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5 ZE: [#7]1 &2 FE (rimocidin) A —AF A4 J 4 A F & Mo vk X IR N B Kb o4, %
AAB R REBABSRAGEER, BB FLRRAREZAMOGH ), BTCEEL
AN FEAT AL @R EF, @ 2455 H (Sreptomyces rimosus) M527, 122 & HE & 9
REEMRA L ERRARAEZFTEOOFL. (BN ZABTHREHARAFELEFTAMERAL
B A& (rim A B R0 A BAFAE, EAFHWERFERTE AN, FATAR I EFRERGEL =
[7:%] RA BLASTp A4 FRAARATHEZ R T EF ChADSRBOERES, #—FiFik
bR T ERCEEZOARERMERAMK. A 24255 3] 44 7 % (multi-locus  sequence
analysis, MLSA)IFM & @ A EF A Mo RAB RO AMRG N KX R, AT R Z o5
HRREZAE AR, FRLFRLBHIZALAFTEZAEEZS RimoR2 RRZELELEZNF£.
[4 2] £RBKFICANFOEACELELAMOSRAR AT AR, FBTRRAF L.
K BB AT SRS P 49 & &4 F 1 (Sreptomyces albofaciens) JCM 4342 #4454 % 4L
FEBL LMY CE-108, 2B HRAMINEREETEEZZFH 1725 mg/L. kI, TERZXPEHEE
RimoR2 G @A EH W TR B A AMIRE T 2345, £3]397.1mg/L. (48] AR A% T 4
ERVTOREFTAMNS AR B RALITEARG A 45 5, B 2L L F 49 S albofaciens JICM
4342 e AR B A EE AL KM CE-108. 2o, B AR TR F R EFNT AT E S SHRE.
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Abstract: [Background] Rimocidin is a tetraene macrolide with broad-spectrum antifungal
activities, there being developed into a potential agricultural antibiotic. Until now, several
Sreptomyces producers (such as S rimosus M527) have been discovered, while the low yield of
rimocidin limits the application of these strains in the development of the agricultural antibiotic.
[Objective] To systematically reveal the distribution and characteristic of the biosynthetic gene
clusters (BGCs) for rimocidin (rim BGCs) in Sreptomyces genomes, identify a new strain which
can produce rimocidin, and improve its yield via genetic engineering and other strategies.
[Methods] We employed BLASTp to search for the homologous proteins of the known synthetases
of rimocidin in Streptomyces genomes to discover the strains with predicted rim BGCs and capable
of producing rimocidin. The multi-locus sequence analysis (MLSA) was conducted to analyze the
phylogenetic relationships among these strains and publicly available Streptomyces strains. A new
rimocidin-producing strain was identified based on the metabolite analysis and the titer of rimocidin
was increased by medium optimization and RimoR2 overexpression. [Results] A total of 36
Sreptomyces strains carrying rim BGCs were predicted, in which S albofaciens JCM 4342 was
capable of producing rimocidin and its congener CE-108. The medium optimization led to a
rimocidin titer of 172.5 mg/L. Moreover, the RimoR2 overexpression increased the rimocidin titer
by 2.3 folds, which reached 397.1 mg/L. [Conclusion] This study systematically revealed the
distribution of rim BGCs in Sreptomyces. We confirmed that S albofaciens JCM 4342 can produce
rimocidin and its congener CE-108. Moreover, the titer of rimocidin was improved by genetic
engineering. Our findings provide new catalytic elements, strains, and a theoretical basis for the
design and construction of strains with high yields of rimocidin and the application and
development of rimocidin.
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2R RIFN BRI R P = 30 15 ht A
WY EE R —, H SR IE S
A~ Z A0 5 4L N BRI 2R A A
() 37 DGO (18 1), Hop, PitkER B
(amphotericin B)., filZ& # & Al (nystatin A1),
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AR EALT Buoh, FRE S H I L M
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R, MHETIERKRG Ok, BRERNE
A 25908 A3 97 S8R 2k st ) 5 B0 (R kg
HEREAG I LB R A R ny &4
',

1951 4, B98N D0 E RO o 22 5 45 A
(Sreptomyces rimosus) R7 (ATCC 10970) % 74
R ERY, 25, W Tk TR
AR AT B PSS T T R A
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Representative polyene macrolide natural products.
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SRR LA BT 2004 4F, FETEN BFE R
I (Sreptomyces diastaticus) var. 108 H AN 43 55
RPN GR, BEE T — Mgy
CE-108, 435 (145 k8 DX A AE T 1 B B 0 1
FEMEEARFT10 2016 4F, BFSEA B N FERE
L5575 T (Sreptomyces mauvecolor) BU16 Fifg,
ZU5% B 1 (Streptomyces rimosus) M527 iX 2 #isE
B 0 R I S R R
AU, BT R R N HEE I (i CE-108)
iy B A RN X S diastaticus var. 108 HR
rim JEPR R AR N BFE R B, 105885 R F CE-108
FRBEHAL Y T 78 SR 45 Wil (polyketide synthase 1,
PKS DfEfb & i BARKDGE, PKS I fEfk 13 5k
TEAR N T B A VU 25 he 1) SR T, $R B 7E
T T T4 235 A0 58 7V T T B4 Ak 8 22 M K B0 I Tl
S5HE, P22 T R B I (my cosamine) i 5L Ak
T P450 4R AL AE i JE B dw 28 77 ) #0485 2 N
CE-108"°1, H.rfr, RimA (E4HA ) i ik
AL (acyltransferase, AT)ZE #4738 ] LITR I £,
WA A FI T IRAAEE A GX 2 PR, MM E
T BT IR 7= 4 43 ) et 485 RN CE-1081°),

AR AL A B X R R A AR
B, Fan, LS rimosus M527 8§ 4 54 i &
PR, A ES BE A 3 R BENL 2 748 122 1 7 T ik
Pl TR A FE IR i 2 ARG U B
AW BT AR PO Rk 4 R £ T R R
g I PR A s S P B Bl e
HEREN IR 82.8%. 44.1%. 34%. 46%
M1 68.3%. J34k, 7E S rimosus M527 f4 rim 3
R A AE— > rimR2 JE K, HZ 5 —1> large
ATP-binding regulators of the LuxR family (LAL)
RAVJHPE IR 5w rimR2 S8 2 R AT
., U RimR2 EHE 28 R A& >,
HWFFE AU permE* . kasOp*. SPL21 Fl
SPL57 %5 )5 dh Fad ik rimR2 LIRS & R

e, Ha i kasOp* i 2l £ e B e
K, 55 81.8% 7, HAh, FEHAME L MRIE MG
HERAEYERERBEHESA rimR2 1[5
FEP R, RN m R R
2 R AR S A BT A R T B St R 22—

HETFI, AR BEES RS R IEEEREE
FERAEAE, UM RS A RANEREYE
SRR B AR, IER 24085 A
(multi-locus sequence analysis, MLSA) /7 i34
XSCRE R AL e R o i — Dl i
PR AT, TUSOE BRSBTS R R
AT AN, APPSR Z I i ek OGS
I rimoR2 (rimR2 fy [ Y535 DR ) e 4 /5y F 24
R, AR R R e R R
PEHRARAEET RO . AR, T
B2 120 N T R R B4 i

1 HBE5F=E

1.1 M
1.1.1 BRI BRRL

P RR 11 {004 55 14 (Sreptomyces albofaciens)
JCM 4342 (CGMCC 4.1655), HEE i Y
il O 5 38 A o0 o KW AT T (Escherichia coli)
ET12567/pUZ8002 Flffiki pSET152-kasO*P*h
ARSI A R, R R R AR A e b [
K2 E BT
1.1.2 EHE

AT HFRRIGFF RIS 5L LB 55575 A
2xXYT R 3R 52 2% SOk (2510l . S albofaciens
JCM 4342 PRG35k . MS B35 3 5% 30Tk [26]
Botl, ISP2 B53R3k . ISP3 Ri#dk . ISP4 Rigetk
SRR . TG R e iR
B M1 (g/L): AlEETER 20.0, HiahE 10.0, 4
F W 5.0, BERFE BT 5.0, NaCl 4.0, K,HPO,-3H,0
0.5, MgSO,-7H,0 0.5, CaCO;2.0, pH 7.0; M2
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(g/L): HEME 100.00, #i%HE 10.00, FRIK M E
1 0.10, FERESEHCY 5.00, 4- M0 oy i R
(4-morpholinepropanesulfonic acid, MOPS) 21.00,
TR ICER A [40 mg/L ZnCl,, 200 mg/L FeCly-6H,0,
10 mg/L CuCl,:2H,0, 10 mg/L. MnCl,-4H,0, 10 mg/L
NaB,0O;:10H,0, 10 mg/L (NH4)sM0;024°4H,0] 1 mL,

K,S0,4 0.25, MgCl,-6H,0 10.00, pH 7.0; M4 (g/L):
Hih 50.0 mL, FIEMEIER 25.0, BELEREUY)
5.0, pH 7.0; FM2 (g/L): FERHEEM 2.0, 7]
FEETERY 5.0, M 2.0, A 200, #EE
¥ 5.0, K,HPO,-3H,0 0.5, CaCO; 3.0, NaCl 4.0,
MgS04-7H,0 0.5, pH 7.4,
1.1.3  FERAFIFLEE

FA PR FRREE AN, ARG B A 7] 5
G NE, AR A BRA R B DNA
Sy T bR, NEB 2w ; DNA [IBGRF &
BB G, e LA Y E AR B A
R HE (100 mg/mL, FA)), Bl T a0 F)
AIRA W 2% %R 100 mg/mL), R
(50 mg/mL). H:ME K (50 mg/mL)FHIE X B
(100 mg/mL), bR kAR A BRA ] ;
RABEE R (50 mg/mL), g AEYRH AR
NFl BBEZ2 R (25 mg/mL), JLEUIRELAEY)
FHEABR A F . PCR 51914 &% DNA ¥
AC TR A R A A R A w58 . H AR
GG, RIB ARG A BRA ] Hil A B AL
WARGEGE, LRCRHEARA R S R8oR
FETE, BV A FRA R 5 500 MHz ik
HIRBAEL, MG EmEARA R MK
AH G 43 BB ER FAS, R4 R A BR 2 A
PCR ¥ #44%, FEERCH/RBHA RA R B
WAGAL, iR EEA ARl FRA ]

1.2 A&
1.2.1 E£¥EEFESH

5 B 1 Jm 20 A DN 2 B0 R 2 A NCBI

Genome B (B2 2023 48 11 H)., LI AR
HNEZAEWEBERBE T WE AT &R E
1, {# /]l BLASTp 7EfERs WL b R R,
SRR R A, JF S MIBIG 80 B
o B HIL SR P A ) A I PR e A 7 A
W N TR e T eE A i fa M K 4B
A R

S MLSA & A 388 R A )& iUk
2 ) B B T T R L R L A T AU LA . &
ZICER[30-31TH M Tk, R ATP 51 B 45
(AtpD). DNA e p W H(GyrB), FHAIHE A
(RecA). RNA EA T B 3 (RpoB) Fl {4 &R &
fitf B MEHE(TrpB)ixX 5 N2 1A 9 i Jk R kA 23
Bro i F MEGA 11.0 #7274 X . Kimura
WS B e P, A iTOL
P RTARAE R,
1.2.2 BEHABREYSHREFERK

¥ S albofaciens JCM 4342 B9 %40
1E MS. ISP2. ISP3. ISP4 [E{AR; 4L |, 28 °C
B3R 6-7d 5, MS Bigr AT KRRy, 25
FHCHE KR T . B 500 uL 1 FilGE =
25 mL [y TSB W IA$%557 2, 28 °C. 180 r/min
HiF% 36 ho A HC 1 mL R FIGFRME, J3 0l
50 mL [ MS, M1, M2, M4 Fll FM2 & 1A 5% 35
F, 30 °C. 180 r/min #RFHHEFE 5 do KRR
£ 6 000 r/min 250> 10 min, W E IR AT =L
WiAH A% (high performance liquid chromatography,
HPLC) 53t 71 55 0. 24 55 3= i o i E A7 X 1 .
HPLC 53 H7 (43 A 5848 Zorbax SB-C18 Rapid
Resolution HT (4.6 mmx100 mm, ¥7% 1.8 um),
K FH R FK R B S A (B AR Y i 0.1% H
7)., HFEF N : 0-3 min L 5% i EAT45
PEML, 4-18 min P L) 5%—95% . i #h eIt
19-21 min WL 95%Z NG sk i it, Hish
0.5 mL/min,
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¥ WT (JCM 4342 B4 TR ) il WT-RimoR2
(i FRik RimoR2 MYEEAH FEHE, UL 1.2.6)MFhF3%
FEWFE 2% R R 2 50 mL & ks AR
AL 3R 3, 28 °C. 180 r/min K535, 76X
P A 2 B 12, 24, 36, 48, 60, 72, 96,
108 h (R BARFE S THUE, JFHE T80 °Crk4h
Tiffo LA RIESR I 3 47558, I T T
3RPLLIEE SR . SR AR ek A Y
123 BUEZNHBSHAUMELERE

JCM 4342 FHH Rk WT-RimoR2 & BEH: 5+
5dJq, A BRI XAD-16 # g (5 50 mL
FRFREN 1 g AR, FArRM S, AR RHE I
BT, W B UL W) o 1 el T
A C18 TERME #4740 8, MRIREHT 10% . 20% .
30%. 40%. 50%. 60%. 70%. 90%[K Z /7K
VW AT DR AR BE R . AR A5 BRI 4 47
2t HPLC i JF bR s dt e, e amsd
FERM 40% NG VENL A I ik e . B S fif A
Sephadex LH20 &ERAEHE— 4385, (f FHH
VEMG . Ay BeAR BRI 4 53, 22 HPLC il )5 4%
A B B T AR . WA
T Je oK il 45 B9 HPLC JEA7 ] 4% , 2R F 2 i A
IR S AH (P AR A 0.1% H R ), 60% %5 &
VEL, WAR BAR W, WedR G R T, RAGRTR
12.3 mg fAEE .

® 1 KMRFS RIS

Table 1 Primers used in this study

1.2.4 I RN

WA ICM 4342 Frfitftl -, SrnliRfmfE & A
AW EZEER . RIER . MR . i
R CHOWEE R S R 1Y ISP2 3 MS [{AE 77
b, 28 °CHEFE 5-7 d; WERRVEAEAN [FIHR B 4L
AR AR, i de/ NI TRTR
1.2.5 FRAMEE

AT TSP 0 1.

FiRk JCM 4342 H rimoR2 K&K i 634 ok
B EE . DL JCM 4342 FER 4 Rt , LA
kasO-rimoR2- 3th-F #ll 4.1655-kasO-rimoR2-R %
1M1 1), P rimoR2 J:H ., PCR fWiik %
(50 uL): L. TFUHEEIHI(10 pmol/L)4% 1.5 pL, ##
# DNA (50 mg/L) 0.5 uL, DMSO 2.5 uL, KOD
One Mix 44 uL., PCR S 45f4: 98 °C 2 min;
98 °C 10 s, 55 °C 30 s, 72 °C 40 s, 35 ™M§
FR; 72°C 5min, fdi ] AIf I1 #1 EcoR I N IfEx+
pSET152-kasO* o b 4 7 AL HFY] . FF rimoR2 J
DR F B Ak (A B 48 R Bolad Gibson 4 23€3E 1
2, RS EH ikl pSET-kasO*-RimoR2,

1.2.6 #EE%%

WEA o T BBk KB I ET12567/
pUZ8002 JRAZA4MML, WALESTA 100 pg/mL
R, 25 ug/mL A&EE . 50 pg/mL FHHE
RPUAERMWEAR LB Ji 53k |, 37 °CHi9R; #k

Name Sequence (5'—3")

Usage

secER23370-F
secER23370-R
kasO-rimoR2-3th-F
4.1655-kasO-rimoR2-R
rimR2-cexu-F

GGGATGAAGATGGTGCT
ATCAGGACGAGGTGCTTGAC

GACCAACCAGGAAATCGCCG

4.1655-23400-test-F
4.1655-23405-test-R
4.1655plasmid-test-F
4.1655plasmid-test-R

GGAAGAAGAACGAGGCCGAA
TGCGGAGGAGAGGAATGAGA
AGCTTCCCCTTGACCAATGG
TTCGAGGAAGAGAGGGTTGC

AGGACTGGGGGAGTTATGCTGTATGAGCGGGAGTC
ACATGATTACGAATTCTCAGCCCGCGGCCAGCGCGGCGCTC overexpression plasmid

Verification of rimM sequence

Construction of rimoR2

Verification of rimoR2
overexpression plasmid
Verification of S. albofaciens
JCM 4342 wild type
Verification of recombinant
strains
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U 75 R0 3] 4 mL 545 100 pg/mL &% 8%
PR LB #5375, 37 °CHFRidid; HU1 mL
B g2 i R B AN AE 50 mL 54 100 ug/mL
EERM LB AT, 37 °CHi3R 2 ODeoo
4 0.4-0.6; 6 000 r/min #5.0> 2 min WA 4,
SR TURE LB SEFR vk miie 2 e, M
500 pL WK LB RGeS0 A AEBER K
FREM MR, F 2xYT B ke b 5
#1750 °CHi% 10 min, Bif5 T 28 °C.100 r/min
91 h; K 500 uL BRBFFE IS 50 pL
fFRA, WMESZH 10 mmol/L MgCl, .
30 mmol/L CaCl, f [E & MS i F= 5 I, 28 °CHk
7% 16-18 h JGIRATLUR " 50 pg/mL A ZENE iR R
600 pg/mL LR, 28 °CHRLLREFR 7-8 d
P4 T WT-RimoR2,,
127 BAEBRMEHENLTHIRZEHE
W e iAo L R IS 1 mg/mL
BEVR, SR P 5 S A B 0 B A [R) ok BE AR B, R
M 1.2.2 9y ik T HPLC 20, JFit5AR
P 1, 25 R W E (x, mg/L)5 14 1m0 R (y) b
HERRZE y=bo+tbixx. #&HE by=12.6+14.9, 1%
b;=7.45x107+0.22x107 , £ T | 173 &
r=0.998 709,

A HGFEDC

2 ZRE5M

21 BUEREVMERERFEMNAES S
M NCBI Genome 4% H 3T 245 3
3 178 /Milk e I J 20 TR BE PR 4H (R 2023 4 11 1),
Hp @& T EHRIET LA R E R R s
5 1H S rimosus ATCC 10970 .M527 Lk} R6-500
FERARR N AT Y. fEfRREER A ATCC
10970 &R 5O AN B RE R LY A R
PR v 2 11 90 o R A L O 91— B0t R F
95%) . Zht Ik R HES G — S R UREE ), 25
HEAMNRTRRGEREY G L EY S
B AR T 45 RO, B e T fa S A
ATCC 10970 H5¢ *iﬂﬁﬁﬁ'lﬁ?%%é%AﬁJz%l
R 2), WG LI rh R A A R
G, T8 3 178 AT I & A0 ik H 4 P R
BEHEA R RIEE R, JFif—2 5 MIBIG £l E
o IR AR W R W G LR R R R A T 2R 1 4
PR, 2t N TR A%, &R T 36 4
BN AT A R R R A SRR R . sl 2
N, X R R A Y5 U R R R A
FEARL L it Al 3o PRI HE B0 the e AR — B, e B O
PRI i 3L R 2 Ty =X, KRR LAy oy 3 R

RI R2 R3 R4

-K:@ﬁ@:}——_—ﬁm S. albofaciens JICM 4342

A II(FPDC

R1 R2 R3 R4

W}ﬁ}————&ﬁhﬁs rimosus ATCC 10970

A HGFEDC

RlI R2 R3 R4

—)gﬁﬁﬁf}————ﬁﬁw S. rimosus M527

D EFGH A

RI R2 R3 R4

)W&:-C}————*m S. noursei

A HGFEDC

i

[1 Oxidoreductase
[ Hydratase

Bl Type I polyketide synthase

Aminotransferase

RI R2 R3 R4

Q_—-—_W#S peucetius NRRL WC-3868

Il Glycosyltransferase
Il Regulator

[ Unknown

) HEBERRETRARERN/LHAREENE RERKILE

Figure 2 Comparison of several representative biosynthetic gene clusters of rimocidin from Sreptomyces.
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W (1) StasE% T ATCC 10970 — . R4
it B RE Z A AT — Le N X,
M527 7E rimR2 A 2 d— A REN T RERE
JCM 4342 1 rimoM A F 2 Y rimM [7] 5 &
/NG (2) S5F9HEE rimA Fil rimDEFGH
F2Ia HEAR (G S, noursel ) B R o SRR 4 T
A R 7R X LA T R B A B T — A3 5
(#3), Arae S Mtk FHEABER; 3) H
rh— LR TR A PKS T B ZmA% & F 50 H filk
FEAT AR, A2 A B RN 45 Ry Sl FE AR — B
1 S peucetius NRRL WC-3868 1t 5E[H 5%

it —2 MLSA TR XS e fa &G =7k
AR AL AL . BR T X A e
RAEMEMENBENEEEEZIN, FELPkE
21 MECEE A R ZE R 4L, [HAS L Saccharothrix
australiensis DSM 43800 #1 Saccharothrix
espanaensis DSM 44229 4, #1722 3LH 7
ST b3, At RN 3 s, SR
BEERAEYENINZERN 41 MEEEHP S 5 A
C 2 18 AT L™ A e 55 3 1 TR ) R L — 1
933, I AT 3. HA BN
WAy 372434 S yunnanensis UL &2 S noursei 25
s BRI L AR s woN £, e
S albofaciens JCM 4342, S peucetius 4 [# £
XS5 R R B R P S AR e G R
A6 U TR 7 T R B S (] iy kAR I

BRI A5 LA i, PR JCM 4342 5K
BB o 2L 75 T SR B — 140 3¢, (B2 Kimura ¢
SZRIEE Y RTF 0.007 (C 0.013-0.049), EF
1) O T B TR J 22 5 L P 471 - b P A 93 A
4 0.007 2 X 532 75 o4 [/ —Hy A Y Kimura 32
HOE s FE Y, B, BAR JCM 4342 a3
HERmE AR TR, Fe, RS R
M527 AR . 4l 5 B R ATCC 10970 DK T8
Pk R6-500 731 1, BEATZBEIMEEE N 0.040,

KRFZBME. Fvk JICM 4342 5Htk M527 2
[B) () Kimura XS5 258 0.050, 1K Fi%
. XELEIRHR, S albofaciens JCM 4342,
BT ATCC 10970 LA K& M527 J& T A
SOE7/RE S
2.2 S. albofaciens JCM 4342 2#iavf 3.
ERETE

BEPE 5 FORE SRS, ML, M2,
M4 1 FM2)%F JICM 4342 Y4 R B2, LAAf
EHGE R Al LA 88 R . HPLC Jr#rdh
BIRTE 5 R FREE AR AT U7 A — 2R 5 DU
RIFNBEFFHE S AMR AL G, [ idE it 5
PRUESEXT LG, WA E H O R R (Bl 4A),
Forp i Y FM2 15 5 SR 4 & e 35 B o) g ) 7
Pt . B, (A FM2 Bi 3 BLE1T T JICM
4342 WY KREBEQR L), FFiid C18 #H2HT.
Sephadex LH20 #1247, 4 HPLC S5 777k M
thalifb B TAE Y 1, AR o PR L 5
(high resolution electrospray ionization mass
spectroscopy, ESI-HR-MS) ([ 4B). 'H NMR il
PCNMR 3, a1 hamER,

LA 1 (=rimocidin, 12.3 mg): R¥ (4,
E PR RS 766.402 7 [M-H] (calc. 766.401 4,
A=1.7 ppm), 7 TN C3HeNOy; 'H il PC
NMR 4 -5 SCHR th Bl 217 LU 8, fb 89 1 9%
hE e g &3S '"H NMR (500 MHz,
CD;0D): 6 6.31-6.10 (overlapped, 5H), 6.04 (dd,
J=15.9, 10.5 Hz), 5.76 (dd, J=15.6, 7.7 Hz), 5.64
(ddd, J=12.3, 12.3, 4.5 Hz), 5.04 (m), 4.55 (s),
4.35 (br. s), 4.30 (t, J=9.5 Hz), 4.26 (ddd, J=12.0,
12.0, 5.0 Hz), 3.99 (br. s), 3.51 (t, J =9.0 Hz),
3.37 (t, J=9.3 Hz), 3.18 (dd, J=10.5, 2.0 Hz), 2.83
(d, J=15.6 Hz), 2.57 (d, J=15.9 Hz), 2.54 (dd,
J=16.4, 15.3 Hz), 2.45 (dd, J=15.2, 2.0 Hz), 2.33
(br.d, J=17.2 Hz), 2.28(m), 2.20 (dd, J=13.9,
4.4 Hz), 2.07 (td, J=10.5, 3.5 Hz), 2.01 (m), 1.92
(m), 1.73 (g-like), 1.48-1.62 (overlapped, 4H),
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sis CGMCC 4.3555 (GCA 900142 IMG-taxon 2667527450 annotated
Sue,mom!nec J"!OHH&I((JCA 016917755. l ASMIﬁ‘)l??:\I)

nY1A0# 1 ASNADTAQE

l-‘Sliep.'rmnces rimosus M527 (GCA_004196335.1_ASM419633v1)
Sn‘upmnnu s albofaciens JCM 4342 ATCC 23873 (GCA_0086: 140"\ L4 \SME()HO’\ 1)

Srf{prum}u S Fimosus subsp rimosus ATCC 10970 [GLA 000%1 185.2_ASM33118v2)

Sty 0007079 ASM70792v2)
3260 (GCA 006229535 ASMB2295
Tree scale: 0.1¢ i S.’iep{wm(e\ rimosus Al(( 10970 (GCA 008704633 1 ASMS?U-’IG‘M 1)
bnepmm\ces rimosus subsp rimosus s strain= R? (GCA_ 022760195 1_ASM2276019v I)
| GCA ASM2 305v1)
Sire (G ASM 7

B3 2ASHEEVEREFENERNSERFIISH O CHREE " RS REK; 4.0
AWFFEUESE BB E R B, SARNEREY G REENBEN RN, BE. HAMBEE K
Figure 3 Multi-locus sequence analysis of strains containing rimocidin biosynthetic gene clusters. Blue:

Reported rimocidin producers; Red: New producing strain confirmed in this study; Orange: Sreptomyces
genomes containing rimocidin biosynthetic gene clusters; Black: Other model strains.
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1.31-1.46 (overlapped, 4H), 1.27 (q-like, 2H),
1.03-1.23 (overlapped, 3H), 0.93 (t, J=6.5 Hz,
Me), 0.89 (t, J=6.5 Hz, Me); “C NMR (125 MHz,

CD;OD): ¢ 213.7, 175.3, 169.9, 136.6, 134.3,

134.0, 133.9, 133.4, 132.9, 132.5, 130.5, 99.0,
98.7, 79.1, 74.5, 74.3, 72.4, 70.3, 69.1, 69.0,
67.66, 67.65, 61.1, 59.2, 58.7, 57.0, 53.8, 53.5,
49.9,49.6, 39.6, 38.6, 38.4, 37.4,23.4,19.5, 17.7,
14.2, 12.4,

bR 7B S HAR - e s s, il
AN T L o BB 3 b, AR
WBE—MARERGEWEDY) 2, morP
7N [M-H] 738.368 3 (calc. 738.370 0, A=—2.2 ppm),
73N CyHs:NOyo BT UL R, HiEfl
EW 2 HE LS Y CE-108'6), 3k sbsr 2k
WA S albofaciens JCM 4342 JRfa S E K
HEMRIY CE-108 BB A P Bk
2.3 S albofaciens JCM 4342 hfaZEER
EYEREESH

KT SEWER rim FEBELITX S,

JCM 4342 PG REY S AR a4 N
rimo. XI rimo A% 1) antiSMASH 43#T1 B/~ ,
WL S A 54 PKS TR 5L, (8 14
EIRBIHA 13 MEAEYL, 53CEk[16]H0E —
. H, RimoA HWMESLES FLMEELE F4I(] LA
PO e A R T BEAGEE A PRRE GG IS 5
RimoB #il RimoL AR5 5% 3 ASRUEAT 1 3
SRR, NI FE A IR S 0T 55 7 4
FER 13 25 Fir (s A B e B 3 1) it PP R P — Tt
G A MCHEN B A, HAR P IRY
A2 N BEARE A BEROIUE @ RimoN
HHL T 5 ) Sl TR TR IR R 58 I - B
o, Zead BERLEE LI RimoE Ak 04 TR e b
Ak . P450 A AL RimoG 1k F IE 4 Ak AR i
BRI B RN, TR AR & R CE-108
(lz] 5)[15-16]O

Tk, Wi S ERIER rim LR T &
P, JCM 4342 H rimoM F AL FIAS B R IE 1Y

A B Rimocidin
o 5| 7664027
20 — WT-RimoR2 =
’ ] Rimocidin Z,
CE-108, ) R -
g 17 767.404 1
g —— Rimocidin standard ig 768.406 3
=] 0 g PR | L )
b=y 766 767 768 769 770
g/ miz
2 ; = CE-108
g | 01 7383683
g : E
= Z 4t
Fory
@ 739.376 0
0.0 1 1 1 ] 7] ZF
10 12 14 16 18 = 740378 2
Time (min) —

0 . . |
738 739 740 741 742

miz

4 TEEKICM 4342 ZEEFZYIHT A BIAK JCM 4342 R ETR 5 f0 248 3Rl ) HPLC Ml o ;
B: M 23 BRI B PR R 288 KA CE-108 #7185 i

Figure 4 Fermentation products analysis of strain JCM 4342. A: HPLC profile of strain JCM 4342
fermentation product and rimocidin standard; B: Extract ions of rimocidin and CE-108 from HR-ESI-MS data.
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RimoA RimoB RimoL
Loading module Module-1 ~ Module-2 Module-3  Module-4  Module-5 Module-6 Module-7 Module-8 Module-9 Module-10
f I 1 I ] T " \f i \ \ |
DH KR DH KR DH KR DH KR

KR
AmpACPKS,(AT ACP KS (AT, ACP KS (AT) ACP KS(AT) ACPKS (AT
H H 3 s s

Module-11  Module-12  Module-13
| V[T 1T 1
ER * “ (ER.
DH KR PH KR PH KR

KS (AT) ACP KS(AT) ACPKS AT ACP@
$ H H
S Q <

ACP KS{AT) ACPKS (AT

KR KR KR KR
ACPKS (AT} ACP KS(AT) ACP KS (AT)ACP KS (AT} ACP
2 H g H H 2

K H()~z 74 V4 74 4
R

HO 4 / /

. HO / /

/4

HO

5 SKIRET JCM 4342 A REH CE-108 A gEE M A RLIRRE
Figure 5 Putative biosynthetic pathway of rimocidin and CE-108 isolated from JCM 4342.

rimM [7] 5 5 R 81) S — 26 antiSMASH 4341 ik
/N, RimoM ZRf 5 11 AR rp e T 0 5
A J5 i (enoylreductase, ER)ZE #4480 . %] rimoM &
DKL AR I X 3 AT PCR 938 I S8 (36 1),
65 UF JE AT 2 T8 A 2 R 4 B 4 M BOE A . Fk
T BRI A STH W KR =YL& R F AW
A R SRR A T ER 2546 S5 A A I 1 s A
XU iR JE ML, B AT i B A £ > ER

AR T Vi SR T B4 H ) 4R 0 U T 0 ST I
FEM RimoM ZRAGAYEE 11 ANBiHn] fg i ad <15
7 F — M (RimoN i 45 12 i)
() ER 45 A6 3R i Ak XURE 38 IR B (18 5) 4R
M, WU 5 0 & A e EL AR Bst [] (R il e v 1]
RERETERLEL 11 MBI R R 1 E i
12 WS 2 AR R 1 ) i — PR

Ak, £ JCM 4342 H1[9 rimo it K 7 [ ik
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KEIAEIET ATCC 10970 B rim FERFEHRY
rimJ (4wt crotonyl-CoA carboxylase)5 rimK (4
i LWL ) . A5 B, K S diagtaticus
var. 108 FE AR H A rimIK 32 IR w15 21 1 28 28 kR
P8R 7= A F 2R R I C S Rk HEI rimd
ForimK T G R 4 il RT BEAE F L R AE WA K
WRFIEARRDLTT .
2.4 S albofaciens JCM 4342 haREEN
FEMRK

FET X ICM 4342 (193533 4R (32 2),
WE TG A R S R 3R 600 pg/mL, %
WERARR 50 pg/mL . KA pSET-kasO*-RimoR2
A K AT - R T R A B ICM
4342, 3k4% rimoR2 = F A E A Ak WT-RimoR2,
B, B+ WT Fl WT-RimoR2 47 & B k1T
HPLC 4347 -

FEF HPLC 43#r, 22 T7E 310 nm KT
W T AR S Fo S B RV bR N R, T %
RKIERDIIE. BT CE-108 SR K1yt
W SRR AR — 2, FH B brifE i 44558 CE-108
By, TE 5 FpEgRsEd, [ FM2 BiSRdhnt
R R I B RR, A3 172.5 mg/L (K 6A),

A Rimocidin
500 *dk ok
‘:‘é‘) 400 - CE-108
: 300 L skskskok
8
S 200}
=]
g
a 100+

#x2 HEESHE JCM 4342 iEZHERMN
Table 2  Antibiotics sensitivity of Sreptomyces
albofaciens JICM 4342

EARCE 73] 3 LEHR ZRIE A R
Antibiotics Apramycin Nalidixic acid
concentration (pg/mL)

30 ++ ++

50 ++ -

100 ++ -

200 ++ -

400 + -

600 - -

800 - -

- AERS 4 EREE; ++ IEEAK

—: Does not grow; +: Grows slowly; ++: Grows normally.

It FM2 85372 389 I IR 829 . b T itk—2
G RN, A& EE WS
kasOp* i % i5 rimoR2 &K, 15 & 4 i bk
WT-RimoR2., AL R /Rt EKIiE rimoR2 LA
A5 4R KW H R R (R R JCM. 4342)
PET 2345, BE T 397.1 mg/L (K 6A). I
Gh, AT T A EAR ARG, 45
T FRIK rimoR2 JEH A& T B IR A K & A
&1k (& 6B),

- WT

-# WT-RimoR2

0 12 24 36 48 60 72 B4 96 108
Time (h)

6 Btk JCM 4342 71 WT-RimoR2 HJRER . CE-108 E (AR HE KL (B)
Figure 6 Analysis of production of rimocidin and CE-108 from strain JCM 4342, strain WT-RimoR2 (A)

and growth curve (B). ****: P<0.000 1.
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3 WREER

o455 2 0T LU T B ik 2 Bl J5 1 1 S 30
Ve E , A TF & BB R bR &R
Y EEENT . AR TAER TR R
B IE BRI R G b, RIS 36 A4
B A NG REY A BRI E N K, B
TR S L R s, B ENTRE s =2k
F—RHOHE WG RAEY G RS
FEARL, LD BRHEA — 3 55 R =
KA A R . HuAT S gmth iy PKS T 9454
S 2H B AE 5 TS AR RS [R) 00 3 4 PR % T
At R R S A = A AR A .
i — 2 o 3 6 5 DR BT A TR R T i 2 B TR T 81
FEALHE 2T, 45 R R B X S s R MOE 4L R
BEI, B K B B R T RE R 1o I N TR H R
1) T ARG T R AW G R % . 18R
FIV N R L Witk S albofaciens JCM
4342 PSR G, @GR . R
Attt . o PR R — i A% G R B UE
52 JCM 4342 W] DL A A R Y
CE-108. #B4l, 7£ JCM 4342 R[4+ rimo J&
IR %2 9 i 1) RimoM AH b £ 119 RimM A H: ] R
FEABD T ER kiU Tk, T i
5512 A BEH G BR g T RERE<fE >, LA
52 FSCRH I B4 RUERE A I 1 (] 5) o

T IR IR R T B A R R TR R R
SRR ) — R A ORmE Y R R
A= W1 IR DR A AE — A RS I R4 R DRI
%, %% 14> LuxR Z5 8% F(RimR 1 K H:
[ P52 1) A1 3 4~ LAL 2B 8 A F-(RimR2
R3. R4 KHFIEEM). AiFREH RimR2
AT E R RE RN A A&, mHe 3 4
JE s R S R Y AR A LT B R i B
HRBGOEEERS Hik, 6 S s

T kasOp*7E JCM 4342 #3235 rimoR2 (rimR2
RS, I R R = B m 2.3 £,
iKF) 397.1 mg/L, W& T ULATAE M527 BakkHad
Fik rimR2 AT R A e R 7 i 376.7 mg/LPY. i
HAA T 5 3 308 A [ 4 7 ok A SR s LA 5 f
MR R B, @i M527 Etk
Pk OIS A FRAEREE(acetyl-CoA carboxylase,
ACCase)dmfiFE 5, LA n s (2455 2 A= W45 i
RN A A (LR, MR R R
F 8] 320.7 mg/LP FEJESEBFAE T, @it i
HXHRORN, AR RmaRERY
Fr

AHIF G 38 2 %) ik A S AL RS R R
FLARAT 36 ANHT Y O AT A B fa 2 R W T RE
X X T S e R R AR WA LR DR R 1
ST B2 . FE AR = 5 5 1 iE
sz H:H ) S albofaciens JCM 4342 J&—kEHT
0,207 R K H IS CE-108 BYP= AR/ . bAh,
S albofaciens JCM 4342 [, 2455 £ A W& R
e AT BEAFAE—Fl ER 4k e ik,
X H AT J5 ST TR A B TG XS PKS 1 +5
FEAEHLH AN . Ak, AHIF T34 8 i 85 75 5
DAk B ol 3 15 1E % PR 1 4 i 3 X rimoR2 1) Jy
PN T R R AR R TAE R
SRR T FIAL F e S 2 A R R L TR A Sk
PRIOCHE . A7 AR S e SE il , K ok — 20 A gk X)
BRI RS
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