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? B ssil RS R B RIS SRS, BB 200240

BE: [ B ) RAFERGAE YA & RSP D e L R EREE, 2 10 43 8 3 v ™ Az REAE IR 9%
PRI B BRI, 8% B R SR AT S B SR S i, 3R HAR AR . [ i )
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MRS, g AR R R AL TR R
B, BN T 4R 25T R E IR 7
HAr st E =, Z2mEPAERILDEHRE
B B R R 25 O ey
Ky RFRE XX S EAMHRER, 7Ein
IR T Il A% 1ia 7 LSRR N/ Ny
T IR BB Y 2 2 s T HER2 F
2L BRI 0 R 3R YT AR R SR A A3
M IEIRBER A R IEIRYT 11 B R iy F 2 2)
P FEREEUAER S, BERAES Na', K
SIRETIATES, THAEYERY I DrRE" ),
RSP R BE R I At SCRETR R A P
BRAGRIVERT, R R ds R e

6 R D T ke ) A DB s Ak DL R i R B A R
A R, S 80T TS 24 0 D BT 4 AN e
SHOR AU B OBOR B YT, HA IR Pk
OIS E A SR R .
SEZRHT BRI R R AR W K A il
Zipperer 55 S E N EEH 70 25 - Staphylococcus
aureus , LA W] 77 AR — R B E A B ) B IR R
i & Lugdunin, RENE I 5 4100 4 0% €0 73 25 BR AT
MZENHERE s Brady 2545 % 34 Cosmind 3¢
PETE A ARSI 11074 Rk, 8 ) e B vE 3k
BT — &Y metatricycloene!™; Wang 45
A RecET HAL KRG FH) DNA Jr Bkt -4
P[] P55 20 1Y) 57, B Photorhabdus luminescens
Je AR LR WG R R S B T vk, 4 HAE
UAE Erh ity T RIK, P45 T A Luminmide
A/BP,

TEE D259 A= )6 BGEAR I R GLfd b Ho™
A B RIR = 5 A BB AL T R L2, )
I, KGR Wk G ARG 7 W A= G 13 IR 2 1
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SolE SR A BUR R BT, BOUE T A FhEh R 2
RS PR ARSF D RESE PO, S PR 36 1 76
G YDA B RS B R A G O
FS I 2B S PSRRI K ok 7S K S Sy S oo
PRAFFERIAEAE , S )3 B B AR BV B8 AR A
PEI IR T AT RERY ., AU A 7 A
PR AR T W0 2 1) R A 7 TR R T IR R I B Y
fil, PRAF T AR RRE AL S P A Y B i DR S 2
WM Z RIS 1Y), 560157 20028 SR 1 22
&1 1 P4SO #R Ak il (CYP) 3k ] 2 2z 5 2%
3,5-AHBA A gAY | CTN 2 3L I EEIR L
(CYC)JE A | R B ZRAR A AL A BT 1) Tk L5 A
I D5 T (ADH) 356 PR PR SR ok 24 1) B0 S AL it (ES ) 3
PAER2 A 53 5 1) b DA 2 PR T 50T B i B
2 R AT T R TR I s, DA
e —tk AHBA & il 55 PR A 42U Ab i L DR 14 B
PERIR LR BETE T CQO1819, [FIMY, Xi% Bkt
117 B SEATR SRR Ak, @l K
RIEEFE VIR E o b, R0 T2 R0ER C.
BIRETR 2 A FA|EE 2 AR LA .
AR SO 2 R 9 1] 43 B 2 | B R PR A
TR LA B AR A 0 E 0 43 B SliAb N5 4 S g EA T T
& .

1 BRI

1.1 #ME

111 BESRCREE: HIEFEM T 2017 4F 8 J1 16
H R4 FE R I8 2L = W (28059
5.55" N, 106°44' 20.47" E, Mk 945 k), FEfR
5 24 h WRHUTT 2518 B0 =, T4 B4 % .
112 FREALER LGS : CROBE . =EF
Be. FEE. SRR N RE H E 255 B L A=A
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B G BRA T O B ZHER AT A EE
4 H SIGMA 72wl 5 2 EE (Y Precellys®24 It H
Bertin Technologies 7w ; fHIRIRZHEIRK ZQZY-
70BS Ky BB A PR A W A7 i ROP
BSA3202S-CW “} Sartorius 23 7 4 77 ; e h% 78 &Y
Rotavapor R-210 JlJ H BUCHI /Al ; A bB55R4E
LRH-250A I F i T 48 % 7 an bl PR vl 5
WL CR21G 1T A Hitachi 2y & 4 77 ;
NanoDrop 2000 ## it #% R & {4 H Thermo
Fisher Scientific 24 w]; & T /FH ZHIH-C1115C
W A R R AR A PR A ] 2t it PCR
{¥ QuanStudio® 3 W [ Thermo Fisher Scientific 2%
"l SR Agilent 1260 Infinity /& 808 AH (i3
G YR HT ;AL G YIRS 73+ 75 Agilent
G6540 Q-TOF b if 47 % , 4%k B4 1 75 =
Bruker 23 Avance III 600 MHz #% % 2L 4R 1% |
BT REE
1.1.3  REFEMRF . TSBY WK I53. Bk
Tk 30 g, REME 103 g, MERRIREUY S g, fnzE
KE 1L, W7 pH HZE 7.2-74, 121 °C KK
20 min,

YMG 5550k BERHRH) 4 g, 2RI
10 g, HZWE 4 g, MZEWKZE 1L, 1 pHIE
£ 7.2, 115 °C KK 20 min,, FAREFRILTRAN 2.0%
Sndil= g

NK IR FAE: K8 10 g, "liEtETER
20 g, PR 10 g, K,HPO4 0.2 g, NaCl 3 g,
NH,Cl; 3 g, MNZEME/KE 1L, #9 pH HE 7.2,
121 °C K& 20 min,

M R IARRE SR Ak #i%0E 15 g, TER 5 g, NaCl
5g, BERHREEY) 5 g, CaCO53 g, MMZEMWEKE 1L,
W7 pH (= 7.2, 115 °C K} 20 min,

VIRIRREFRIE : BIKG 40 g, BRI 30g, ¥
PEHUY) 10 g, FEHE 10 g, (NH,),SO4 1g, CaCl, 10 g,
JNZEMKZE 1 L, 7 pHEHZE 7.2, 115 °C K
20 min,

H AR SRk BERHRIY) 10 g, ERVEH
5 g, HAEWE S g, Hh 40 g, K,HPO, 0.5 g,
FeSO, 7H,0 0.2 g, JNZEMH/KZE 1L, ##75 pH {H
% 7.2, 115°C KB 20 min,

17 SRS FREL . #aE 10 g, BE UG
30 g, EAKHFK 10g, Hil 5 g, #EMH 10 g, NaCl 5 g,
MgCl,0.2 g, JNZEME/KZE 1L, P53 pH {HZE 7.2,
115 °C K4 20 min,

VR : 0.3 mol/L JiERH, 25 mmol/L Tris-Cl
(pH {4 8.0), 25 mmol/L EDTA (pH {&4 8.0),
0.02%5 H %k, RNase (FAb3T) 50 pg/mL,
NZ TN 2 mg/mL BT B B
1.2 RSB SERE

90 mL JCEE/KEA 250 mL Jor — IR,
TS TAEAHIA 10 g THERES,, EIRS b
F 4R 10 min J5HHE 15 min, YO R,
SRIGERBERRIR 107°-10°fiF, £5HL 100 uL F B 4
S STV A BN AW E A 0.25 mol/L H#% FR A 1Y
YMG [fARR 3 |, 30 °C }55% 7d, BRECEA A
[ WVE TS RER BT, RAE R 2k,
A srEaiftk, A5 HMRE .

1.3 JHERE B DNA /B PR B B

oy B alifb G B HEE YMG BIARR R
30 °C 557 5 d J , WIBUL ST EFRA T 1.5 mL i
L, A 500 pL 2 mg/mL A% B, T E
FNRSIETE 37 °C fHIR AR Hi E 29 30 min,
FEIA 50 uL 2%M4 SDS %, ZK12IRS 5 E
FRME, BB 250 uL K@/, TR R

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



900

Dongjin Leng et al. | Acta Microbiologica Sinica, 2020, 60(5)

12000 r/min &0 5 min, B 500 pL b5 EHH
1.5 mL B0, A 0.1 f5AFR 3 mol/L B M
W, IRAETEIMA 1 AR RN, RYEE
TAE 5 min, B ZURTTIER DNA $kii, FFH]
70% FEPR 2 G T QRS2 R, A 50 uL
TCHK A B0 B ICER Y DNA, T80 °C 17
M.

1.4 HEERE PCR E M 507

FIFH AHBA 28, CN SRR . 262,

R DA S A B EUSE T W -ACP REBAR ZE i B
JUHY 5 XFRIFESI#I(FE 1), R PCR B9J7 ¥k, it Ar
PAF MR T R vE . b, AHBA Gkt
KRR 2 =774 Amycolatopsis mediterranei
S699 1A FHYEXT BE, Tl PCR 7= K/INH 0.63 kb
CYC RHFHIFTEXNEZ 74 Streptomyces
hygroscopicus 5008 /£ R BAMEXT R, HilH PCR =4

K/ 0.4 kbs CYP L H M &£ E KW
Streptomyces nodosus YE R FAVEXT ], Tl PCR 7
PIR/N R 035 kb ES RN R % R 7 B R
Streptomyces albus XM211 AE A FHPEXTIE,  Fid
PCR ¥ R/INA 0.9 kb ADH R &5 A 42 22 1
K74 Actinosynnema pretiosum ATCC 31280 1
SBHPEXT R, F PCR F=H K/ R 0.5 kb,

2 PCR W R &8 w4 2xHieff™
PCR Master Mix(With dye), 50 pL ZWVAKZ .
2xHieff™ PCR Master Mix 25 puL, F. FiEg|9
% 2uL, 50% DMSO 5 uL, R4 DNA 1 uL, 7%
MK SR 50 pl. 719 45444 95 °C 5 min; 95 °C
30s, 65°C30s, 72°C 1 min, 30 ME¥H; 72°C
10 min, 4 °C f#fF. PCR =4 1% N GE I i
kRIS, VIR Wit SR A% BIRARE A
PEFFINT

*1. ATERERFEREHFFMIRASZEFEMSH

Table 1. Degenerate primers for strain screening and other primers in this work
The name of conserved genes Primers Sequences (5'>3") Source
. AHBA-F CCSGCCTTCACCTTCATCTCCTC
3-amino-5-hydroxybenzoate (AHBA) synthase AHBA-R AYCCGGAACATSGCCATGTAGTG [30]
CYC-F AAGACMGGBGTSAAC
1 Y 1
Cyclase (CYC) CYC-R ACSGCCTCGCCGTGCAG Our lab
CYP-F GGATCGGCGACGACCGSVYCG
Cytochrome P450 hydroxylase (CYP) CYP-R CCGWASAGSAYSCCGTCGTACTT [29]
. Epo-F GTSACCGTSRTSGAVCGIGA
E d ES 32
poxidase (ES) Epo-R GCTCATSCCRTGSCCGT [32]
ADH-F CAGGGCATGGCCGCSTGGACSGT
Acyl-CoA dehydrogenases (ADH) ADH-R GCAGGCGCGCAGGATSCCSACRCA [31]
Purpose
27F AGAGTTTGATCCTGGCTCAG
Primers for 16S rRNA PCR analysis [33]
1492 R ACGGCTACCTTGTTACGACT
AHBA-FF GGCTCCAACTACCGCATGAA
AHBA-RR ATGGCCATGTAGTGGGAGTG
Thi
Antisense primer for RT-qPCR analysis Epo-FF CCCTCGAAGAGGACGTGGT lsi(
Epo-RR ATCCAGCGGCCGCCCTCGAT wor
hrdB-FF CATGTCTTCATAAGCCCATG
hrdB-RR TGCCACAGACTTGAGACTC

actamicro@im.ac.cn
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1.5 bk CQ01819 BflhkE

1.5.1 Bk CQ01819 Y 16S rRNA &3 1 5
7+ BRIBCD S B AT 5 1) PR AR SR UL R 41 DNA
YE PCR S it , {4 16S rRNA i@ 15|
Y127 F F1 1492 R(FE D#EfT PCR. A A 1%
H DNA AN Vazyme Aw]AY Phanta® Max
Super-Fidelity DNA Polymerase, At il 50 uL PCR
WA Z . 2 x Phanta® Max Buffer 25 pL, dNTP
Mix 2 pL, b RS 144 2 uL, 50% DMSO 5 pL,
LR 4] DNA 1 pL, Phanta® Max Super-Fidelity
DNA Polymerase 1 pL, Z&i87/K 12 pL. ¥ 44
95 °C 5 min; 95 °C 30's, 58 °C 30's, 72 °C
1.5 min, 30 MEFR; 72 °C 10 min, 4 °C {#£4£ . PCR
PRI RN 1.5 kb, £ 1% NS B R i
RIS, PIR R alifl, 3% IR ARG A w2
WY
1.5.2 Wk CQO1819 R KB WM EL : 1531
Fe AN Is 2R 913k e it i AR
43, 14 F DNAMAN Bl e 45 R 1 T o4
I FH NCBI P34 T 2% GenBank AHALUP: %58 51 1Y) AR
JPHI, f#H ClustalX #4722 7505, SE P4
Z AR E IR B MEGA 7.0 HE 2, K
Neighbor-Joining (NJ):PHH R 48 & & dELH,
FH H JE ¥ (Bootstrap) HEAT K 56, E B RUIE 4 N
1000 X,
1.6 Ak IR EE R CQ01819 & RNA

W H I IR AF R B R T A T B EFN 2 25 mL
TSBY WK Sk, 7E 30 °C. 220 r/min HYTE
PR RETR 24 h, HIEF PR 4% 1/25 3R
ST AP RI T BIREERN R 5 RIS [0 K e b o
Hr, F30°C, 220 v/min BIEIRIE K HRFE 72 he
B 1 mL RBER, 4°C B0 5 min EEREK, A

DEEAAN 1 pm BEEERSS , B 1 mL ) Redzol
ORI B VR, TEYR T A0 M e A3 Hml e
i Tk ECE 5 mine IIA 200 pL &GRS,
1E 4 °CAIKIR T 12000 r/min 5.0 15 min W HX 900 pL
KT 1.5 mLA&EH, A 200 pL ook 2 B,
R RN ST I R RO A TS T RS A A O AT
H, UK E R 3 min, 4 °C 12000 r/min #.0> 1 min,
FEPEISCAE A AR A O FH 600 pL 28 WRETR 2 IR,
FERWCEE PR, FEC 2 min, SETER
Y TAES T . B 50 uL DEPC ZbFR YK BEA TR
. FPBEOFE 12000 t/min B0 1 min, BHE 2
Wo B2 uL FESLZE 1% BE MR EE I L UK A T RNA
SEHEPE, HAFEN T80 °C UKFIRAF 45

1.7 RT-qPCR SR FREA 1%

P2 S RNA S8 5%l cDNA, AP i ik
Fermentas 2 7] ¥ RevertAid™ H Minus First Strand
cDNA Synthesis Kit % B 45 _F #2558 58 /i

Bk E A K cDNA #47 qPCR, FiF i
5| £ 2 Fermentas 2 7 i) Maxima™ SYBR Green/
ROX gqPCR Master Mix (2x). JJW{&Z 3t 20 uL,
Hb4FE cDNA 5 uL, b, T4 1 L,
2xqPCR Master Mix 10 pL, Z&i8/K 3 uL, iRk
ZEUFJ5, 78 QuanStudio® 3 {X#8H 4T qPCR §~
H4 B4R M 2 50 °C 2 min, 95 °C 10 min; 95 °C
155, 60°C20s, 72°C20s, 40 MEH; 4°C {4
ffo HU3 uL PCR P=W4: 1.5%Bh s e I v kA
DA 35 T v B R LR i % s e, T35 5%
Rk
1.8 Hitk CQ01819 kR KB

B aliAb 58 I AR EE AP T 30 mL TSBY
WAARREFRILRY 250 mL =#HH, 7E 30 °C 220 r/min
FPE IR PR IR B 3% 1 d, 1S8R T Rl Pt

http://journals.im.ac.cn/actamicrocn
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HE 1725 W9 LU B4R 228647 400 mL M VA4 & ks
FREERY 2 L =, ke S L, MR T A
¥ 4 d.
1.9 fLEYInrEsid

8 L AW B0 5, W FIE B SRR 2 TR
LRI 3 W, AR IO g 25 R A b E AT U4
AT R R 2 2 g

W R IERAR U 26 MCIAEA3 5, ik, /K-
HEE(7:3). K-HEE(:1), K-HEEG:7). HEGLD)
AR e, 7550 4 AN4453(P1-P4), Hr P3 &
RERCATJZ MY, =P Ee-HBEQ25:1), =& k-
HEE(O: YL, 193] 2 MB4 L Ml L2), L2 &
11 BERE Sephadex LH-20 #EJ247, A H e A3 1k
GY1 (4 mg). P4ZIEMEERAEEN, =&
Be-HEE(100:3)BE 6, fHHAE 120 mg. #R)5, H
Agilent 1260 Infinity = RCRAH ARG {GHTTILE D)
YBIGIERE, WA CHE-K (1% R),
i 0.5 mL/min, ¥RA4WEKEH . HPLC %k
Wi 2544 : 0-5 min B 15%ZE0EM, 6-35 min B
10%-95% ZNEAH FE VRN , 36-45 min B 15%Z i1k
it 5, 4 HPLC fil#%, WEAIEEY 2 (5 mg)
ka3 (3 mg). AR S YT
Agilent G6540 Q-TOF 43 H A 7 Bk LA
Y4y ¥+, 7E Avance 111 600 MHz ¥ % L8R4 |
KA VIR GRS

2 ERFAM

2.1 JREREERE R Al

BAG, XA T A R ) A e A TR
T, BIE T 2x107 R R AT LUK A 5
OYELRITRVE o BRI, R RRREE By L IERE AR IS S TR

actamicro@im.ac.cn

A e 0.25 mol/L AR R A YMG [ {41 7 5k
b 3dEwEFRESERKSY, ¥BRT7dE, Bk
HEKETESESNEE. &5, PRBUTZLR
HRERE, SRR K TS I T
syrEalifh, HERMALRT IR
2.2 TR BRI E 7] i

il s 2l AL BE R PR AR Y 5L DNA FRfL, BEHL S
FIAS B0 A 2 A6 s 2 v R Ry B R PR A
SRR (1) A FE Y P450 RILEF(CYP)
IS, (2) & AHBA Z5H BT HiAE Z b
) AHBA A IS IEN, (3) CN EIEIREERL
AR PIIEEECYC) g EEA , (4) & A H
PN I -ACP FRBR AT A T 1 B A 28 v 9 T Al
i A EJFEEF(ADH)RIBIEE, (5) REFPiER
H IR AL (ES) W ZmAs L 5], %43 B 30 1) B ke it
g Mk, e 1N, s CQO1819 My
PRAE(H FH AHBA £ B AR Bk 404 2 1 31 Ak
Fit 2 AL FE K A9 5 | ¥ 85T AHBA-F/R 1 Epo-F/R i},
KR T MR PCR Z55R, &K/ 51N
0.63 kb 1 0.9 kb, HAWG W44 1) PCR 2B T
FAPEZE SR . ¥ PCR F=#kAT s, E17)7 51
I 7E o

P RiZ 565> DNA P80 4afis T 8 1 & A fRsF
SEMSRA EIEIRIRSE . T LK Y 5 A3 3 DNA
FFHIZE NCBI Ml E4T BLASTX, WA [l 4%
o B AR T SR i R e AR (B 2 AR 3), it —
AE TR CQ01819 HE A AHBA i
CqnH 52 RZAWE B AHBA 4 MitA
HABRMRIEYE , A LR CanE ()75 55558
TR 28 A W B 0 B R A Tl LA A o 1 TR
R TR AT RE A 7 R 2 G R IS RE R R
LR
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CYP-F/R AHBA-F/R CYC-F/R ADH-F/R Epo-F/R

kb M 1 2 3 4 5 6 7 8 9 10
ouid) —
3 -y
——- . - I
- ﬂ - l
10— ‘ : 1 = o -
0.8 ——— : 0.9 kb
e wme
0.6 — 0.63 kb o
0.5 — .
0.4 — -- -
03 —
02 —

B 1. E¥k CQ01819 Y PCR E [6)ff A4 R

Figure 1. The result of PCR-directed screening of strain CQ01819. M: Marker; lanes 1 and 2 were amplified
with primers CYP-F/R, the templates were gDNA of S. nodosus and CQ01819, the expected PCR products were
0.35 kb; lanes 3 and 4 were amplified with primers AHBA-F/R, the templates were gDNA of A. mediterranei
S699 and CQO01819, the expected PCR products were 0.63 kb; lanes 5 and 6 were amplified with primers
CYC-F/R, the templates were gDNA of S. hygroscopicus 5008 and CQ01819, and the expected PCR products
were 0.4 kb; lanes 7 and 8 were amplified with primers ADH-F/R, the templates were gDNA of A. pretiosum
ATCC 31280 and CQO01819, the expected PCR products were 0.5 kb; lanes 9 and 10 were amplified with primer
Epo-F/Epo-R, the templates were gDNA of S. albus XM211 and CQO01819, the expected PCR products were
0.9 kb.

i CqnH putative AHBA synthase Streptomyces CQ01819 4p

100 +—MitA AHBA synthase Streptomyces lavendulae (AAD27811.1)
67 MbcE AHBA synthase Actinosynnema pretiosum (WP096494076.1) z‘;;‘;;nic
Asm24 AHBA synthase Actinosynnema pretiosum (AAMS54102.1) synthase
59 - GdnA AHBA synthase Streptomyces hygroscopicus (AAO15906.1)
100 [—HmerfS AHBA synthase Streptomyces hygroscopicus AM3672 (WP078638702)
—RIfK AHBA synthase Amycolatopsis mediterranei U32 (ADJ42447.1) |
WEE:Sarelzss AHBA synthase Salinispora arenicola CNS-205 (ABV97160.1) iii‘ipl;‘;ha'e“ic
97 ——RubK AHBA synthase Streptomyces achromogenes (CA194689.1) isynthase
—— ﬂNapF AHBA synthase Streptomyces collinus (AAD31828.1) :

0.050 T T AR ATIEA SYNASe AlrepIonyces COmms A AT RSt )

2. AHBA §EHMARFLEH
Figure 2. Phylogenetic tree of AHBA synthases.

http://journals.im.ac.cn/actamicrocn
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—— NanO epoxidase Streptomyces nanchangensis (AAP42870.1)

1000 Epoxidase Streptomyces sparsogenes (WP065957888.1)

100

Epoxidase Streptomyces albus (KUJ40293.1)

40

— Epoxidase Streptomyces hygroscopicus (AQW47779.1)

100

LasC epoxidase Streptomyces malaysiensis (PNG90950.1)

Epoxidase Streptomyces albus (AEZ53963.1)

——— MonCl epoxidase Streptomyces cinnamonensis (AAO65803.1)

100 —  Epoxidase Streptomyces mobaraensis NBRC 13819 (ADC55595.1)

100 —— CqnE puttive epoxidase Streptomyces CQ01819 L 4

— 100l Monensin epoxide Streptomyces sp. CS684 (AFL48550.1)

3. HEABHMARFAEN

Figure 3. Phylogenetic tree of epoxidases.

2.3 Btk CQU181Y HyRERE X, HEIE IR PER R T A, i MEGA 7.0 %

LT #k CQO1819 B2 DNA Wik, FIFH  fF# Neighbor-joining EPIMHE R G LB, L
I7A 16S rRNA M5 9 27F/1492R #47 PCR ¥ B 45 R B /8 W ¥k CQO1819 5  Streptomyces
e, RIS T 1.5kb 19 PCR F=¥y, £ 4l 5 lavendulae J& T [Rl—A~53 4 (& 4), K, frsh
AT . RIG, BRI EE R FESE NCBI R EEFEE CQO1819 (Streptomyces lavendulae
i3t BLAST 5 GenBank 54 2 ()7 117 subsp. CQO1819).

Streptomyces youssoufiensis X4 (NR 116980.1)
—81: Streptomyces philanthi biovar triangulum (DQ 375802.2)
oL Streptomyces zagrosensis UTMC 1154 (NR 134202.1)
52 —:Streptomyces angustmyceticus NRRL B-2347 (NR 043821.1)
99 Streptomyces ehimensis NBRC 13802 (AB 184493.1)

— Streptomyces morookaense LMG 20074T (AJ 781349.1)
40 90— Streptomyces thioluteus NBRC 3364 (AB 184753.1)
Streptomyces lavendulae subsp. grasserius DSM 40385 (AY 999841.1)

42— Streptomyces lavendulae subsp. CQ01819 ¢
Streptomyces cinnamoneus NBRC 12852 (NR 041223.1)

Streptomyces ardus NBRC 13430 (AB 184864.1)

{Streptonzyces ardus DSM 40527 (AY 999843.1)
0L Sweptomyces caespitosus NRRL 13128 (AB 184320.2)
33 —:Streptomyces blastmyceticus NRRL B-5480 (AY 999802.1)

85 Streptomyces blastmyceticus CSSP556 (NR 043357.1)

32 ———— Streptomyces cinnamoneus subsp. albosporus NRRL B-5624 (EF 654100.1)
28 { Streptomyces eurocidicus CSSP543 (NR 043355.1)

'W' 90 Streptomyces albireticuli NBRC 12737 (NR 112530.1)

33

4. ZEREEE CQI1819 AL ER
Figure 4. Phylogenetic tree of Streptomyces lavendulae subsp. CQ01819.

actamicro@im.ac.cn



RAREESE | UEY A4, 2020, 60(5)

905

24 HETF RT-qPCR 5 FMREIRFEEE CQO1819
R TR S IR R T CQO1819 X%
A AHBA 250550 5 RS YR A /e
HCT 5 A B IR By 25 5 R W A 55 55 25 (G
S0%8 NK, 17, H. M A1 J), FIf RT-qPCR
F ORI J i, R AR R R B SR B AT T

(A) Primer AHBA-FF/RR
NK 17 M J
* -

Melt curve polt of AHBA-FF/RR

Derivative reporter/(-Rn’)

3 700000 A
S 50000.0 ‘»
© 30000.0 |
kS
2
g 10000.0
—10000.0 |
620 67.0 720 770 82.0 870 92.0
7/°C
RT-qRCR analysis of AHBA-encoding gene
25¢
2.0
2
g 15
o
(]
2
s 1.0
Q
=4
0.5
0.0
NK 17 H M ]
5.
Figure 5.

fermentation conditions.

k. Ho, MIRPrRISH AHBA &8 iS5 A
1 ES g S KA 41, BT S e e 5 |
Yo SRIG, REMRRBERE IR 72 h, orliil o
FEARAY cDNA JFEF T . 23, BT 2 X5
Vs b, R B R M R IEE O —, Bl
Jir ik B 51905 S B (B 5)e fiedm, PA hrdB
PRS0 300 I P~ F AR IR B0 % 3K - itk

(B) Primer Epo-FF/RR

NK 17 H M
-

Melt curve polt of Epo-FF/RR

__70000.0 |
50000.0 -
30000.0
10000.0 1
—10000.0 \
620 67.0 720 77.0 820 87.0 920
7/°C
RT-qRCR analysis of ES-encoding gene
25
i — — ——
2.0
2
s
g 15+
o
o
2
= 1.0}
L
[«
0.5 r
0.0
NK 17 H M ]

AHBA §EEF(A)MAE LR BERB)EFR REFG THERSITER
Transcriptional analysis of AHBA synthase (A) and epoxidase (B) encoding gene under different

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



906

Dongjin Leng et al. | Acta Microbiologica Sinica, 2020, 60(5)

T PCR 4, 455 R, AHBA AL DL
AT EERIAE 5 FhOAS ) A0 R A G 7 2 e el A
WA ANRRERRE, i AHBA GREEHTE 17
M BRGS0 oA, TSR AL I
FEPITE NK F M B5 3R s U (1 5) . [+
I, RS0 PCR W F SRR W BE I L UK A 7
R, AR T AR EE R A 5). I, Tk
TERT M OARRE SR AR i SRR T CQO1819
Kot R IG5
2.5 BRERHEER CQO1819 K& kKB SHIEY
R A%

W ORAFTE-80 °C VKA YRR FIHEERD T YMG [i]

IRIEFRIE BIGfE 5 d, FHERN T SA R TR
TSBY 1 250 mL &, Hig% 24 h ), ¥ Fhr
BRI A B MR R 55 95 B 1 2000 mL
P, 1E 30 °C. 220 r/min (514 R T KB,
HIFABES Lo 4 dJa, BOWIBCKEER, # HiF
VR CR CBRAE S AR 3 R, B IFZEBOR,
HEATUR MR AR, R4S R RO 20 2 g

P OREAIE Y UE, 2 MCLREE 2T 4
Sy, FAERALENT . HREEEER LH-20 €
FEREZHTA HPLC X Af S 2R T 40 S0 43 25 4l ik (&
6-A), BAPIMEEY 1 (4 mg). tLEW) 2 (5 mg)
FEEY 3 (3 mg).

(A)
1
363 nm k
a I
I
280 | 2
nm
b 1 1
| 3 |
280 nm l I\ |
c I | !
| ; I
| |
280 nm I
(B) . . . . .
Mitomycin C (1) Monensin A (2) Volindolmycin (3)
x107 x10° x107 [H+H]*
0.6 [H+H]* 27 [H+H]* 0.6 L 304.2020
5 05 335.1350 aal 643.4052 051
+~ 3\‘
Z 0.4 221 Z 041
5 2 5
g 03 218+ £ 03¢
0.2 T st 02}
0.1 12+ 0.1
0.0 |

320 325 330 335 340 345 350
mlz

& 6.

500 550 600 650 700 750 800

240 260 280 300 320 340 360
mlz mlz

KB DR AL R RO S SRR BB (A A A RS S HEBUB IS L R(B)

Figure 6. HPLC analysis of crude extract and purified compounds (1-3) (A) and the results of HR-ESI-MS
analysis of compounds (1-3) (B). a: HPLC of purified compound 1; b: HPLC of purified compound 2; c: HPLC of

purified compound 3; d: HPLC of total extract.

actamicro@im.ac.cn



BAREESE | fUE2E4, 2020, 60(5)

907

2.6 LEMERERE

HEY 1. REEAHAK; 7752 CisHisNyOs;
HR-ESI-MS m/z: 335.1350 [M+H]'(/# 6-B); 'H
NMR (Methanol-d;, 600 MHz)5: 4.67(2H, dd,
J=4.4, 10.59 Hz, H-13), 4.30(1H, t, J=10.9 Hz,
H-7), 4.16(2H, d, J=13.0 Hz, H-11), 3.58(2H,
dd, J=4.4, 11.2 Hz, H-13), 3.48H, dd, J=2.0,
13.0 Hz , H-11), 3.22(3H, s, H-15), 2.98(1H,
d, J=4.6 Hz, H-9), 2.86(1H, dd, J=1.9, 4.6 Hz,
H-10), 1.75(3H, s, H-12); > C NMR(Methanol-d;,
125 MHz)3: 177.0(s, C-1), 151.1(s, C-2), 107.3(s,
C-3), 179.0(s, C-4), 157.4(s, C-5), 110.6(s, C-6),
44.4(d, C-7), 104.8(s, C-8), 37.5(d, C-9), 33.5(d,
C-10), 50.8(t, C-11), 8.10(q, C-12), 63.1(t, C-13),
159.6(s, C-14), 50.0(q, C-15). VI F%d 530k
—H, HIMEAY 1 k2R C (E 7).

a2 LR 4T3 CyHssOn;
HR-ESI-MS m/z: 643.4052 [M+H]' (&l 6-B); 'H
NMR (Methanol-d,, 600 MHz)3: 4.36(2H, br s,
H-5), 4.16(2H, d, J=10.8 Hz, H-5), 4.07(1H, d,
J=6.0 Hz, H-17), 3.96(1H, d, J=4.2 Hz, H-7),
3.85(1H, brs, H-3), 3.78(1H, m, H-21), 3.73(1H,
m, H-13), 3.72(1H, m, H-26), 2.69(1H, dq,
J=13.8 Hz, 6.0 Hz, H-2), 2.20(1H, m, H-18),
2.18(1H, m, H-19), 2.02(2H, m, H-15), 2.00(1H,
m, H-4), 1.98(1H, m, H-6), 1.96(2H, m, H-11),

Mitomycin C (1)

Monensin A (2)

1.85(2H, m, H-15), 1.84(2H, m, H-10), 1.68(2H,
m, H-14), 1.66(2H, m, H-8), 1.66(2H, m, H-11),
1.59(2H, m, H-23), 1.58(2H, m, H-8), 1.56(1H,
s, H-30), 1.55(2H, m, H-14), 1.52(1H, s, H-31),
1.502H, m, H-10), 1.33(1H, m, H-19), 1.29(2H,
m, H-23), 1.21(1H, m, H-22), 1.21(1H, d, J=6.6
Hz, H-34), 1.12(1H, d, J=6.2 Hz, H-32), 1.12(1H,
d, J=6.2 Hz, H-33), 0.98(1H, d, J=6.4 Hz, H-34),
0.96(1H, d, J=7.2 Hz, H-29), 0.89(1H, d, J=6.0
Hz, H-27), 0.88(1H, d, J=6.0 Hz, H-28); "*C
NMR(Methanol-d,, 125 MHz)é: 174.0(s, C-1),
45.6(d, C-2), 75.1(d, C-3), 42.4(d, C-4), 67.0(d,
C-5), 35.2(d, C-6), 70.7(d, C-7), 33.7(t, C-8),
107.5(s, C-9), 38.8(t, C-10), 33.8(t, C-11), 84.5(s,
C-12), 82.1(d, C-13), 27.0(t, C-14), 27.2(t, C-15),
84.5(s, C-16), 86.9(d, C-17), 34.8(d, C-18), 33.7(t,
C-19), 78.2(d, C-20), 75.3(d, C-21), 32.7(d,
C-22), 36.7(t, C-23), 36.5(d, C-24), 97.5(s, C-25),
71.5(t, C-26), 15.9(q, C-27), 16.5(q, C-28), 14.5(q,
C-29), 10.7(q, C-30), 27.2(q, C-31), 16.5(q,
C-32), 9.3(q, C-33), 8.2(q, C-34). VA F¥#iY
SCHR—ELP, HE A 2 MR E A (K’ 7).
AW 3. TLEEE; 55705 CHusN3Oy;
HR-ESI-MS m/z: 304.2020 [M+H]'(# 6-B); 'H
NMR(Methanol-d,, 600 MHz)é: 7.64(1H, d, J=7.9
Hz, H-5), 7.30(1H, d, J=8.1 Hz, H-8), 7.09(1H,

Volindolmycin (3)

7. WEY1-3 B EEHR

Figure 7.

Chemical structures of compounds 1-3.
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Targeted exploration of Streptomyces lavendulae subsp.
CQO01819 and its secondary metabolites

Dongjin Leng'?, Xiaojing Hu'?, Xing Li'% Yixin Ou'”?, Qianjin Kang"*", Linquan Bai'?,
Zixin Deng'?

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

? Joint International Research Laboratory of Metabolic & Developmental Sciences, Shanghai Jiao Tong University, Shanghai
200240, China

Abstract: [Objective] To obtain targeted natural products and the bacterial producers based on characteristic
biosynthesis genes and transcription level analysis. [Methods] First, we directionally mined the secondary
metabolites producers by 5 pair of degenerate primers according to the conserved biosynthesis genes. Then
RT-qPCR guided fermentation medium optimization was performed. Finally, the targeted natural products were
isolated using different chromatography technologies, and their chemical structures were identified based on High
Resolution Mass Spectrometry (HRMS) and Nuclear Magnetic Resonance (NMR). [Results] The AHBA synthase
and epoxidase-encoding genes positive Streptomyces lavendulae subsp. CQ01819 was successfully obtained from
soil. Targeted compounds purification led to discovering AHBA-derived mitomycin C, polyether antibiotic
monensin A and valindolmycin. [Conclusion] Our findings provide a good example for efficiently discovering
bacterial resource of expected natural products.

Keywords: directional strains isolation, Streptomyces, gene transcription analysis, medium optimization, structure

elucidation
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