 300 uL JEHT LB X B A4S 7 8 k.

F:45 WGE 2 (1/3MS - HR)TE £k 155 25 1 96 1 21
%64 1 mL TES ZZ 0P Y EP 4+, 12000 r/min 2
030s, 7 L. MM 1 mL TES ZZ ik 2 Ik
(FEE, 12000 r/min .0 30 s, 37 ). RIEH
500 pL TES 22 Mk 6+ F ke >k, #4310 min
(50 °C), FHMMA 500 pL Y 2xYT B555E, Ak
AT S SRR (37 °C, 220 r/min)}53: 1 h, 1 h
JA 012000 r/min .0 30 s), - LiE, T
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300 pL AYJCHL LB HAkk . mfats = EHEEN
RVRIRS], BAIMIRTE MS MR I, Rk T51HE
T30 °C)HEFF 13 h i a5 2 RAFAMHTAE R
JnE) 1 mL ddH,O HHiR%), SRR G F MS i
I, 1EIEG0 O IR 34 d.
1.4 SEETH I RBEMZER

A5 34 d e, PRSI G il The
PES I . 1235 BUE 5 UE S BB R R A TR B
HHMPLA EH 30 mL TSBY RE3eitrd, #IK
(30°C, 220 r/min)}%5% 1-2d, BNF T, SR)5HL
1 mL FFRIMAZEA 30 mL JCHT R2 BEF5LAN
1.5 g HP-20 MR =M+ (250 mL), IR
(30 °C, 220 r/min)¥53% 2-3 d.

REESERUR , AR IS 300 pL vKHS
M2, #AEMA 30 mL LR OERHATAI, B2
HAF R 10 min 245 ARG, (H AT BERS
AWGESY, SZIURTR R 1-2 he SRJE AR GG
743, 3000 t/min .0 Smin, EO0ZEE FEA
HURRRERS BTz - e 28k . AP 228
KI5, H 600 uL e sz itk a9,
KRR IFIRE A 1.5 mLEP 45, 30 °C {R17,

2 ERFAM

21 MBRAREREVE R HERSEN T

MG R AV G REREIOEA 2 £
RGN alpA/alpB A alpR/alpQ, XAE 11 K
AP A A g b 2R E I . R
1M, 7€ alpR/alpQ BB IT H- B A 18 2] 4 A lpE L 2 4
EEAMZERE, BT E alpR/alpQ il & A
RS HEYA M. EGE, {E Sreptomyces
ambofaciens 1 , alpR/alpQ it ()& A e BRI R
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=

FAEWE R DTIE . R T HEIE X ARG
ity 2 0] AT REAEAE R OCIE, FRATE B @AY EE
SRS T TS, B AGE L [RIEXT
KIL AlpR/AlpQ 5 48 Y6 FE 2 (mithramycin)
() SR B Bl w AR, AR 53 508 80%F1 72%.
MR R AT, B PUE 5 AlpB #il AlpQ
0@ F R A 20 195332 (B 3). ATAR)
W R, AlpR/AIpQ Xt FHERARE: 2 1 A9 7 1k
FAZLT, AT AlpR/AIPQ W HES &
B 20 (19 T B SREAZEAL G4, AT A REHERR
BT TR R R A& A R TR
22 S.  albus/AalpRQAalpW-2E9  Hl 8.
albus/AalpABAalpW-2E9 B ¥R 45 5

KT alpRalpQ STRIBE R A G R
BTER R, FATTEALE BAC AalpW-2E9 R
H @ BW25113 1, FIH] PCR-targeting Y557
BIFEMESL T alpA/alpB T alpR/alpQ; FEF G
P FE RIS TESE R 4 FE S Fon. SRJEE =
FARBEAHREE X BAC JFikiAalpABAalp W-
2E9 FlAalpROAalpW-2 E9 435l A\ S 6 K H bk
S. albus J1074 v, 133 1 43550 R 79 25 ) 515 il
HIZA50E, S, albus/AalpABAalpW-2E9 F1 S. albus/
AalpRQOAalpW-2E9,
2.3 alpAB F alpRQ R RN ERAER A B
AL

BT R BAC AalpABAalpW-2E9 Hil
AalpABAalpW-2B9 = EARBEGH I E S albus
J1074 15 I ERARAE 25 N B AR B, K e
S. albus/AalpW-2E9 (] ;= A= B AR 85 25 10 TR 7k ) 72 [7]
FESRAE T R4 T R T A T 7, AGr D 485 SR 4
K6 s .
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i

Figure 3. Phylogenetic tree geneterated by MEGA-7 with maximum likelihood method to cluster AlpB and AlpQ
with other ketosynthases involved in other type II polyketide biosynthesis.
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___[H:I_li>l AalpABAalpW-2E9 390
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4. AalpABAalpW-2E9 BAC RFHEREE K PCR ¥KiE
Figure 4. Schematic representation of mutant BAC of AalpABAalpW-2E9 and PCR validation ( S.
gt-alpAB-flank-F and S. gt-alpAB-flank-R were used).
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Figure 6.
kinamycin gene cluster with AalpAB or AalpRQ in S.
albus J1074. 1i: S. albus/AalpW-2E9 (control); ii: S.
albus/AalpABAalpW-2E9; iii: S. albus/AalpRQAalpW-
2E9, HPLC traces were recorded at 276 nm.

HPLC analysis of the products for

MK TS5 HPLC B9 4l LB
alpA/alpB WEIRFEERS T LG IR AR 75 2= 1Y
REI(1E 6, i), VLB EA] 2 At A 5L 5 T 0 52 4
SCHRIRTE PIFREE , SRk R 1 B R TIR B 2R 2R I
BT T R Gl .y — T, RS A
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Schematic representation of mutant BAC of AalpRQAalpW-2E9 and PCR validation (S.

WRBRAREE 2R AR R J), WHRUE T AlpR/AlpQ Ff
ANHE H A AlpA/AlpB I RE . KA E K S
albus/AalpRQAalpW-2E9 AMUBEWB A =R AR K,
Hpe R A HEVE(S. albus/AalpW-2E9)HY 3.2 1.

alpR/alpQ W ERI AR BRAR B 2 1) & K IR 2
B, ATRERYJERJE AlpR/AIpQ 25 T 55 —Ff 11 Y
RE AP G BN EERES AlpR/AIDQ
SWAEYEBEE TR, SECSRIEREYS
AL R I TR R R AR S R,
AR AR = TR R R i N T Rk
AlpR/AIpQ 2 EMZ 54 1T —FH iy Rl
Y, BATX S albus/AalpABAalpW-2E9 F1 S.
albus/AalpW-2E9 1) & BEWRGHEAT TAFA 34T BR T
AR EE R A= ok, I3 B HAth v] B
1 I BYSREE =W, 5 RAF KK S. albus/AalpRQO
AalpW-2E9 M, S. albus/AalpW-2E9 1) % B
WA RIAF G P
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3 WMk

RZRIRT W ED) & B R FRAAR K, £
S SRR 100 kb, ALEHCTAIER ., FRAREE R
P A5 R R RIS K R 72 kb, % T 62
ANTE R EAE . I, AR 22 3k M gm At 2 11 1 D) R
B TR, FE a2 5 B BHAR RS 3R AR AR
BRUAIEE RIS A — LI N [ T A H BT A
B TARESE 2 AW & L R e rh A 5 A R ZH 2R
P 5 Tt A9 38 3 A P 31 2 S IR AIE S T X
YR BB B RE LI ANHEIR] o R N R S 06 TE Y -
B FEFFER alpR T alpQ FERAS E IR
MRRG L, BIB9S &E A A RIS R
AVE BT BT AT RS A, VTRE S 55— R
I YR b6 0 00 & R 56 o A F 58 k30
alpR/alpQ T 5 A RR TR AR 85 27 i B 5 4R
20 R ARG 3485 4N AT GBS KA AIpR L AlpQ
1l AlpA, AlpB X WG £ G i [ AFTE -5 AT AR
TR, FTLAREER alpRO Z )5, FITERIRE R
B IBGER RN T, A4 Bt .

W& B B EROR R, 85 KR 1™
IO . — A DL R A 1 4
HOREGS 5 RRTYERNERREE. 55k
—ANEETBORZ . WS Bbs ™ Yse S aiiky
B AR R A, AT B bR AR A s AR
AR . 12 R W0 A P16 AT 2 T8 5 X
Fioy A i W E RS A, R
PR T e iR A 7 B A A B S TR 72
FEAMIEGE R, 3 R R R IR 2 2 A W A I R R
PN IR SR B & W 2R ] (alpR/alp Q) (EARIIN B R
7 AR R TR IR B, ORI B Y .

11 SR AL G 0 006 iU 222 B 20T 1Y

s

X
[
(1]

PR, A R O B8 B 5% SR Ay e/ 1N SR
A, RIS B R PR RN A A
HH . alpR/alpQ WHEFFBABILEMAER, Ktk
% BUREA R b 1 SR IS B A o XA
THOLAEEL 11 AR LIEE R bt R B P
AT, X ST HE A 75 n] G Al DU LA 2 51
RIS T, B0 R — B B AR G L
il WA AT RESE R R AT DIRERY o alpR/alpQ 1)
R (A5 IR IR 5 2R 1) 7 DR B X — BB IS
% alpR/alpQ NiizA Dtk W AR I AGEL
B alpR/alpQ BIAHRE™ 1), FATHEDM FHLSCHE ™ 4)
TE R T BCA R I 21 AT BE R ARSI A TR
PE— L WIBFFERR TARIELEIEAT 18 alpR/alpQ K
EFATIE KT — AL BEEE N (alpM) , L BEATTE
it AL (alpN), BRG REEEE A (alpP), ENTE
J— AR AL YRR, ATIIREST R B AT R AESY
SRR R AP A e o R I S8 L [A] 24
EHEINRERIVISE, RERBIFATHE ] AlpR/AlpQ K
HREVL S EAT TR AR 3R A W LAY S

Z % Mk
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Ketosynthetases AlpRQ affects the yield of kinamycin

Kangmin Hua, Xiangyang Liu, Zixin Deng, Xinyi He, Ming Jiang

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200030, China

Abstract: Kinamycin gene cluster contains two ketosynthase (KS, and KSg) coding genes, namely alpA, alpB and
alpR, alpQ, the first two are necessary for the synthesis of kinamycin, and al/pR and alpQ are thought to be involved
in the synthesis of other compounds. [Objective] Since alpR and alpQ are adjacent to the essential gene a/pS in the
kinamycin synthesis gene cluster, this study aims to identify their correlation with kinamycin biosynthesis.
[Methods] The PCR-targeting multigene knockout was done on the bacterial artificial chromosome library plasmid,
and the constructed library plasmid was introduced into Streptomyces albus J1074, a general Streptomyces host. The
fermentation products of the mutant and the wild-type strains were detected by high performance liquid
chromatography. [Results] AlpR and AlpQ had no direct effect on the synthesis of kinamycin, but the yield of
kinamycin increased significantly in AalpRQ mutant. [Conclusion] AlpR and AlpQ are likely KS, and KSg for the
biosynthesis of another type II polyketide compound, competing for common synthetic precursors with AlpA and

AlpB. This study also demonstrates that a/pR and alpQ cannot complement the function of a/p4 and alpB.

Keywords: type II polyketide sythesase, biosynthesis, kinamycin, aromatic polyketide
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