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A
Identification and Optimization of Fermentation Con-
dition for Bacillus megaterium from Sea Cucumber
Ponds

FEWM', B FI IR
XIN Mei-li**, LV Fang"*,SUN Fu-xin'

L INRB IR LR ET S 26610452, F 51T RADG & TR ARV O LR
% 266104)

(1. Marine Biology Institute of Shandong Province, Qingdao, Shandong, 266104, China; 2.
Macroalgae Engineering Technology Center of Qingdao,Qingdao,Shandong,266104,China)

TEE L E B9 TX DA S 55258 0t I v 43 25 15 B 1% B8 A 181 Ak BL1 64T 08 FD %85, JF X B R e 4 1k itb AT i fk . [
EIZ A S 16S rDNA K5 % T Al A Bl s 5 R 53 TR 3R 07 56 R0 OF 32 30 3 Th 0 Ok B AR PR AT AR 9. (48
R1%G YT LR — R E R ZETUF 1 e 0 R B S /2 26 2 70 mL/250 mL, %% # 2 180 r/min, 5537 it
BESH 28°C . pH (R 8. L&Y Pk BI1 7Efe R B 25 00 F ARG AT W6 2 Tl Ak R AL K85 3% B o 2% 14
EER g SR DAL i

KR ERFMITE WS ERTE RBEAME

RESES S917. 1 MEFRIRE A MEHS1002-7378(2015)04-0247-06

Abstract: [Objective]JA bacterium named B11 capable of organic-pollutants degradation, iso-
lated from sea cucumber external culturing ponds, was identified and the liquid fermentation
condition of B11 was optimized. [Methods)The genus of Bl1 was studied through physiologi-
cal and bio-chemical tests and 16S rDNA sequence similarity analysis. The condition of liquid
fermentation for bacterium B1l1 were optimized by mono-factor experiment and uniform de-
sign. [Results]B11 was preliminarily identified Bacillus megaterium. The optimized fermen-
tation condition was at pH 8 with 70 mL production medium inoculated with 5% seed culture
and incubated at 28°C, 180 r/min. [Conclusion]B11 grew well under optimal fermentation
conditions and it could satisfy the requirement for industrial large-scale cultivation, which
shows a good prospect for industrial application
W #% B #1:2015-07-20 in future.
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0 3

L 3% B S X0 45 5 ) 2 1) 57 Bl P ASE 3 4 o e
#2012 FFAMEATIE 6.7 7 hm” =135 9 T t,
SOPEIL 180 4270, WS EELIEAMTRE R E
AR T e i sk T S FE O LR L (A5 57 5
KA RS A LT & R T 5 2 R
A WO 5 BE A R R K B AR S R A —
SE R . LT A 3R 3 R X2k 25 5] ) HC 4 4, 3R
P TCHR BR A5 R S BIWE S R I e BRI
A 5 2Rt A A R B KR R T R R B
AT A5 R A K BT, R AL AN Bt L Rengpipat 450 Al
Panigrahi %7 WF 55 2 B, B RO i ZE AT 1 BoA
PR PEDRL A PR fa S AR G IR EERH T & A ik
H A BTRIAE . FEARZWF 5 b 2F AT TR
2377 A R M A 8 T A2 A S R KT R B AT
WHMERS . (R RN SRR B 55 o f
Hh T it FH 68 B ik 22 Sl S0 R TR R S T Tt P e R P X DA
T UL T bk o A . iy R T L FRATT A
2 35 58 W 3 U 8 A5 B — PR T PR B11, 9% A R T
HF3E IR 1Y B AR BOR LT . R R B S 18] RE )
XPRR R B11 #EA7 A4 BEAE A S R G0 & B MW o0 Ar, 2808
LT R A JE IR 0 H R W AR P EAT BRSO Ol T Bk
BI1 B4 R 57 L i 4 i i =0 8

1 #HHE57FE

1.1 B

S U0 FH R R O N T 5 R AR R 2 5 B Tt I R 4
7 3] 1 TR PR
1.2 EHE

Fh a3 . B A 10 g, 4 WHE 5 g.NaCl 5
g  ZEMK 1 L,121°C F K& 15 min,

AR BE SR 5L FREL 25 g WIS RS SR AL T 1
LK 2, 24 h S g AR . #R
WAREZE 1 L, A 5 mol/L 9 NaOH ¥ W 815 pH
% 7.0, T 121°C F K& 15 min,

BIRRE SR . 1 LA B: FR A K TN 20 g
g MR B BRI R E T T 121°C T K
15 min,

1.3 EHREEENIERNUE

K AL 5 Bl A7F B AR A BR T AT 28 m) 2E 7 14 4 T il
b S S A G TR AR Y AR B AR A S AR R AT I L B
RHEAE D7 1k 2 IO U] 5 5 4% BROIA N 20 18 28 0 T
T X B RR B11 EAT 4 E

il

1.4 EHBIl RELXENNHE

SR K RN PR BN B S 4 DNA J5 , ik
94, T HIE M58 .5 -AGAGTTTGATCCTG-
GCTCAG-3"CE.coli 27F), I8 51 ¥ : 5" - TACG-
GCTACCTTGTTACGACTT-3" (E.coli 1492R),
PCR P2¥) CR/NFE 1.5 kb 24D £ E BilgAE T Y
TR B A B m AT I . A 45 R 7E NCBI
e AT Blast, 79 81 5 H Ax 8 Bk AR LM S 05 51
i CLUSTAL X #8JFi# 47 teXf . i )5 Rl MEGA
4.1 T HAHy %5 Neighbor-Joining ',
1.5 BHHEBZGENHER
1.5.1 #HEEE

o3 500 25 S pH A L HE R L RE R R R
Xof TR PR K T ok f AL S SR SR s e, R T
3R AL AR A, PP IR B SRR
T4t CR 45 P e IO A VA ) 4 2 P T 7 Al B 5%
B b LT 28°CHE A G FR 48 hi SR 5 L Rh B Bk
i T I N RN R 7 R s i R R N = |
(100 mL JARRE IR 2T 200 mL RN B 57
48 h J5 BVAS Bl 55 A R Sk BT Bl R A
RN B SR AR R A 43 L

(DA

B 2 B 20 mL/250 mL, 40 mL/250
mL,60 mL/250 mL,80 mL/250 mL,100 mL/250
mL; BRI R 28°C . pH R 7.5/ R 290, 5%
#H 160 r/min,

() fp i

Mt il 1%,3%,6%,9%,12% s B % ik
JES 28°C . pH H 2 7, W it S50 (1) H145 3 /Y
BWAHHE ¥ 53# 160 r/min,

(3)pH &

pH {E4r 510 4,6,8,10,12, 85 3 1R 2 28°C,
P 5 R A R FH S50 (1) (2) v BT A5 31 1 4
Al 7 160 r/min,

(IR

B SRR 4 )k 15°C ,20°C ,25°C ,30°C . 35°C
pH A e Ah it 5 B0 it 40 5ok 25 (D) ~ (3)
153 (1) Fe U AE 7% 3 160 r/min,

(5) %k

B 4 9ok 70 r/min, 110 r/min, 150 r/min,
190 r/min, 230 r/min; & 5 35 &4 % B L I
(D~ D) 5B e
1.5.2 ERiXE

L R R TR B e e A A e A A A5 R
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— AN e e AT 2 AR B R Y 3 A K
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2 &R

2.1 BEHRHIEE
2.1.1 Bk A AR AR

R BLL SRS IE S LA @, B w9, i %
HESE L RIDEH, PR, WK EFOR; E 2 R
P 5| e a0 B4 L VP I B L ) AR A A R A
A K A GERY . ATAE 7. 5% (W/V) NaCl 85 38 5 I A4
Ko HAGA: BAE AR AR IR 1 s .
®1 B Bll WEEENIER
Table 1 Physiological and bio - chemical characteristics of
strain B11

W7 35 H W5 45 5
Determination item Determination result
Y I
G <tal

ram stain

Lactose Fermentation Experi- —
ment

HSE 4T 5050
Methyl-red test

V-P -
HE B Jo S 4

Indole test
H.S +
Tyt R e 1) 52 8

Citrate test

A e i Ak

Gelaune liquefaction

VB K A N

Starch hydrolysis test

5] R 1 46

Indole test

1% 25 14 K fifg 92 46

Casein hydrolysis experiments
7. 5% NaCl +
B 5 N

Catalase test

2.1.2 HEHH 16S rDNA 2% 42 F M

# BI1 9 16S rDNA K 78 NCBI + pt
BLAST., MHEEHC 30 DR 16S rDNA FE[HJF
31, Bl 5 E K ZF fl #F W B. megaterium
(AY553118. DR — 433 st G B R 0. 01, KB
Bll 5B KFAFTHE M ES R KIE, Bk Bl Y
RAERBWWE 1R, L7467 IR R R LA L
Febm LA M R 450 K WA 45 R W0 B LR 2E AT

W ( Bacillus megaterium ),

97AMO062686.1|B.weihenstephanensis
DQ290003.1|B.mycoides
76! DQ328630.1|B.thuringiensis_serotype
100 [AY920253 1|B.anthracis
DQ207729.2|B.cereus
AFO013121.1|B.pseudomycoides
X60615.1|B.fastidiosus
B11
DQ462195.1|B.megaterium
3 X60609.1|B.azotoformans
D78477.1|B.pantothenticus
DQ462194.1|B.pumilus
DQ480087.1|B.licheniformis
g X60633.1|B.popilliae
85— DQ462193.1|B.subtilis
5L X60622.1|B.lentimorbus

X60601.1|B.lentus
JEDQBSSBSS. 1|B.firmus
st DQ374636.1|B.sp.

AM237356.1|B.sphaericus
X60642.1|B.insolitus

X60631.1|B.pasteurii
X60644.1|B.globisporus
AJ277904.1|B.alcalophilus
DQ347840.1|B.coagulans

AB111936.2|B.horti
AJ586387.1|B.stearothermophilus
ABO042060.1|B.schlegelii
AMO062684.1|B.polymyxa

Bl Ek Bl MRZEE R

Fig. 1 The phylogenetic tree of Bl1

2.2 BHHREBZGMRK

2.2.1 ¥REAEHRER
S0 2 S DL TR A U B ) = AR PR . TR AR A
600 nm I EEH A (OD {8) 5 1 1A 7 13 28 1k 41
O o WS B A VB TR R 4R AR OD . K2~
6 73l Ay e A, AR pHE L IR EE L B TS B X
Rk OD {6 152w (B AR S8 acb.e.d e R
BAEMEZMZER 8%, P<<0.05 ., WK 2 fimx,
BN 60 mL/250 mL A B AUk B . AL 3
AR, MR R KT 3% 5, OD fH AL /N, il
JEWE 28 R 00 IR 5 SR Fh B o e R o 300,
MIE 4 FTLLE 2 B R 5k pH (A8 LB, OD {15
IR 5t 1 v I AT P R A A TR VR B U B
KN E 5 AT AT OD {A B 45 i 9 A8 6 2 BL5E T
L AR I H, 1E 28 CIF R OD {Hd5 s s 55 4h,
PR OD {f bl % %% 3 9 T 3 7t (R R 190

0.35
a b
1 77 : 7 d
0.251 7 c
g -
= 0.2
>
Q i
3 0.15
0.11
0.05+
0 T T T T
20 40 60 80 100
%9 B Liquid volume(mL)

Bl 2 WX OD {8 195
Fig. 2 Effect of liquid volume on OD value
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r/min BB 4k S TF =, OD {H 178 46 A KB &
(E 6), % &3 Tl Ak A9 4 B 8055 - 1E 3 i 4 32k 5 %
oK 160 r/min £,

0.357
0.3
0.25
0.2

OD value
o
o
i

0.057

9 12
$%Fh BInoculation amoun(%)

B3 BeFiE X OD {H 15
Fig. 3 Effect of inoculation amount on OD value

0.4 [
0.354 7
0.3
0.254
0.21
0.154
0.14
0.054 a

OD value

M\

Z

8 10 12
pH{E pH value

Kl 4 pH fEX] OD {E 115
Fig. 4 Effect of pH on OD value

d

%
é
_

24 28 32 36
i JE Temperature(C)

Bl 5 i BEXS OD fH K5
Fig.5 Effect of temperature on OD value
0.67

A\

0.51

0.41

OD value

0.31
0.21
0.14

0 T 10 1s0 190 | 230
#E i Rotation rate(r/min)
B 6 BEEERE OD 9 R
Fig. 6 Effect of rotation rate on OD value
2.2.2 ERXRRXRBRER
MR B0 R 3R S B 25 2R L IE sc il e B R I R
R, pH 5 & IR & W3 DK,

AL Ly 3D IEAZ I £, LW BT E 2 Pros, il
a5 R R 3 B .
F2 EXRWIEW

Table 2 The design of orthogonal experiment

K £ Factor
K E 3% i 3

S
Level Liquid Rotation pH & T L
emperature
volume rate pH value C)H
(mL/250 mL) (r/min)

1 50 140 7 28

2 60 160 8 30

3 70 180 9 32

H 2 3 AT, 4 AR 2R A 32 RIUT Ry 26 o >
> pH > I BE R 2RE Vo 0T B bR 2 I8 52 ) B K
THE A R Z A R KCOF T U 56 48 br 19 7 39 18 (k1L k2,
k3) A DL M o 2 TR ek bR g 2 {8 A O, e i v B (E
FR BB REE pH E B T e i 858 T BRI
s, > pH H 2l 8 B {E oK s BIE BEE 55 57 iR
JRE (18 328 U T TG 32 T AR AT . e A e T K TR 2%
R 70 mL/250 mL, #3180 r/min, 4
FRURJE Ny 28°C . pH H N 8. ML 51 FHifA OD &
4 0.47660. 0227,

3 i

Wit o 575 5 Ml A TS A TR L % B R R Y A S K
FEIH K IR H 25 % A0, T o 8Oy E R Y AL
g2 7 AARUE TR 58 A= W 10 2% 1 A B W) 5 vk B L B
S5 g s N T AR B8 # 7 A0 PR K 5 5 7 B R
A K, Mk s A O A B AR A AN,
PRI A5 21 73z i gt AT R i 3 F 5 45 3
(R PR B RR BLL (9 16S rDNA 3 R #1720 H7 . 9F
AL B RERFW, ATLLA HFE K Bl 5B
REZFFHIFF B R — 53 3R OC Rl . 45 G Ttk
(9 24 AR A FE AR die 200 € TR B11 Oy BORZF AL A
B ( Bacillus megaterium ) ,

HIH X T BAR 0 0F 58 CAER BT, Bk B11 W F%
i PERE R4 SR Tl b R FAR A P 5 % TR B
Bl1 " KEEF WS HAT R . AW 538 i e A
2L R E X TR AR K OD {E 52 8K 1Y
R R pH (H 5 W A, 9 0E A8 i
0, o) B R B 15 7R SR IR B Ve L p H (S R R Y
KV HEAT AL | B 20 72 e A0 0 W A - W B
70 mL/250 mL, % # & 180 r/min, 55 % i £
28°C.pHE R 8, FEULZ&MF N A bR B11 K R 47,
R BLLAE Tolk B R R A $8 I H R S F%
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Table 3 The result of orthogonal experiment
A # Factor
iitgﬁl\‘l’._/l‘ O o EL N=lld OD ﬁil‘
Test number FA?E(ﬁE (B) 4 (C)pH H (D) i [ OD value
Liquid volume Rotation rate(r/min) H val Temperature
(mL/250mL) otation rate b value 0
1 50 140 7 28 0.2704+0.0173
2 50 160 8 30 0.3162+0.0078
3 50 180 9 32 0.2942+0.0104
4 60 140 8 32 0.3678+0.0134
5 60 160 9 28 0.4302+0. 0354
6 60 180 7 30 0.4234+0. 0565
7 70 140 9 30 0.3814+0.0130
8 70 160 7 32 0.3962+0.0067
9 70 180 8 28 0.4766+0.0227
K1 0. 881 1.020 1. 089 1.176
K2 1. 221 1. 143 1.161 1.122
K3 1. 254 1.194 1. 107 1. 059
k1 0. 294 0. 340 0.363 0.392
k2 0.407 0. 381 0. 387 0.374
k3 0.418 0. 398 0. 369 0.353
R 0.124 0.058 0.024 0.039
- yho 1
EUF A>B>C>D
Important order
PLokF .
Optimization levels As Bs C D
PPN
feat s A3 B3 C2 Dy

Optimal combination

R

(1]

[2]

[3]

[4]

Funge-Smith S,Briggs M R P. Nutrient budgets in in-
tensive shrimp ponds: Implications for sustainability
[J]. Aquaculture,1998,164(1):117-133.
RN 5K TS B k. 2 F e A 2 ) 500 % 1 3T 6 4 £
B R AR B LT K R, 2015, 34(1)
27-30.

Qiao Z G,Zhang W F,Ma L. Effects of two probiotics
on feeding, growth and body composition of juvenile
Qihe crucian carp Carassius auratus [ J]. Fisheries Sci-
ence,2015,34(1) :27-30.

o MR 2R TR AR 2 R X 2 6 4 0 s T G
MR L], K7 R, 2008,27(2) :64-66.

Feng J R,Chen Y,Li B J. Influence of probiotics on li-
pase activity in juvenile japanese flounder Paralichthys
olivaceus [J]. Fisheries Science,2008,27(2) :64-66.
SIS, EROY LA L9 WHRTEH
B X MR 5 B T e A e A B HC A0 T R K 5T e Ak 1
(1. KR, 2013,32(11) :671-673.

Bao Z H,Ma G Z,Wang S F,et al. The colonization,
water of marine

bacteriostasis and purification

Paenibacillus polymyzxa strain L, -9 in a Japanese

[6]

7]

[8]

shrimp culture pond [ J]. Fisheries Science, 2013, 32
(11):671-673.

2L IR F R IR, S AR W) B AT X K B Y A 5 4R
EAi R 242 A K sz m ). ol Fl 2 k & , 2014, 35
(4):87-89.

Li B,Zhang X Z,Ma Y Q,et al. Effects of bioflocs on
the water quality control and the growth of
Apostichopus japonicas [J]. Progress in Fishery Sci-
ences,2014,35(4) :87-89.

Rengpipat S, Rukpratanporn S, Piyatiratitivorakul S, et
in black shrimp

al. Immunity enhancement tiger

( Penaeusmonodon ) by a probiont bacterium
( Bacillus S11) [J]. Aquaculture, 2000, 191 (4) ;271 -
288.

Panigrahi A, Kiron V,Satoh S,et al. Immune modula-
tion and expression of cytokine genes in rainbow trout
Oncorhynchus mykiss upon probiotic feeding[ J]. De-
velopmental and Comparative Immunology, 2007, 31
(4):372-382.

W ARbR L AR L X SO, A 2F TELAT B IR R AR R X
i1 4 K R T TR A AR S M S R [T ], KE T
PER 241 ,2014,29(2) : 136-139.

Yao D L, Zou Q. Liu W B. Effects of Bacillus



252

JUUERL B 20154FE 11 A 31 4% S48

[9]

[10]

[11]

licheniformis and xylo-oligosaccharide on growth per-
formance,intestinal microflora and enzyme activities in
grass carp Ctenopharyngodon idella [J]. Journal of
Dalian Ocean University,2014,29(2) :136-139.
Eo e BRI W R R AR B RS 2 LT R Y
e K A8 H 00 A 4 R BIF ST (T ] A 2 5l 4, 20144 41
(10):2043-2051.
Wang ] N,Xiong Y,Hu M. Screening of high effective
protein-degrading Bacillus subtilis and study on pro-
motion to Jian carp growth[ ]J]. Microbiology China,
2014,41(10) :2043-2051.

M R E. AW N E AR B# 48E F B M. o

FRE 2% B 28 B B o B (). b 5t Bl A AR A

1984 .:729-794.

Buchanan R E,Gibbons N E. Bergey’s Manual of De-

terminative Bacteriology[ M]. Institute of Microbiolo-

gy, Chinese Academy of Sciences (ed. ). Beijing: Sci-

ence Press,1984:729-794.

A BT AR MR AF . — R 2R BN 2F TR AT

o3 g M B BB R R o A LT ] b K O R A

2012,19(4) : 647-653.

Zhao W W, Wang X H,Sun Z.et al. Isolation and i-

dentification of a flocculant producing Bacillus sp. and

analysis of the properties of the bioflocculant [ ]].

[12]

[13]

[14]

Journal of Fishery Sciences of China, 2012, 19 (4):
647-653.

PR H AR AR TS Bk R AE M R (M. dL e
ez Toll AL . 2007263,

Tao T S, Yang R F, Dong X Z. Systematics of Pro-
karyotes M]. Beijing : Chemical Industry Press,2007:
63.

BOMG B R T, ZEMOR, AL 3l B AR 2 A R0 X K R &
RS G2 K BFE W L] R P K225 4. 2013,
28(1):21-26.

Wu P,Zhao D Q,Cai H H,et al. Effects of three pro-
biotics on water quality and growth in sea cucumber
Apostichopus japonicas [J]. Journal of Dalian Ocean
University,2013,28(1) :21-26.
SRR U R A R AR B0 A R TR K BT AL
Y R R BRIR B R BT . BB 2 5 R L 2010, 33
(12) :408-410.

Wu B C,Shen G Q. Yang C X, et al. The application
status and prospects about the probiotics used in wa-
ter purification[ J]. Environmental Science and Tech-

nology,2010,33(12) :408-410.

CRERTLEIP S-S

(E#% 246 ® Continue from page 246)

[10]

[11]

rhAe N BRI R 55T A M A A 2 ey v
TR AL B D 23 ¥ v W AL YE 5 4 AR 43 4 il K
SAHT GB 17378, 4—2007[S]. 4t 5% - o B AR o 1 A4
2007.

General Administration of Quality Supervision, In-
spection and Quarantine of the People’s Republic of
China(AQSIQ) , Standardization Administration of the
People’ s Republic of China, SAC. The specification
for marine monitoring—Part 4 : Seawater analysis GB
17378.4—2007[ S]. Beijing: Standards Press of China,
2007.

McGlathery K J,Pedersen M F, Borum J. Changes in
intracellular nitrogen pools and feedback controls on
nitrogen uptake in Chaetomor phalinum (Chlorophy-
ta)[J]. J Phycol,1996,32(3):393-401.

(12]

[13]

Kim ] H,Kang E J,Park M G,et al. Effects of tem-
perature and irradiance on photosynthesis and growth
of a green-tide-forming species ( Ulva linza ) in the
Yellow Seal J]. Journal of Applied Phycology. 2011,
23(3):421-432.

FLLEE E R & AR VL0 B RN W) R R R
KA PE [T VL3R AR M B, 2012,40(6) : 315-317.
Jiang H X,Wang Y X,Xu Y. The growth characteris-
tics of different populations of Enteromorpha
prolifera in the coastal waters of Jiangsu[ J]. Jiangsu

Agricultural Sciences,2012,40(6):315-317.

(UL G4 R E2)



