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WE. [ B9 ) &7 Marinactinospora thermotolerans SCSIO 00652 & [X £H #1713 marinacarbolines F 34k,
B EE ] mebD %5 Hiohfe, [ ¥k ] W75 M. thermotolerans SCSIO 00652 it 3L P 20 )3 51) vh Bh g 1
Btk H LR T A 26 1, 8 ) MEGA 6 14511 ClustalW 53€ 4 F marformycins 4 #14 Ki& 42 H i MfnG
(D/L-Fi% & ik W SR T A T 2 )7 4 e, 4B (Neighbor-Joining)f it R G (bR, ik 55 MfnG
AL R L ) Orf03255 (MchD); #7314 mebD Ji5 el % pET28a(+)F-#E E. coli BL21(DE3)H ik, 456
Ni-NTA SEFIZ M i A R B 26 B2 1) McebD 16 ¥E8E 115 UL marinacarboline B )iy, il & & AH
GIERI McbD IR SMNERIE s AR T PCR-targeting AU B HRAEIA R H mcbD 3 A 2 3% 28 28 ik
(AmcbD)F- 434 5 B A= BB R 1 R T 7 22 5 [ 45 5 IN-IR i il & 4 R 25 19 McbD & 1175 E. coli
BL21(DE3) i il ¥ 1k ik, EFEMr4ifk i McbD HE % L marinacarboline B i Ji$ ¥ it 1k TE i
marinacarboline C; mcbD & K BH T 28 28k AmcbD 5 %A= BUAH LA 7= A= 4k 549 marinacarboline C, [A]AT
2L marinacarboline B, [ 4518 ] McbD = marinacarbolines £E 44 B H W55 1 O-H B 6L 41

X4%217: marinacarboline, W34k, E¥IE M., BERN

B- RIS A My B — 2P A M| DR IR ML IE = 3R IS FTIRS " A R RN B Ak rygsE, XT
R EEAYIR KR Y, AT EMAESM  BRRIARITA £ X, Marinacarbolines A-D
AWRRED, BABUME . PO BUREELANST (MCBs, 1-4; B DIERZEE W m s AR,
AR Z R e i A, ], Al s e R 2 E 25k D2 K fUEvk 3D7 HA B
BN, IESSAR IR SEE B (harmine)  AOID IR FIEA R RS, R0 R AHUE
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25 AL MCBs 5] 43 B 18 IR S 5 1Y
LR BB BT AP Marinactinospora thermotolerans
SCSI0 006525, Tagawa . Battini F1 Li %543 51 %f H:
24 AT T R Chen %1 8 T AE 9145
WY, TRk IS TH WY A RN,

52 T mcbABC 3 i LL[R] [ HEAi i) D BE LR &
5 MCBs 4914 1, & B #i1 Pictet-Spengler
fii McbB #1374 A B-Mimh-E e, Bif5 Wang Al
Mori%§ JLT-[A] B - T McbB 19454 5 DI RE 5%
A AURAE T %M S ARSE RSO, J5 B HIRA R
GeikAT T e KA F T RE A GRS, A
A0S B8 IF SR P 2, T RN DA R RS ) T Sy 1 R A
&, 5 L-ta&#(Tryptophan, Trp)fE McbB ff#
L FIEAL MCBs SE45 (EE% 251 ; McbB B AT 5%
SRR T HAth Pictet-Spengler Wi = 4EHr B 45HE,

SR L-Trp BFLEs Ghah t 245 4 6 Bk 5L g
ARATUESE , AEALTEPE L Glug7 FE3LE McbB
it J52 07 1 R i AL RO, Ak, Ji A A A
AR SR UE MCbA 2 —A> ATP i IR
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Tyn gty oo FEERIE it #, E 3RS %
Liu%s M\ marformycins [ 4E 9 & L R 488 T
— ARG DT DIL-Tyr AL A I EEC RS i MnG
(B 1), ok MCBs A= 94 Bl 7+ R LAl A
TRt TAEM AR S BT, FRATRAIEE
R GIEE SRR P S o TEN 2 Y AR 1EEN
NI BHITAY 7%, M M. thermotolerans SCSIO
00652 1y K N4 % T Wtk &Y
marinacarboline C HtH1JLIE iU O- F 54 4 iy
McbD, HESEM . T F % mebABC 4Mi MchD
5% marinacarboline B (1 H 3&fb /5B, EHA
Va5, A SE R T MCBs (4R
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marformycins

1. Marinacarbolines A-D(1-4)%1 marformycins B4k % g5 4512
Figure 1. Chemical structures of marinacarbolines A-D (a) and marformycins (b) ™%, The MfnG-catalyzed
pre-NRPS O-methylation step, to afford O-methyl-D-Tyr and O-methyl-L-Tyr as marformycins building blocks (see

reference 12 for details).
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1.1.1  JEHi. BE#k: Marinactinospora thermotolerans
SCSIO 00652 >k H Hr R} Be i AR k5 o
L(RNAM), BRROAEFIE A T E R M-1SP4 B
FrEk, T30 °C THiFR; AR W AT A
M-1SP4 35574k . 0 &F H A HE A #Y cosmid 7D1.
15E12 i1 20B12 Jy A 5E rhAadt, 5T bl A Y
AL TR AR AN OB UL 1,

112 FFEMIBFFREM: 1) LB HFRE: &N
[/ 10 g, BEEHEIRY 59, NaCl 10 g, fiil ddH,0
Z 1L, pH 7.0, BAEIN 1.5%-2%3ii5 8, 121 °C
KE 30 min £ ; (2) M-ISP4 K537 55, Wl

#3109, K;HPO,1g, MgSO,7H,01g, NaCl1g,
EE 19, BREB 059, (NH.),S0,2g, CaCO;
29, #3309, AWK 1L, pH7.2-7.4, FAL
i 1.5%—-2%EiA5 ks, 121 °C K 30 min £,
K ¥ 18 1# Ak DH5a, BL21 Al ET12567/
puUZ8002 fj LB 37 °C K%, 1M BW25113/plJ790
FHIEEEARAH FH 30 °C 8§ 37 °C 1557 .M. thermotolerans
SCSIO 00652 FIFHICHYZE AL KT 28 °C gk 7-8d.
1.1.3 A EBANES : BRI A% R N UIE , DNA
HEFERGF DNA marker 250 [ TaKaRa A ; &R E
DNA B4 7EE [ TransGen 23] ; DNA [
SRR BRI G F Omega /A Al HoAhH AL
PRI B o™ i, SR BUAE R A E
PR A W) RV B2 20 7 25 & (Ampicillin,

F 1 XHAETHBIERARA

Table 1.  Strains and plasmids used in this study
Strains /plasmids Description References/sources
Strains
E. coli LE392 Host strain of cosmid vector SuperCos 1 Stratagene
E. coli DH5a Host strain for general clone Stratagene
E. coli BL21 (DE3) Host strain for protein expression Novagen
E.coli ET12567/pUZ8002 Host strain for conjugation [13]
E. coli BW25113/p1J790 Host strain for PCR-targeting [13]
M. thermotolerans MCBs biosynthesis stain M. thermotolerans SCSIO 00652 Our Lab.
Ju 3211 The mcbD gene disrupted mutant of M. thermotolerans This study
Plasmids
Supercosl Amp', Kan', cosmid vector Stratagene
pCR2.1 Amp', Kan', general clone vector Invitrogen
pET28a(+) Kan', expression vector Novagen
plJ773 Apm', source of acc(3)IV and oriT fragment [13]
plJ790 Cml', including A-RED (gam, bet, exo) for PCR-targeting [13]
puUZ8002 Kan', including tra for conjugation [13]
pJu32111 Cosmid7D1 derivative where mcbhD was disrupted by aac(3)I1V This study
pJu32112 Cosmid 15E12 derivative where mchD was disrupted by aac(3)IV This study
pJu32113 Cosmid 20B12 derivative where mcbD was disrupted by aac(3)I1V This study

http://journals.im.ac.cn/actamicrocn
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Amp) 100 pg/mL . KHR% & (Kanamycin, Kan)
50 pg/mL . FA[yf14ii 2% (Apramycin, Apm) 50 pg/mL .
.4 Z (Chloramphenicol, Cml) 25 ug/mL FlH &%
2 WEIE (Trimethoprim, Tmp) 50 ug/mL. PCR 5%
W B AR TAEY TARABR S vl G 8, DNA I
i A | 52 A Eppendorf 5331 £ PCR 1Y,
Eppendolf 5810R & 3\ K% m ZIHER R .01,
Eppendolf 5418 /N & & HELOHL, BIO-RAD
Molecular Image Gel DocTM XR* Imaging System #¢
R F 5t , SONICS s P4 VCX-130,
Eppendorf Concentrator plus Jief% 451X, Heidolf
Laborota4000 eco/WB/G3 i€ %% 78 & 1%, Agilent
1260 infinity & %08 H 2351 (High performance
liquid chromatography, HPLC), 43 @ikt Ky
Agilent Zorbax SB-Cyg (150 mmx4.6 mm, 5 pum),
Bruker maXis ## /& 43 HERT I A
1.2 M. thermotolerans SCSIO 00652 H f] FF BL 5%
BEES MinG WL R T

%} M. thermotolerans SCSIO 00652 fit) % [K 4
J7 9 ) R TE R vp 1 R S R BL A B8 il %) 2 1
T, K2y sls MinG 1T Rk 56 R 53
B/ MEGA 6 A 4719 ClustalW #1722 7741 Lt
XF, RGKE WA 4B (Neighbor-Joining) 1)

o RIS, i3S MInG bR
L EH .
1.3 mcbD FE:[H i LXK

L M. thermotolerans SCSIO 00652 F&[H2H
DNA J#4%, L mcbD-ex-F Fil mcbD-ex-R 5]
Y(3 2) PCR ¥ 14 K /N2 k1.4 kb iy mebD, PCR
J R 2R R S50 : 95 °C 5 min; 95 °C
50s, 60°C50s, 72°C90s, 30 ME#; 72°C
10 min, 75E]() PCR =PIk & it B, TA
B 1 RIS S AR T £ S Y SN N R = A N
pCR2.1/mcbD; % Nde I/Hind 11 XUE§Y), %8
2| [ FE BT Y pET28a(+) &4, 4% 1k E. coli BL21
(DE3) M\ 1M 14 1| 85 41 R ik W #& E. coli BL21/
pET28a(+)/mchD,

K 3 UE B Y L 2H R AR E. coli BL21/
pET28a(+)/mcbD #FATiI AT, %I 1%01
AR R 10 i 50 mL (250 mL = fA)
LB+Kan 335 ", T 28 °C. 200 r/min ¥z {7 55 5%
% ODgoo 24 0.5, 1A 0.05 mmol/L F) 5 P 5&-B-D-
WAL LB (IPTG), & T 16 °C. 150 r/min
FEPR _EARSER T 159544 15 h, 4000 r/min 25004
PR, #R8 % 50 mL B0 ET T 8 (1l Ak R AE
o # F-80 °C & .

F2. AMRPEMASID

Table 2.

Primer pairs used in this study

Primers Sequence (5'—3')

mcbD-ex-F CATATGGTCACCAGGGAAGCACTC

mcbD-ex-R AAGCTTTCACTTGATCGCGATCACGAG

mcbD-sl-F GGTCACCAGGGAAGCACTC

mcbD-sl-R AGGTCCGGGTCACCGTAGAT

mcbD-del-F GCGCTGTCCGTCCTCGACCCCGGGGTGCGGTGGAGCCGCATTCCGGGGATCCGTCGACC
mcbD-del-R GATCAGCATGTGCAGCTTGAACAGCAGCCCCGCGAGGTCTGTAGGCTGGAGCTGCTTC

The introduced restriction enzyme sites are highlighted in italics and underlined.

actamicro@im.ac.cn
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1.4 McbD ZEHr 2k

W AR 1A H 50 mmol/L PBS (pH 8.0)
R TR 2 K, 4562 (50 mmol/L PBS,
500 mmol/L NaCl, 5 mmol/L XM, pH 8.0)&: 7,
EEFE R FS 10000 r/min 2.0 40 min 153 Fi %
FIE R NiCERZENHE E, Jo 6 mL 45548
M (50 mmol/L PBS, pH 8.0, 500 mmol/L NaCl,
5 mmol/L BKmME) PEBL, P56 mL PEIRZE iR
(50 mmol/L PBS, pH 8.0, 500 mmol/L NacCl,
50 mmol/L BRMA)EML, #3516 mL Y2z nhik
I (50 mol/L PBS, pH 8.0, 500 mmol/L NaCl,
300 mmol/L WK1 6 mL Mz i 11 (50 mmol/L
PBS, pH 8.0, 500 mmol/L NaCl, 1 mol/L BXmE) ¥
o o> RSBV 53, #E17 SDS-PAGE i
W, & bR A s i 43 H PD-10 b4 (GE
healthcare) /it &, Féi/5H 10 K Amicon Ultra-15 #
JE % (Merck Millipore Ltd.) &5 .0 ¥ 45, /o M
50 mmol/L PBS (pH 8.0)HL i 1 50% H il 7 Fe 2 11
FHIMZURE K 25%, WAFF-80 °C IR VKA
BRI T 4 °C UKFE# M, A2 PR B i I
i Bradford k{714,

1.5 McbD HyEEHE L S BT HPLC A&l

McbD ARSI R 2% Liu S s A esht™,
SR A Z A (50 pl): 3 pmol/L McbD, 0.2 mmol/L
marinacarboline B(2), 0.2 mmol/L SAM (S-AFt1-H
W42, S-adenosyl-L-methionine), 50 mmol/L PBS
(pH 8.0), 30°C 1 37 °C JZ i 1 h, W25,
M 1mL R BRI, =il B0 Fe R B
e A2 TG AT 100 pL W, 20 pb HIF
HPLC 73 #7.

HPLC f:iliZ . Wishil A A1 15% 201,
FREAH B AH K 85% 201, 47 0.1%0K Z. 1% (glacial

acetic acid, GAA); i & 1 mL/min, K
>} 215 nm F1 285 nm. HPLC EFEREF : 0-20 min,
0%-70% B #H; 20-21 min, 70%-100% B #;
21-26 min, 100% B #H; 26-26.1 min, 100%-0%;
26.1-30 min, 0% B #f.

1.6 mcbD 2B BT R AR R (Ju3211) Aty

A ER o3 A AR 2 5 SCHR[1,15-17]: B
mchbD-sI-F Fll mcbD-sI-R X Xt 5| ¥ 1 7k, HAr
/Ny 798 bp 752 Y BHE 5 B 143 Bt g Rl 2k 2=
Kan+Amp [ {4 LB -4 |, #&TF 37 °C ¥i546
M G o 43 0 DA P v B2 1
W PCR i —L Ik, $#2HX cosmid, FH BamH |
K EcoR 1/Bgl 1l AT EY) 434, 4% cosmid 7D1.
15E12 1 20B12 43444k % E. coli BW25113/p1J790
55 E. coli BW25113/pl1J790/ 7D1.15E12 F1 20B12,
LI AMAIE cosmid A T AR 2 5 i 45 82 25 4
Mies o He FoRIP RS BT A-RED /20
PCR-Targeting $ &A™, mcbD %% Apm HitkE A Bt
BB EA cosmid 43 Fbric A pu32lll
pJu32112 Fil pJu32113, HiX LLE 1Y cosmid 5357l
&4k E. coli ET12567/pUZ8002 &2 254l , 5 M.
thermotolerans SCSIO 00652 #4744 8 3 Pkik
WSS G AE B o ) R BRcipl 2 P00 S ) RS 4 5 2
PRIEA TP R I P 240 DNA 1A, L mebD
(IR 5 Ve BT S B E S | 9 11T PCR
WriE, 43 A BRI Ay 1395 bp, AR SR %
TUR/NSg 1648 bpo SR F K269 (20 pl):
10xZz thif 2 pL, DNA K5 EasyTaq 1 U, dNTPs
0.5 mmol/L,5]#4% 0.5 umol/L , DNA #i¥z ) 1 ng,
J/KZE 20 pl; PCR W A% FIAE A2 54 ] Hi 5L
mcbD FE K 514 .

http://journals.im.ac.cn/actamicrocn
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1.7 M. thermotolerans SCSIO 00652 B4 BB kR
B RAB BRI 2 BEFI HPLC A6

# M. thermotolerans SCSIO 00652 M A= 7 F&
Tk S A L 18 58 8BRS 5 LA 2 19% I 4 0
B A 50 mL K IR IR B (M-1SPA) 1 (T
250 mL #EJE)E), T+ 28 °C. 200 r/min #1557
7-8 d, JH 100 mL T EHABUR Y, AT
e 78 AL B25 T, 15 BRI L 1 mL F B
fift, BSOJEE 30 ul AESLHEAT HPLC A, BRAS
Mz Ky 215 nm F1 375 nm &k, HiA 4445 McbD
fif S5 1 $E EU ) HPL.C ARG AH ]

2 HERFH

2.1 0Orf03255 (McbD)A] 85 marinacarboline i
H BB i

B 4¢, )\ M. thermotolerans SCSIO 00652 J:[X
HIpH DT Bk 55 T 58 P Ihfe AL
i A, FE MG By K/, IhEERI K
marinacarboline C(3)Afb 245 FIRFAE , FRATT R BEHE
THPYRRE BN O-H A H K/NS MfnG
MEARMEANBEENEL D T RELT
B g5 R B, 78 Orf00063 . Orf00291 . Orf00553 .
0Orf00555 , Orf00705,0rf01188 , Orf01569 , Orf02789 ,
0Orf03255,0rf03317 ., 0rf04349 , Orf04727 F1 Orf04971
X 13 MEHA, (L 0rf03255 5 MinG b R i
I NG BAE B Orf03255 5 MinG #E T
SAM i O- I R RSl 11 U 52715 (SAM-dependent
O-methyltransferase class 1l-type), PKitk, FeAiTHEm]
Orf03255 FfEfF 5 MG K BIAYThEE, B3R
marinacarboline C(3)" L AIE R, AHNLAY 13 4~
HEAY MinG 153 F REGEHFECR WK 2. McbD
(Orf3255) %) GenBank & %5 &1 KX840363.

actamicro@im.ac.cn
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2. M. thermotolerans SCSIO 00652 %k [& A %1 fh
Mo BREEBEES MInG A FREHLER

Figure 2. Phylogenetic tree of the methyltransferases
in M. thermotolerans SCSIO 00652 with MfnG of
marformycins. Numbers at the nodes represent
bootstrap percentages obtained from 1000 replicates.

The scale bar (0.1) represents the number of amino
acid substitutions per residue.

2.2 McbhD BFREFf4ifk

W 235 R R W] H 2 Rk itk E. coli BL21/
PET28a(+)/mchD FHEIEMf, /N n] ¥ o Bir R B
MchD AV 3k Xl Ak i i o 1) 45 e i 4 43 ik
17 SDS-PAGE Zr#r, 4iRFEH HIRE N EZAF
TET VR G2 vl | v, 7 5 U 2 P R I 9%
PPN Ao, AR I, O
JIR 2% i | R B A A R AT IR R A, B 445 3]
M I HE N 5.62 mg/mL, W T & HE BRI
FE YL MK/ 52.46 kDa. [HIt, McbD Ay
FEHWEE N 107.13 umol/L, H: SDS-PAGE 43 #t
S5 LIE 3,

2.3 McbD HyARSIIREST BT

FiEB] McbD HA5 ¥ marinacarboline B(2)H
FALRThEE, X McbD HIARSME L RESET T T B
5% I N AR EUHI 1 HPLC 43 BT 45 SR £ W (] 4-A) :
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3. McbD Ay SDS-PAGE ##f
Figure 3. SDS-PAGE analysis of MchD.

LA LY =2HS nim ()L =3T75 mim
L
i 7 I 2 |

P ImEn "

4. FREREVHEY HPLC &

Figure 4. HPLC analysis of different extracts. A: in
vitro characterization of MchD-catalyzed reactions. (i)
without MchD, (ii) without SAM, (iii) control assays
with boiled McbhD, (iv) enzymatic reaction at 30 °C, (v)
enzymatic reaction at 37 °C, (vi-vii) authentic standard
of 3 and 2; B: metabolite profiles using an Agilent Cg
column. (i-iv) M. thermotolerans SCSIO 00652
wild-type and its mutant strains Ju 3211, (v-vi)
authentic standard of 2 and 3.

ALAE R IR SAM I McbD BYFEIL R , ZE4 B it
[A292h 21.5 min AL EZ B T — A E4MRIKS B-
MR WAL R (R 4-A, iv-v), BT P
HR-ESI-MS(+) m/z il % ) [M+H]" 73 F & K
388.1656, Tl T CxsHauNsOs, KW
marinacarboline B(2)#J /> F 2 14, T AT THEN /=)

A[AEL T -CH; JE[1, 5 marinacarboline C(3)fhnitE
S 4-A, Vi) A EA Y marinacarboline
C(3), RI marinacarboline B(2)R 35254k O-H
FEALEY =1 o MZEARE N SAM FIES N 2 6 3 1)

F137 °C PFIEESUSAREE T , 77*4) marinacarboline C(3)
AR DL R X . R, MchD 22—~ SAM 4K
i) O-FH AL, RSP EA IS marinacarboline B(2)
F 34K i marinacarboline C(3)fYZhBE .

2.4 McbD BN IHRESHT

L 2R WIE B2 53 A B M Ah A Ak SE B IE 5
McbD H A ¥ marinacarboline B(2) F 51k JE i
marinacarboline C(3)#4ZBE, T mcbD J& A& 1 5%
marinacarboline B(2) &4k rynfe—IE[A, RIFE M.
thermotolerans SCSIO 00652 J [F 41 P & 77 il A H
LR B A M RE AN E R . R, T AN
¥ mcoD FHIKT. FATFIH PCR-targeting £ A, #4
A3 T mebD Bl B4R AL ) cosmid pu32111,
pJud2112 H1 pJu32113, HFE 15544k E.coli
ET12567/pUZ8002 35 M. thermotolerans SCSIO
00652 HATHAHe A%, L HLPEfiE fl PCR Bk
33 mcbD BT 5 AL Bk Ju3211 (1% 5).

XS EN 2 AR R u3211 A THEIL R I . AEHL
FIHPLC 73#fr, 52 AHIR 264 B4 T K I A3 A 4
M. thermotolerans SCSIO 00652 B4 BIAH Ft , 28728 Fk
b marinacarboline C(3)5& 4= /A4 7", marinacarboline
B(2)fy i F WP AE AU = Y 10 £5 LA F (B 4-B, i-iv),
i8] mcbD #EBHIT 5, marinacarboline B(2) A BE#k
JE AT Ot P AR B B B, i
A AR P 35 PR BT S B8 E S mebD - 2 i R 4 Ho e
—BERE i i 4k marinacarboline B(2)H KAk )5 14
Wit i, marinacarboline C(3)F FH JL5E RS il 2[4,
mcbD & MCBs 44 & B 77 HEH 2 —

http://journals.im.ac.cn/actamicrocn
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AN it B - o] R
1386 bp PCR product |
T |-FI o |
Wald-1vpe,
S : mch{) =
rd
o o = :E":JL,_.,-:.,,., (Y iEE——
plaiziin
I
A i
mmchlkex-k mchien-H
- ' i
% [T Ik | 14630 bp P THRALC
Juinei I {5310 Ty H[\-rnul ._|
—E HwiflancidllT i==
oyt |
5.

Figure 5.

{11

Lifi] W Wi ekl ) Li]4]

T = e | Bl
== |3U5

mcbD & [ BE BT 22 25 Bk B9 #0385 AZ (A) FlamcbD REFE#k A9 PCR I81E(B)
Inactivation of mcbD schematic diagram for mcbD gene disruption mutant (A) and gel electrophoresis

analyses of PCR products (B). M: DNA molecular ladder; WT: M. thermotolerans SCSIO 00652, 1395 bp; 4mchD:

the mcbD disruption mutant, 1648 bp.
3 Wit

AW E S AEYE B it AT, TR
PRIMEACSE I UESE ,  $5c 2 22 A A 5 R] B BT 52
Wk, RBIFEGE T 1157 MCBs HLAL S {21
[T McbD S HIhRE, MIMRZA R T MCBs 1
SERELE W) U RN A )6 LR AR

HIIXT MCBs A= )5 iUk PR A2 114 S 5 3R 8 52
IS FF ARSI 2 B 4k 74 marinacarboline C(3)1)
A %, KWL M. thermotolerans SCSIO 00652 &5 £ Y
1 & 25 5 . marinacarboline C(3)/&Hfi SZAE1E M,
PRICFRATTHEDY , 1155 marinacarboline C(3)H FH Ak
TE LAY F [ — %E fF7E T M. thermotolerans SCSIO
00652 LN I, (HEEHEER MCBs TN %
PN E R RIFAEEE . L5 = Liu 58X marformycins

actamicro@im.ac.cn

WG BGER Y DIL-Tyr IR R b 58 TAE
HFATX McbD Ry g it 1 T gkt o3 M i 2
HEA . ST, A AE B AE T, AT M.
thermotolerans SCSIO 00652 )3 K 20 5 471 v it 25
T e 5T marinacarboline C(3)H H BT LAY £
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Screening and characterization of methylation tailoring
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Abstract: [Objective] The aim of this study was to screen the methylation tailoring gene-mcbD in marinacarboline
biosynthesis pathway from the genomic sequence of Marinactinospora thermotolerans SCSIO 00652, and to
characterize McbD both in vitro and in vivo. [Methods] Orf03255 (McbD) was selected by phylogenetic analysis of
the methyltransferases from M. thermotolerans SCSIO 00652 with MfnG (D/L-Tyr methyltransferase) using Mega6.
The mcbD gene was amplified from the M. thermotolerans SCSIO 00652 genomic DNA, cloned into pET28a(+)
vector, and expressed in E. coli BL21 (DE3); the MchD protein was purified with Ni-NTA affinity chromatography.
The MchD-mediated enzymatic reaction was performed with marinacarboline B as substrate and detected with
HPLC. The AmcbD mutant was constructed with PCR-targeting genetic manipulation system. Difference in
fermentation extracts between M. thermotolerans SCSIO 00652 wild-type and AmcbD was analyzed with HPLC.
[Results] The N-His tagged MchD was successfully expressed in E. coli BL21 (DE3) in soluble form, and purified
by Ni-NTA affinity chromatography; further biochemical reaction showed that McbD can catalyze the
transformation of marinacarboline B to marinacarboline C with SAM. The AmcbD inactivated mutant completely
abolished the production of marinacarboline C, and accumulated marinacarboline B. [Conclusion] McbD,
responsible for the methylation tailoring of marinacarboline, is indispensable in marinacarboline biosynthetic
pathway.
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