AP~k

Acta Microbiologica Sinica

2023, 63(9): 3520-3533
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220928

Research Article

EEARE =LA K FE P —RBs e ik R

%BH) mﬁ%n\\v ﬂ?%’ )?jﬂi%:7 XB%%ﬁ’ }’I%Hﬂ*
RIS A AR BB BRI E R S SR E, R 200240

SR, SRS, BTE, R, BTH 0 BARE R A S b R — SRR R R A SE[T]. UE AR, 2023,
63(9): 3520-3533.

LU Danyang, GAO Yaojie, ZHAO Yuchun, ZHOU Jie, DENG Zixin, JANG Ming. One-pot enzymatic total synthesis of intermediates
in the biosynthesis of kinamycin[J]. Acta Microbiologica Sinica, 2023, 63(9): 3520-3533.

B E: (8w A3 — Mk R R @ieit T EMBRAEZOEDSRIER, FIMAEH
BBE A, LBL-4HBE A o R BB BMANE £ T2 F MR 52U L. [ F & 1464013 5] AlpAB. RavC
¥ 8 ANMANFEE L ARMEXE A F MCAT. MatB 5 2 MEgE @ A B —4RBEE HEATRINR L,

Ft A & 2# AR & 1% (high performance liquid chromatography, HPLC)# M R = 4% ; #) 8 Z 4K 2K K11
R EBE B AlpS A& RAAR T 0 e BAE R R, AR E—RFEARZRE. pH. KDRES
B (minimal polyketide synthase, minimal PKS)/K & 7'FUH* 17 ﬁﬁﬁ%@& AlpS REFFatfam. [4%K]
KRR 0 IREA S B An i B & 6 ) RAF T i MR A AR — 4Bk R &R T B EF 0T ME
Z % 4K SEK15. UWM6. rabelomycin. prejadomycm %ﬂ dehydrorabelomycin; #r A\ AlpS &% @ &
AL SHF T YA RTRARENIRSG, EF prejadomycin #= dehydrorabelomycin & 5 & 4 %
X BB R RELMHE A B 30 °C. pH 7.0. & FEEABE(AlpA. AlpB #= RavC)ik &
& 2.8 umol/L. AlpS 7.2 umol/L; prejadomycin #) /= 24 5 %] 302 mg/L. [4#&]1 KA R F) A
— BB EER MG T EMTERAEENTHAEANESRER, GRTBRAEFHEZFEK
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AlpS 89 8EF X h e T3 ) L AE A R .
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One-pot enzymatic total synthesis of intermediates in the
biosynthesis of kinamycin

LU Danyang, GAO Yaojie, ZHAO Yuchun, ZHOU Jie, DENG Zixin, JIANG Ming*

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract: [Objective] To reconstitute the partial biosynthetic pathway of the type II polyketide
kinamycin in a cell-free system starting from CoA, acetyl-CoA and malonate. [Methods] The
polyketide synthases (PKSs) and two supplemental proteins (MCAT and MatB) were purified and
quantitated. The one-pot enzymatic synthesis of kinamycin intermediates was accomplished, and
the products were analyzed by high performance liquid chromatography (HPLC). The system was
used to explore the function and exact substrate of the stand-alone thioesterase, AlpS, in the
biosynthetic pathway. The parameters including temperature, pH, and the concentrations of
minimal PKSs and AlpS were optimized by the single-variable method. [Results] Eight PKSs and
two supplemental proteins (MCAT and MatB) were expressed and purified. The intermediates and
shunt products in kinamycin biosynthesis were produced in vitro, including SEK15, UWMS6,
rabelomycin, prejadomycin, and dehydrorabelomycin. The yields of these products, especially
prejadomycin and dehydrorabelomycin, were all increased when AlpS was added. The optimal
conditions were 30 °C, pH 7.0, 2.8 umol/L minimal PKSs (AlpA, AlpB, and RavC, respectively),
and 7.2 umol/L AlpS, under which the yield of prejadomycin was increased to 302 mg/L.
[Conclusion] A one-pot enzymatic synthesis system with high yields of kinamycin-related
products including SEK15, UWMS6, rabelomycin, prejadomycin, and dehydrorabelomycin was
successfully constructed. Furthermore, the chain-release function and substrate specificity of AlpS
in the synthetic pathway were investigated.

Keywords: kinamycin; one-pot enzymatic synthesis system; in vitro biosynthesis; type II polyketide
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PK) XFR Ry 05 A B 5 I A6 5 ) a3k A X 2 R 1
G, HRRTE EFLENMAE . W fhess
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B YMERS ERA RIS .

B R R AL G YR T 28 0 BB 2K
(benz[a]anthraquinone)fb- &4, HAF S 2 HA M
RIMGE, — MBI 2R Je B i o A v
ANREZA SRMAER IR AR T —
KFP R A RACE Y, FRVEE LAY £y O 3F
KRS Y. AR IA A B R RE S Y6
BGOSR B Ao 28 1o ik - g 1Y) 4eU T W SR R HE
JCNE, A5 E AR IR R AR LR A
fu 15 B A8 % &R (kinamycin) . K £ H &R
(jadomycin) . #& % & [ 2 (gilvocarcin) T K 7
Z (ravidomycin)&5: 7,

FRAREE R Jm T 11 B £ ORISR i fb
GY1, fdol 1o FMF 1970 4-7E Sreptomyces
murayamaensis sp. [ & [ o B 1S 5 . &
W EE, MR R BARRNAIE LM . &
FEEALR A FRFEAEREA, HAYTEESX
SRR R 1 2 AR R A AR SR RS R, R
TR A, B, C. D X 2[R EHRA RE
P APEE, HEDIRE R C X 60 ZFiE 4 4R
FHH PR P

ARk, FRAREE R A& BUR R EL
FHCE DR, A pGR R 1 R, 58
FERAL R R A A RS 62 MK
[ 2 HE (open reading frame, ORF), F5#l{ %)
72 kb HA I A A — A e/ N R
(minimal PKS), H /i35 A% (ketosynthetase,
KS,) AlpA ., %K k5 K F(KSp, CLF) AlpB Flfi
HARAHE F (acyl carrier protein, ACP) AlpC =
ST, RIGHRITAEX 3 NEFRIVER R v
ARG G NI R i, 28k ) 04 it il
(ketoreductase, KR) AlpD. 2 Mk (cyclase,
CYC) Alpl Fl AlpE Ak AT 152105 75 2 I A 48
iR UWM6, UWM6 ANFasE, Al H &AM
rabelomycin, 7E% LN (oxygenase) AlpF Fil AlpG
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FIMEALT , AT AT 2 [a) ™) prejadomycin Fl
dehydrorabelomycin. FifiJi5 HH A5 il 7 | AN
[ ERER], AR IR = o (EA T =W
&, HETC AR SR A ORI 51 5 5
TR R WY& R, W RELR A
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dehydrorabelomycin 5l & B £E IL AL S P )
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23 TE A AL T IR 0 4 A T DUAS [A] 0 =X 887 B
W, AERUM B AR, AR B RA AN
TR KR =l
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Sgt26 KP4 BAC SUPZEHHIIL T BARE: R W 5¢
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(Escherichia coli)f iR IEFRBER, HFiFHE
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R &, HEE 7B IRe e R
IR 25, HAR AL T SR M A% DA oE SR 2844
HEE AR HIZEE R T AlpS fELIR
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AlpC: Acyl carrier protein
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Biosynthetic gene cluster and biosynthetic pathway of kinamycin'?. A: Biosynthetic gene cluster of

kinamycin (alp cluster). B: The biosynthetic pathway of kinamycin.

Mo X —RBETE G Ak 27 #5320, HA 4
i I D S e e 1S VRS SHE RS
Ab, ROSGEFEP, AR T YR 5 g sl
PR, FERTE, AR SAh, L
N ST R — VR & — kR, PPy sli
. 2010 4£, Rohr % MfiF] gilvocarcin .
ravidomycin 1 jadomycin =¥ R 42 1) SR B
GEHEAY), e T NS BE-HRE A RN -
4 A IR AY rabelomycin — 8IS 5 . %
W5 H rabelomycin L= 825K 72 mg/L.
2017 4, Rohr FPH LA 3 AR [ 28 8L 1Y
ORI 5 BR G, — WA L T RS

%} [22]

PiA: 2 steffimycin YCEHEHEA presteffimycinone.,
it FH %) T2 2R 0 5 16 4 1) O I 4 I R SIS RS T
mithramycin, JEHANEFREEE gilvocarcin FTE
EEENN steffimycin A& LR

AMFEE L — 5, 7E Rohr S MFST LA
b, TETCHML SR T HE— DY KRR 1T R IR R
KXW B R A kA, SEBL T M IURHA
fig A | ZTk-45 A FIN —fR%) dehydrorabelomycin
(= A . AP T IRTEARSPIE T AlpS
XTRAREE R AW A BGRRMER, o T HAE
FHIRY) o $5c 8 b D0 Ak S g AR 38 0 S g 45 428
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1 S

1.1 £
1.1.1  EFk. FRALKZS4)

KIHAF# BAP1, BL21(DE3)#1 DH10B ¥}
ARSI A AT IBTR LR 1. ABF5ES |
YW 2, W EEERAEYREAA PR FE L.
1.1.2 #ExHE

KWFFE BAP1, BL21(DE3)f1 DHI0B Y
AR A LA, WiAREFRER LB,

&1 AR AR

LA [S{ARGFRA: BERREHY) 5 g, AALEN
10g, BEAMK10g, BE15g, EAZE 1L,
121 °C, 1x10° Pa K& 30 min,

LB ARSI BRI 5 g, SAALEN
10 g, BEEMAM 10 g, A2 1 L, 121 °C,
1x10° Pa K14 30 min,

1.1.3 ZRAWERE

Binding buffer: 5 mmol/L Bk, 500 mmol/L

SZAb#N, 50 mmol/L Tris-HCI, 10%

Table 1 Plasmids used in this study

Plasmids Relevant characteristics Source
pET28a neo, T7 lac, pBR322 origin, Hiss tag plasmid for target gene expression Novagen
pGro7 GroES-GroEL ori Cm" TaKaRa
pET28a-alpAB  Plasmid for alpAB expression This study
pET28a-ravC Plasmid for ravC expression This study
pET28a-alpl Plasmid for alpl expression This study
pET28a-alpD Plasmid for alpD expression This study
pET28a-alpE Plasmid for alpE expression This study
pET28a-alpF Plasmid for alpF expression This study
pET28a-alpG Plasmid for alpG expression This study
pET28a-alpS Plasmid for alpS expression This study
pET28a-MCAT  Plasmid for MCAT expression This study
pET28a-matB  Plasmid for matB expression This lab
AalpW-2E9 2E9 BAC containing kinamycin gene cluster with knockout of negative regulator alpW This lab

R2 AMRPEABERSIY
Table 2 Primers used in this study

Primers Sequences (5'—3")

AlpA-Nde I-F AAACATATGAGCGGGCGACGCGTTG

AlpB-Hind III-Spe [-R AAAAAGCTTACTAGTCAGGCGGCGCGCACGACCA
Alpl-Nde I-F AAACATATGCACAGCACGCTGATCGTC

Alpl-Hind I1I-Spe [-R AAAAAGCTTACTAGTCAACGGGAGGCCTCCCAGC
AlpD-Nde I-F AAACATATGACCGACACCACCACCCA

AlpD-Hind TII-Spe I-R AAAAAGCTTACTAGTCAGAAGTTGCCGAGGCCGC
AlpE-Nde I-F AAACATATGAGCCTCATGACCACACG

AlpE-Hind III-Spe I-R AAAAAGCTTACTAGTCAGCCCTTCTTCTGCTCGG
AlpF-Nde I-F AAACATATGGCAGCGGACGCCCTG

AlpF-Hind III-Spe I-R AAAAAGCTTACTAGTCAGCGGGGAGGCCCGAA
AlpG-Nde I-F AAACATATGGAAGGGACAGCGGCGG

AlpG-Hind TII-Spe I-R AAAAAGCTTACTAGTCAGCGGGGCGGGCCGAA
MCAT-Nde I-F AAACATATGCTCGTACTCGTCGCTC

MCAT-Hind II-Spe I-R AAAAAGCTTACTAGTCAGGCCTGGGTGTGCTC
AlpS-Nde I-F AAACATATGGCTTCCCGCTCCAGGGA

AlpS-Hind III-Spe I-R

AAAAAGCTTACTAGTTCACCGGCCGCCTCCCGT

P4 actamicro@im.ac.cn, 7 010-64807516
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Washing buffer: 30 mmol/L BXM, 500 mol/L
SALHN, 50 mmol/L Tris-HCI, 10%H i ;

Elution buffer: 500 mol/L PKM&, 500 mmol/L
A8, 50 mmol/L Tris-HC1, 10%H i ;

Desalting buffer: 200 mmol/L F 1k £/ ,
50 mmol/L Tris-HC1, 10% H i1 ;

4% pH % 8.0, ZEW/KERZ 1L,
1.2 FERAT LSS

ok BOn & . B mioR &, W T B
A s S AE Y HOR A FRZA F 5 Solution I DNA %
R & Taq B, W TaKaRa /A 7]; Phanta
Max Super-Fidelity DNA Polymerase R B
W 1 St v R A R R AT BR A ] 5 R
PN YT, WF Thermo Fisher Scientific 23] ;
Bradford @ s ilf &, T RRALRHE
EE)H R A

5 N Ak -B-D- it X 2 FL o 1 (isopropyl-B-D-
galactothioglycoside, IPTG). L-(+)-Fi 7 1F 4
CE-HiTE A —4EL, T Aladdin 2 F]; il
A KEY) . BRIREM AT IR (flavin adenine
dinucleotide, FAD), WJF Macklin A F]; b 5%l
4 W I- — M (reduced coenzyme I-disodium,
NADH-Nay), W31 5% A Wy RH 4 (i) IR A7
PR F; B R AEREE 1T (reduced coenzyme I,
NADPH), W4T Ark 2Awl; N _f@eh, W4k
TAY TR R AR A

BEAHRIKE . BERUE RS . SmartSpec
Plus IR I EL, 1T Bio-Rad A5 (i
(5 um, 4.6 mmx150 mm) . = %0 A @ 5%
(high performance liquid chromatography, HPLC)
10, T 2SR BR AT
1.3 BrEREREREHRIKTFENWLE

HIWFEHE DL AalpW-2E9 BAC ki (E AR
B R e RN AL ) oA, IR 2 51¥E4T PCR
gl ravC B A W B A RS .

PCR M 45fF: 95 °CHUAETE 3 min; 95 °CARME
15 s, MG T (E AR JHRLEE FHT ] G H 7E
57-62 °CZ[a], 30 s), MR ER 72 °CiE
it ] G LA 1 kb/min 3145), 30 MEFR; 72 °C
FEAH 5 min,

PCR J= 1A%k pET28a H Nde I/Hind
I ARG I AL B, W3 e Ll fs o B
Solution I DNA # HzA M & i 2. W F s iy
2 TR %L 2 DHI10B B2 540, %745 PCR
T ) 50 GIE B ) J5 355 2 W, 000 4 SR O
BB 21 TR AL R
14 FEHFTIE GdUREESH

EOARIK: B el Eiki: A BL21(DE3)/
pGro7(pET28a-ravC %% A BAP1/pGro7)Ht, Hkik
MR E LB B 37 cCil i gR.
WREFRHE LA 1:100 (KRB EL) #5358 i LB 5597
Frp, 37 °C B53% % ODgoo M 0.6 B, FRIRIFIS
TNBTRLAFRE (LU EE 3 mmol/L)FI IPTG (49 FiE
0.5 mmol/L), 16 °CFEIRP4kLLHEFF 24 ho
4°C. 4000 r/min &> 15 min J R,

EELifb: WAREESS WA Binding
buffer o', FEIJTRHERFE WG, 18 000 r/min
BT 2R 30 min,  FIEH 0.45 pm JEAK
11 I (Millipore) . K2 k5 AR E 35 M A%
P (NI-NTA, 5 mL), 4 °C#¥E 30 min, /1
PR BEH IS MELSREEH 10 mL
Binding buffer %, A 10 mL 30 mmol/L B
W ) Washing buffer 36 3 3, f2/i A 5 mL
500 mmol/L KM () Elution buffer PERR H 1
B, BB TORABMEAHBIEE RS E
2.5 mL J5% A PD10 (GE 17-0851-01)Jli£h4T:,
f§ 2.5 mL &I/ Z G A 3.5 mL Desalting
buffer, WL 3.5 mL PRI . Bk R R4S vk
i) %EE] EP B, f£T-80 °CIRFH. il fe
HR T RS T 217
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FEHER: A Bradford & H & HIXH &
PEATRE AT 220 BSA b i 2K 1R 5 - (E
(595 nm)WPRIERZE, FRARHE B 098 A WG (E
RN

HFalifh 10~EE, H AlpAB. RavC,
Alpl. AlpD. AlpE. AlpF. AlpG #il AlpS M
AR R A RAHEE T, MCAT Al MatB 24 &
Fi. MatB 2N B4 A G, ARIkR
HTN -4 A 1A s MCAT 215 kil
fitf A:PEIEEARRE IR, TR
ACP (R b,

1.5 —$RERRMN

PRUES N AR ZR BARFCA 200 pL, 4 S 3t
4y 3 o RY. TR R R A I AR
RIGLHTE

B IRRPGHE O ZBE- ST A
SRS B Bl R AL 46 T R (15 mmol/L)
ATP (5 mmol/L), CoA (1.5 mmol/L)F1 Tris-HCI
2P (50 mmol/L, pH 7.5. 5 mmol/L MgCl,.
20%H ). HEALEER MatB (7.5 pmol/L), 30 °C
SR 0.5 he

5 SERUNIRYIE prejadomycin ) —HRf
A 1S — 25 R R HR AR SR IS 0 SN ) B Al
[A+: ATP (5 mmol/L), ZPE-CoA (0.5 mmol/L).,
NADH (2 mmol/L), NADPH (1 mmol/L)#1 FAD
(0.5 mmol/L). [l A& F HEs AN [F] 20 43 i 4 Ak
fiti: AlpAB+RavC+MCAT+MatB (FRifEA R 1).

AlpAB+RavC+MCAT+MatB+AlpI+AlpD+AlpE
(PR MER & 2) . AlpAB+RavC+MCAT+MatB+

AlpI+AlpD+AIpE+AlpF (bR F 3). ALY
WeRE/M 3 MCAT (19.1 pmol/L). AlpAB (3% 1:1
HE, 239129 15.5 pmol/L), RavC (18.4 pmol/L).
Alpl (42.4 pmol/L). AlpD (20.6 pmol/L). AlpE
(14.4 ypmol/L). AlpF (11.4 pmol/L)., 30 °C JZ )i
2.5h,

<l actamicro@im.ac.cn, & 010-64807516

% =44 . AlpG 1L prejadomycin = kY,
dehydrorabelomycin, [a]{4 & 4L Il NADPH
(1 mmol/L) ! AlpG (10.9 umol/L), Bl 5¢ i
AlpAB+RavC+MCAT+MatB+Alpl+AlpD+AlpE+
AlpF+AlpG (WK R 4)F0 % . 30 °C S 2 h,

TJEINA 50 WL LFERZ 1LV, FEAIA 300 ul
LR ORI TR, 2200 2 K. B2
B ) R TR R e i 78 A1, A
60 uL I &, BPn] I+ HPLC A3l
1.6 AlpS EHINEERR

AMERVARZR 1, 2, 3, 4 FFJILA 3.6 umol/L
AlpS ®EH, # 133 KRS N, FIH
HPLC il 74 J 7 i A8 4k o

MIPRAEIR R 3 (XK R prejadomycin H
— R, SN TR BRI AN 0, 0.9, 1.8,
3.6, 7.2, 144, 21.6. 32.4 1 43.2 ymol/L AlpS
B, #1133 KR PR, I HPLC &
W=y ey A8 4k
1.7 —$RERMEFHML

[FAEE PR UEIR R 3, DL prejadomycin (7"
AR AR T AL

e/ NER A (AlpA . AlpB il RavC)Xf {4
RIS [ARESOVAR R 3 Harldsm 0.
1.4, 28, 5.6, 11.2, 22.4 pmol/L A [f] ¥ i
AlpAB F1 RavC (=& SFa) N, FIH
HPLC il 74 S 7 5 284k o

TEEXHAR RS . KAk R 3 43 5IHE
20, 25, 30, 35. 40 °CHIKBHAFREE F R,
FIH HPLC # il 7 49) Je 7 w784k o

pH XA R BY5EM . HEFRUEIR R 3 70 5I7E pH
H}6.5, 7.0, 7.5, 8.0, 8.5 Tris-HCI Z& #hifi h
SO, A HPLC Fai ™4 Ko i 22 4k
1.8 SXEHES

Sk H HPLC Al s AB8 Ak, i slikf oy
SRR (A FH, & 1% — 3L IR)FIF (B 1),
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R vk WEAARE 1 mL/min; 0-20 min, 75%
A, 25%B, 20 min N B A H 25% T2 100%;
20-25 min, 100% B {REFAE; 25-35 min, 75%
A, 25%B, [REFAPEIAR

XFFHEY) SEK15, UWM6, rabelomycin
#1 dehydrorabelomycin, LA HPLC BRI H ™
B2k, T prejadomycin, MR IEAS [] e BE
s it A6 10 e 2 - 0 TR (e R R A 4 ) 225 il e
ALk, Mt 5,

2 ZERE54

2.1 EHEEAMRIESLHK

Vo5 Ay A B 1 2R 3K TR 26 0 A W R A T
Mg, It R F R R TR IR . PR A
WL 4k 2 BL21(DE3)/pGro7 1, 49115 S 4%
I, AL B TR A R A L T R A
AlpAB. RavC. Alpl. AlpD. AlpE. AlpF Al

AlpG, DUk 2 MiBhE&E M MACT 1 MatB, 4§
)G E A #EFT SDS-PAGE Z3#7, Z5H4nE 2
Ji7R o Lh 2R 38 ] 28 K A TR P R s R
ik, HEASFRESH5 S EARFR,
22 —WERERNARNMENRTIEE
— L R N RN 3 R, MR ER
HAETE e/ N B4 5 AlpA . AlpB F AlpC/RavC
BF, 2.5 h Je Rk EEm e, fig]E -y
SEK15, Hf AWK K 280 nm, 7EMIAR
HAl F5IA Alpl. AlpD #1 AlpE, 2.5 h J5
WEERE G, EEKRE 3 ey, HEAME
AL, E RIS KR 408 nm. IS E
A SCHRFIARE L LLE, BE X 3 A il
UWMB6 ., rabelomycin F1 prejadomycin, 3%
7 UWMS, 7 eI e, B RN
JE RS, rabelomycin, F-fF4 =4 prejadomycin 4=
o dRZE5I A AIpF, 2.5 h J5 SN 550 A,

kDa M Alpl AlpAB RavC AlpD  AlpE  AlpF  AlpG MCAT MatB
116 —
66.2 — .
> - w
35.0 — - -
25.0 — -
18.4 —
14.4 — .
Alpl: 12.6 kDa AlpA:47.0kDa  AlpB:41.6kDa RavC:11.1 kDa
AlpD:27.0kDa  AlpE:352kDa  AlpF:549kDa  AlpG: 55.5 kDa

MCAT: 32.1 kDa

2 15% SDS-PAGE S iTEAERMFIES 4L
15% SDS-PAGE analysis of the protein expression. M: Protein molecular weight marker. Alpl: 12.6 kDa;

Figure 2

MatB: 54.6 kDa

AlpA: 47.0 kDa; AlpB: 41.6 kDa; RavC: 11.1 kDa; AlpD: 27.0 kDa; AlpE: 35.2 kDa; AlpF: 54.9 kDa; AlpG:

55.5 kDa; MCAT: 32.1 kDa; MatB: 54.6 kDa.
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Figure 3 HPLC analysis of the products of one-pot enzymatic systems. A: HPLC results at 408 nm. i:

Reaction system 1, AlpAB+RavC+MCAT+MatB; ii: Rea

ction system 2, AlpAB+RavC+MCAT+MatB+Alpl+

AlpD+AIpE; iii: Reaction system 3, AlpAB+RavC+MCAT+MatB+Alpl+AlpD+AlpE+AlpF; iv: Reaction
system 4, AlpAB+RavC+MCAT+MatB-+Alpl+AlpD+AlpE+AlpF+AlpG; v: Rabelomycin standard; vi: UWM6
standard; vii: Prejadomycin standard; viii: Dehydrorabelomycin standard. B: UV absorption of the products of

one-pot enzymatic systems.
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AR, B ZF 7 A E AR AR o RS
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dehydrorabelomycin MEEEZAE H ACP R
P

4 AlpS ERM AR

L prejadomycin iy HAx, MMEL AlpS He A
PPEPRER, GRWE 4B PR, HINA DG
AlpS FE W}, prejadomycin A9 5™ 5 Jio 11 3 1
fn, 7E 7.2 pmol/L By it 35 Bl fie KAE ; 4k ZLH4
AlpS ¥, prejadomycin F )™ i 2 #T AR
24 —SRERMNEFHRK

AlpS F L EE (7.2 pmol/LY#E 5, T 0T &t
/NPKS VR | Ik pH 45 25 LA SR B 1R R
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}5 AlpA. AlpB Fll RavC X 3 ME ., X—BH
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PKS ¥R JE 44 2.8 umol/L.

Figure 4 Effects of AlpS on one-pot enzymatic systems. A: Comparison of products with and without AlpS
protein. The production without AlpS is standardized to 100%. B: Concentration of prejadomycin changing

with AlpS.
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Figure 5 Optimization of reaction conditions. A: Optimization of AlpS concentration. B: Optimization of
minimal PKS concentration. AlpA, AlpB and RavC are at equal levels. C: Optimization of temperature. D:

Optimization of pH.
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