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# OE. (86 AR 8 E#HiINEER Sreptomyces rubellomurinus ATCC 31215 5k & 2 & F BR 4L
441 (gombapyrones, GOMs)#9 2 454 i £ B % (biosynthetic gene cluster, BGC), F-t 2 & 4 & i 12
A S, [ %) s EH S rubelomurinus ATCC 31215 #4T KAAEEL BE BRI IR 55, 13%] GOM-B
F2 GOM-D; vA Z 42 AR IRAR 35 5 SR BF A ) B B AR AR AR F A A2 19 PASO S BALBR 19 & & /7 2UAE A 4R4T,
£ GOMs =4 H# S rubellomurinus A 28 ¥ # 47 BLAST 34 % 3813 /2 49 GOMs 4 454~ s L B % (gom
BGC); i#iTsf gomBGC ¥ &9 JK FR-& s B4 (polyketide synthase, PKS)4E M) L | AT R MESL & BT, *F R
TR KB 4 AT 3 R A8 €15/ 18 (high performance liquid chromatography-mass spectrometry,
HPLC-MS)%#7 vA#iiA gom BGC 5 GOMs #) = A48 %; A TFTAMEZ EF o, #F GOM-B eh4 4
aigtz. [43% ] A S rubellomurinus £ 8 = 4 F 4 %133 7 14449 GOM-B #= GOM-D, Fidif—
AR FRAL AT A F L5 4. AN S rubellomurinus 25 B 48 F 3R 1F T #4249 GOMs A 46 s B 3% gom
BGC, #8%RF 7| Fes) e 28 €% . PubMed 443% % (GenBank % % : 0Q831859); M 4K RE
PKS 2 F gomB /Z-73 S rubdlomurinus & & =47 F GOM-B #= GOM-D 20450 7H %, A TAMZ &5
A3t GOM-B 49 1 & PKS A& mEFLBATT 5. (4] A RAKNT ZARKFT £ KB GOM-B
F2 GOM-D #) A ¥4 A& HE 4% gom BGC; ZAMARiEZET [ A PKS, M4 P450 £ A/LEs
GomlJ A IR 45 69 % W REAGE F AL 2h e 5 RIZIRE 49 GOM-G A 4 & AR F £ gbn BGC ALk
3, gomBGC %ty PKS H ALK bk ) —ANBREIEAY S REAER, X 5 3L =4 GOM-B #9887 R 424 —
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Investigation of the biosynthetic gene cluster of
trialkyl-substituted aromatic polyketide gombapyrones from
Streptomyces rubellomurinus

YANG Ming, LI Wanlu, ZHANG Wenyu, LIN Houwen, ZHOU Yongjun*

Research Center for Marine Drugs, Renji Hospital, School of Medicine, Shanghai Jiao Tong University,
Shanghai 200127, China

Abstract: [Objective] To identify the biosynthetic gene cluster (BGC) of gombapyrones
(GOMs), the trialkyl-substituted aromatic polyketides derived from Streptomyces rubellomurinus
ATCC 31215, and deduce the biosynthetic pathway. [Methods] GOM-B and GOM-D were
extracted for the large-scale fermentation broth of S. rubellomurinus ATCC 31215. The P450
monooxygenase catalyzing the polyene chain aromatization is conserved in the biosynthetic
pathways of trialkyl-substituted aromatic polyketides in bacteria. Thus, BLAST searching was
carried out with the P450 monooxygenase as a probe to identify the candidate BGC for GOMs
(gom BGC) from the genome of S rubellomurinus. Through deletion of the polyketide synthase
(PKS) gene in gom BGC and high performance liquid chromatography-mass spectrometry
(HPLC-MS) identification of the fermentation products of the mutant strain, the gom BGC can
be confirmed to direct the production of GOMs. Furthermore, bioinformatics tools were used to
deduce the biosynthetic pathway of GOM-B. [Results] GOM-B and GOM-D were extracted from
the fermentation broth of S rubellomurinus and their structures were identified by NMR. The gom
BGC identified in the work was submitted to the PubMed, with the GenBank accession number:
0Q831859. The deletion of a PKS gene gomB resulted in the disappearance of GOM-B and
GOM-D in the fermentation broth. The biosynthetic pathway of GOM-B was deduced as a type |
PKS based on bioinformatics analysis. [Conclusion] This work identified a new BGC which
directs the biosynthesis of trialkyl-substituted aromatic polyketides, including GOM-B and
GOM-D. The type I PKS involves a P450 monooxygenase GomlJ putatively catalyzing the unique
polyene chain aromatization. Compared with the gbn BGC recently reported to direct the GOM-G
biosynthesis, the PKS assembly line encoded by gom BGC lacks one elongation module, which is
consistent with the carbon skeleton of GOM-B. The gom BGC could serve as an example that the
gene evolution of bacterial type I PKS leads to the structural diversity of polyketides. Moreover,
GomlJ shows 78.3% sequence identity to the P450 monooxygenase GbnP functionally identified
from gbn BGC, whereas the putative substrate of GomJ has two carbons less than the substrate of
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GbnP. Thus, the discovery of this work helps to decipher the substrate-specificity mechanism of
the unusual P450 monooxygenase which catalyzes polyene chain aromatization in the biosynthetic
pathways of trialkyl-substituted aromatic polyketides in bacteria.

Keywords: biosynthesis of nature products; aromatic polyketide; polyketide synthase; P450

monooxygenase
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ER) . 33 S A4 Ji 750 3y R duk Xof 40E e 2o 2 H 114 SR8 il
HE B-HA FE AT IR RO L B-F24E) . K OB K a,
B-XUBE ) s SHE A it (B BUARL RN A7 FE KR ), AT
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+, HAEVAGBGERRRE T WA
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11 2 PKS Sk QT AR 12 PKS £ 57,
FOO5 B R R0 BUGE H N Z7E ACP F 1Y p-o it
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(aldol condensation) B, 77 3¢ £§ 4i & (Claisen
condensation) A M it 7K K2 5 TE 05 & 38 o A4
KB 12K 1R PKS SRR — e R U 5 7 2R i
(B 1), HoptRe i 55 # AL 5 1k 16, Al
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HIURRY P4SO PRARLBFAEALTE L™, 328 =
SRS B IR0 2 B B A R 25 AT, 19 an i
%5 1H NPS554 3 lorneic acid A HLA B R — g i}
S PETT, M 5% 25 T (Streptomyces griseor uber)
Acta 3662 43 B3 H 1) GOM-A X 5 & B
3B AMEMET, BEE TN KIB-H1471 IR
benwamycin B 1 F eI T 40 ffa 3 58 H ICH &
Mg s e, LR N A BE R T R B
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Figure 1

1A

1.1 K
1.1.1  FHRFA R

e

() 8% % W . AWF5E I 5% E N
Sreptomyces rubellomurinus ATCC 31215,

(2) KA. Escherichia coli DH10B ff]
FRR B FY 4, E. coli ET12567 FF 5k
B W AT RCRER RS, Horp &G 4 B SOk
pUZ8002 1] LI H Ar obifs 527 14 .

(3) Jiki: JFHRL pRIgomB A T A/EFHE,
P 3RAG L I 2 28 22tk AgomB., UKL pYH7
JEHT Bl A $7 5 R U (apramycin resistance, AprR)
B, BRI E RO, T
SR Bl R 2R AR R
1.1.2 FERFIFLIE

(1) A Sz 50 b T R X o e 1Y) v Ok L il
KOD One™ PCR Master Mix IlJ f TOYOBO 2%
al, T e S B UE v RE T BE 2xflash PCR
MasterMix (Dye)ld [F V1755 A 20 A= P k47 i
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TM-1230'"); R=CH,
Veramycin Al'": R = CH,CH,

COOH

LULLICIV aviu s

NFAT-13301: R=CH,
Benwamycin [': R=CH,OH

The trialkyl-substituted aromatic polyketides derived from bacterial type I PKSs.

Dy A BRA W] o A Sz 50 vp B BR ) 14 3 DD i A
New England Biolabs. JiF Bk &Y Gibson
fiff 2xEzmax-Multi Clonemix Plus % H it 58 A=
VIR A BR A F . BEil 10%8 Chelex 100 resin
(Bio-Rad)# & FH Tl & HE K 21 DNA,

(2) A5 T PCR {4 Bio-Rad /A
77 b AR KA A AR T A TR (R
AR A, AR 25 DAL B PR A A
MATFAE PR Acquity UPLC m#0RH €
BE{L N Xevo G2-XS QTOF JFiHE{Y K Waters 2
PR AT EAIERE(C18, 4.6 mm*250 mm, 5 pm)
4 B Phenomenex A o
1.1.3 EFE

(1) Luria-Bertani (LB)}5 38 3 F T Hi 382 K
FFEE, BC 5 AR EU) 5 o/L, JRER IR 10 g/L,
FAEN 5 ¢/L, HENE 2 g/L, pH B, IMABE
(15 g/L)EC R A ARE 35 35 T KT 3 A i 1 o

(2) SFM (soya flour medium)}% 77 35& F T 5
B B AR IR R R . IR B S0 20 g, 0
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A 400 mL Z&i%/K, 121 °C, 20 min &EKEG
LAl ug, ISP WA, AT 20 g, 3N
JEHY 20 g, ZEIBKERE 1 LY pH £ 7.2-7.4,

(3) TSBY (tryptone soya broth yeast)$% 3¢ Jk
FHFHERR R 22 1R85 5% . BRE IR K E Uk
30 g/L, BERRREUY S g/L, HEE 100 g/L, Wi
# 1 mL/L.

(4) SGC (soya glucose calcium)}s#= 5 T
TS R R RERE IR o IR B S0 30 g ¥ T 400 mL
WK, K121 °C, 20 min)a2b A3, AT
1R E AR I ABRIRES (S g/L), ZIMKERE
800 mL , A5 1 mL. %3 #MEC i 200 mL 25%
BIEERW, K, IRATEHEH.

DA b 5256 i FH T A s 97 3 2 0ok e T R R
(121 °C, 20 min)K & J5 1 FH .
1.2 FF gomB EEH kB FRAIE

SR P [vi] 050 i A WL A8 4 P SR WS 4 - gomB AE
NS RAF R % 11 L-gom-F&R Fll R-gom-F&R
WXT51%, LA S rubellomurinus 345 240 DNA
REHR, P39 5 19 32 (W] U5 8 4 A8 4 A2 (1.7 kb) il
£ Q2 kb)o ¥ A DNA L mliksifb)s, 5
Z WY1 (Nde DL AL T Bk pYH7 L[]
Bl , 5% EA R pRIgomB, I 4H ik &
Wy Joifs, B AL Tk A B coli
ET12567/pUZ8002 (i% T. 7% K HT & & A & i
R pUZ8002, 5 B H 41 o ki 4% itb 4k 5 147) ,
THBERIEGH®

FHF PCR 334 [R] 5 52 20 52 R 195 1 0
L-gom-F (5'-CCGGGACTGATCAAGGCGAATA
CTTCACTTCTTCTTCACGGAGGGGAAC-3'),

L-gom-R (5-TCACGGAAGTTGACTTCCAGGA
TCACGTGCGCATTG-3"), R-gom-F (5'-GTGA
TCCTGGAAGTCAACTTCCGTGACGTGCTGA
TC-3")F1 R-gom-R (5'-CCGGGACCCGCGCGGT
CGATCCCCGGATCCGAGCTCCTTGTCGATCA
G-3") B iE R AR 51 9 M T-gom-F (5'-CGTCT

ity

b

N

TCTGCGGCCTCATGTTC-3")#l T-gom-R (5'-GT
CCGTCACCAGGCCGAAGAC-3"),
1.3 HEEESEBREXTHRATFIE

Wat E. coli ET12567/pUZ8002 Fl4k 8 #
S rubellomurinus 2 [A] 85 & 2 5 75 7%, K B AR
#L pRIgomB F A S rubellomurinus #, 24 h H]
50 pg/mL PR HI AR 2 50 pg/mL A ZE0E i iR
B, 30 CCEREIGFE 34 d, WLIWEERIEAE;
B BRSBTS 50 pg/mL
BRI 7 B 26 S 50 pg/mL (1) 25 WE i R 1 - A 1E
Ik, FrE R ARG, G B TR A S i
FER A, IRIES 4 PCR B E R S A I .
RIS AN R AU ST B e 1 B S W A L
Bigr 2-3 A, XPH AT PR E . XS hiA:
T USRS BT [ PCR ik, LIS 3 58 B[R
o 2H WSS 1Y H bR 98 722 TR & AgomB.,
14 EWREAEREZE-YRIEN

BERE A/ R 8 - HEAEE RS T T SFM -
B, 30 CErERIF. FPRKIMBAREEG, HE3
25 mL TSBY }i3#3E, 30 °C., 220 r/min }; 5%
3-4d, DISRISF T AP 1:50 (IRFREL)
R EABEH SGC Ki3#H(50 mL), 30 °C.
220 r/min ¥ 3% 5d. W 7 mL REEWR 5 2.1 2 TG
G, RMRAEHEA 1 he BOJEH
5mL FEAMA, T, A 0.8 mL FEELIFE
A3V, %) 1.5 mL EP 45 JJRE 5 13 200 r/min
L 5 min LABRE A, BUEW 500 pL
T AT OB A B3 - BT (high
performance liquid chromatography-mass spectrometry,
HPLC-MS)#5:

R KU K : 76 SFM AR 42 /D B TR
7%, 30 CCHrERi . MKl myk T, A3
25 mL TSBY 5553k, 30 °C. 220 r/min 555
3-4 d UGS — PP A — BRI 1/50 (1
BUMBO e B I, KigR 1-2do Zgfp 1
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W 1/50 (IRFRIT B0 3R 2 & T 150 mL SGC 13
FiHe, 30°C, 220 r/min ¥53% 6 d JE WU
1.5 HPLC % HPLC-MS # & &

A Sz % R B Bl HPLC-MS 46 I {% #% i
Waters HPLC #4Bic. Waters Acquity Qda Jii 1% 6 0l
7%, Waters Xbridge C18 43#7#1:(250 mmx4.6 mm,
5 um), FE&h AR 20 uL, HPLC FahAl N
LIET 0.1%H BRIK I, BELAE A 0-30 min
(30%—100%Z Ji5), 30-34 min (100%Z i),
34-35 min (100%ZiF), 35-40 min (30%ZLJH)-
TRBIAH 7K (0.1%H BR)FI 201 , ik 0.7 mL/min,
JT i R IE 85 152X, Ay [ mvz 200-1 250,
A P SRR TE Waters XeVO G2-XS Q TOF
AN A AR ), SR IE B R, K
M5l m/z 100-1 250,

1.6 EVHMNBEREHETE

&Y B R B2 IEAAEZ T, A
FERAR 5585 . Hil# 8 HPLC, URfE 12 L &
B, FHAFAFL R LR (EtOAC) KL 3 IR, &
IEA HUAR A U S 2617 06 s 2% 18 01 153 2 =
B e KA ZE BUSRmE , ik Al R A
SRIG WAEFE L2 T8 8] 11 g HRE . KiRE
T 20 mL (I FREEIIA 15 g BOREIR K5 (200-300 H)
FE, P T B 4 A iR B S I A R
JERE(RE T2 5 em, FEAARFRZ) 500 mL). EER
AT 2R BRI TR DR (AT L 1:0
F 0:1), FEREC G o A A T S TR
(RFLEE 100:1 £ 1:1). A 38 2 €0 35 46 ) i
HPLC-MS 7t &5 G/ Nf 4y, -7 10 MR
W iR 43 o T 28 v He W AH ] £t i 4l Ak (ODS 3%
¥E YMC-Park C18, 20x250 mm, 5 pm), 5
VEWE A5 4 : 20 mL/min, 30%—80%Z. /1%, 5 h.
A HPLC-MS Frill i 32554, & Hir
Oy F U A IR IE T, 4l ik 2R AR B
S EEAR T 90% M AR A A Bl il 25 8 HPLC (435
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. Waters Xbridge C18 column 250 mmx4.6 mm,
5 um)fEE—2Paifl, AR 3 mL/min,
57%NEGE 0.1%H 1R it bk Rkt g5y
B iR ZF| HAR 5T GOM-B (4 mg)Fil GOM-D
(2 mg), HIrfbE Y wE 3R (nuclear magnetic
resonance, NMR)73#7if 14 Bruker AVANCE-700
B IRACR AR

2 EREG5N

2.1 $E® S. rubellomurinus kiR = k&
B FEE R &% GOM-B 1 GOM-D #Y
BE

TEXT S rubellomurinus ATCC 31215 & %y~
YiiErT HPLC-MS 73#fa, KBS 54N IO
S5 EAEE Y GOM-B fil GOM-D & I
AW BRI R 1 S EY mz=377.212 1
[M+H]", GOM-B Fi${H mvz=377.211 7 [M+H]",
R 1.06x10°°, 2 SALAYIRINE mvz=391.227 4
[M+H]", GOM-D ¥l m/z=391.227 5 [M+H]",
R 0.26%10°, Z5A RIMLIBETELE A T,
I N B 401k 5% GOM-B HIl GOM-D, %}
S rubellomurinus #4711 12 L &8, salifk
BRI EREEY, R 2 NMRIREETm
NMR $cdi (B 1, B 2). i 5 Sk i) — 4k
'H fil "C-NMR R EE 1, £V, g 15
k&4 GOM-B, 2 5465 ¥°H GOM-D, k&
¥ GOM-B fl GOM-D N5 HFREIMLEY, &FA
oML ER AR 1,2,4- = ke B U IR G5 H 1
A REAY), HIRFEREE A S griseoruber
Acta 3662 H 4y EINT
2.2 $EE S. rubellomurinus  GOM-B
EYMEREREZR &R

T GOM-B il GOM-D &4 4% 1,2,4-=
P HEHBUOR IR G5 M, SCRRIAANE R B, 8525 ok
JE ) lorneic acid A" TM-123" veramycin Al |
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Figure 2 NMR spectra of GOM-B and GOM-D. A: 'H-NMR of GOM-B. B: *C-NMR of GOM-B. C:
'H-NMR of GOM-D. D: C-NMR of GOM-D.
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*1 L&Y GOM-B B—#HZHEIRGRKEH BT

Table 1 'Hand ">C NMR data of GOM-B (in CDCl;)
No. Experimental Literature!'” Experimental Literature!'”
oc (175 MHz) oc (125 MHz) oy, mult. (700 MHz, J in Hz) oy, mult. (500 MHz, J in Hz)
1 165.4 165.7
2 98.4 98.6
3 163.9 164.4
4 106.2 106.6
5 157.3 157.3
6 30.8 30.8 3.37,d(7.4) 3.35,d(7.4)
7 125.6 125.7 5.56,t(7.4) 5.54,t(7.3)
8 136.7 136.8
9 138.4 138.5 6.48,d (11.1) 6.45,d (5.6)
10 124.8 124.8 6.54,dd (15.3, 11.1) 6.46, d (4.8)
11 130.7 130.7 6.34, m 6.33, m
12 128.8 128.9 6.29,d (11.2) 6.49,d (11.2)
13 133.7 133.7
14 130.0 130.0 7.20, dd (8.4, 2.3) 7.17,d (7.8)
15 126.8 126.9 7.03, m 7.01,d (7.8)
16 137.3 137.4
17 130.3 130.3 7.02,d(2.3) 6.99, s
18 138.1 138.2
19 37.9 37.9 3.34,dt (6.4, 1.7) 3.32,d (6.6)
20 136.9 137.0 591, m 5.90, m
21 115.8 115.9 5.01, m 4.96,5.00,d,d (17.1, 10.2)
22 21.3 21.4 2.34, m 2.31,s
23 12.9 12.9 1.78, m 1.75, s
24 8.5 8.6 1.96, s 1.94, s
25 9.8 9.8 1.98, m 1.96, s
NFAT-133"°1 benwamycin I, peucepyrones IR, HEM 2 = b B BUC LR 4> T Hp 35

AP GOM-G il GOM-HY b B A 2 0L 1Y AL 3R 2%
(&l 1), ¥ GOM-B 5E ML G4 GOM-G iff
Fixt b, 3 HAT U t 205 KB Y ot
M PR AR 9 1,2,4- = B SEHUOR IR G54, F 22
ZRET KM K, £ GOM-B il 74~
i 21 1 N TR 2R 5 R B 2 R) () 2 0 KR, T
GOM-G Hy 9 M) Z MK B (Kl 1) SCHR IR A
RIS 1A PKS th B i o A L
EIR AN S| PKS 2B TE 007 B 1k & Wbl

A & A TE R W Bk 2 M R0 . % 1EF) GOM-B
5 lorneic acid A 43 F RN LER AL, HEM H
AW aE AR RN IE AL % T3

DL 1) R A0 671 55 A4k lorneic acid A 43T NS
FIE AL PA50 & fLHE Orfl1-257 VER4REH, 1E
S rubellomurinus JER 2 Ef 42408, 2B 1A
S -5 GbnP ALy 48 2% 5L A gomd,
HAZFEHE IS A 6 4> 15 PKS FE, FArTHEm
ZHEH 70T B & GOM-B Hl GOM-D B4 9145 i
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FE%E gomBGC., fEA TAEJF R, 2023 45 antiSMASH!™FIZE R, -2 E K%K GOM-G
A I GOM-G 43 TN ZRER MR P4S0 #sa, WA ML #E gbn BGCY!, %I gom BGC H i
{LH GbnP fE(LTE L"), GOM-G 5 GOM-B 4% LU rohaeiE (i 3, %£3), KMHEH 6 4
FARL, &5 E b BUCR IR M . M4 17 PKS LK gomA-F, DL & — B A 15

Fz2 LEYY GOM-D By—H 2 H K#E (R DMSO B 7))
Table 2 'H and >C NMR data of GOM-D (in DMSO-dg)

No. Experimental Literature!'” Experimental Literature!'”
Jc (175 MHz) oc (125 MHz) oy, mult. (700 MHz, J in Hz) oy, mult. (500 MHz, J in Hz)

1 164.6 164.6
2 108.3 108.3
3 167.9 167.9
4 108.9 108.9
5 156.6 156.5
6 30.1 30.3 341, m 3.4,d(7.4)
7 125.9 126.7 5.58,t(7.5) 5.6, (7.3)
8 136.1 135.9
9 137.4 138.7 6.43,s 6.45,d (5.8)
10 124.9 123.7 6.46, d (5.0) 6.46,d (4.3)
11 130.5 130.4 6.41,s 6.33, m
12 127.3 128.2 6.49, m 6.5,d (11.2)
13 132.8 132.9
14 129.0 129.4 7.16,d (7.7) 7.15,d (7.8)
15 126.8 126.8 7.06, m 7.06, d (7.8)
16 136.7 136.7
17 129.6 130.2 6.97,d (1.8) 7.02, s
18 136.9 137.6
19 36.8 37.2 3.48,d (7.6) 3.30,d (6.5)
20 136.8 136.9 5.92, m 5.88, m
21 115.7 115.8 4.98, m 4.96, 5.00,d,d (17.1, 10.2)
22 20.8 20.8 2.29,s 2.28,s
23 12.5 12.4 1.87, m 1.73, s
24 9.7 9.7 1.90, m 1.90, s
25 10.0 10.0 1.92,s 1.90, s
26 60.3 60.4 3.79, s 3.78, s

13.8 kb
gom BGC
gbn BGC

3 KRR gom BGC EF#E 5 BIRIEH gbn BGC £ & #% 89 & F AR 4 #7
Figure 3 Comparative analysis of the genes of gom BGC and the reported gbn BGC.
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&3 AR gom BGC £H %5 ERIEH gon BGC & FFRTNBE LLER 9 4
Table 3 Comparative analysis of the gene functions of gom BGC and the reported gbn BGC

gom BGC gbn BGC Proposed function Identity/Coverage (%)
Protein Size (aa) Protein Size (aa)

GomH 254 GbnT (WP_205373051.1) 253 Type II thioesterase 70/96
GomB 2168 GbnA (WP_205373050.1) 2167 Type I PKS 81/99
GomC 3544 GbnB (WP_244882706.1) 3557 Type I PKS 78/99
GomD 3 566 GbnC (WP_244882705.1) 5284 Type I PKS 72/99
GomE 2128 GbnD (WP_205373049.1) 2 151 Type I PKS 76/99
GomF 3 695 GbnE (WP_244882703.1) 3791 Type I PKS 71/99
Goml 473 GbnG (WP_205373048.1) 496 Transport 76/98
GomlJ 480 GbnP (WP_205373047.1) 480 Cytochrome P450 78/99
GomL 194 GbnH (WP_205373046.1) 194 Unknown 69/98
GomA 2772 GbnF (WP_244883147.1) 3063 Type I PKS 73/99
GomK 385 Gbnl (WP_205373045.1) 385 Acyl-CoA dehydrogenase 80/99

fiti LA gomH, AT BT BT R IIE S P450 HL4
LML gomd, Z GG A I SR LK gomK,
H A2 N RESE A R g B RE Y goml UK 14K
HITREIL A gomL
2.3 GOM-B 1 GOM-D HIEMEKIEE
S

BEAE 1 A PKS MURRELIEIE, 455 % gom
BGC LR Dy gE 1y HLil , 322 £ it il GOM-G
A S, ¥ GOM-B HYAE Y& iR
HEAT THE (B 4A) ZIEFFEHEH 6 4~ 17
PKS JL[H gomA-F, RIS 1 A i e
9 ANEffEER  Hhngk 5 AN T EEEE A RS A
PR LD e AL S PKS #5A5H I Al dal ik
FTEE BT A L AT, B M8 1 M9 itk
KR DJRBIE G RSG5 Y A6 5T NADPH
541 GxGx2Gx3A 5P 4R (| 5), Wik
#EWT KR8 Fl KR9 ARG Dhfghl, wéh, 5B
HRIE ) gbn BGC 4w 1) PKS 2Bl AL, gom
BGC it ) PKS 2 Hl4k i ERT NiZAKAT i)
g, X5 GOM-B LA WEEHIMIA .

GOM-B ij A& R il C,—Cs v BTl 2 7 b
BLBREG TE THEEIMUTE B oI A 45 44 51 B¢

B, TS SR 220 S AV Uk & A R g%, B
J5 2 PA50 “E AL Gom] HEALTE Ci3—C s IR
FAh, B gomK w115 B4R E ) L B4
fiti A iU TesD A 61.2%1—2, TesD #UEH
Al LIEAL ACP b2 B A oty WU )22, T LA
M GomK 7157 GOM-B il A A s S (1) T 1l o
2.4 @it PKS ERE EHERKRTIIE GOM
& R E E &

EHL gom BGC H1AY PKS 3:[H gomB, 7EH:
ST HE (S fi5 2 168 Z( JEHR ) PN 8 1+ [RIAE Bl S I B
983 M FEFR (K] 6A) . 4 IH) 5 H 41 JFiki pRIgomB
WA S A S rubellomurinus, £ [F) 5
ZH A A4S R AE ¥R AgomB., - Xt 28 48 #k AgomB
REE AT HPLC-MS 22 #7 K ¥l GOM-B HI
GOM-D AHE 74 (| 6C), MTiHfiE gom BGC
5 GOM-B 1 GOM-D (=45 .

3 W54 ®

M S rubellomurinus H & LT = ke SR EUR
P5E& B4 Y GOM-B Ml-D, @it PKS J:[H
Bl AL N T 71 5F GOM-B fl GOM-D 7= 4 i)
WA L % gom BGC, 36 HAE W14 s

http://journals.im.ac.cn/actamicrocn



4682 YANG Ming et al. | Acta Microbiologica Sinica, 2023, 63(12)
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4 / i
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OH
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Cyclization &
double bounds shift

X
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e :
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4 GOM-BEMEHEREZEESKERE GOM-G MEMEHRE

Figure 4 Proposed biosynthetic logic of GOM-B and the reported biosynthetic logic of GOM-G. A:
Proposed biosynthetic logics of GOM-B. B: The reported biosynthetic logics of GOM-G. The module marked
in red is supposed to be responsible for the elongation of C;;—C;; in GOM-G, which can explain the structural

difference of GOM-B and GOM-G.
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Consensus GTVLVTGGTGGLGAVFARHLAA, PGQAN/YF\AAANAALDALAASRRAAGLPATSLAWGLWSE
GxGx2Gx3A X
E 5 GOM-B BYJ PKS %l KR eI E R RF I L X 947

Figure 5 Protein sequence alignment of the KR domains in the PKS assembly line of GOM-B. KRS8 and
KRO9 should be inactive due to lack of Y conservative active site and GxGx2Gx3 A motif.

A In-frame deletion of B b
983 aa from 2 168 aa
EZ [ eoms | ]RGS
5.0
R 4024 bp 4.0
1768bp 2170 bp
pRJIgomB 1.5
14 461 bp
1075 b}J 1.0
0.5
1) ) Wl scomB
C D 308.15
GOM-B
GOM-B 245.15
GOM-D
250 300 350 400
/\ wT Wavelength (nm)
[
||
|
~ J \ . . AgomB
10 Is 20 250 300 350 400

t/min Wavelength (nm)

6 ZE[E gomB FEHERKRLTIIERHELZBE~W D7

Figure 6 In-frame deletion of gomB gene and analysis of the fermentation products of the resultant mutant.
A: The scheme for in-frame deletion of gomB gene. B: The gel of the PCR products from AgomB mutant with
the primers T-gom-F/R, WT means S rubellomurinus, 0 and 1 indicate the positive control plasmid pRJgomB
and the target mutant AQomB. C: HPLC-MS analysis of the fermentation of AGomB mutant. D: The UV-VIS

spectra of GOM-B and GOM-D.
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RPEAT THER . HETCHAGER GOM-G A&
S % gbn BGCY 5 4% T-E /) gom BGC )i %
HARGRER, N AR -2, K
B R BEEAE 69%LA (& 3B). 5 gbn BGC
i) PKS A H, gom BGC 4ifilh () PKS %% it
2/ 1 AMREEIE PRI, T2 GOM-B
GOM-G 7> T HH L PR 4). th TAHE 12
PKS Z UJREHE F h LIS Dl Rt &2 HE 51 4
B, SEHEAFIES A EE AR T,
A T B G A B DRl S AT E R A . XD
HI ) DNA JPFIR T 4 i 1 8 PKS JE R 1E
ik i v A v A0 I VR B 2 0 AT BB e
I gbn BGC 5 gom BGC )2 75 T PKS 2 [A
WAL R TR Rl 2 R Bl g, R Rl AR
AT 18U PKS LR i A S BOR IR - Wy 45 1 Z 4
AR —ASIIE

GOM-B 1 GOM-D 7} FFIR (1) = ke L L
fRIEFRGER , EBERE 1E 1 AY PKS K lorneic acid
A . NFAT-133 . peucepyrones A 1 GOM-G L&
Yrrp ok B, SRS Y AW & R R T
A 1AM P450 B4R ALEEEEA, o lorneic
acid A, peucepyrones A Fl GOM-G 4= W)-5 A FEE
A ) P450 B4R LT LonP (WP_062204318.1).
PenP (UYQ66237.1)F1 GbnP (WP_205373047.1)
B R R B BB T 2023 AFIERT 7 5 =
PRI RS . ABFSE gom BGC i R 1 4w
MR GomJ 53X 3 /N3 11 3 FAT H5 vy [ P2k -
GbnP (78.3% identity, 99% coverage), LonP (48.2%
identity, 92% coverage), PcnP (50.9% identity,
97% coverage)o [HIELHEN Gom] 178 S LAY AR
I RN RE(K 4A). A BRI JE Gom] 5 GbnP
MR > T AHZE 2 B, W7 i238 05 1 AL X
Z W TR B 1 1 B HAT — 3 IR 32 1k
U, ARWFFERT &L Gom) EHRFT P450 F5 k1L
it JEG 400 R ) Pl S AL P BRAE R Y
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