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5L E whiE-ORFVI 7EdE R i P bRk, &M
T+ Btk &% Tw9sa Al TW95b, %
WhiE-ORFVI AL 371 2 N AL A5 ik
5 5 /NI Tl [ s o SR e g K R, oy
T2 i A BRI R DI RE
SN L whiE-ORFII 1 whiE-ORFVII 4351 5
Me B RBEM P, HAREORSE D F IR
ik, GERBA R R LS YR, TW95a Fi
TWO5b Jy F2 ¥, 9 whiE-ORFII il whiE-
ORFVII 5 /NEEA4 TG . FR1LEE whiE-ORFVI
—E g B RIREAR D, AR OB R T
IRFIK, AREFRIE LAY TW95a FI TW95b
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R, H- BRI, FILREE— %
XA R, HILAESS R b N 120 4z i
A whik 6 &7, 7E 24 B 11 BIRER kA
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b, KGNS, BULERIEM LRI R 5,
TEREALE PR, 2B 2 R, MR
WAFF AR BT, &) THi g%, sGREfE,
JEFAR B AR R T bR | B AL A g d R T
1 RREIE SN 2,4- 5 dE-6- IR RE
JRAE K AT T S BSR UEA s T (E 1 R R
& YTEBFF I T IR B B R >, B
Ji R R 1178 SR A 145 0 1 B /N SR P 5 B E R AT
R R 5 S AT 5 25K . 2019 4, Eriko Takano
T RARIE T 07 & R AL A A KGR T P
AW R, B A AP T G A
SEAAR ZR A RS AR th T o ) SR T
PR IR 25 25 A0 - (0 2 whiE (19 58 B 45 i KS,, 7l KS
HEEE G RIGFFE PR AT RE, o
SRR R E YA W AR Dehydrorabelomycin
(¥ K K B8 HR S5 A ) B A L e S
WhiE-ORFIII (KS,). WhiE-ORFIV (KSg)fal i1
RKiEZ G, AP BR pET28a-whiE-I11-1V
(PXY-7)F1 pETM-whiE-V-VI-MCAT (pXY-8), Jf
B AL A H kR BAPL/pGro7, #R15-4 8 TW95c fY
FMFF A 77 bk BTWO5 , 2% 143 & B TW95¢
(4546 5 R W R 2 A S IR A B U TW95a A
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L AR
1.1 AR

111 AR BURL K519 : KA BAPL . BL21,
DH10B 1K 5 a5
B R AR S S AR . AT BT R LR 1, £
FEIN BRI FRIBHAR pXY-7, pXY-8 H i AR =
M. S 2 s, w HiBERAEYH
B2 W A

1.1.2 #E3%E: KW E BL21. BAP1 F1 DH10B
MRS R LA, WA IR LB, KIGHF
W BAPL [k et F= 5l PM-LBBS &4 1557 4k
(BeBHEH 5 g, AR 10 g, Sfkéh 10 g,
D-111%4 s 185.9 g, i 159, HEPES 23.8 g, fif

T# (Streptomyces coelicolor)

SE0% 0.309 g, ZBIB/KERZE 1L, pH £ 7.6),
121 °C. 1x10° Pa X 30 min.

12 EEEF NS

ok PR BORGR & . B EoAR &, Wk T B
MRt A EARATFRA 7] ;5 solution | DNA j%
P50 6. Taq B, WSET TaKaRa Al ; &R
HLMif# Phanta Max Super-Fidelity DNA Polymerase,
WA KT B v ME R A R R R A A R A w5 R
Y1, Thermo Fisher Scientific 23 H] ; &% 4
(5 um, 4.6x150 mm), HPLC. Q-TOF MS IJ3LF
LHERPHEA R A A .

1.3 AEYEERFESN

FFH NCBI %} whiE-ORFI, whiE-ORFVII
WhiE-ORFII #EATIF5 8. S T T ¥4k il =

&1 AR SETR R ER

Table 1.  Strains used in this study
Plasmids Relevant Characteristics Source
pCDFduet-1 CDF ori with P17; Sm® Novagen
pET28a Neo, T7 lac, pBR322 origin, Hisg-tag plasmid for target gene expression Novagen
pGro7 GroES-GroEL ori Cm' TAKARA
pET28a-whiE Il Plasmid for whiE-ORFII expression This study
pET28a-whiE VII Plasmid for whiE-ORFVII expression This study
pZYC- | Plasmid for whiE-ORFI expression This study
pXY-7 pET28a-whiE-I11-1V This lab
pXY-8 pET32a-whiE-VI-MCAT This lab
pXY-7-11 pET28a-whiE-111-1V-II This study
pXY-8-VII pET32a-whiE-VI-MCAT-VII This study

F2. AMRHBETAEIAGY

Table 2. Primers used in this study
Primers Sequences (5'—3')
whiE-ORFI-F CACATATGACGGTCTCTCCCGT
whiE-ORFI-R GAGGTACCTCAGGAACCGGCCGAA
whiE-ORFII-F GACATATGACAGACCAGCAGGTACG
whiE-ORFII-R CCAAGCTTACTAGTTCATGACACCACCTCGGCC
whiE-ORFVII-F CCCATATGCACCACACACTGATCGT
whiE-ORFVII-R ACAAGCTTACTAGTTCAGCCGGCGGGGGTCCG

http://journals.im.ac.cn/actamicrocn
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SRR , AT FE T B ST T8 I
FR R il B R A= AR b B B AL TemN L, Tem)
Teml F- 0 11 BV fL5 %) Benastatin
Pradimicin, ¥ & sch. cur HIILREGLL K
WhiE-ORFI (¥ 1k i 45 #4550 ) . whiE-ORFVII |
whiE-ORFI1 il whiE-ORFVI #E AT #EEA /34T, 5
SGEAEALR R MEGA-7 224, 8 A B 332 R
R IEISE,
14 HEEE®TIE

Y LR B 6 55 I (Streptomyces
coelicolor)ZFff M1154 JE[F 2] DNA St , LA
£ 2 FFREIWHEAT PCR 474 .50 ub iR
2xPhanta Max Buffer 25 uL, 50% —H WK 5 uL,

dNTP mix (10 mmol/L) 1 upL, Phanta Max
Super-Fidelity DNA Polymerase (100 U) 1 uL, I

WA RIS 1 4(10 pmol/L)% 2 uL, #i#(30 ng)
1pL, ddH,O #ME % 50 pL., 7% PCR WriFfA %
20 uL: 2xmix 10 uL, F Fi##5147(10 umol/L)
% 0.5 ul, 50% " HAN 2 ub, PkEA RIS/ i
#2, ddH,0 #ME 20 uL. PCR W 454 95 °C i
M3 ming 95 °C AR 15 s, HRESIY) T HiX%
BRI PK JERE 72 °C ZEffif ],
30 MEH; B 72 °C #EAH 10 min,
1.5 B PR T 40 ROk A A

MEFYIALFE PCR 43 )5 Bt , % H 9 B 15 4351
vORE B R IKHIA pET28a 2 pCDFduet-1, H5H4 i
JSCE %) 20 J5E 53 0 B Ak 22 DH10B JBSZ 2 20 Jif
P 7% PCR AU 56 1E B2 5 35 23 W) U, 00 45
IR T B BRI PR 6 4 SR A )

actamicro@im.ac.cn

1.6 ZHE:FEHFUR AR

Z LN HR I R G TE pET RAVEUE I, Pirdy
HEEHGE—0 T7 B i rEeE. 519t
IR AR SE R Y 3t Spe | BEDILAS, P
Bl Spe | I 25 5 pET R4 BHALE & 1
JLRTIY Xba | BV 5 TR R R R R, HEF T
ZHRF B, ZREA G FE 1.

1.7 EREFRBEE

¥ H 2 4 B L SR G R Fe fk 2
BL21/pGro7 &z A41f, 37 °C faiEA il i s
I o PRHUATIRET 3 mL LB KR KErh, AR
iR, 37 °C IR FR . M iHE 7 T R A R
11100 (1 : 50)5E 4z 247 fif (1 LB 55 57 FL iR &
KigRdkrf, 37 °C H597 £ ODego=0.6 i, HUH B T
UK EREIRL 2 10 °C 227 JRdsm&vk JiE -y 0.5 mmol/L
() IPTG FIZ ¥ FE > 3 mmol/L () B RifAbii%E $ H
(R A3 AR R IR A 16 °C $E IR th 4k 4:
K557 18-24 h, 4000 r/min . 4 °C &.0> 20 min Y4
PR, TRV 255 27 il E A, R 75 IR TR 1
12000 r/min &> 30 min, 4373 B4 B A b5 k1T
SDS-PAGE i, i i & & 75 Al PRk .

1.8 HEbRKEERFER

W10 pb RS o ) DR R 22 A0 3] 3 mL LB %
FrHEEP T 37 °C A IEFR K H L 11100 (1 : 50)
3 PM-LBBS E G133k, 37 °C B34
6-7 h % ODeoo 5% 0.6, BT VK IR, SR
£ 10 °C LI, WIS 3 mmol/L ) L-Fifir
PN 2 22 2 0.5 mmol/L 1 IPTG 43 iS4 1
BRI H R, 18 °C #55% 4-5d. 1L
5N K EER 4000 r/min B0 20 min FREA, F
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W 1%, IRAEFIINS R BRI RFR
LIRCTR, RIZUFESEAEHL, 3500 r/min #5.0> 10 min
WAL, e 72 & U1 J5in 600 pL i ek
1.9 7 HPLC X Q-TOF MS &

FESE RS, 12000 r/min 2.0 10 min, HX
10-50 pL TAESIH RIS H . HPLC A i i 3l
FHA 47K (A FR) R (B AH), B3 2 — 1)
=W, KW 7. Wi 1 mU/min, W15
25% B #H, 20 min N B A 25%_ 7+ £ 100%,
100% B AH#4F 5 min, #J5 10 min & 25% B
VAR . Q-TOF MS Frilisf, A MEMT /322
—H R, BAHNEZNE, WK 0.3 mL/min,
HoAl 4 1F 5 HPLC A6 AH ] .

2 HRAPAT

YR BT

i1t NCBI R3] BLAST 5% 5%t 4 A~
FE 5304 He s (B 1) whiE-ORFI 7145 cupin 454
I, Z5flF Streptomyces glaucescens TcmJ, J&
— M2 5L BN EEE, 25 10 B B
R G RN A R 05 A RO 0 A8 i
WhIiE-ORFVII /& Teml Z% 1| BUREI AL, 26
TR R W A R AR Teml, 1k
Frthas xR F2 mArii R F1 a9%%4k; whi-ORFI H
& # ABM F1 SchA/CurD Z5#4is;, H A SchA/CurD
5 R TR R R R R R, 256
Rifl Fax, 525 58RWEIAERNEN

2.1
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Figure 1.

MEGA-7 LR KILSAE 4489 whiE-ORFII. whiE-ORFVII. wWhiE-ORFI (FRLESZEHiE) 5 H it

Phylogenetic tree generated by MEGA-7 with maximum likelihood method for whiE-ORFII,

whiE-ORFVII, whiE-ORFI (cyclase domain) with other type Il polyketide synthetic proteins. The color code
refers to the function of cyclases, red: 1st/2nd ring cyclase; green: 3rd ring cyclase; blue: 4th/5th ring cyclase. A:
phylogenetic tree; B: cyclization pattern in aromatic polyketides produced by type 11 PKS.
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R, ZEAMIIEE M AR, (A IS
NAD(P)4h &1 15 o

ARG AL A4 R B, whiE-ORFI (31 1k
BE4E ) . whiE-ORFVII, whiE-ORFII I whiE-
ORFVI 43J& 3 1~ % . whiE-ORFVI 545l 8 &
Al Pradimicin A& B H B S — LB TemN Al
PdmD v F[H—43%, K whiE A& BagtEth
S—IMERE, HEMTTE A SRR B SR ;
WhIiE-ORFII, WhiE-ORFI (FRbs A4 Ia) 545 ih 2%
F A BURE PR A IMEEE Tomd A2 F [’ —A4 4
2, A WhiE EYA BGEEHR IEE —AME R, HE
Wit 55 C FRAFEL; whiE-ORFVII 54t R G5 i
WA 3 ANERLEE Toml AL T F—A05, H
whiE ZEY& R IS 3 Akl , HEN 75T
D 35 E H1Ifk, EARHI T a8 A LT M.
2.2 JFURIAEE
221 MRREFRBEHRR: % PCR ¥
WhiE-ORFII,whiE-ORFVII F1 whiE-ORFI i ] 4b ¥
Jri vE 454 pET28a, pCDFduet-1. 7% PCR K
WEIERGR , 43S BTt 5 | AR B k1 T
AEFVIRAE . BUFIERS , KA @ELr i JoRL % 5
ONFEIEL PN S5, 4G R O B R A

222 WEZERBARK: £ 5K S 5KA D)
Xba | 5 Spe | HoN[EREEEHIRHE, 435K &
wWhiE-ORFII . WhiE-ORFVII 7% [ % % ik # 1K
PXY-7 Fll pXY-8, ) g B H [K] 5 JK G ok i 22 L 1A
AR IR TR R (32 3)
23 EEFTRER

V5 Ky 2 47 1) BB DR R 3k R 43 ) e Ak 2
BL21/pGro7 H1, THifE LB H/3ilifs % 7%, W
ST EIERE ST SDS-PAGE il il ik, 4%
3 AE MY NI AE KA B bl i RS
WhiE-ORFI, whiE-ORFIIl, whiE-ORFVII K/
WK N 45.4, 19.0, 14.7 kDa, Z5H40E 2 s,
2.4 HPLC il % B3 BUR
241 BAANEERIHRER RS M S BRI e
Fk BTw95-1, BTw95-2, BTw95-3 5% i# BTw95
RIARTEAR R 25 N R, SXTREAEAL, SRR HR Ik
TR 1) R TR R T 2 d T IR A8 A8 v 206, Bk
BERT I SE R LT BT IR . KT 4 d JE AT 20
HPLC K], S5 HEAH bL, BRI DR A G TR e I i
H A R BT AL S 7 A TERI K 276 nm
T, AL Twose S AERIE K 500 nm
T, K=yl Twosd b, Knmigs R ILE 3.

*3. AMRHPETAEBEK

Table 3. Strains used in this study
Strains Characteristics Source
BAP1 F'ompT hsdSg (rg"mB~) gal dcm (DE3) AprpRBCD::T7 prom-sfp, T7 prom-prpE [11]
BTw95 BAP1/pGro7pXY-7 (whiE-111-1V)/pXY-8 (whiE-V-VI-MCAT) This lab
BTw95-1 BTw95/pXY-7-11 This study
BTw95-2 BTw95/pXY-8-VII This study
BTw95-3 BTw95/pZYC-I This study
BTw96-1 BAP1/pGro7/pXY-7-11/pXY-8-VII This study
BTw96-2 BAP1/pGro7/pXY-7-11/pXY-8-VIl/pZYC-I This study
BTw96-3 BAP1/pGro7/pXY-7-11/pXY-8/pZYC-I This study
BTw96-4 BAP1/pGro7/pXY-7/pXY-8-VIl/pZYC-I This study

actamicro@im.ac.cn
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whiE-ORFI

whiE-ORFII

whil-ORFVII

A

2. BAEERFRIEH SDS-PAGE 44

Figure 2.

SDS-PAGE analysis of the fusion protein expression. Lane 1: protein molecular weight marker. W:

whole cell lysate of induced cells; S: soluble fraction of induced cells; Control: BL21(DE3) cellular lysate.
Over-expressed proteins in the soluble fraction have been denoted with an asterisk.

o\ i
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(B)

~A\ iii
!
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Y | i
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1
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Retention time/min

3. HPLC#MBAERFRASRKAE~Y

Figure 3.

HPLC analysis of the products for single gene combination. i: BAP1/pGro7(control); ii:

BTw95

(control); iii: BTw95-3; iv: BTw95-1; v: BTw95-2; HPLC traces of A and B were recorded at 276 nm and 500 nm,

respectively.

242 HEFNAFHRERBER: K6 BIKEK
BTw96-1. BTw96-2. BTw96-3. BTw96-4 5% g
BTw95 B& Ak FEAH[A] 55 11 T A e . KB 4 d,
BTWO6-3 i I i 31 €0 15 Ak DR 3 K T Ak A T T 23
AR, BTw96-4 & I v Bl o S G 21 €
BTw96-1, BTwW96-2 & Byl i fo it Jafr . 5% e

ML, L& TwOsc 78414 | Bk & I T fk v i
#FFE, Hh BTw96-1 Al BTw96-2 & BEiki b A&
K %] Tw95c, BTw96-1. BTw96-2, BTw96-4
1) 2 BV rh B8R I BT i Ae A 1, DR R BT
17.5 min (1 3 LA W& SMRBCHTR], HED K )
— A G W4 ZYC-2; BTwO6-1 K B H i
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I 5 BB A R 18.5 min MIAL-S W4 N
ZYC-1, K &5 R UL 1K 4. ZYC-1 5 TwW95sd At ,
SIS e R CBAC E RS, Al 5 s .
2.5 ZYC-1#1ZYC-2 WA Baifb gL E
¥ 7L BTwO6-1 Ta bk & ¥ 4 d, MU AR
FE AT FH S 1) 2 Tl 25 AT 43 B R e 71, Tl 4 354
3.5 mg 4t ZYC-1 Fl 3 mg 4l ZYC-2, &3Pt
JERERINE] ZYC-1 (I [M-H]N 419.0748, = 4>

(A) /TW‘)SC

p

_,.,s_J\A — I Vv
10 12 14 16
Retention time/min

F2UH CosH160s, LG R EARIA, #TH
WA, s THEL, ZYC-2 9[M-H] 465.0743, Hf:
M4rF2HK CoHigOr, ZALB Y ML G, %
ftERES ZYC-1 MR, Kz IR A 6 frs. h
T RS ZYC-1 F ZYC-2 I4sH, %
SRl AT BRI 70 1A TAZ R ARSI
R R AL ST, RS, YRR
FERTICEER, YIS A T T — 2 AT

& TW95d

/ZYC-2
—M 11
i iZYC-l
E ! iv
: |
T T A T A T v
16 17 18 19
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4. HPLC#il % EFES B AE™Y

Figure 4.

HPLC analysis of the products for multi-gene combination. i: BTw95 (control); ii: BTw96-3; iii:

BTw96-4; iv: BTw96-1; v: BTw96-2; HPLC traces of A and B were recorded at 276 nm and 500 nm, respectively.
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Figure 5.
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Comparison of UV absorption of compound Tw95d and ZYC-1. A: Tw95d ; B: ZYC-1.
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6.
Figure 6.
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The proposed biosynthetic pathway for ZYC-1 and ZYC-2.
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Heterologous biosynthesis of spore pigment whiE from
Streptomyces coelicolor in Escherichia coli

Yuchun Zhao, 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: [Objective] Completely reconstruction of the biosynthetic pathway of whiE in Escherichia coli, isolation
and purification of new compounds synthesized in the recombinant strain for elucidation of the biosynthetic
pathway of whiE. [Methods] Construction of single-gene recombinant plasmids of whiE-ORFII, whiE-ORFVII,
whiE-ORFI, and SDS-PAGE analysis of the fusion protein expression; isoschizomers Xba I/ Spe 1 were adopted to
assemble multiple genes in a single plasmid construct. The recombinant plasmid was then introduced into
Escherichia coli BAP1 for heterologous expression, and the fermentation products was detected by high
performance liquid chromatography (HPLC); the normal phase silica gel column and the reverse semi-preparative
column were used sequentially to separate the fermentation products, the quadrupole high resolution mass
spectrometry (Q-TOF MS) was used to identify the molecular weight of the fermentation products. [Results]
whiE-ORFII, whiE-ORFVII and whiE-ORFI were solubly expressed; no new product was detected when these three
genes were added to the strain BTw95 individually; two compounds ZYC-1 and ZYC-2 can be detected in the
strains coupled with whiE-ORFIlI & whiE-ORFVII, whiE-ORFI & whiE-ORFVII as well as all the three genes.
Q-TOF MS analysis in negative ion mode showed that the [M-H]™ of ZYC-1 is 419.0748 with a proposed molecular
formula, Cy3H160g and [M-H]™ of ZYC-2 is 465.0743 with a proposed molecular formula, C4H13010. [Conclusion]
This study achieved the heterologous reconstruction of the spore pigment whiE biosynthetic pathway in E. coli.
Two dodecaketide type Il polyketides were identified and isolated. The biosynthetic pathway of the spore pigment
whiE was also proposed.

Keywords: spore pigment whiE, Escherichia coli, heterologous biosynthesis, type Il polyketide
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