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Isolation, Identification and Bioactivity of Amicoumacin Group
Antibiotics Produced by Bacillus Strain XZ7 Isolated from Tibet
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Abstract : Three Amicoumacin group compounds 1-3 were discovered by UPLC-DAD-MS analysis from the fermentation
broth of strain XZ7 ,a Bacillus sp. isolated from soil of Damxung County in Tibet. The three compounds were isolated by
reversed-phase column chromatography and further purified by high performance liquid chromatography. Their chemical
structures were elucidated as Bacilosarcin A (1) ,Bacilosarcin B (2) and Bacilosarcin C (3) by combinational analysis
of spectral data including UV, HR-ESI-MS, NMR and comparison with those of literature. Antimicrobial assay showed
compound 2 had the strongest antibacterial activity against Staphylococcus epidermidis and Staphylococcus aureus with
MIC values of 4-16 wg/mL. Both compound 1 and 2 exhibited cytotoxicity against HepG2 cell line, but compound 2
showed stronger cytotoxic activity with ICg, value of 2.8 uM. Meanwhile,ICs, values of compound 2 against MCF-7 and
HeLa cell lines were 6.2 pM and 4.0 M, respectively.
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XZ7,i# i UPLC-DAD-MS X B #k XZ7 R FAC ™=
YA o0 b B A7 53 15, 4R 43 Amicoumacin 28465
¥ AL-77-F #0 AL-77-H, [F] A8 & B 5 Bacilosarcin A
(MW =491) ,Bacilosarcin B( MW =493 ) #/l Bacilosar-
cin C(MW =494) 73 FH — 3 Amicoumacin Z52H
A¥HO0 ek 8 B 3¢ BH , Bacilosarcin A B, C ¥ F
2008 4FJi5 Hh A [6] B9F 5% 2H DT 1 SR IR 9 AN [] 2 R AT
PRI R R AR K 7 245 2], b Bacilosarcin A HAF ¢
SRAER A L R P IR L (P, faleiparum ) 1
P21 Bacilosarcin B Xt 4 ¥ {0 %5 45 Bk 1 A1 HeLa 41
M EA—E R mE e . BT AR BTl
Ih—FF ZE AT B P [R] B4 25 3 Bacilosarcin A B .C,
HEA ST = 5T P 16 PR AT 2

7 9
8 NH
NH
o O 18
15
(NN
HO 16

AN AT AR RSB O HTF R 1 I Ak 432 , 26
AR EAZEA AT AR, B =M S A5 R 4 )
A Bacilosarcin A (1) ,Bacilosarcin B(2) £ Bacilosar-
cin C(3) , 45K WLIE 2, [F]If % =& PRI RS
PRI 25 16 TR e T B R G OF 5T o0 b, IR AE TR
PSRRI b 5 HAROC R B AT T IRV

B 1 Amicoumacin EI4EEZNBIZEH

Fig. 1 Common backbone of Amicoumacin group antibiotics
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Fig.2 Chemical structures of compounds 1-3

1 MRl5RE

1.1 ##
1.1.1 WExAfemiotk

SCHG TE R XZT 435 A VG Y M O, 28 16S
rRNA 751 He 8 5 H R A 28 J A 1 0 ( Bacil-
lus subtilis subsp. inaquosorum ) ; ¥ 15 P4 03k BT FH
o T ) B 2 B2 B R 24 AR ORI 5 T IR
5 240 M 2 355 P I T N AR /N B i AS49 24
JiEs A HepG2 41 i FI A 850 HeLa 40 I F
A ) RO L (ATCC) | NFL R g MCF-7
AR B 36 1 S g A ST B o
1.1.2 #BAL

IR XZ7 R E SR AL SR ISP2 Bfigis R 4k
WA 4.0 g, BEREZIRY 4.0 o, X7 ERHKY 5.0 g, 4
HZE B, 1.0 mg, 442 B1.0 mg, 7% %K 1.0 mg, JA
M2 1.0 mg, FRNEM 1.0 mg, M5 1.0 mg, NEMR
0.3 mg, ik 1.0 mL, Bjg 18 g, 1. OL Jopé 7%4%
7J(,pH 7.2,

IR XZ7 S BERE IRk b B 3 e — R 8%
B R B [F R IR CR & 3R o

15 58 R 35 37 25 - Mueller Hinton ( MH) I8 1K 3% 7

FLA Mueller Hinton Agar( MHA ) [& {4 35 35 56 22 [H
OXOID 23w i o
1.1.3 2 B 3Afe £ 23K 50

H R AE LiChroprep RP-C (50 g,40 ~63 wm,
AT x50 em) Ry [ Merck 28 7] 7 i 5 5 RORAH
#4503 4 Zorbax Bonus-RP (4.6 x 150 mm,3.5
pm ) Sk 35 [ RIS /7 a5 WOBTE 43 Bk Shim-
pack XR-ODS (3.0 x 75 mm,2.2 pum) 3 H < Shi-
madzu 23 5] 77 i AT Al AR LB P R AE S AT
AT 7= b 3% 9 N5 W T 55 [E Honeywell Burdi-
ck & Jackson A T] ;7K Ay i B G 7&K
1.1.4 NZE

LC-20AT Y 55 350 AH €535 A F LC-MS 2020 #Y
AR TS B A 1 o H A 2 820 W) 7 s Ther-
moScientific Q Exactive B3 #E R 1E{X A 3 [E Thermo
INT]E i ; Varian VNS-600 4% g 4R A Ft -+ 5O
LB SR i AR R B R ZHWY-211C 2 |-
MW AT AR 38 A 5] 7™ i ; OSB-2100 Jig i 7% &
1R HAS EYELA 23 %] 7 i s MIT-P 2401 22 3 832X
S HZ< SAKUMA 28] 7= 5 s MDF-U35V A — & fb Bl
AR R H AR =R w7 b CKX4 1 AU ) 4 i e
N H A BARE A 5] 7 i s Model680 U A3y 55
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A SR A | o i) HPLC 4y &5 o DL 3
R mAU
1.2 FHiE oS p
1.2.1 &% XZ7 e % 8 500 ;’
Te BT BT (R TR b XZ7 M) T 2 20/ || Il
0L~ Voo |

AT 50 mL 2 B ISP2 WA B 32 5L 250 mL =4
R VB FP T, F 28 °C (180 rpm JER; PR K 5% 24
b % 5% RHERR & R Bl -5 B FP T 5 1000 mL 24
BLISP2 WifAH:; F L4 5000 mL =i, T 28 C |
180 rpm 5K bR IR 557,72 h J5 WOIR & T
1.2.2 B4 XZ7 =% +F Amicoumacin £ L4 ¢4
UPLC-DAD-MS 4#

HTEAILRE R 8-F A3 4-—ARFEERD
BERZZEH , {f Amicoumacin 2846 & I 7E 203 nm,247
nm, 314 nm 4b B AT B F) 52 SMRISCREAE , A1) FH 8
ROBURA 3% - BT Bk P AR, X B X — 2 AMRRAE 1Y
W AT W 3E A7 BT 335 43 B, T R B0 2 © 41 Amicouma-
cin &4 K, UPLC-DAD-MS JpHr 25 AF 00 °F « 438
#+ 4 Shim-pack XR-ODS; i sh#H:10% ~50% ., Ji-
IRV LA AR BE R 40 min, i 0. 4 mL/min;
B AR LM 25 (ESI) , SCAN A  1, 3944
JEHE m/z 200 ~ 1000 ; 1F 5 2 5 [F] iy Wi 0 5 25 5 e
JE 4.5 KV, #8151, 25 KV, DL 352 200 °C,
PUBLHREE 350 °C, 250 1.5 L/min, TS
iE 15 L/min,

1.2.3 RE&HeRBI B

50 L &k 25 4500 rpm 5.0 20 min Ji5, FIHH
AT R LT ZE I, AL ZETEK Na, SO, Jiik
AbFR TR 75 K TR IR, AR A AR R RO 2
35 g, FHib H /D i B RS ), BT LiChroprep
RP-C s o FEAE, FH 30% H PE-/K i 150 mL 1 60%
HBSE- /KA W 200 mL 732 R, i A 42 ) 7E 1 mL/
min 7247, W4k 60% K Bk ik 40 48 (S mL/
), Ve Wi 2 UPLC-DAD-MS 4341 )5, A IF & A
Amicoumacin 4k £ ¥ 57 W P e 45 9 152 4
inZy 4.5 go 2Palih A AR, 220,22 pum
HRAE 0 e e ASOBOHE t i il & o RS AR 30 R
0. 1%0 =3 LR (TFA) 25K (A) R 3 4l £ )i
(B); Ye i F2 % :0 ~ 15. 00 min, 15% ~ 20% B;
15. 01 ~30.00 min,20% B; i # 4 1 mL/min, £ ]
WK 210 nm 254 nm F1 314 nm, 43 5| W EE 14 &8
a2/ 8.8 min  14.7 min 1 18. 6 min 45 {4
TR, & IF WO R R TR R 5 all i Ak & 9 2
(10.5 mg) 1(4.8 mg) F13(5.3 mg) ., fLEW1~3

0 25 50 75 10.012515.0 17.520.0 min

E3 ®&W1-~3HPLC S EEIEE
Fig. 3 Preparative HPLC chromatogram for compound 1-3

1.2.4 4uidh1~3 i Ein g

S0 CLSI it 07kt SR SIS Bk &
SR T MIC e .t/ 1 ~3 4 DMSO %
fif 5, FH MH. R A5 56 B 5 Fh I J5 W B2, 43501 n
&L MH Bl B R B AL 5 8 A
FEAL S P LR AT, Ak G W (0 29k B2 43 5
70.25.0.50.1.00.2.00.4.00.8.00,16. 00 pg/
mL, 5 H MH R 37 B 335 18, 2050 B i 25 Bl
0.5 Z Uk BE T B, 1: 10 T BE 5 LA 22 4 Rl Y
WP (29 1 ~2 ) Eeh TRl AR R, R A%
2ok 10°CFU, 2RISR B 37 CIFRE 16 ~24 h WigE
SEIL LI A0 B A K R A2 v i R MIC
1.2.5 teodh1~3 ehmpp iz

A MTT 350 I =AML 4 4 10 240 i 75 3%
P, (HRTEFI(50% DMSO +50% Z,F2) {444 1
~3 PFCHIAL 10 mM B REWE , 20 °CARAE , flt HITT 85
TR Loy IR BB Al Ak B . OSBRI
YR RN T 96 FLI% FE MR, AS49  HepG2 F1 HeLa 4f
LRG3 FR 4% BE R 3000 A4~/ £L, MCF-7 4 jifg 5000 4~/
flo B 5% CO, Kigfarh 37 CH:5% 24 h 5 IMAK
[k LG, LA Pk Bk 3 AT ATHL. 5K
5 2 240 BRI AN [R]85 6 B85 A 5 W i YR, 0T L2 4
Mm-S S A EARFR RS 32 291ER 72 h
Jei , BEFLIINACHT i BE i) ) MTT %538 (1 mg/mL) 50
pL RAIFARSEIFE 2 he /N0 IR BRERFR, B LN
A DMSO 150 pL,7&7% 5 min JR4), BEARALI5E 570
nm AR SGEEME (OD) o H4-HFL Y OD {E 98 2%
AR OD fA (58 48532 3L MTT, JC4i i) , 40 i 77
(%) = (M54 OD {E-AJE OD i) / (X} id
YAl OD {E-A<JE OD ) x 100 % , 1Co, T8kt
A 2 M R B 50% 925 e B B 1C, 1A .

2 #ERE5SH

2.1 ZERE
WEW 1 ~3 ¥y HEOTER AR, A TR,
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IECEE, s T RO A AWk, His T
Figt L ARAE A . DA R R, A AE
203 nm 247 nm F1 314 nm &bF R LA U 4k
G ~3 AR

&% 1 HR-ESI-MS W x[ M+ H] " 5 AH
7492, 23402 , BRI AR Ky 492. 23404 , 415K 491,
Z54"H NMR A1 C NMR #5257k € Hy,
N, O, AN F1E Jy 10,'H NMR (CD,0D,600 MHz)
8,:7.45 (1H,t,J =7.8 Hz,H-6) ,6.84 (1H,d,J =
8.4 Hz,H-7) ,6.80 (1H,d,J = 7.8 Hz,H-5) ,4.67
(1H,dt,J = 12.0,3.0 Hz,H-3) ,4.58 (1H,dd,J =
8.4,1.2 Hz,H9'),4.32 (1H,m,H-5") ,4.16 (1H,
d,/ = 8.4 Hz,H8'),3.75 (1H, m, H-10"),3. 11
(1H,dd,J = 16.2,12.0 Hz,H-4a),2.93 (1H,dd,J
= 16.2,3.0 Hz,H4b) ,2.82 (1H,d,J = 18.6 Hz,
H-11'a),2.68 (1H,dd,/ = 18.6,6.6 Hz,H-11'b) ,
1.81 (1H, m,H4'a),1.70 (1H, m, H3'),1.48
(3H,s,H-13"),1.44 (1H,m,H4'b),1.14 (3H,s,
H-16"),0.98 (3H,d,J = 6.6 Hz,H2"),0.94 (3H,
d,J = 6.0 Hz,H-1") ;”C NMR (CD,0D,150 MHz)
8:.:173.9 (C-7"),171.3 (C-1),171.2 (C-12"),
163.2 (C-8),141.4 (C-10),137.6 (C-6),119.7
(C-5),116.8 (C-7),109.4 (C-9),98.7 (C-15"),
82.7 (C-3),71.9 (C-14"),71.1 (C-8"),70.8 (C-
9),50.6 (C-5"),49.3 (C-10"),40.6 (C4'),31.0
(C4),29.6 (C-11'),25.9 (C-3"),23.8 (C2"),
22.1 (C-16"),22.0 (C-1"),21.3 (C-13"), LI ¥
5 ekt R R A L M ER A1 R
Bacilosarcin A,

k&2 HR-ESI-MS o R [ M+ H] ' I &E1(E
k1 494. 24928 BB (E Oy 494. 24969 , 43 F it hy 493,
ZE4'H NMR 1™ C NMR 5 H oy 73k €y Has
N, Oy , ANFIEE K 9.,"H NMR ( DMSO-d,,600 MHz)
8,:10.80 (1H,s,8-0OH),8.97 (1H,brs,10'-NH),
7.94 (1H,d,J = 9.6 Hz,6'-NH) ,7.73 (1H,s,12'-
NH,),7.35 (1H,s,12’-NH,),7.46 (1H,dd,J =
8.4,7.8 Hz, H6),6.71 (1H, s, 15'-0H), 6. 82
(1H,d,J = 8.4 Hz,H-7),6.81 (1H,d,J = 7.8
Hz,H-5),5.75 (1H,brs,8'-OH) ,4.70 (1H,dt,J =
13.2,2.4 Hz,H-3) ,4.33 (1H,dd,J = 7.8,3.0 Hz,
H9'),4.19 (1H,m,H-5"),3.93 (1H,d,J = 7.8
Hz,H-8'),3.64 (1H,m,H-10"),3.31 (1H, m, H-
14'),3.01 (1H,dd,J = 16.8,13.2 Hz,H4a) ,2. 82

(1H,dd,J = 16.8,2.4 Hz,H4b) ,2.66 (1H,m,H-
11'a),2.64 (1H,m,H-11'b),1.66 (1H,m,H4'a),
1.60 (1H, m, H3"),1.33 (1H, m, H4'b), 1.09
(3H,d,J = 6.6 Hz,H-13") ,1.05 (3H,s,H-16"),
0.88 (3H,d,J = 6.6 Hz,H-2"),0.84 (3H,d,J =
6.6 Hz,H-1");”C NMR (DMSO-d,, 150 MHz) §.:
172.5 (C-12"),170.8 (C-7"),169.2 (C-1),160. 8
(C-8),140.6 (C-10),136.3 (C-6),118.7 (C-5),
115.2 (C-7),108.3 (C9),94.6 (C-15"),80.9 (C-
3),70.2 (C-8'),67.4 (C9'),50.5 (C-14"),49.7
(C-10"),48.0 (C-5"),39.0 (C4"),29.0 (C4),
27.7 (C-11") ,24.2 (C-3"),24.1 (C-16"),23.3 (C-
2'),21.6 (C-1"),13.6 (C-13"), DI " ¥# 5
kLR A B S E LA 2 4 Bacilosar-
cin B,

&3 HR-ESI-MS H/r[M+H] " &g
“h 495. 23357 , BRI (E O 495. 23371, 431t Ry 494,
Z54"H NMR A1 C NMR A 52 2o 70k €y Hy,
N, O, , NFIEE R 9,"H NMR ( DMSO-d, ,600 MHz)
5,:10.80 (1H,s,8-OH),8.97 (1H,brs,10’-NH) ,
8.72 (1H,brs,12'-OH) ,7.87 (1H,d,J = 9.6 Hz,
6'-NH) ,7.46 (1H,dd,J = 8.4,7.2 Hz,H-6) ,6. 82
(1H,d,J = 8.4 Hz,H-7),6.80 (1H,d,J = 7.8
Hz,H-5),6.72 (1H,s,15’-OH),5.79 (1H,brs,8'-
OH),4.69 (1H,dt,J = 12.6,3.0 Hz, H-3),4.46
(1H,dd,J = 7.2,2.4 Hz,H-9'),4.19 (1H,m, H-
5',3.97 (1H,d,J = 7.2 Hz,H-8') ,3.72 (1H,m,
H-10"),3.31 (1H, m, H-14"),3.01 (1H,dd,J =
16.8,12.6 Hz,H4a),2.87 (1H,dd,J = 18.0,4.8
Hz,H-11"a),2.82 (1H,dd,J = 16.8,3.0 Hz, H-
4b),2.68 (1H,dd,J = 18.0,6.6 Hz,H-11'b) ,1. 66
(1H,m,H4'a),1.62 (1H,m,H-3"),1.33 (1H,m,
H4'b),1.08 (3H,d,J = 6.6 Hz, H-13"),1.07
(3H,s,H-16"),0.88 (3H,d,J = 6.6 Hz,H2'),
0.85 (3H,d,J = 6.6 Hz,H-1") ;" C NMR ( DMSO-
dy,150 MHz) §.:172.4 (C-12"),171.2 (C-7'),
169.6 (C-1),161.3 (C-8),141.0 (C-10),136.7
(C-6),119.1 (C-5),115.7 (C-7),108.7 (C9),
95.2 (C-15"),81.3 (C-3),71.0 (C-8"),67.9 (C-
9'),51.3 (C-14") ,49.7 (C-10") ,48.5 (C-5"),39.5
(C4'),29.6 (C4),29.4 (C-11"),24.7 (C3"),
24.5 (C-16"),23.8 (C-2'),22.0 (C-1"),13.9 (C-
13") o DA 5 ek il 2R — B, i g s ik
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44 3 >} Bacilosarcin C,
2.2 EW1~-3NAEBEENESR

&Y 1 ~3 X5 DB 4 T 1T P45 R dn gk
1R B 2 X2 B A 45 3K T B AT S50 A 410 1
T, % P 4R P PR AR R B 28 BR T4 ( MSSE) MIC
4 pg/ml; X AR Y bR R B 0 A 4 K T

(MSSA) i Y 4 P4 bR 4 55 €573 25 BR 78T ( MRSA) Bz
T3 8 R b R T 24 4 B (58 4 BRI (VISA) BA h
IR TS M, MIC {5} 8 ~ 16 pg/mL, k&1 B
X FHY S P PR AR B 7 4 3K T ( MSSE) A7 47 1, MIC
B0 16 wg/mL; LA 3 XA A6 B 25 16 PR 55
SICIEME(MIC > 16 pg/mL)

x1 UEW1-~3HHREE

Table 1  Antibacterial spectrum of compounds 1-3

e/ MR Z

K678 T 44 K B i 5 i 241 MIC (pg/mL)
Test organism Test organism No. Drug resistance
1 2 3
LA HEERE Staphylococcus epidermidis ATCC 12228 MSSE 16 4 >16
P B ER B Staphylococcus epidermidis 13-1* MSSE 16 4 >16
LR FRE Staphylococcus aureus ATCC 29213 MSSA >16 16 >16
4 HAATRERTE Staphylococeus aureus 13-17° MSSA 516 8 516
GO AERE Staphylococcus aureus ATCC 33591 MRSA >16 16 >16
SO EERE Staphylococcus aureus 13-18 MRSA >16 16 >16
SO ZERE Staphylococcus aureus Mu50 VISA >16 16 >16
PREAERT Enterococcus faecium ATCC 700221 VRE >16 >16 >16
PRIBAHERE Enterococcus faecium 13-7°% VSE >16 >16 >16
FMER Enterococcus faecalis ATCC 29212 VSE >16 >16 >16
FIHBRH Enterococcus faecalis ATCC 51299 VRE >16 >16 >16
KB4 H Escherichia coli ATCC 25922 ESBLs(-) >16 >16 >16
KIp4 W Escherichia coli 14-11° ESBLs( +) >16 >16 >16
fili & 55 B AAFT B Klebsiella pneumoniae ATCC 700603 ESBLs( +) >16 >16 >16
fili & 55 B AAFT & Klebsiella pneumoniae ESBLs(-) >16 >16 >16
i 2R R ML Pseudomonas aeruginosa ATCC 27853 >16 >16 >16
i) 5 RN Acinetobacter baumanmii ATCC 19606 >16 >16 >16
BHIE AT Enterobacter cloacae ATCC 43560 >16 >16 >16
FES T Enterobacter aerogenes ATCC 13048 >16 >16 >16
KR Vb TR G Serratia marcescens ATCC 21074 >16 >16 >16
PEECEEAR T Morganella morganii ATCC 25830 >16 >16 >16
TE A IEATE Proteus vulgaris ATCC 29905 >16 >16 >16
7 AR AT B Citrobacter freundii ATCC 43864 >16 >16 >16

{E : MSSE : 42 PU AR R S5 A1 A BRI s MRSE - i FP 4 VY bk A Bz 947767 Bk T 5 MISSA  HY 4 VY gl e 80 (00 07 % BR 7T 5 MIRSA -« 1 FH 40 1Y b 3 (2 7
HIERTA 5 VISA U7 7 85 28 P IE M 285 & B (U R A BRI 5 VSE 7 v B s BUBIA BRI 5 VRE T 7 v 85 R BR B ESBLs ( + )/ (-) « P/ AP 1 8-

LR BRI 5+ - IR0 B TR

Note ; MSSE ; Methicillin-sensitive Staphylococcus epidermidis ; MRSE ;: Methicillin-resistant Staphylococcus epidermidis ; MSSA ; Methicillin-sensitive Staphylo-
coccus aureus ; MRSA ; Methicillin-resistant Staphylococcus aureus ; VISA ; Vancomycin-intermediate Staphylococcus aureus ; VSE ; Vancomycin-sensitive En-
terococci ; VRE ; Vancomycin-resistant Enterococci; ESBLs( + )/ (-) ;with/without Extended-Spectrum Beta-Lactamases; # ;Isolated from the clinic.

2.3 LEWI1~3MABMSETNESR

WGP 1 ~3 XN HepG2 f38 {EL 1 1
YEMEA 2251 1C5, (B350 08 7.3 uM (2.8 uM Al
54.3 uM, AR AL &Y 2 XF HepG2 20 1% 16 {2410 1

VERT IR , ELIE A Ak B B2 A 150, 200 355 3 )
R, BB A U BRI (18] 4) o i — 2%
ALY 2 X AR/ 2 AS49 A FLARE
A MCF-7 N S50 4A L HeLa £ 400 )35 1, 45
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T, A5 W) 2 XF MCF-7 F1 HeLa 4 g 1Y 385 58 417 1]
YEM S HepG2 4l eI 1C {53514 6.2 uM
4.0 wWM Xt AS549 4 i i) 38 (8 4 ] VE #2585 , 1Cs,
H63.5 pM(%£2),

100

AR A7
Cell survival(%
5 N ®
S 5 &

[\
(=)
'

S

0.2 1.0 5.0 20 100 400
Uaceyli353
Compound concentration( . M)
B4 LEW1~3 3 HepG2 HRRYIEEAN HI(E R

Fig.41 Inhibitory effect of compounds 1-3 on HepG2 cell line

&2 LAY 2 X FHEhE AR 1Cs (B

Table 2 ICs, values of compound 2 on tumor cells growth
(M)
ko 1C5o (uM)
Compound HepG2 A549 MCF7  Hela
Bacilosarcin B (2) 2.8 63.5 6.2 4.0
3 i

BacilosarcinA (1) fil Bacilosarcin B (2) & % F
2008 4FE 1 Azumi 25" KGR VP FG (S, melanostic-
ta ) i TR 3 B ARG B ZE FRAT IR R R P Kk BT
BTG E], 2012 4F Boya 511 IR L S Thifg 12 R
L ORI (octocoral L. alba) K52 1
FERHE 77 Wb 53 B3 45 3 Bacilosarcin A (1), [A]
4, Li YX 450 DLT R A TR v 345 ) A 7 2
FRAF TR IR 53 2575 3] Bacilosarcin B(2) , [A] i 18
RILT Hila W) Bacilosarcin C(3) o X =MMEEY
TELEH A FEEA, 22 53 L AE T : Bacilosarcin A(1)
) C-12" BRI SN0 3 BB C-14 1 T2 1
—NPIRRY 3-42%-6,9- AR 3. 3. 1] L bh
24, A W N B ; 1 Bacilosarcin B (2) il Ba-
cilosarcin C(3) [ 12" A5 C-14" 3% i35, Bacilo-
sarcin B(2) i 12" i M E4 , Bacilosarcin C(3) [ 12/
PMRIR . B R IE 196 PE T 5% 2 B Bacilosarcin A
(1) 58 EWrERZE &R A (herbimycin A) 7, B
REEPEFAE, 55 4 Bacilosarcin A (1) X ifif 42 1 3
PRIER B (P, falciparum) B B IH15 112 , Bacilo-
sarcin B(2) X 4 ¥ (6.7 24 BR 4 A1 HeLa 41 ffd H A 47

HVER

AWFFEE N [F] — R ZE A T o AR B &
Y1~ 3, HI ] bk R 50 B A s 20 ik, % 3
A G YT 1 A T B0 TR AT R 1 T
W a2 5 3 i9gity 2250 RAe T C-12' 2t
P HEBOR HE ABAL S W) 2 TCIeAE I TR 176 14 0 2 200 i
BENG PR T, AR TALE Y 3, HEWT C-12" fr %t
JieFE A & Amicoumacin fb A ¥ T 22 1) A= W) 3% A
S A1 B TAE CA2 (it A BRI, DRt
SR — R B TS A i EE T A (R S e B
240G, G 1 IS PEAR XSS, D B T C-
12" {57 Pt frlg B A 5 HL 8 R TR 342 A Ak, {15 LT
PO SR - HE 5, AT S2 M 1 HAE s v, DLk
PR 3 1 43 Hr 45 31 55 2007 4F Hashimoto %5 A"
X} Amicoumacin A F1 Amicoumacin B A% 3¢ R
FEER—F, NN — 2R C-12" i IER AL TE Am-
icoumacin ZEAb G AR Wi T b R HEAE CEEVE T
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