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XS HRIEEMAEPIATRER S, KEBERECE, WE LER, RAMMET B ERH &
R R R A, R MTT 78 MR B2, DL BEL-7402, RKO. AS549. U251 #1 MCF-7 %
e R OAEAL, MRU BT E AR, £RE T, W S-1 fn N16 R = 4wy & 4
AL BT A E M. H AR S-1 X MCF-7, U251 #n BEL-7402 = F ik J4 40 JiL B9 1Cso {5 251 K
44,102 #1 82 pg/ml; H #k N16 *F MCF-7 #1 BEL-7402 7 ¥ it /8 40 i, 1 ICso 15 27| h 84,133 pg/ml.
X E Mk S-1 F1 N16 #:4T 7 16STRNA T 7 047, £ AFEL T, £REF, EHHhS-1 hEFHR
AT J& (Brevibacillus sp.), N16 Yy % #4T & & (Bacillus sp.), it T 4 W T H#k Brevibacillus sp.
S-1 # Bacillus sp. N16 1%t 7= 49 ty 7% P 40 4~ 3t BEL-7402 40 7 A 09 % vH, 5 U FIAR 1 09 3% M 4 &
[ DLBK AT OE 48 i BEL-7402 B9 j0 A5, W 4 B3 7 . A 0 # AL R Sk S AL A iy KR

TR AL T T Y 3 AR A R R R
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TR A & Fr IR AR S 258, et IR
T, TE R T 1R W B DR A R = 1 22
FEPEGKRAEAE, 2010; fERL4E, 2010; BEFEBE4E, 2012;
FHYLEE 2013; Tan et al, 2012), H, HEPEMAY
R TR EA AT KRR Y R R
20 4Pk, MIEFAETCH HES) ) RS S o B — Tt
iR FLHKEE M9 % 10 (Luesch et al, 2001), MRS
Hha B PR A BK Vitilevuamide (Cruz-Monserrate
et al, 2003), MiF4R(Phakellia costata) 435 H P i igd
FR ik Phakellistatins (Pettit ef al, 1993), X4 HAH
968 % R 1) R SR 7 W S B A SR R LB R 25 )
LA, HAT, 2N SRR Y i A
Yrrb oy g L BA T R E SR AP (Lebar er al,
2007; Petit et al, 2013; Schwartsmann et al, 2003), R4
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1.1.2 Zfetk  ASFE40M BEL-7402, 2580
YiMd RKO. /MR 20 i AS49 . i o Jed 240 Jfd
U251, FLIRE 40 MCF-7 g [ B R B A 1
BFEWF 5T BE 240 J IR G o
113 ZZ/E CO, 1H it % 7% 4 (Thermorma
311, %[ Thermo), FE§FR{Y(Infinite M200 PRO, 3+
TECAN), B.0#L(CF 15Rii, HZ Hitachi), 96 FLESSE
PCR {¥(Robocycler, 3% [ Stratagene), B HL 7KL (DY-A
AL bR —),
1.1.4 % Z3X A PCR " #% A ¢ ik 1 A1 4% TR
Marker, E4Y) TR/ A) ; DMSO ., 4 H B, Solarbio
ATl RPMIL640 . FRFG4- 1%, Hyclone /A Al ;
DMEM. F-12K }i#d, #HiEAA; MTT, Sigma 24
Al PFLUERR, & Pall A W] 5 HoAh B O [ =
P Ak s S0 K N 4l K FZER K
1.1.5 344 FhFREFEHE: 10 /L AR, 3 g/L
4 NE, 5g/LNaCl, pH=7.0, 121°C K 30 min,
KRR AL . R 10 g/L, BERHEH 5 g/L,
Sk 5 g/L, pH=7.0, 121°C K 30 min,
1.1.6 16S rRNA Fl#(x &&, 2002)  RA 16S
RNA sl 519, Em 5% 27F(5'-AGAGTTTGAT
CCTGGCTCA-3") , = [ 5| ¥ 1492R(5'-GGTTAC-
CTTGTTACGACTT-3"), W LA T AEY THERARA
CiEsyia
1.2 A%

1.2.1 BAMRW A B FHAZ R0 I8 A4S TR R PR A
PR L PRI — A V5 R0 T 3 ml Fp 35583,
T 30°C. 200 r/min MFERPIEIREEFE 24 h, RIMFR
FIEFRUWL ; FR IR A% Rh S I A5 RT3 R T
HAF 300 ml (& EERE SR, AR IR0 T dk ek by
7% 36 h,

1.2.2 ARG K BEE 4L 5 0 ) & ( , 2010)
45 B AR & BERCAE 10000 g 19 25 F T 2540 15 min J5 B
EVER, ISR KRNI T AR BUR R, FRIK
W4 h, W LZEVAE, ZJ5FI TR 2 A0
IR AE 80 CIEZE T o W2 T IIFE & E i
B TR, A5 B LA PR s Yk BT PR Ao
1.2.3 20 JL 3% FxAn A 95 ) 2 BEL-7402 4 .
RKO g1 MCF-7 4ifiiRk Hl RPMI1640 H5573E,
U251 4iffi>R 1] DMEM mibERE S0, A549 ik
F-12K K557 3 B 45 i Jed 41 i 42 # F 7 10% FBS ., 100
U/ml 58 ZEM 100 mg/ml 555 £ RPMI1640 .
DMEM &% F-12K #55%, & T 37°C . 5% CO, ;5%

FANEESE, BOM A R A ] T 5256 .

MTT 4708 3 P 5347 75 % (He et al, 2005): B
BOE R WIR AN, R S5 IR 5 AR R R
4x<10* 4L, EFPT 96 FLER A, AL 180 pl, 7E37C
FAF T HEFR 24 ho SRIEHFE A FRAEBERR SR 2 vl
e LIRS UERR T, A3 1 5 SRR A R
B S AR, AEFLINA 20 ul, 4 AFf5FL, BT
YRS SRR TP AR S IE SR 48 ho SRJ , LA MTT(5 mg/ml)
20 pl, B CO, ¥EF40 37°CHEi S 4 ho FEBRALP IR
RIGEFLINA DMSO 150 ul, 37°CIHIRIED 30 min.
T AR {SRG: 0 45 FLAE 570 nm AYIROGAE, LR B R 3 K.
AR HN ] 2= (4 v — A4 #8)/A wm ]x100%. 2K JH Excel
ST ERAFIH SRR IR BE 1Cs00
124 HAEZ Hikk R4 DNA RYIRBCR
Invitrogen Genomic DNA mini Kit,

16S rRNA J¥41 () PCR ¥ H1A &R . DA FRIEHLAY
K4 DNA WA, IITA 2 pl 5140 1.1.6); 0.25 pul
Taq DNA B4 85 U/ml); 5 pl 10xPCR S 2% g s
4 ul dNTP MasterMix; ddH,0 #Me % 50 pl, PCR %
NESAT: 95°CHIZEYE 4 min; 30 MEH(94°C 30 s,
55°C 40s, 72°C 90s); 72°CZEH 10 min, £ 1.5%F)
B E M UK I R J, #5 & BRAE Marker 1.5 kb /2
B — 420, IEB 16S rRNA 5S4 1%, PCR
FE L AR B

B BT E BRI 16S rRNA FF 51 47 3] HF4%
J&, 7E NCBI M35 |3 BLAST ¥R A FEHI T
AR He Ao AT, T 405 SE i MR 2 O0C R IR T
51, F BioEdit 317275 e, KH Mega 4.1 #X
141 #2722 (Neighbor-joining Method)2Z: il R 48 & B

eHE CIAZAS B B 452 F MR JU) ) (Bergey et al,
1994), SCHH IR CH LA RGSEE F M) (R FHEE
S5, 2000 K (AR50 ) (LA, 199917 .
1.2.5 B BBV EE A o 5 T 56 %R
(Wang et al, 2012) OB A K 4 i, 4 i
il B Ry 4% 10* 4~/ml BN, 4515 7E 96 4L
ReFetoh, AL 180 pl, B T CO, fHIRIE IR0 h
37°CHi3% 24 ho 2% MTT SZE45 ke, 4 FAT7
fL, BALANA 20 pl BES, 4kSeqe 37°CHEIRES 3746 P
Ki 7% 48 ho UK SF-Hi 5 76 51 '8 0 fUBe T X 40 i e A it
TTEE, JHAMICSE
1.2.6 # B 5 54 LRG3 kg gk
BT B A7 7E 2% (Mean+SD) 32/, Gt b3 ¢
g AT Ge i W E M AT, DL P<0.05 /RN AN[RAL 3
Z IR E 2 bR
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2.1 MTT

5 B A L A W G ) A R VR B Dy
200, 100, 50, 25 pg/ml BYRESR, 15T Bl 40 i =
(BEL-7402, RKO, U251, A549, MCF-7) 48 h, Jf
3 MTT A5 D 200 R 775 7 o 45 SR 2 A P A B (S-1
FTNT16) A A ™ $y T 68 248 it 2% 10 184 3 AT VR
oAt 3 B Rk A AT 4% e g 4t L R JL T TS 4 )
ER . a3k 1 4553 Won, Btk S-1 %F MCF-7. U251
F1 BEL-7402 = i3 4 ML) 1Cs0 fH 3514 44, 82,
102 pg/ml; 1fi Ak N16 % MCF-7 Fil BEL-7402 i fh
i 240 B A B0 S 3 B, 43000 84 133 pg/ml,

1 1Cs

(ng/ml) (n=3, x=S)
The ICs, of fermented products from the marine
strains on several cancer cells

Tab.1

TR BE ICsq (pg/ml)

Strain  BEL-7402 RKO U251 AS549 MCF-7
S-1 102° 1474 82° 108° 44?
N16 133° 1604 165¢ 146° 84°

TE: [ —fr Ui A B A bn A A R 5 RS 2 I A 7
H X5 (P<0.05)

Note: Data within the same row with different superscripts
are significantly different (P<0.05)

2.2

2.2.1 16S rRNA 53] 5 #7 Bk S-1 Fl N16 1)
16S rRNA J751] PCR =4 2 L Pk kil K/ 1.5 kb
BT (18] 1)

S EATR PCR =0y, WIS S-1 Fil N16
) 16S rRNA 1Y J7 14 B2 535124 1466 bp Fl 1541 bp,

Bl 1 BEME S-1 FIN16 [ 16S rRNA PCR 4 45 5

Fig.1 The 16S rRNA PCR result of strains S-1 and N16

AT SITE NCBI [ 16S rRNA B 5 g i
it Blast #4700, T 2SR R RSO R BT
J¥31, idit Mega 4.1 {4 Neighbor-joining 1 £ il
KEM(E 2): Bootstrap T 1000 ¥, HAIBEFEAZL R
p-distance.

99| Brevibacillus brevis strain NBRC 15304
59|' Brevibacillus formosus strain DSM 9885

38 Brevibacillus choshinensis strain DSM 85
63 Brevibacillus reuszeri strain DSM 9887

100 Brevibacillus parabrevis strain IFO 1233
Brevibacillus agri strain DSM 6348
Brevibacillus limnophilus strain DSM 647
Brevibacillus panacihumi strain DCY 35

Brevibacillus invocatus strain LMG 18962

Brevibacillus ginsengisoli strain Gsoil

B Brevibacillus sp. S-1
LRy Brevibacillus laterosporus strain IAM 12
—— Brevibacillus borstelensis strain DSM 63
Brevibacillus thermoruber strain BT2
Bacillus boroniphilus strain T-15Z
oot

B2 Witk S-1MREREH
Fig.2 The phylogenetic tree of strain Brevibacillus sp. S-1

Hi Pl 2 #1310, B A S-1 F1N16 435155 Brevi-
bacillus laterosporus 1AM 12 F Bacillus cereus ATCC
14579 strain ATCC 1 £ [ —43 30 b, FEUEALAL & b i
NI
222 AFAAMSIE B S-1 A BRI ERE,
1E 7% NaCl(w/) SRl AR R R IF . A1 pH JERTAY
5.0-9.0. A KIREIEHETE, 1€ 15-37 CHEE F o]
RIAFAERK, Wtk N16 MIF5%#, 76 pH  7.0-7.5. K&
FERE N 15-30°C . 6% NaCl (wh) RIS FRFE R K R
Uf o A FRAAL S E AR LR 2,

2% (AARHRESEE TMCEE LR ), A RE
AR ACRFIE AR s 456 16S rRNA JFFIHras 3, )
AR PR S-1 M ZE AT I & (Brevibacillus sp.), N16
R EESOFT R B (Bacillus sp.), 533544} Brevibacillus sp.
S-1 1 Bacillus sp. N16,

2.3

it MTT 3%, R IR Brevibacillus sp. S-1
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91| Bacillus atrophaeus 1942 strain 1942 2 S-1 NI16
72\ Bacillus atrophaeus strain JICM9070 Tab.2 The physiological and biochemical properties of
strain S-1 and N16
73\ Bacillus vallismortis strain DSM11031 HF Characteristics S-1 N16
100/~ Bacillus amyloliquefaciens FZB42 strain HE22 LY Staining + +
EFRIEAR Cell shape IR Rods IR Rods
Bacillus subtilis sub sp. subtilis strain = =
BEFEEE s& Yes s& Yes
70 { Brevibacterium halotolerans strain DSM8 Spore production
Ul Bacillus mojavensis strain IFO15718 i FEEOE EPEE . EPEE .
Spore main position Middle position ~ Middle position
Bacillus cytotoxicus NVH 391-98 strain N ESTY W6 Oval W6 Oval
Bacillus thuringiensis strain IAM 12077 Spore shape
o685,/ NI6 #iE Flagella JE|4 Peritrichous J&4: Peritrichous
actiius sp. [
P i 1% Moveability + +
Bacillus cereus ATCC 14579 strain ATCC 1 RAEEK — -
40 Bacillus weihenstephanensis strain DSM11 Anaerobic growth
o8 %L Oxidase + -
Bacillus weihenstephanensis KBAB4 strain VP iR _ +
Lysinibacillus sphaericus strain DSM 28 Voges-Proskauer test
R 5 + +
— Nitrate reduction
0.005 PRI - i
K3 Wk NI6 RS ETR Citrate utilization
Fig.3 The phylogenetic tree of strain Bacillus sp. N16 ik - +
H,S production
F1 Bacillus sp. N16 F6 PR 2 43 EA RS M S N5| %SG Indole test - -
Y s BEL-7402 (3G, PRt 84 {30 i B g KA A + -
TAEPELH S R A VR P R o SRR, XEIR Hydrolyzed gelatin
4114 4. 18 5-a)fy BEL-7402 4N EA A NIFmARR A A i i
AR MR K, A RS S, e Glucose producingacid .
BISTRIE ¢ 2T 100 pgiml fyiieba b RIRIRTR
S (& 4. Bl 5-b), HEINE AR, AHIARUE T — + _
AN, U] A D R A AR IR Mannitol producing acid
200 pg/ml BF (& 4., &l 5-c), 2 0 5 A B ke O RIS, Glucose gas - +
AN AP BB TR BRI 0, nach N .

SR PELH J3 FEAR SR AT LAk 28 BEL-7402 20/ ) 200 2
5, JEAEASENE BEL-7402 4 5 58 .

FE: <+ N BB, <=8 Bz B4

Note: +. Positive; —. Negative

Bl 4 Bk S-1 AR ¥4 BEL-7402 (K 255200
Fig.4 The morphological change of BEL-7402 cells induced by fermented product from Brevibacillus sp. S-1

a. BAPEXIRE; b, ¥REE 100 pg/ml; c. ¥REE 200 pg/ml
a. Negative control; b. 100 pg/ml fermented product; c. 200 pg/ml fermented product
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K5 BBk N16 AR BEL-7402 RYIE AN
Fig.5 The morphological change of BEL-7402 cells induced by fermented product from Bacillus sp. N16

a. BAMEXTRE; b, WREE 100 pg/ml; c. ¥REE 200 pg/ml
a. Negative control; b. 100 pg/ml fermented product; c. 200 pg/ml fermented product

AHEFE NSE S R 5 BRI VR GUE Y b it
MTT 375 1 SR 3 2 O 32 1 VR P e e 88 15 42 0 I 118 T
Bk S-1 M N16. B TR AR = H X 22 Ff firb 738 41 i Ak
(BEL-7402. RKO. U251, A549, MCF-D# A K
IR BUIR R E M, AR M E . BT 16S
rRNA 5751 5 A1 A AL B A AL RRAE R B0, 0 22 1 %E S-1
A ZE KT & (Brevibacillus sp.), N16 2T E
J& (Bacillus sp.)o PHR IR RIRR 1) & PR vl o 1 T it
AU A G AL 4, i MTT MBS 228K 1)
A0 7 A T PR 40 BEL-7402 3458 -5 i 240 i JE
AR i A

ARG /NG Yo B, R A LS
7 ZE B J7 5 (Acharya et al, 2012; Benariba et al,
2012; Jain et al, 2012; Wen et al, 2012), M 5 #RAEIRHH
Hh R T AR 7 IR T I TR AR o S B ]
X A A G P g 35 M %) 2 3 o 22 R o Xk — 5 4l
b, GFEEUE . B sCH 2T ST R TR ASOR
AR5 45 o HL A BT oA 9 9% P 9 B AR T DA 3 3o A [
P AR S A )R AN (] 19 e 4 S 78 R O o
VISR 5 8 A B e 88 15 2 40 o 1 6 B

PR A AR KRR, G EE R
W AR, HRVEANPE | VI TR RN VR L TR
Hh i R B BT MR R S, P AR
Z AN T IRIRM B (2058, 2007) A&k, M|
FEATY F A W/ B0 P S A 0 DR DR %) B I e 245 e
Y b . B, — 5 R 8 e A
i e A AliAl T2 5 53— T B2 S ksl G A [) B AR 174 O
A A1 & W0 00 Ak S5 FE Rl TAE (A 2048, 2007).
VR TP AT B TR 3 M ) U ) 22 DR T R LT
F2, PAZEFLRT TR I 118 96 7 40 T A = B v s 1 e e
WG TEY R IRIE TR L 0L, HI, AR FEE T

iR TP A W B BT, A B A A5 AR A A L RS
Je AL WY S BB E B

2 % x W
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Screening of Antitumor Metabolites From Two Marine
Microorganisms and Their Strain Identification

Y1 Yao'?, ZHENG Lanhong', CHEN Shijian', SHENG Jun', SUN Mi'”

(1. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
2. College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306)

Abstract
activity. Finding antitumor drugs and compounds from germplasm resources has become a hot topic. The

Marine microorganisms are the important resources in the natural products with biological

current study investigated the biological role of the fermented products of marine bacteria isolated from
marine strains in several cancer cell lines. Five marine strains were fermented, and the supernatant was
collected after centrifugation as total products that were fractionated with n-butyl alcohol. The pooled
organic layer was evaporated using a rotary evaporator under reduced pressure, and the peptide pellet was
dissolved in phosphate buffer for further usages. Antitumor metabolites of five marine microorganisms
were screened by MTT method in several cancer cell lines. The result showed that the fermented products
of strain S-1 and N16 inhibited cancer cell proliferation. Specifically, fermented product from strain S-1
attenuated MCF-7, U251 and BEL-7402 cell proliferation and the /Csy were 44 pg/ml, 82 pg/mland 102
pug/ml, respectively. Moreover, fermented product from strain N16 inhibited MCF-7 and BEL-7402 cell
proliferation and their /Cso was 84 pg/mland 133 pg/ml, respectively. The fermented products of S-1 and
N16 induced the morphological change of the BEL-7402 cells. According to their 16S rRNA sequences
and physiological biochemical properties strains S-1 and N16 were identified as Brevibacillus sp. and
Bacillus sp., respectively. The further research is to find new antitumor compounds from the fermented
products of marine bacteria Brevibacillus sp. S-1 and Bacillus sp. N16. This study supports that the
germplasm resources of marine microorganisms may be a novel resource for the discovery of novel
anti-tumor compounds.

Key words Marine microorganism; Strain identification; Fermented product; Antitumor activity
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