[DEXyESI

Acta Microbiologica Sinica

2022, 62(5): 1740-1753
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20210531

Research Article BiakiE=s

germicidins

REH, IZHY HHEERS RXEY, KRR, IR RKWE kkae

fEs

1 P ER B I EVE ST, T E R RGP AR R S AE R E AR, T EREROE A Y
W, JTARBEEAY ESASRE, TR M 510301

2 PEREERE RS, bt 100049

3 B R, T SRAMMR T, &R TN 510632

e

A, BB, MHBEE, ROCE, REREE, B, SKIVE, SRIKAE, MRS, LS AR LD ARTT AR AR R 2 B —
MREE R T 7 A 1) germicidins 2B WIS E. RUZEYEHR, 2022, 62(5): 1740-1753.

Zhao Mengran, Wang Lu, Ye Weixia, Zhang Wenjun, Zhang Qingbo, Ma Liang, Zhang Liping, Zhang Changsheng, Yang
Chunfang. Diversity of actinobacteria from mangrove sediment in Gaoqgiao, Zhanjiang and identification of germicidins from one
strain of Streptomyces. Acta Microbiologica Sinica, 2022, 62(5): 1740-1753.

i OE: [88] A3 FORHRAADRIFARY T 2B ST REEA, #7708 FmiG kT
BAFEA I AR LR BRM T, (] R 5 A3 Rt Lok AL AR TR AR M A 4K ) AT
2B, R 16S rRNA KB B 7| bt &) 77 ik BRI P 09 RE S, S6WRAEHHER
1% B AT AR B BEAT A K ALK B Fo o B S 2 R B =4, ARIE A 4 & R I B 35 T AL Ao o AT 240
Sty o I FIATIES. [ R] A 3 AL AR IRITTRY F 49 B R 2 AKX E 49 K,
0, 1 45 F B B (Streptomyces) 31 #& . N B J0 8B B (Micromonospora) 14 #& . /) NI @ B
(Microbispora). #%£36.-F & ® J& (Streptosporangium). ¥ ¥ 4t K. B /& (Nonomuraea) F= ¥ £ 30, % /2,
(Saccharomonospora)® 1 #k. FRIFAIZ F 37 B & ST 69 & A& Streptomyces sp. SCSIO 40067, M

HEEWHE . 7N RO R1(202102020471) 5 B K H R B 5L 42 (31820103003, 31700042) 5 [ 5 H s bF & 11 &)
(2019YFC0312503); ¥/ 4 H KFHE11R1(ZDKI202018)

Supported by the Science and Technology Planning Project of Guangzhou (202102020471), by the National Natural Science
Foundation of China (31820103003, 31700042), by the National Key Research and Development Program of China
(2019YFC0312503) and by the Key Science and Technology Project of Hainan Province (ZDKJ202018)

*Corresponding author. Tel/Fax: +86-20-89022736; E-mail: yangchunfang@scsio.ac.cn
Received: 5 September 2021; Revised: 11 November 2021; Published online: 23 February 2022



RAEAE | AR, 2022, 62(5) 1741

2

PoBEET 6/ a-skrh Bl KIS 4 germicidin A-C. germicidin I #= isogermicidin A-B, Jf
HRIRIE T germicidin A 89 dh R4 H) . AE Ak SCSIO 40067 A E 8+ £ 42 %] T germicidins #9111
A SR B & B Ak Mo R IK B K, 456 Lkt 6 /> germicidins KL &40 69 £ M & mIEZRHAT T 4T
[ 4 1 S R AR TR IR T 6 X X B S A, &R AT DI RA DR,
B #& Streptomyces sp. SCSIO 40067 B4 a-vthwa Bl KL MG &£ F ). LRAR A g 4 TAERAE
T RAF6) LI AH,

EHEIF: AR REE: a-trm R (1A B A6

Diversity of actinobacteria from mangrove sediment in
Gaoqiao, Zhanjiang and identification of germicidins from
one strain of Streptomyces

ZHAO Mengran'?, WANG Lu'?, YE Weixia’, ZHANG Wenjun'?, ZHANG Qingbo'?,

MA Liang', ZHANG Liping', ZHANG Changsheng'?, YANG Chunfang'?*

1 Guangdong Key Laboratory of Marine Materia Medica, RNAM Center for Marine Microbiology, Key Laboratory of
Tropical Marine Bio-Resources and Ecology, South China Sea Institute of Oceanology, Chinese Academy of
Sciences, Guangzhou 510301, Guangdong, China

2 University of Chinese Academy of Sciences, Beijing 100049, China

3 Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy, Jinan University,
Guangzhou 510632, Guangdong, China

Abstract: [Objective] The present work aims to isolate and identify actinobacteria from rhizosphere

sediments of 3 mangrove plants and to investigate the target strain for secondary metabolites based on

antibacterial activities. [Methods] Five media were used to isolate actinobacteria from rhizosphere
sediments of mangrove plants in Gaoqiao, Zhanjiang. The isolates were identified based on 16S rRNA
genes and then screened for antibacterial activities against 6 indicator strains. The target strain was
selected for upscaled fermentation and identification of bioactive compounds. We then analyzed the

biosynthetic gene cluster of the isolated compounds to predict the biosynthetic pathways. [Results] A

total of 49 actinobacterial strains were isolated and categorized into 6 genera including Streptomyces

(31 strains), Micromonospora (14 strains), Microbispora (1 strain), Streptosporangium (1 strain),

Nonomuraea (1 strain), and Saccharomonospora (1 strain). Six a-pyrones, including germicidins A—C,

germicidin I, and isogermicidins A—B, were separated from the crude extract of Streptomyces sp.

SCSIO 40067 and identified. The crystal structure of germicidin A was reported for the first time. The

type III polyketide synthase biosynthetic gene cluster of a-pyrones was localized in the SCSIO 40067

genome by bioinformatics analysis. The biosynthetic pathway of a-pyrones was then proposed.

[Conclusion] Actinobacteria in the rhizosphere sediment of mangrove plants in Gaoqiao, Zhanjiang had

high species diversity, from which new species capable of producing valuable natural products can be

mined. Streptomyces sp. SCSIO 40067 can produce a-pyrones via the type III polyketide synthase
pathway, which can serve as a start strain for the following studies.

Keywords: mangrove; actinobacteria; a-pyrones; type III polyketide synthase

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



1742

Zhao Mengran et al. | Acta Microbiologica Sinica, 2022, 62(5)

KAIR ) Be FLAT A= ) S B 245 FF e 1 o U
SR TR IR AR R R AR Y i
YL ER A3, SR B A it b sk A 4 9% D 3 B
K, PR R IR B RIRT AR 7 W R SRR KR
Ik, DUONTEEVE o VDI DL S 2R MRS R ik A B
rh R YR A W B U DA SRS T R AR ) AR T
S EE R ZTARMR R AT I R U T A X Y
Vg 2 ) ) R AT PR AR R IA D . E T 4Bk
CIRIAR A ATE I, 290 B R 429,
i sROG . . AR W E S A
BILJSTE A R R A 25 B B I £ 1B ARG A= T 7 1)
P2 2 ek R AR AR R A2 A IR, Chen
S5 (1R B 93 3R W 2R PR A o R vh A A A M e T
AR R 7 SR A B S &l 4
TAERIWETE, AELREMRAS [F] A= 558 v B 0 5 48 5
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(1) BRI, Gl (B 1 B3R5k (g/L):
ATVEVETERS 20, KNO; 1,K,HPO, 0.5, MgSO, 7H,0
0.5, NaCl 0.5, FeSO47H,0 0.01, G2 (&K 29)
R BRI (g/L): MR 1, B 0.5, B
FEEM 0.3, NaCl 0.5, EAH4E4EFK 500 uL/L,
3G (/L) BEEEIREY) 4, HiANE 4, %
RE 10, EA4E4: %K 500 uL/L. GYEA (%)
W -TE R B RE IR Y (g/L): WERHREU 1,
% BE 10, Proline (22T F=5(g/L): %
M2 5. A EIEFRAESIMA 20 ¢ MIZEAEK FI
15 g Wi, IKERZE 1L, #pH7.2-74,
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(2) KRIEEIEFHE, N4 BFH(g/L): Al TE
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TERY 15, AN S, EAM S, EXB S,
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B 20 DLEREFRIESHIMA 15 g i,
IkKEZ4Z 1L, 8 pH 7.0,
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Fast pfu DNA R4 . dNTPs FZ R HL Uk
i marker (b5t IERAYIH ARG R
Fl); BRAR I R A1 $E BRG] £ (Zymo Research 2y
H)); BE YL goldview (Ruitaibio 23 #]); PCR
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REE (VR S VLR R A BR A FD) s BEAE
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Al PRWAREIEGERE Agilent 2 F]); BALK
FHETE(Y(H 4 Hitachi A A, 32 [ Agilent A H]);
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PRUTFY & F R EAlch, I s T,
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FTCHEKHRE 100 55040 T 5 R AR 53
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FIEYLE, BT 28 °C fHERFAFE B F
1-2 Ji] o FR B ve e J5 BREUCR R 15 3%, 28 °C
B R 12 JRJE AR B U A ik i AT ik lifk . T8
PR gtk . BGE R FF 1.5 mL EP 4§
Hr, A 100 pL TG K 4R 5 1R S BRI
WRFB R 10", 1072, 107, 10*, 107, 10°°,
107, 10°° MRBEERRBE o BUAS [R] vk 35 0 B8 1) -
FEUE 100 pL 435l WAl A N i 35 97 2 |, 28 °C
g 12 FPRBCR T RIZ . AT BRBULZ
W HEZ AR T BT 2 mL EAEREE T, A
1.5 mL 40% HyMIR S5, T-80 °C {717
14 MZEEERFBRRA 16S rRNA £H
FITB5EE

B> S B A, ) e HCRR ik i PR 4
DNA, 4V T 20 uL 1xTE S i b . #H5]
Y F (5'-AGAGTTTGATCCTGGCTCAG-3")fll R
(5'-GGTTACCTTGTTACGACTT-3")% 4 il &
Y 16S tRNA JER AT 1. PCR 454
J: 94 °C 5 min; 95°C 30s, 54°C30s, 72 °C
90's, 30 ME#; 72 °C ZEff 10 min, PCR f=4)
PEENINERAE Y HARAT IR /AT Rk
1369 DNA JF4I{E NCBI $t#i 2 E4T BLAST
FEXE o0, RIVAT A5 5 AR RLRE J5e e 9 TR AR A
K, DT B 2 2 v 1 )i o
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1.5 BER/ AR R B R R 1

PRIBGE A9 T HM T 50 mL A R LG SR A
(N4, Amé6-1. ZWJ-1), T 28°C. 200 r/min %
RKEFR 7 do WS mL BB IR, A SRR Y
T, JRA2E#A 30 min, 3 900 t/min &>
10 min, WHC LI ZE 2 mL EP &, BEAWRAE(YL
TR, W% T 80 uL DMSO H, 14 000 r/min
5.0 10 min J5, BU 45 pL B #E(T HPLC 4630
Rl 25 1F 2 S AH A AR 10% 205, 7 0.08%
R, s B AR 90%Z 01 , i 1 mL/min,
Rl K24 304 nm., HPLC GEFERT N
0-20 min, 5%-80% B #H;20-21 min, 80%-100%
B #i1; 21-24 min, 100% B #; 24-25 min,
100%—-5% B #H; 25-30 min, 5% B 4.

K OB 48 97 1004 2R AT 1 PR/ R 1R R
Yoy TS I, 8 A 7N AR 23 1 S A R
LEHUAT I (Bacillus subtilis 1064) ., 475 (0% %
ER B (Staphylococcus aureus ATCC 29213) . [fif
FH 4R 7 AR 4 75 {0 %5 %8 BR 14 [methicillin-resistant
Staphylococcus aureus (MRSA) shhs-A1] . B85 1
BK B (Micrococcus luteus) . i ¢ o5 85 1A T &
(Klebsiella pneumoniae ATCC 13883) . #f15 A5
¥ (Acinetobacter baumannii 19606) . 2% 7 BR [&
(Enterococcus faecalis ATCC 29212) 1% i K &
(Vibrio alginolyticus 13214), LLH 487K i g g
(TMP)Jg FHE XS IR, — F LAV (DM SO)H [ 1
X R, AR AEURE A FAA RS, FEUR AR T
Jeil Bl 2 B8 I %) G T A R A TR
1.6 E ¥k Streptomyces sp. SCSIO 40067 F{
AR LB S ZER

P BR Streptomyces sp. SCSIO 40067 )1
THFNE 50 mL Fp 7 H 3R ZWI-1 1, 28 °C,
200 r/min I FHH 5 3 d J5, i 10% (V/V)RIHEFD
R 20 L REER SR AL ZWI-1 R, 28 °C,
200 r/min K55% 7-9 d J&, B0 IO R TRETRORN A
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7 N4y (Fr. A-F)o #4187 Fr. B ] Sephadax
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1:1, VIVYEAT43 8, M 4E TLC A 2h 143815
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aifp G2 AY 1 (13.2 mg). 2 (5.5 mg).
3 (3.0 mg). 4(0.9mg). 5 (7.6 mg)Fl 6 (1.2 mg).
LAY 1-6 Gl & 2 HE % (HR-ESI-MS) . 'H
NMR , °C NMR %533 K 5 SCHk b 2 254
WL G 1 B — P15 5] Xoray HaaAT
SN

2 X504

21 EMOEETE

M 4E 16S rRNA K 751 47 BLAST 4
HAHIESEN 3 Tl ZL AR ARAE P AR B T AR 4y vh 3
ST EATH] 49 BRI A . WEKEY 16S rRNA JE
KU 50 53 Al i B, X BE I R W 0 A T 6 1
(FE 1), 2555 H e (Streptomyces, 31 ).
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Table 1 Classification of actinobacteria isolated from rhizosphere sediment of mangrove plants
Names Top-hit taxon Accession No. Similarity/%
ZMRI1-1 Micromonospora terminaliae (KX394339) MZ833389 99.63
ZMR1-3 Micromonospora echinofusca (LT607733) MZ833390 98.91
ZMRI1-5 Streptomyces neopeptinius (EU258679) MZ833391 98.98
ZMR1-7 Micromonospora chalcea (X92594) MZ833392 99.78
ZMR1-8 Streptosporangium jiaoheense (KM000836) MZ833393 99.64
ZMR1-9 Streptomyces coeruleofuscus (AB184840) MZ833394 98.91
ZMRI1-11 Micromonospora haikouensis (GU130129) MZ833395 100.00
ZMR1-12 Micromonospora fluminis (LR130241) MZ833396 100.00
ZMR1-28 Streptomyces somaliensis (AJ007403) MZ833397 98.92
ZMR1-30 Streptomyces griseochromogenes (CP016279) MZ833398 98.70
ZMR1-31 Streptomyces lomondensis (AB184673) MZ833399 99.27
ZMR1-33 Microbispora rosea subsp. Rosea (FTNI0O1000083) MZ833400 99.71
ZMR1-35 Micromonospora oryzae (AB981052) MZ833401 100.00
ZMR1-37 Streptomyces wuyuanensis (jgi.1085054) MZ833402 99.85
ZMR1-51 Streptomyces kebangsaanensis (HM449824) MZ833403 99.78
ZMR1-53 Micromonospora tulbaghiae (jgi.1058868) MZ833404 99.93
ZMR2-3 Streptomyces corchorusii (KQ948396) MZ833405 99.49
ZMR2-14 Streptomyces chrestomyceticus (BHZC01000001) MZ833406 97.97
ZMR2-22 Micromonospora taraxaci (VIWZ01000001) MZ833407 99.78
ZMR2-24 Streptomyces lucensis (AB184280) MZ833408 99.13
ZMR2-29 Micromonospora echinospora (LT607413) MZ833409 99.71
ZMR2-33 Nonomuraea wenchangensis (F1261959) MZ833410 99.56
ZMR2-37 Streptomyces gelaticus (DQ026636) MZ833411 99.35
ZMR2-44 Streptomyces lannensis (AB562508) MZ833412 100.00
ZMR2-48 Streptomyces ardesiacus (DQ026631) MZ833413 99.42
ZMR2-66 Streptomyces bingchenggensis (CP002047) MZ833414 99.71
ZMR2-70 Streptomyces griseoaurantiacus (AB184676) MZ833415 99.13
ZMR2-73 Micromonospora inaquosa (MG725913) MZ833416 99.49
ZMR2-77 Streptomyces broussonetiae (MT849770) MZ833417 98.99
ZMR2-80 Streptomyces sparsogenes (MAXF01000077) MZ833418 99.35
ZMR3-9 Streptomyces thermocarboxydus (U94490) MZ833419 99.93
ZMR3-17 Micromonospora aurantiaca (CP002162) MZ833420 100.00
ZMR3-31 Micromonospora narathiwatensis (LT594324) MZ833421 99.34
ZMR3-35 Micromonospora krabiensis (LT598496) MZ833422 99.85
ZMR3-36 Micromonospora carbonacea (jgi.1058872) MZ833423 99.63
ZMR3-39 Saccharomonospora xinjiangensis (JH636049) MZ833424 99.64
ZMR3-42 Streptomyces albogriseolus (AJ494865) MZ833425 100.00
ZMR3-61 Streptomyces aldersoniae (EU170123) MZ833426 99.71
ZMR3-67 Streptomyces geysiriensis (AB184661) MZ833427 99.28
ZMR3-70 Streptomyces carpinensis (MUBMO01000291) MZ833428 99.42
(GEn)
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(& 1)
ZMR3-72 Streptomyces thermolineatus (268097) MZ833429 99.93
ZMR3-85 Streptomyces cellulosae (AB184265) MZ833430 99.64
ZMR3-93 Streptomyces reniochalinae (QOIM01000066) MZ833431 99.06
ZMR3-95 Streptomyces prasinosporus (DQ026655) MZ833432 98.33
ZMR3-98 Streptomyces costaricanus (AB249939) MZ833433 99.71
ZMR3-100 Streptomyces seoulensis (JNXP01000045) MZ833434 99.42
ZMR3-101 Streptomyces malaysiense (LBDA02000093) MZ833435 99.85
ZMR3-103 Streptomyces qinglanensis (HQ660227) MZ833436 99.93
ZMR3-104 Streptomyces sanglieri (AB249945) MZ833437 99.49

I T S| (Micromonospora, 14 FR) . /INAL
A J& (Microbispora, 1 ¥). #Efl F % H)E
(Streptosporangium , 1 #). B ¥ K H &
(Nonomuraea , 1 ¥ ) 1 B 2 1 J&
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MR RS SRR A P R R TR Oy E R, AR
SIE R 63.3%, HAWMA R E G BB
R 36.7%.
2.2 AR REDIRBRITTIRD B By 2
EEZ=3k:

MHEIEA | i SRR B AR BRITCAR ) Hh 43

(A)

(B)
Rhizosphere sediment of
Laguncularia racemosa

N =Streptomyces
Micromonospora
= Streptosporangium
= Microbispora

21%

1 =R EARHEMRBRTIR Y P AT 3 F RS B B Bl(A) R 840 # M T R E 2 L5 it (B)

Figure 1

Rhizosphere sediment of
Sonneratia caseolaris

BRI ECH AT, A8 16 BRGE
33%). 14 BR(&E 28%)F1 19 #R(&H EE 39%)
(F 1A) . 7 R ARMR PRI v 55 55 1 s AL/ B
TR JE S 5 44%, B2 E F/NHE R
Kl 6%; BRI D EEE R IE 5 72%,
NS E 5 21%, BPEPAT IR R o 7% Bk
MRPRITRRY T TR E & 74%, /NAAEE &
21%, Wi MERE S 5% (B 1B). mital i,

M3 FOR R MAR AR B TR T 40 5 1
LW EMIE, (AT E 25 5 o TEPLOCARMPR
DR IS i o A i R T R LI RE, (S ek

M Rhizosphere sediment of Laguncularia racemosa
m Rhizosphere sediment of Sonneratia caseolaris
i Rhizosphere sediment of Kandelia candel

Rhizosphere sediment of
Kandelia candel

= Streptomyces u Streptomyces
Micromonospora Micromonospora
= Nonomuraea Saccharomonospora

The proportion and classification of cultivable actinobacteria isolated from rhizosphere sediment

of 3 mangrove plants. A: the proportion of cultivable actinobacteria isolated from rhizosphere sediment of
3 mangrove plants; B: classification of actinobacteria isolated from each sample.
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#. UL, MBRRAN A T, SR
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HATH RS, IR DL ARTTRR Y R 14 4
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2.4 HE¥E Streptomyces sp. SCSIO 40067
(ZMR1-37) % B 0 12 ¥ 91 &0 1)t
K3 MR R IR R L (N4, Am6-1,

251 u Streptomyces
B Micromonospora
20 Streptosporangium
Nonomuraea
% Saccharomonospora
B Microbispora

15+
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OJ I N
Gl G2

|
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wn
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Figure 2 Classification of cultivable actinobacteria
isolated by five separate medium.

ZWI-D)X 53 BRI 49 BRIBCR AT/ NI &
I , 28 HPLC AR A U & BRI Bk Streptomyces sp.
SCSIO 40067 (it I8 #k 4% 5 & ZMR1-37) 1
ZWI-1 FEFR b R B I A - 8 .
(1 3A) o SR JHUERLR P32 31 i RN & L2 )
PEAT IR TG PRI o UK 55 2F f 4T B (Bacillus
subtilis 1064) ., 485 (055 % BK 7 (Staphylococcus
aureus ATCC 29213) , i H 42 PG bk 4 B (3 2 BR
& (methicillin-resistant Staphylococcus aureus
(MRSA) shhs-Al) . B 8% i BR B (Micrococcus
luteus) . Jili % 56 B {AFT & (Klebsiella pneumoniae
ATCC 13883) . fifl & /K 3l #F 18 (Acinetobacter
baumannii 19606) . & If) Bk i (Enterococcus
faecalis ATCC 29212) F i ¥ 9K @ (Vibrio
alginolyticus 13214)%5 8 Fifi R MR, &
i Streptomyces sp. SCSIO 40067 /)N & WAL 2 Yy
XA R ZEFAF I . MRSA L 4 v (0,3 285 BK 1 Fl1 gk
PR T BAT B A Y P, X TR v B A
FE I AN S A S HA RS I s (& 3B,
e 2)o BTN Wy B A R A
ARG I E #E Streptomyces sp. SCSIO 40067
AT B S AR A PR SE
2.5 THE ¥k Streptomyces sp. SCSIO 40067
HEMH S BINEEE

X Streptomyces sp. SCSIO 40067 #E47
20 L ORI KR, A HLEA I 2 BUR T 14 g
R E, @B s o e
Sephadex LH-20 B[ 5,335 F1 HPLC il £ 55 53
B T-BURTE 6 1 a-MbmilR S 59 (1-6). FIH]
55 PETS HR-ESI-MS . 'HNMR, PC NMR,
X-ray B S ATTET AR S5 R 5 SCHR F Lo, w0 5E
‘B4 3 R germicidin A (1), germicidin C (2).
isogermicidin A (3). germicidin I (4). germicidin
B (5)#1 isogermicidin B (6) (& 4).
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Figure 3

HPLC analysis for the fermentation extracts of Streptomyces sp. SCSIO 40067 in three

fermentation media (A) and antibacterial activities of crude extracts (3) fermented in ZWJ-1 medium (B). (1):
N4 medium; (2): Am6-1 medium; (3): ZWJ-1 medium. +: positive control with TMP; —: negative control with

DMSO.

= 2 HE¥K Streptomyces sp. SCSIO 40067 & B2 AHIZH )N & & 4L
Table 2 The total antibacterial activities of crude extract (3) of Streptomyces sp. SCSIO 40067 fermented in

ZWJ-1 medium

B. subtilis S. aureus ATCC MRSA M. luteus K. pneumoniae A. baumannii
Crude extract

1064 29213 shhs-Al ATCC 13883 19606
3) +++ +++ +++ +++ + +
TMP ++++ ++++ +++ +++ +++ +

+: weak antibacterial activity; ++: moderate antibacterial activity; +++: strong antibacterial activity; TMP: trimethoprim.

&Y 1 sk A, 1E 2§ HR-ESI-
MS SR HHE S F B IR m/z [M+H]" 197.117 2
(cal 197.117 8), HEMILAF2HK CiH16050 H
WREE % . "H NMR (methanol-d;, 700 MHz)
d: 5.98 (1H, s, H-5), 2.47 (1H, m, H-9), 2.40
(2H, q, J=7.4, H-7), 1.68 (1H, m, H-11),

P4 actamicro@im.ac.cn, & 010-64807516

1.55 (1H, m, H-11), 1.20 (3H, d, J=7.0, H-10),
1.03 (3H, t, J=7.4, H-8), 0.89 (3H, t, J=7.6,
H-12), “C NMR (methanol-d;, 175 MHz) 6:
167.3 (C-2),167.0 (C-4),103.8 (C-3),99.0 (C-5),
166.2 (C-6), 15.9 (C-7), 11.4(C-8), 39.6 (C-9),
16.9 (C-10), 27.1 (C-11), 10.5 (C-12).
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3R=CH,
4R=H

4 M Streptomyces sp. SCSIO 40067 F 4> B4 E B germicidins X5 1-6 HILEH
Figure 4 The structures of germicidins (1-6) isolated from Streptomyces sp. SCSIO 40067.

A B8 5 Semk R i s BiE — 8, we
A 1 K germicidin A, 1 4 X B S5 5t ik —
HAUESE T IZZEF 0 i A X R Ly 98,

& 1. BT R, P212,:2, S EHE,
KK/ A 0.04 mmx0.01 mmx0.01 mm; /i
ZH. a=6.784 63(8) A, b=7.367 16(10) A, c=
21.310 3(3) A, a=90.00°, $=90°, 7=90.00°;
f AT V=065.16(2) A3, Z=4, B R
1.224 g/em’, Cu-Ka fift(1=1.541 84 A); sk
ST AL 464 0, M7 AT AL 189 35 R1=0.027 3,
wR,=0.070 5; Flack # £ 4-0.1(8). fhiA%HE
A7 AE S AR 4l iy, CCDC %5 8
2104968,

& 2. AR, [EEF HR-ESI-MS
R HAES T B I m/z [M+H] 183.101 6
(cal 183.102 1), #EMH AT K CioH 1405, I
iR 4 . "H NMR (methanol-d,, 700 MHz) §;
5.99 (1H, s, H-5), 2.48 (1H, m, H-9), 1.85 (3H,
s, H-7), 1.67 (1H, m, H-11), 1.55(1H, m,
H-11), 1.20 3H, d, J=7.0, H-10), 0.89 (3H,

t, J=7.5, H-12), "“C NMR (methanol-d,,
175 MHz) d: 167.3 (C-2), 166.8 (C-4), 98.9
(C-3), 97.6 (C-5), 166.4 (C-6), 6.8 (C-7), 39.5
(C-9), 16.9 (C-10), 27.1 (C-11), 10.5 (C-12).
LB 55 SRk T 5 s — 2, we
&4 2 Jy germicidin C.

&Y 3. Ak, E&F HR-ESI-MS
BRHMESFE TN m/z [M+H]" 197.117 2
(cal 197.117 8), #EMIHA>+Xh CiH1605. HAX
WiEE R . "TH NMR (methanol-d;, 700 MHz) ¢
5.96 (1H, s, H-5), 2.39 (2H, q, J=7.4, H-7),
2.32 (2H, d, J=7.3, H-9), 2.03 (1H, m, H-10),
1.03 3H, t, J=7.4, H-8), 0.96 (6H, d, J=6.7,
H-11, H-12). “C NMR (methanol-d;, 175 MHz) ¢:
167.4 (C-2), 166.7 (C-4), 103.7 (C-3), 101.1
(C-5), 162.7 (C-6), 15.9 (C-7), 11.5 (C-8), 42.0
(C-9), 26.7 (C-10), 21.1 (C-11, C-12). DL %K
P 55 SCHRARGE P WS SOE — 5, HE A
3 & isogermicidin A,

k&Y 4. AR, 1E#F HR-ESI-MS
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SR HES T B U m/z [M+H] 183.101 6
(cal 183.102 1), #EMH A4+ C\oH 14050 H
w5 . "H NMR (methanol-d,, 700 MHz) o:
5.96 (1H, s, H-5), 2.33 (2H, d, J=7.3, H-9),
2.03 (1H, m, H-10), 1.85 (3H, s, H-7), 0.95 (6H,
d, J=6.7, H-11, H-12), “C NMR (methanol-d;,
175 MHz) 6: 167.6 (C-2), 167.0 (C-4), 101.3
(C-3), 100.3 (C-5), 162.4 (C-6), 6.9 (C-7), 42.0
(C-9), 26.7 (C-10), 21.0 (C-11, C-12), DL F¥
P 5 SCHRARGE P DS SE — B, HEi A
4 A germicidin 1,

k&Y 5. @B, 1IE#F HR-ESI-MS
SR HES T B FIE m/z [M+H] 183.101 6
(cal 183.102 1), #EMH 737N CoH 14050 H
HREBAR 7 . "H NMR (methanol-d;, 700 MHz) 6:
5.98 (1H, s, H-5), 2.71 (1H, m, H-9), 2.40 (2H,
q., J=7.4, H-7), 1.22 (6H, d, J=7.0, H-10,
H-11), 1.03 (3H, t, J=7.4, H-8), “C NMR
(methanol-dy, 175 MHz) 6: 168.2 (C-2), 167.8
(C-4), 103.8 (C-3), 97.6 (C-5), 166.6 (C-6),
15.9 (C-7), 11.4(C-8), 32.2(C-9), 19.0 (C-10,
C-11)o DA B0H 5 SRR TE Aty gt i B — 35,
EL &) 5 N germicidin B,

EW 6: A, IEEF HR-ESI-MS
SR HES T B I m/z [M+H] 183.101 6
(cal 183.102 1), #EMIH 737N CoHi405. H
HwE %R M - 'TH NMR (methanol-dy, 700 MHz) 6
5.97 (1H, s, H-5), 2.43 (2H, t, J=7.5, H-9),
2.39 (2H, q, J=7.4, H-7), 1.67 (2H, m,
H-10), 1.03 (3H, t, J=7.4, H-8), 0.97 (3H,
t, H-11), "*C NMR (methanol-d,, 175 MHz) 6:
167.9 (C-2), 167.5 (C-4), 103.7 (C-3), 100.3
(C-5), 163.4 (C-6), 15.9 (C-7), 11.5 (C-8), 34.8
(C-9), 19.9 (C-10), 12.3 (C-11). DA F¥dE S

<l actamicro@im.ac.cn, & 010-64807516

SCHRARE 1 S EAE — 2, etk a6k
isogermicidin B,
2.6 Germicidins =¥ & HEEFEEL D
MEEYMERREZES

SCHRARE 7~ , germicidins KAL) £ &
P LY 2R 5 1 3 A2 4 U7, i 3 anti-
SMASH TEZ ¥4 XT Streptomyces sp. SCSIO
40067 A4 FE DN 20 (% HE [N 21 B 4R 42 2 I S L A
4 Bl 2 B PE D (NGDC), KRS H -
GWHBEIB01000000)73#7T & B : cluster 4 Hf 1y
o o-MLIR BRI type 111 PKS AE ¥4 i 35k [ 4% v
PRSF 4 544 36 X (G A TITEY SR P 5 B 14 0rf57)
S R (Gn b L A TR orf58 4
T B E B 0rf59), W SA fiR. E—2
¥t &% B ORF57 5 Streptomyces griseus W)
Jot L H IR 5 B Sts A AL Sy 69%! T,
5 Streptomyces coelicolor A3(2)H 1 T 5 il
A SCOT221 [ARMIME Jy 37%!"%, Hh Lt &
cluster 4 51bG% 1-6 AW H MAHE . Song
S5 % BB R0 40 B THEY SR 5 1 SCO7221 7t
Tt germicidins AYIE ORI LB N, LA
ACP-RER TR A IR, 456 LB RN —
M CoA HFATH —WKAEM, & kNG R ¥Rk,
AIETFEN, Chemler ZEWFFREM, 5
fE3E CoA #EL Streptomyces coelicolor K5I
TS J i 5 A Ges 5 i 2 1) IS 9 o 2
ACPY™, AR SCERIRGE D, JUF Gos, [T
W5 M ORF57 Al BE LI Al A TBE AL CoA ik
rEIT, LLSRRINIR & Mg LEA N
Mt CoA BN -t ACP RIEMBAIL, AR
AR SR 6T L 1Y) - It B i g, SR & S &
BN Bk CoA s F LT Bt CoA 7E ORF57 1
PR #6477 R IBOR 45 6 RS B B, 9- XL Kk
i P A (R4 I 22 g B S B A R A R 1-6
( 5B).
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X=SACP cs ( ( RF57)
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Figure 5 The located biosynthesis gene clusters of germicidins (1-6) and their proposed biosynthetic
pathway. A: biosynthesis gene clusters of germicidins (1-6); B: the deduced biosynthesis pathway of

germicidins (1-6).
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LIMMAER R AEYRR 2R, et
SR T PAGHE W T X A 0 1 60%—75%,
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PRI 31 bR, R H/NAATE)E 14 Bk, 1M
ANKUIEL TR | AT RE DA L B R LG R R A
WA B B B D& 1 bR, BRI SR B

Ay 55 40 37 S5 4 A4 B RE P 21 AR DT AR W ik 2
T LS R — B Hoh, Bk ZMR2-14
5 Streptomyces chrestomyceticus i) 16S rRNA
¥ AN 97.97%, Wk ZMR3-95 4
Streptomyces prasinosporus # 16S rRNA J¥ 51| #
Iy 98.33%, HEDE ATl BE AL RO BT AN
NI TR SR DR AR RE b, 3 FR LI AR AR AR
PROTER b o3 B AR A O R B H AR, (B AL
KA H IR EZ WAL, &
B IRE A R 56%, RIS ARMPRYT
TR b s S A R, TR S AT TR T
IR E TR . a0 T TR R B FR AR
B, M2 S5/t S, 38, GYEA%HH%E&
MR G R FR AR L, B AT B T Bk AL (i

) A U (R AR R ) tﬂlxﬁ
AR E R, Bl 6 MRERY 22 BRI,
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AR CERARTTAR IR i 23 T A D0 R B R 2k

BGOSR, R E
Streptomyces sp. SCSIO 40067 & HFrfilt 53 kK ,
MBS SE T 6 ANEHM a- Mgl 2E1b &
Y, 79~ germicidins A-C, germicidin 1 Fl
isogermicidin A-B. &5#) I, a-MEmgHH 21L&
P14 5 %0 B N JC A R R AT C-3 | C-6 fL AN [F]
P FEAR R MBS, SRBLR T IZ 09 A4 W T
v Ve L R IR R IR B 7-hydroxymucidone
X TR B AR B LA o A R A R
germicidins A-D 7E 1 pg/mL VL ¥ A AT DL
il Streptomyces coelicolor A3(2) B TF1f &2,
germicidin B, germicidin C Fl isogermicidin A
Xof OO 1L 2 B A SE A, 1Cs {2y
WSk 7.11.8.78 Fi1 8.45 pmol/LP*; 14 1 mg/mL
1 germicidin A 7] LL5E @3 il M4 TS AR 1 24E
KIFGIERFIZMK, BonAEYaEEETE, m
germicidin A XJH = [CPHMERT . 2% [RIAPEE R
B0 BB B AT R AT R R B
germicidins A—-C, germicidin I #l isogermicidin
A-B X} 8 T I 4 718 B X JCA v 4, i B3
Streptomyces sp. SCSIO 40067 HL2¥ P &/~ #Y
G B AT 1 RTRE S T AR I A Al e A
AR G o H BT (6] 9 4 2 T b i
germicidins Z3fLEW 16 4>, f3FE germicidins
A-N Al isogermicidins A-B!**1 A HF 57 A
Streptomyces sp. SCSIO 40067 H 43 &5 4k 15
germicidins Kb GH), #—L)E TIZE
P A 7 TR AR R T

L5 ERTE, APPSR 3 FhLLRY
%ﬁ%@ﬁﬁﬁ%*ﬁ%%%T@ﬁﬂ%%,
I T DU IAE i R PN 23 15 5 3R L b 2
5%ﬁ7%%%ﬁ%@%§#éown%ﬁﬁ
PRACE = Wy ) AL DG PE R =E B, I Streptomyces
sp. SCSIO 40067 H /3B % E | 6 1> germicidins
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G FHE IRIRGE T germicidin A Y SR ZE
N T germicidins %ﬂﬁé‘%ﬁ@@ﬁ%%ﬁi%. i3
FEHES: T HAY G BGRAR A FEIE I T £0RAR
AT TR 2R, R e S A P R A ™
YIm oy B4 B 1 Bl , $HE T germicidins
FALEW LT RORTR, Sz a WA
Y& R S
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