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K 2 £ 4 & Bacillus coagulans LL1103 B94X it F= 48 52
WERES, BAAY, FEREY KEHE, BN, FxES

LS R 2R B TR N TR 2 R T PR A S 2, M T 2 P A IR 9% T A S0 38, TT g M
WL TR, Wil Bl 310018
Sep E BB AR BRSET, dbaT 100101

450063

WE. [ By ) W5 A2k E 3 Bacillus coagulans LL1103 (47 A= ACi 7 4 Je g vk [ ik ] #
FE S Z M H AN B coagulans LL1103 & WK R C FE AT T BEBR U b T4 B alifh s 3s F D iR
KBS s RGCRE R RREX LG P AT b s e e o [ 4558 ) KRB NAER B.
coagulans LL1103 &M H1 43 2591 5508 9 DI IR G, 405100« ()M (4-72 LT A MR- 2 IR) . (2)
WO @R -NEATR) . Q)M (A TR-GHEATR) . (4)H(IHAMR-FNEAR) . G)H (AR ZAmR). (6)FF(H
AMR-NZERR) . (T)VAHARR-THZIR) . (8) M (IH2zd iR -NZMR) M (9 (B A MR- T2 IR) . TEIEPEM Bk
AW 3.7 F 9 XK A T (Escherichia coli) B A B MEIVER , SR H & ¥ B (minimal inhibitory
concentration, MIC)43 %1}y 8.0, 4.0 1 16.0 pg/mL. [ %t ] MoK #1341 B. coagulans LL1103 19 %
WP B SR 3 XK IR A T (E. coli) BA B bl stk &4
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BE A 2F AT TR — 2“3l 22 4 () AT R S 5L
MR, HAZFREMIER ., WeE&EE. 5
WSS A, ARSI )z T
AKFEFRAEY . BRI AT X4
BELS FFF I (B. coagulans LL1103), % B M K
i E T B AR R, R IR A T 2R
A TR 5T e BRI P i 005 S < A £ 14 (R fF 30
HAS =Py RE S 0 R AR K, R e
ARSI R Al R RO, B, 3
BESS ZE AR T 4 00 T 4 o Sk A 5 AN PR T 2
G VER A PLER N 2 RS AR 2, w0 oA DL oA /)N
Oy TAGEE, ST, ABFTE I LLBESS 2 AT N
WXt 4, X AR W i Ak 2 W 64T R GEp
g8, LA 3 BRI AR Ak 2 i o3 A T A
WEVEPEAY DU D i 2 H 6 PR AT 1 /N BT
R, ShitE— 25 T K B O ) B ) o S

1 AR

1.1 UES AL

Avanced 111 % 400 MHz #Z 4R (TMS 2§
AR 5% B e i N AR, Fm L Bruker 2],
Aglient 1260 Infinity-6120 %! ¥ & B FHAY (% [
Aglient 22 7]), Calmflow™ %! LUMTECH %
ARG (A Z UK UVIVIS K %% , 7 Lumtech
4y ), EnVision HTS £ 3 fig B A5 1 (3 [
PerkinElmer A7), “ZHEfE pursuit C-18 (150x
21.2 mm, 10 um) gt (SEE Agilent A H]), i
LM (RHETT R BRAL 24850 BRA |l ), FEJZHT
2 015 RE I (80100, 200-300 H, GF254,
By FEAL ), RN A SR OB BE I (Sephadex
LH-20)(i 1= GE Healthcare 22 Fl), {7 A4k
CIRNT 22
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12 EMORIE

EE45 2 AP (B, coagulans LL1103)k U5 F
REfh, WL LR RS LR AL, Fbk
DR A Fb ] i 7Y B % W DR bl DRGSO
CCTC M2013193.

R I = N I i | S AN 7 S ol
(Escherichia coli CGMCC 1.2836) . J&IK#: FLIG A
(Shewanella putrefaciens CGMCC 1.3667). 4i%¢{
B TR (Pseudomonas aeruginosa CGMCC 1.860),
IR TR WL TR R B R A
1.3 TWHREIRBERETR

W BESS AT TR A BB R BB IR A |
37 °C &AM T H53% 24 h, FRAFEILER; HEIH
LR A S MRS (R 10.0 g/L. 4AE
10.0 g/L. FEEEE 5.0 g/L. #i%5H% 20.0 g/L. L TRéh
5.0 /L. FFER M 2.0 g/, BEERE —#1 0.4 g/L.
BRBREE 0.58 g/L JAilR%: 0.25 g/L . ii-80 1.0 mL/L,
pH 6.0/ AREFE I, 7E 150 r/min. 37 °C &4 T,
FEIR 12 h, 19FFI; # 6% LR TR ERD
#| MRS WAL, £E 150 r/min, 37 °C 404F,
FEIRIESR 72 h 15 R ER 20 Lo
14 REEF=HYIR 5Bl

R TR 2208 T 4 28 ) R RERAAR R 14 J5
Bl W B CFUIE, i gk st g
WA BRI WATA 14, SRIG R CBEAEL,
A BUROE W AR 15 LR LR BRI (25 g), F /KAl
FIAE T AT PRI, B AE T o 2 IO ok
WEFAZIE T R U (20 g). PR Z BRI 227k
AT TR 2, A - R TR R G B
Mi(50:1, 30:1, 20:1, 10:1, 5:1, 1:1), 5574
ZH 43 (Fr.1-Fr.7), Fr.5 % Sephadex LH-20 1,
TAMPBE-H BB, #2153 3 N
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(Fr.5.1-Fr.5.3), Fr.5-2 ZmEfett EMraitbistb s
Y1 3 (24.6 mg), Fr.5-3 ZhEIAE)Z Mralifb s 34k
491 4 (13.9 mg) . Fr.6 £ Sephadex LH-20 #: {43 ,
“RMLE-HEEQD)BN, 25 5 A
4% (Fr.6.1-Fr.6.5), Fr.6.3 &4 LG EY 2
(32.8 mg), Fr.6-4 &K RERIIZNTHILEY 5
(7.5 mg). Fr.7 £ Sephadex LH-20 F: (a3, — 4 H
Bi- (L)AL S 1 (9.4 mg). 1E T HEH K
Wz PR RIS, ZMERERCEE 2T, L&
Jot- R P P BB (50:1, 40:1, 30:1, 20:1, 10:1,
1:1), 18%] 5 4 (Fr.1-Fr.5); Fr.3 % Sephadex
LH-20 HE: i, s — 2455 3 453 (Fr.3.1-Fr.3.3),
Fr.3.2 &k RER A2 b5 2659 8 (9.3 mg),
Fr.3.3 il 5 s A0l A sk sl Ak 2k 549 9
(10.8 mg); Fr.4 £ Sephadex LH-20 ¥ {33435,
Hama s ibsY 7 (980.0 mg); Fr5 £
Sephadex LH-20 #1325, HamELS Mg s
¥ 6 (940.0 mg).
1.5 HTETEHENE

FR/NE R PRIV Tl T, Rl
BT 37°C. 200 r/min #EIRHHEFR 12h, & LB A
RS R R E U T 2 1x10° CFU/ML J5 £

A6 G PIE R 0 R AT R B B0 T e
TP IS T 0 LB AR F 3 ik
W45 B T 37 °C., 200 r/imin FEIR RS 12 h; B
LB - [El {45 57 5 55 °C /KA 30 min, H4~15
FRIMAR A LB }5 553 15 mL; IR WA I A5 /R,
FEAT o T B A A IO 00 TR A i (Fk G vk B
0.1 mg/mL), BEAMWEL 10 L W INFE E12 N
6 mm BICHA T b, R EEE TS, Wi T iR A
o JirL TR ) [AAR 1 R b BB T 35 °C R B SR AR
Hik SR 18-24 h, WA G AW E

e/ MR EE (MIC) I E < MIC 8100 R Ak
R RED:, FES R, B LR RS
ANTR) R FE R S S TR A3 B K T 1 96 FLER R
Matrdr, 551 255 11 fUInkEAL, RSl 10 pL, F
AR FE 4y )k 1280, 640, 320, 160, 80, 40, 20,
10, 5. 2.5, 1.25 pg/mL. % 12 fLohas XTI,
LA 90 uL MR MFE/RE, HEEE
37 °C ¥IRIFE 12-20 h HIMrgs R . dbes, 565 1 4L
255 11 fLESYIREE 3 5 128, 64, 32, 16, 8,
4.2.1.05, 025, 0.125 pg/mL. FA4Hk s 5
3 M PATEEE:, SkALPE T (cefoxitin ok FH A X HE
BrgREEas I RRA, DUNEL A 58 A 3 40 1A A K
AR B eI MR 2 S MIC (B FR 1S 2 ODsgoo) o

2 HERFQH

21 HEYMGEHETE

L&Y 1. AEA, EI-MS miz 226 [M]7,
i 'H NMR 2387 4.46 (1H, t, J=4.12 Hz), 4.17 (1H,
m) A AE S o S B A B R 5 S, [T 4h
4 C NMR 1 169.0,173.0 BB ILRR 15 5,
MM EY 1 IR G Y. X H IR TR
%£,*H NMR (400 MHz, CD;0D) 1 §:4.52 (1H, m)
HERERIENR PR FFES M 6. 446 (1H, t,
J=4.12 Hz), 3.66 (1H, dd, J=4.40, 12.76 Hz), 3.43
(1H, d, J=12.80 Hz), 2.28 (1H, dd, J=13.28, 6.44
Hz), 2.05-2.13 (1H, m)f55 i} *C NMR (100
MHz, CD;0D)H 6 173.0, 55.2, 69.1, 39.4, 58.7
HEM Ny 4 SO0 R FE R I 2 iRk A . 6: 1.85-1.95
(2H, m), 1.49-1.57 (1H, m), 0.96 (3H, d, J=6.20 Hz),
0.97 (3H, d, J=6.20 Hz)#EM &4 N3, 454 o
169.0, 54.6, 38.2, 25.8, 23.3, 22.2 55 W/

http://journals.im.ac.cn/actamicrocn
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HERA 5%, "H NMR (400 MHz, CD;0D) 4:
452 (1H, m, H-6), 4.46 (1H, t, J=4.12 Hz, H-9),
4.17(1H, m, H-4), 3.66 (1H, m, H-3a), 3.43 (1H, m,
H-3b), 2.28 (1H, m, H-5a), 2.05~2.13 (1H, m,
H-5b), 1.85-1.95 (2H, m, H,-10), 1.49-1.57 (1H, m,
H-11), 0.96 (3H, d, J=6.20 Hz, H-12), 0.97 (3H, d,
J=6.20 Hz, H-13); *C NMR (100 MHz, CD;0D) §:
173.0 (C-1, C=0), 55.2 (C-3), 69.1 (C-4), 39.4
(C-5), 58.7 (C-6), 169.0 (C-7,C=0), 54.6 (C-9),
38.2 (C-10), 25.8 (C-11), 23.3 (C-12), 22.2 (C-13).
ALY TH NMR 1 °C NMR %8 5 Sciik[11]
Xof BREEA 2, BOZAE W) S 0E I (4-F k-l
MR- =R (K 1),

&9 2: AEBA, EI-MS miz 184 [M]',
3C NMR (100 MHz, CD;OD)i37 X & 4 4ok i
WHEAES 5. 171.3 1 169.2 HEM LSS H5HA5
N B T155 0: 4.03 (1H, m), 3.90 (1H, m)#fE
KA. *H NMR (400 MHz, CD;0D)%;
H 6:1.02 (3H, d, J=7.04 Hz),0.94 (3H, t, J=7.34 Hz)
PIASH LSS5, 3.90 (1H, m), 1.94-1.98 (1H, m)
WS S {5 5, 1.50-1.51 (1H, m), 1.20-1.30
(I1H, m)ky—4> CH, H&fES, 44 C 55 4.
169.2, 60.9, 40.3, 25.6, 12.2, 15.5 L Ky s
RIRIRIE., Af5%5 0. 4.03 (1H, m), 1.44 (3H, d,
J=6.8 Hz)LI K Bkf5 S 6. 171.2, 51.7, 20.9 #iil
JN AR . 'H NMR (400 MHz, CD;0D) §:
4.03 (1H, m, H-2), 3.90 (1H, m, H-5), 1.94-1.98 (1H,
m, H-8),1.50-1.51 (1H, m, H-9a),1.44 (3H, d, J=6.8
Hz , H3-7), 1.20-1.30 (1H, m, H-9b), 1.02 (3H, d,
J=7.04 Hz, Hs-11), 0.94 (3H, t, J=7.34 Hz, H3-10);
3C NMR (100 MHz, CD;0D) §: 171.3 (C-1, C=0),
51.7 (C-2), 169.2 (C-4, C=0), 60.9 (C-5), 20.9

actamicro@im.ac.cn

(C-7), 40.3 (C-8), 25.6 (C-9), 12.2 (C-10), 15.5
(C-11). ZALEWHY 'H NMR 1 BC NMR %#it 5
SCHR[L2]% B A — 30, MOz & W IR (N
HIR-F 5 AIR) (F 1)

L& 3: HEMA, EI-MSm/z196 [M]",
i 'H NMR (400 MHz, CDCls)43Hr n] %1 6. 4.08 (1H,
m), 3.94 (1H, m)Z M 1~5 N H#ER CH 55,
LESBRIETY 6. 164.9, 169.9 BEIRILIRIS S,
AL A9 R 3 KA. 'H NMR (400
MHz, CDCls) 4 H AN XEIE L5 S 5. 1.07
(3H, d, J=7.20 Hz), 0.92 (3H, d, J=6.80 Hz)l\ )%
3.94 (1H, m), 2.64 (1H, m) MK R A5 S, 5.80
(1H, br s) ki N &G T, 454 °C NMR (100
MHz, CDCl;) d: 164.9, 60.4, 28.6, 16.1, 19.3
HEM 4B AR, & J: 3.64 (1H, m), 3.55 (1H,
m), 2.04 (2H, m), 2.38 (1H, m), 1.91 (1H, m), 4.08
(1H, m)FIf% o: 169.9, 58.8, 28.4, 22.4, 451 %
IR RS 5 . "H NMR (400 MHz, CDCl3) §:
5.80 (1H, br's, NH-8),4.08 (1H, m, H-6), 3.94 (1H,
m, H-9), 3.64 (1H, m, H-3b), 3.55 (1H, m, H-3a),
2.64 (1H, m, H-10),2.38 (1H, m, H-5a),2.04 (2H, m,
H-4), 1.91 (1H, m, H-5b), 1.07 (3H, d, J=7.2 Hz,
H-12), 0.92 (3H, d, J=6.8 Hz, H-11); **C NMR (100
MHz, CDCl3) d: 164.9 (C-1, C=0), 45.1 (C-3), 22.4
(C-4), 28.4(C-5), 58.8 (C-6), 169.9 (C-7, C=0),
60.4 (C-9), 28.6 (C-10), 16.1 (C-11), 19.3 (C-12).
ZALA Y TH NMR A1 °C NMR %3 5 SCRk[13]
Xof REEEA — 300, WOZ AL 8 R B (4 2 PR -
M) (Kl 1),

tR&Y 4: HEKA, EI-MS miz 244 [M]",
7 *H NMR (400 MHz, CDCl3) 1, 5:5.76 (1H, brs)
3% N A5 7, 4.28 (1H, dd, J=10.28, 2.78 Hz),
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1. &Y 1-9 MEEmX

Figure 1.

4.07 (1H, m) W5 N HER CH B 55, 45
AWIETRY 6 169.4, 165.1 BEMRELIR(E S,
MALA P I KA. °C NMR H 6

7.22-7.37 (5H, m)ky LA BB IR LT
5%, 454 *C NMR (100 MHz, CDCl;)H 169.4,

56.2, 36.8, 136.0, 129.2, 129.1, 127.1 #fEd &
BN, i 0:165.1, 59.1, 28.3, 22.5, 454
NI E B E(S 5 . 'H NMR (400 MHz, CDCls) 6:
7.22-7.37 (5H, m, H-2, 3', 45", 6), 5.76 (1H, brs,
NH-8), 4.28 (1H, dd, J=10.28, 2.78 Hz, H-9), 4.07
(1H, m, H-6), 3.54-3.66 (3H, m, H-3,10), 2.80 (1H,
m, H-10), 2.30-2.34 (1H, m, H-5a), 1.92-2.04 (3H,
m, H-4, 5b); *C NMR (100 MHz, CDCls) §: 165.1

Structures of compounds 1-9.

(C-1, C=0), 45.4 (C-3), 22.5(C-4), 28.3 (C-5),
59.1 (C-6), 169.4 (C-7, C=0), 56.2 (C-9), 36.8
(C-10), 136.0 (C-1'), 129.2 (C-2',6'), 129.1(C-3',
5, 127.1 (C-4") . %ALA YK "H NMR A °C NMR
Bt 5 SCHR[14]0F BRI A — 30, WOz b G %
IO R - 2 R) (K 1),

k&8 5. BRAR, EI-MS miz 210 [M]',
7£ 'H NMR (400 MHz, CDCl3)H, §: 5.80 (1H, br s)
i N AR T, 0: 4.12 (1H, t, J=8.22 Hz), 4.02
(1H, dd, J=3.12, 9.22 Hz) &P~ 5 N A&/ CH Jit
TIES, SIS 5. 170.0, 166.1 MElHRIE
fa s, HENLED IR R AW . XTHR
FERRBE A, 'H NMR(400 MHz, CDCl3)H 9:4.12 (1H,

http://journals.im.ac.cn/actamicrocn
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t, J=8.22 Hz), 3.58 (2H, m), 2.34 (1H, m), 2.14 (1H,
m), 2.01 (1H, m), 1.90 (1H, m){F 5L & *C NMR
(100 MHz, CDCl3)H 6: 170.0, 59.0, 28.1, 23.2,
45.5 HEW K fli s BR AR IE . 0 2.07 (1H, m), 1.52 (1H,
m), 1.75 (1H, m), 1.00 (3H, d, J=6.6 Hz), 0.96 (3H,
d, J=6.6 Hz)#EW & A SN KL, 454 J: 166.0, 53.4,
38.7, 24.8, 22.7, 21.2 {55 /R & A s AR5
'H NMR (400 MHz, CDCl3) 6: 5.80 (1H, br s,
NH-8), 4.12 (1H, t, J=8.22 Hz, H-6), 4.02 (1H, dd,
J=3.12, 9.22 Hz, H-9), 3.58 (2H, m, H-3), 2.34 (1H,
m, H-5a), 2.14 (1H, m, H-5b), 2.07 (1H, m, H-10a),
2.01 (1H, m, H-4a),1.90 (1H, m, H-4b), 1.75 (1H, m,
H-11), 1.52 (1H, m, H-10b), 1.00 (3H, d, J=6.60 Hz ,
H-13), 0.96 (3H, d, J=6.60 Hz, H-12); *C NMR
(100 MHz, CDCl3) d: 166.1 (C-1, C=0), 45.5 (C-3),
23.2 (C-4), 28.1 (C-5), 59.0 (C-6), 170.0 (C-7,
C=0), 53.4(C-9), 38.7 (C-10), 24.8 (C-11), 22.7
(C-12), 21.2 (C-13). %ILAWH 'H NMR F1 °C
NMR Hdis 5 SCHR 14106 BREEAR — 30, fOzfb &
Y e IR (I R -2 2 R (K 1)
&Y 6: HEKA, EI-MS m/z 128 [M],

7£ "H NMR (400 MHz, DMSO-dg) 6:8.09 (1H, s),
7.91 (IH, s)fR/RFEEIGIK AT T, 454 °C
NMR (100 MHz, DMSO-dg) 6: 169.3, 166.7 2/~
WEW A ZIREEY . & o: 3.84 (1H, g,
J=6.90 Hz), 1.26 (3H, J=6.90 Hz)LJ K% o: 169.3,
50.2, 19.1 ¥R A NZARR M. & J: 3.73 (2H, brs)
1 °C NMR (100 MHz, DMSO-dg)) 6: 166.7, 45.0
RS HTEB®RERE. 'H NMR (400 MHz,
DMSO-de) 6:8.09 (1H, s, NH-6),7.91 (1H, s, NH-3),
3.84 (1H, q, J=6.90 Hz,H-2), 3.73 (2H, brs, Hy-5),

1.26 (3H, J=6.90 Hz, Hs-7); *C NMR (100 MHz,
DMSO0-dg)) J: 169.3 (C-1, C=0), 50.2 (C-2), 166.7

actamicro@im.ac.cn

(C-4, C=0), 45.0 (C-5), 19.1 (C-7). Zib-&WHy *H
NMR 1 °C NMR %45 SCHR[15] % B A— 3,
WOZAL S P 4 R (H ZAR-TN R (B 1)
&M 7. s, EI-MS miz 154[M]°,
'H NMR (400 MHz, DMSO-dg) d: 8.06 (1H, s) @/~
EHWEKASR T, 44 P°C NMR (100 MHz,
DMSO-dg)) §: 169.7, 164.3 $&/Rib-& ¥ N3 ik
KA. A 5: 4.12 (1H, d, J=8.20 Hz, H-6), 3.38
(2H, m), 2.14 (1H, m), 1.88(1H, m), 1.81 (2H, m)
PLRBR 0. 169.7, 58.5, 28.3, 22.5 MM sk bk
55, 4 5. 4.00 (1H, d, J=16.9 Hz), 3.51 (1H, d,
J=16.90 Hz)#1 **C NMR (100 MHz, DMSO-d¢) 4:
164.3, 46.4 R AH HEmF R, 'H NMR (400
MHz, DMSO-ds) J: 8.06 (1H, s, NH-8), 4.12 (1H, d,
J=8.2 Hz, H-6), 4.00 (1H, d, J=16.9 Hz, H-9a), 3.51
(1H, d, J=16.9 Hz, H-9b), 3.38 (2H, m, H,-3), 2.14
(1H, m, H-5a), 1.84 (2H, m, H,-4), 1.84(1H, m,
H-5b); **C NMR (100 MHz, DMSO-dg)) J: 169.7
(C-1, C=0), 45.1 (C-3), 22.5 (C-4), 28.3 (C-5), 58.5
(C-6), 164.3 (C-7, C=0), 46.4 (C-9). ZikEHWHy
'H NMR 1 *C NMR %#s 5 SCHR[13] % B3k A —
B, BOZI AW NIRRT 2 R) (K] 1)
59 8: FIkR, EI-MS m/z 168 [M]",
7£ "H NMR (400 MHz, CD;0D)H §:4.25 (1H, m),
418 (1H, m) &M15 NMER CH R FE 5, 45
ARG 6. 171.2, 167.7 BEMORILTRIE S, #E
MAEA PRI IR E Y. A 6: 4.18 (1H, m),
1.38 (3H, d, J=6.90 Hz) A K& fix 5: 171.2, 50.7, 14.3
PR G HNEAREIE A 6:4.25 (1H, m),3.51 (2H,
m), 2.30 (1H, m), 2.05(1H, m), 1.95 (2H, m)#1 **C
NMR (100 MHz, CD;0OD) §: 166.7, 59.1, 45.0,
27.8, 222 NIFEREK. '"H NMR (400 MHz,
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CD;0D) 6: 4.25 (1H, m, H-6), 4.18 (1H, m, H-9),
3.51 (2H, m, H»-3),2.30 (1H, m, H-5a),1.98 (2H, m,
H,-4), 1.98 (1H, m, H-5b), 1.38 (3H, d, J=6.9 Hz,
H3-10); *C NMR (100 MHz, CD;0D) 6:171.2 (C-1,
C=0), 45.0 (C-3), 22.2 (C-4), 27.8 (C-5), 59.1
(C-6), 167.7 (C-7, C=0), 50.7 (C-9), 14.3 (C-10).
ZALE IR 'H NMR 1 BC NMR %l 5 3Cik[12]
Xof BREEAR— 3, WOZ A & W) 5 S FR (9 2 R - i 2
M) (1% 1),

59 9: HEkA, EI-MS miz 220 [M]',
7£ *C NMR (100 MHz, CD;OD)iH 6: 170.3,
168.9 N BB S , HEDIAL 590 R — K
K& . 78 'H NMR (400 MHz, CD;0D)H, 4:
7.01 (2H, d, J=8.40 Hz), 6.71 (2H, d, J=8.40 Hz)
LAY XA EOR IR BT F5 5, 456 9:4.15(1H,
t, J=3.82 Hz), 3.15 (1H, dd, J=13.80, 3.60 Hz), 2.87
(1H, dd, J=13.80, 3.46 Hz) A S % 6. 170.3, 57.8,
40.2, 126.7, 116.4, 132.6, 158.2 #Eill Jy 4 &R
FE % 78 'H NMR (400 MHz, CD,0D) 1, §: 3.41
(1H, d, J=17.7 Hz, H-3a), 2.63(1H, d, J=17.7 Hz,
H-3b) LA KBk 0: 168.9, 44.7 i hH & BRIk . tH
NMR (400 MHz, CD;0D) §: 7.01 (2H, d, J=8.40 Hz,
H,-2", 67), 6.71 (2H, d, J=8.40 Hz, H,-3", 5),
4.15(1H, t, J=3.82 Hz, H-2), 3.41 (1H, m, H-7a),
3.15 (1H, dd, J=13.80, 3.60 Hz, H-7b), 2.87 (1H, dd,
J=13.80, 3.46 Hz, H-3a), 2.63(1H, m, H-3b); *C
NMR (100 MHz, CD;0D) §:170.3 (C-1, C=0),57.8
(C-2), 168.9 (C-4, C=0), 44.7 (C-5), 40.2 (C-7),
126.7(C-1"), 116.4 (C-2, 67), 132.6(C-3", 5), 158.2
(C-4), ZALEWI TH NMR FI *C NMR % 5
SCHR[16]RT FREE A — 2, MOz &Y 4 5E R (4%
AMR-HER) (8 1)

2.2 WEYHIEEE

AR SIS o 1 R R SE G A 1-9 i T
KIGBATR B WA B I A R 2 A1 B i o7 7
I, KBALEY 3. 7 M9 X RIIRE A —E
TV, 10X FE DA B G T R 2o L P T 45
JCB ARG . SE— 2B E AP E MIC (E45
R 1,

3 itk

WK, PRHARE W 7S Jo B 2R G548 DL R R
RS S, O 2
BRI . KRR KB T ZHET
WS OKEY), U EhiaYy . Wekk ., JeEA
W) B YR, B oo
b prm i FoEm P, poes
MR R OO R g A B A% PO
TR WG R AT BE o AR AR IR T R B 0 1Y) 4
A T BESS 2R AT RS RT , WLR B 4y
B E 9 MR E Y, Hrp ks 3 il 4
KT RNBELS AT T o B A 2. PRl BEgh
Fz 1. WEYIMEEMY MIC E(ng/mL)

Table 1.  Antibacterial activities of compounds
(ng/mL)

Drugs and samples

Escherichia coli
(CGMCC 1.2836)
>128

>128

8

>128

>128

>128

4

>128

16

Cefoxitin 1
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ZEAUAT R ARSI Y HA T I R S, JF X
KIGERAT . PR . A PO IR TR S5
WO EA L BRI AR STk, AR
W TSR A 9 N RSN TR S
Yixt RIGRA T . BRI B WA FO IR T
3HRE MBI EEER, ARG EGW 3. 7.9
X K 5 A B RIS P o oAl R k2
APt 3 MR B H AT BB iE . A
S TR 3 M T O R R B2 R R A P D A
FI, B4, Rhee 7% B (L-li 2 R -L-52 2R)
FOFR (L~ 202 - L- 2R TN 2 R ) Pl 24— ik 3 [ g %
B EMEIm D ER W EZMEERE AR, 1
AR B B A 0.25-1 mg/L. Sajeli Z5P045E T
UG W) (4- 72 - L- il 2 R - L - 52 24 R ) R 3R (4- 2 -
L- Ml 22 R - L- A8 T 24 R ) P i R — IR &5 T e 8
ENH 2R R AR . AR BRI
CIKME S 2B A A IR E R AR, R
RS BA RAFAPUATE M, i,
Fdhila %M1 )8 SRR LS9 3. 4. 5 H
HHgiNE G E, H MIC {4 0.03-0.07 pg/mL.
Furtado 2 0H 8 T & MM AL A4 1. 3. 4.5,
7 SRS WX 4 B 0 TR A 2 oK R R g B TR T
A ESHEIHIER . Kumar ZEPH358 T84 5 1
PR R 7 B (L - i 2 R - L - 5 2R ) R B (D - M i -
-2 2 MR) HAT T i HL LA TG M, AN KA A
FIARZRAR MO TE , A Rk A4 7R 35 (D- il 24 R -L -
S5 AR EAT I S S o PR GE S 4 SR (I
FRR- RN EIR) A PUF /R QI | 454% 5 3HF
PR LA BRI . AR B T A . BRI SR
EEN: BT ¢ A NS = F/ € F51= I 7 S e et
P 3. 7.9 MBLKRAREEE, k2 k
I PR S5 2R AT BREUR TR 2B 784 5 68 AN BT 5
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Secondary metabolites of Bacillus coagulans LL1103 from large
yellow croaker (Pseudosciaena crocea)

Qingfeng Guo®, Lin Chen", Zhenhua Yin*, Juanjuan Zhang', Yanbo Wang?, Wenbing Yin®

! Zhengzhou Key Laboratory of Medicinal Resources Research, Huanghe Science and Technology College, Zhengzhou 450063,
Henan Province, China

2 Zhejiang Gongshang University, Hangzhou 310018, Zhejiang Province, China

® Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] To mine new antimicrobial agents from Bacillus coagulans LL1103 isolated from large
yellow croaker. [Methods] The ethyl acetate and n-butanol extracts of B. coagulans LL1103 fermentation broth
were separated and purified by chromatographic techniques, and their structures were identified based on spectral
analysis. Their antibacterial activities were detected by micro-broth dilution method. [Results] From the
fermentation broth of B. coagulans LL1103, 9 cyclic dipeptides (1-9) were obtained as (1)
cyclo-(4-Hydroxyl-Pro-Leu), (2) cyclo-(lle-Ala), (3) cyclo-(Pro-Val), (4) cyclo-(Pro-Phe), (5) cyclo-(Pro-Leu), (6)
cyclo-(Gly-Ala), (7) cyclo-(Pro-Gly), (8) cyclo-(Pro-Ala) and (9) cyclo-(Tyr-Gly). Cyclic dipeptides 3, 7 and 9
showed strong antibacterial activities against Escherichia coli with minimal inhibitory concentration values of 8.0,
4.0 and 16.0 ug/mL, respectively. [Conclusion] Three compounds showed remarkably biological effect on the
growth of E. coli.

Keywords: large yellow croaker, antibacterial activities, cyclic dipeptides, Bacillus coagulans
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