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Figure 1. Chemical structure of piericidin A1 and PieB2-catalyzed chemical reaction.
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1.1.1 BERSEER: KIHFFRDHI0b, BL21
(DE3)/pLysE 1 ET12567/pUZ8002, 75 & 475
PR BT VS AR Bl (Streptomyces piomogeues var.
Hangzhouwanensis)"”', FikipJTU1278"",
pITU5990 (pITU1278474:) . plI773 Mk 4K
pET28a?) iy I 1 38 38 2= i AE 4 A [l 4 i o 5
IR, H SR Bl L Pl pie B2EIK ) SAC 4 58
AERRLQ-9, pieB2MIANHIRZZY-1L) K pieB23R ik
FARPITUSIOT A 5T F e

1.1.2 FEEFMES: REIENYIEENde 1.
EcoR 1, Hind I, Kpn IFIMun 1, T4 DNAZ#:
¥ B FermentasZy i), PCRJz W i% I TaKaRa
Taqidifl & VL K m - EDNAY HififKOD_PLUS-
NEO, 1 kb Plus DNA ladder 4§ HInvitrogen 2
A, YMSE; FE3L(Difcoliz b1 F4 g/L, W HETEN
4 g/L, DifcoZ ZF-H2H 10 g/L, CoCl, 5 mg/L,
TRk 16 gL TFr=E/IF(30 °C, 7 LIRS
R, R RALL R E(EKTER 15 g/L,
WYk 15 g/L, M #K15 g/L, KNO;3 6 g/L,
MgS0, 0.5 g/L, FeSO, 0.01 g/L, (NH,),SO, 1 g/L,

CaCO; 5 g/L, 1.1 kg/em’ K530 min)H T 1A%
. PDARGFRELTA s PRI (54835200 g/L,
W20 g/L, BIEKI1S g/L). LBMLARFERH
TRIBH RS . R E AR HTA R WK
R ZRE R (Ampicillin, Amp) 100 ug/mL, &
JR % & (Kanamycin, Km) 50 pg/mL, A&E&
(Chloramphenicol, Cml) 25 pg/mL, tWHE R
(Spectinomycin, Spec) 50 pg/mL, (TSRS
(Apramycin, Apr) 30 pg/mLFIZEBE MR (Nalidixic
acid) 25 pg/mL,
1.2 pieB2FE R RBR ZEAR BRI M B

B TR pII 773 FH EcoR TFIHind TR, [A1I
1398 bp B, Bt B& A BNARL R R PUHESL A L
FIEA B oriT, LA BBt , Wit
—XF 5| #pieB2-F (5'-ATGGCTGTCGACAA
CGACGTCTACAACACACACTCCTGGATTCCG
GGGATCCGTCGACC-3")filpieB2-R (5'-
TCAGTTTGCTGCCTTTCGTGCATAGCCGGCGT
AGATCACTGTAGGCTGGAGCTGCTTC-3"),
PCRY 14453 B3 G A H1 85 R BTk HE R U DNA fv
B, a5 AR B R AVEY G A R
fosmid SO ORI pI TUS990 R AS e, 1521 pilt I9s o ks
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AR RRIEATIRE , B 5 AF N 3 PR B P A R i
BRI, S WipieB2I H Y . X T5878
FRLQ-9, 774 bpHipie B2 A5 #1382 bpioriT-
aac3)IV AL, HILLAXTEAES | #)PieB2check-F
(5'-TGGGCGATGAAGACGTTCG-3")Hl
PieB2check-R (5-CAGGTGCTGCGGGAGGTTG-
3NiEATPCRIY, BPARUZLHT A 1489 bp, AL i
ZEAS RN 2097 bp,  HNEI2F7R .

1.3  pieB2 FH BRI HRAY EIAD

D) R AU TS AR R L 4 DN A
it , FH5IHB2-F (5'-ATATGGCTGTCGACAAC
GACGTCTAC-3")#IB2-R (5-GAATTCTCAGTTT
GCTGCCTTTCGTGC-3") 47 R A W5k X i §-
H#15.50.7 kbipieB2Fr B, Z:Nde 1HIEcoR TR
PZJa, HEREARREER) LB A 2 A pI TU968 ",
- HEcoR THAIMun D], %4 A R REREU) AL 2
MEARpITU1278, 155 H4NTRIpZZY 1. TER B
BRipUZB002 [ HR B T, K Bl Bk pZZ Y 138 i
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2. pieB2BEHRIFRRERIIIEZ(A, B)FLZEYRILC-MSIN(C, D)
Figure 2. Construction and LC-MS analysisof the pieB2 disruption mutant LQ-9. A: construction of the pieB2
disruption mutant LQ-9. The 0.8 kb region in chromosome was replaced by 1.4 kb aac(3)IVgene. B: PCR
confirmation of the pieB2 disruption mutant LQ-9. M, 1 kb DNA ladder; lane 1, wild-type strain; lane 2, double
crossover recombinant. C: HPLC analysis of the fermentation extracts of S. piomogeues var. Hangzhouwanensis (i),
ApieB?2 (ii) and ApieB2-pZZY 1 (iii) strain. D: validation of piericidin A1(1) and demethylpiericidin (2) from the

fermentation extracts by mass spectrum analysis.
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B SALQ-9T, iU RIS LE A
BTzzY-1,
14 #HEWEKRE. KE™YHHPLCLIKXLC-MS
v/l

DITSBYHFR BN Fh o5 e L, M B A AU
PR, RASPRLQ-9FI IR RASKRZZY - 14881, Ff T
30 °CCHEIRKE #7488 ho B HAE B kR R Ak,
F30 °CHEIRKEFRT2 he BOUE LR, Flw=}
TR ER L ERR EY, FH AR R R AR L
3K, FRIKM, AP 2R 25T, FIH
RO E S (HPLC) XS ™ M A TR, i s AH
AR (ZMillipore 2y FIMilli-QZI /K £ 4 BR H-Fil
UE), BHIAZHE . KOllA) PR : 0-25 min, BA
10%—-90% B FEVEMG ; 25-55 min, 90%%5 FE BRI ;
55-60min, 90%—100%FHEEPENL. it : 0.3 mL/min;
R 232 nm; AR 25°C. {4H#F: Agilent
1100 series LC/MSD Trap System,

W5 FHLC-MS(n) 53 72 78 1F B F 1R 3k
7, WEZEEE S M30 Psi, T 10 L/min,
THRIEA325 °C, S FEHAMERE H200%
700, ZHPIEMT R TSGR ERTEL.0-1.5 VZ
[T ey 2 i
1.5 pieB2ZHKI T, FirMaifk

LSS R A AT IS AR A i S 4 DN A
WM, 5 9B2-F/B2-RiEA T A Bk 20 P 3
15%00.7 kbpieB2H R B, ZiNde TFIEcoR TH
MY Z 5, AR 2K pET28a,
B FRIR FRpI TUS997 . F H4H ki pI TUS9975%
b AE. coli BL21(DE3)/pLysE, Pk va [ A
50 mL LB 33 (5750 mg/LRAFE %, 25 mg/L
RAEER), T37 CHRIEFRE, LI1%MIER %
ALBY;#3E (1L, 750 mg/LFIBEEZ, 25 mg/L
AEF)N, T 37 °CHiF3-4 h, FFODgoik 3
0. 4-0. 6/F, A SN EE-B-D-Hi Ak I 2 LB
(IPTG) B Ak 770.2 mmol/L, T'16 °CiEF5Kik
8 ho i O HIIA(12000xg, 15 min, 4 °C),

FH60 mLZE MK A (50 mmol/L NaH,PO,, 300 mmol/L
NaCl, pH 8.0)eiH 2, HAE T30 mLZ
WA, PEATH R R ORI 11, SRS
BRI B0 (12000%g, 1h, 4 °C)BREREN
I%e PEaliEtE LiET Sy, EAEFIHisTrap HT column
(1 mL, GE Healthcare) I, FVENE S 116
B YRR (50 mmol/L NaH,PO,Z% i, 300 mmol/L
NaCl, 20-200 mmol/LBkM, pH 8.0), H(15 uL4>
W, UUIE, RIS AIPEBLRE S 100 °CRE M, FHERW
145 Tk iz 5 JC H, VK (SD'S-P A GE) K I il Pie B2 4 141
MY IRNE O 5 AT, o B R B R 12% . AR A
SDS-PAGERZME AL, WK HEPieB24E H A VLN,
i F{Micropure-EZ (Amicon)#E Fi# €45 (20 mL,
10 kDa)¥ 4 220.5 mL, ¥# T 10% H VA Tris-
HCIZE % (50 mmol/L, pH 8.0), K/ Bradford )y
2 B R P 912 R AT T80 °CE o
1.6 FEELIEES PieB2MEEAEIL RN KAl

K HIPBSZE Mk (50 mmol/L, pH 7.5)iE4T
PieB2/Y100 pLA{E [ i, 17100 pmol/LJE4),
10 pmol/L PieB2, 100 pmol/L S-IgT F i & 2
(SAM), 30 °CIRMWZEH G, SAIMAERR R
R, FIE ez A5, -4 THPLCS)
B, a0l AR I O . I Bl A AR K (&
MilliporeZA FIMilli-QZfi7K s Ab B If-4h3E), BAH N
ZWE o KRFEFAR . 0-35 min, BAI90%%5 51k
JBio Wi : 0.3 mL/min; FGll#4<: 232 nm; 4
M. 25°C, %% Agilent 1100 series LC/MSD
Trap System,

1.7 JRAERHIEERAEYTEERNE
WA= D A2 1S BR-RG 2L B (Rhodotorula
glutinis)ZTF T0.85% 4 PRER K il L8 7 A,
FE AR BE K IR BB, Ttk BT
137£650 nm FODE N0.174547 . PDAREFRILN
PIEAL)E , BHIZES50-52 °CHF, 4% Ll A
TE LR B T8 N B R, PR A KR Y 8
FRML L, WD, FEsR e gt s, e
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HEPR R I & B ol B A AR R LA . B
MLE T4 °CYKFE I E4-6 h, SRIGHUH B F30 °C
K212 h)e WE s

2 GRFHH

2.1 pieB2 BB R ER AR BE= Y153

XA R AL EY) & B R T4
G B200, KIPieB25ZBRA Y& AT Y O-H
SLHE B AT AR5 1 51 A A (50% identity)"
5 55— B AL 1B 4 B H0 1 5 stigmatellin = 91 &
B R B SHK AT 49% A PR E" Y . IRt HEd
PieB2 W] AEAE A MR R AL AED A s,
ViR B B RS Bl 17 DR I P R A LZE SR B & B &
BB B ARG R EE R B . R T X A HEIS S
IEHf, T pieB2FE IR ZRASHRLQ-9 (K 2-A).
W RAFIZABRRLQ-9, FHAKY IR R AL Bebs %
ST RS, 30 °CHiR3 dE, AR OIR#AE
BUR B2 =4 FHPLCHILC-MS/#fr . HPLC%
TR, 5EFA BUTRRR 9 K I PR I 5 ST L
RATKRLQ-OHF AR MR RA LR =42, {H7E232 nm
WA, KFRAFRLQ-9 % WA RAufk & 42
(K 2-C). Bt LC-MSXF b4 ¥ 2 30E — A K i 43
Wi, BRI m/zA H402. 1 [M+H]", 5 RB %
Al (416.1 m/z [MHH] ) Zpri— N R—F, [Frp, H
TS R R 383.9 m/z [M+H], J2402.1 m/z
[M+H]' B 2 — 2 F oK Ja BORE i, -5 280 i i
RALE—53F KGR R 18(397.9 m/z
[M+H])—2 (& 2-D), XEL5FIE L pieB2 L
PRISASIRLQ-97 A= T i LM IR R AL, #I2E
FWIPieB27E AR RA1EY G gzt , f
T IAL GBI N . T34, HRAEPieB2 R
A B RSMEILFFE, T LU e oAb 5 & i
RN G —, BIMEIRIL A P25 4k A R i 1A
EAL (K1),
2.2 pieB2E:F BRI RA B

H T i — WIS AERRLQ-97 A1 B FH 3 4%
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MR RAL, EpieB2(FEHBER™ 1, WAL
¥4 3 pieB2BE R b 2 AR i A rh LB R 8 AR
W, XTERASKRLQ-9EAT T e H [ AMIHIE . A5
Bl ORI TU 12783647 T pieB23EH %), &
HpHZ1358 & ik, BE T LATE KA AT B Hh & il
WA DAIERE R R ], A 2 BRI R 067 25
AR . i PCRY 1 pieB2EEIN, EZ AR
pJTU968, TEki ApITU1278, BRI AL HE
PUrEFE R 3 F(Perm E)W IANSTRIpZZY 1, Kol
TR pZZY Ll i 25 5 7 7 ALQ-91, FR1% 1A
WNFEARZZY -1, 558 AU 1) S A DN 25 SR X L
RILIANEMRZZY - 1R B T AR AL A
(I 2-C). TEBA T PieB2# 52 J2 1 5T M FH L0 A
HRALLEY2)H 21k,
2.3 EHPEFEBEPieB2MAS SRR T

2 Ay S5 PR v DR D [ M S B 1 7 Pie B2 2 14
KERERS W, N T 153 PieB2HAL H KAk BN By 4%
WS, ST RSN IRR I UE . B S R FT
FAFA T PIESEEPieB2, FIFHEAAIL, 75
1 LRWAFF IR0 H 3K 45 710 mg PieB2#& . 24
DAL A2 NIEY), TEASAMAFAE R, PieB21] L
AR B A RAL, I HBEE R I K,
AETHRALN BB W2 (& 3-A), KT if—
AAEIZ ARSI SO0 i 5502 FH PieB2AEAL, A HA
K%, HAREREPieB, il 1T HAEL &Y
DAL AR EALMABE S . Ao, 5.
10, 20 umol/LIYPieB&E [, JF7ER 0.5 hitf 47
TSRS Gl B S O B (R, RS Al Ak oy =
W)o MAIMAPiIeB2I, A =) 4 0 £
AR, MHAAER T, BEEREAEM, &
R F=HI AR R AL R L (E 3-B), FRK
WERH T PieB2#EAL 1 H AL S o
2.4 BERERGIRE R AW EYTEES T

AMEE REALEA R YatE, misht
FUTE AR RS R X G 1 B A e AT T ok
AIREN1.0 pg/mL. T HAE B ki ik
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Figure 3. HPLC analysis of PieB2-catalyzed reactions. A: a time course of PieB2 was assayed forOh (1), 0.1 h
(1), 0.5 h (IT), 1 h(IV), and the standard (V') in PBS buffer (pH 7.5) at 30 °C with 100 pmol/L substrate, 10 umol/L
PieB2 and 2 mmol/L SAM. B: effect of concentration of 0 umol/L ( I ), 5 pmol/L (II'), 10 pmol/L(IIT) and 20 pmol/L
PieB2 (IV) on transformation of demethylpiericidin (2) into piericidin A1 (1).

WEMAEHT, PRI ARy S R A LB HE S Y A AR
SRR . SRR, XA DR SR
H3.3 mg/kg, JETEEEL M. PHIL, FGEALE
PTEPE TR AR A I T R AT A, X R
YA RN R RS 20 B R 6 R
B, SR FHH RURRSE: , X4 B AR5 A e Y 3R
WERERAL, AT TAEYEENE . 258K, &
MR R AL E EAA 1 mm, BiH B
PR AL P B2 9 mm (14), B KRS
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()
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TEME 5347
Figure 4. Activity analysis of piericidin A1 (I ) and
demethyl-piericidin A1 (1I).
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R 2R R, PieB2R] DA AR FH 85 Ry e TR 2%
Al R R AL L, RUIPieB27E R by i
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BEA B, HXHEL s WA R R R,
1M HAK R ERA UL AR TR, XN
FIJRIBR" ), ARG B AR R R AL A
Prim v E , AR RN R R KA E N
ou- MHE i 28 R A8 7= ) TRl A LA R A B 2R T 1
HRACIE MG R I AR B — 2B i, X T8k
SRIEIIRAL, AR T A 0 1 K
ARHE B AN EAT R I P A 20 M RE K ORI
AGPRTERE 5 — IS, R Z AT B YT
S A IR E . RS T R B R L AR B
RAL, AR R R ARG Tk, kit
AP, P Bd i 3 2 Jn B N A BT
Ao B KA i SR PTG M B A A R IR R A LA
AW ABIFTEAS B A T BB R R R A TR RERE
WA Rt — PR
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Function of methyltransferase gene pieB2 in the biosynthetic
cluster of piericidin A1

Zhenyu Zhao, Qian Liu, Delin You'

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

Abstract: [Objective] In order to obtain piericidin intermediates of low toxicity by metabolic engineering, we studied
the function of methyltransferase gene pieB2 in the biosynthetic cluster of piericidin Al. [Methods] The
methyltransferase pieB2 gene disrupted Streptomyces piomogeues var. Hangzhouwanensis was constructedby double
crossover recombination. The methyltransferase gene pieB2 was also PCR amplified and cloned into the plasmid
pET28a for overexpressing N-(His)s-tag PieB2 in E. coli BL21(DE3)/pLysE. The recombinant PieB2 was purified by
affinity chromatography via AKTA FPLC system. The PieB2 catalyzed reactions were performed using SAM and
demethyl-piericidinas substrates. [Results] The disruption mutant LQ-9 produced demethyl-piericidininstead of
piereicidin A1, which was restored by in trans complementation of the pieB2 gene. The N-(His)4-tag PieB2 was
expressed in E. coli in soluble form and was successfully purified via Ni** mediated affinity chromatography. In vitro
biochemical experiments showed that PieB2 could convert demethyl-piericidininto piereicidin Al in the presence of
SAM. The demethyl-piericidin intermediat showed an attractive biological activities as well as piericidin A1l.
[Conclusion] We confirmed that PieB2 is function as a SAM dependent methyltransferase in the biosynthetic gene

cluster of piericidin A1.
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