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AR S FIIEFREEFATE
. / E/ %
(Bacillussp.) A4 KBRS
ZHF T wER Y FEg> HnEet % B2
BAK® H £ FEBD xERW
(1. BRI S a A2l B 2013065 2. R EUKERIZEBFSEBE RS K P2 098
JARA W A SIS E SRR AR SRR E S M 510300,
3. AT Z SRR PO N 5102755 4. HEDK RO IE E EE K B

FT A KRR Z L =W 572018)

E A HiFEBacillus sp) A4 B EHEFREINER, YRAEREGHSHERFE
A4 AR, ARAESHEELRERNTHRGEKSE, EUREEFELERARK. AEFK
BT x4 K %, 0L Plackett-Burman 7 %4 & BB IJE . &F. pH, M EHE, BE . #
H, RREEEFAHAKNMED RS, EREFR, A4 WAHANHKEEREAETEARAE
EAMBMERE, #5240 EHES K E 3.58x10°, 3.19x10° CFU/ml, % T W& E 87
WARNKEEE., BE. EX¥. %k, BHEE. pH, X0 E, EATEGMBEA A4 WA
K% B EP<0.05), HAREKW, FERFGNEREKALLAELZE L, EIFHEHKXEZE 4%

ERRESHRABHE, JREREEMIRFERE 2.

KH#IR FRATE; wIE; AR, BERLAHG
hESES Q939.96 XEAFRIRAD A

b I A R K, W R BE K T B )
S A K 3 ™ R R S, 2014; 3B R E S, 2010,
FRESEE, 2016), HAET, PidsfFH sk EZE A m K
RHFEEA CuSO,. KMnO, FINEE 4 55 Ak 2 24 9 il 5
RRAFEHBEAUETAEE, 2016; 4505, 2009; Kuzminov
etal, 2013), Z X EEAER R RSP, B85 1
TG Y, RRF ORI AR SIS K R (5% R B A,
2015), P& A ARG E A Y & 2% N8 H 2552
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FIEA, A REE RO ER, Hr, BEEE
TR A W U ) — R A (F AR AR A, 2016).

5 T TR RE NS 38 ) BB i ] 2 T = ] e
AR ERPEBEZS |V fif 5 40 A 1Y 4 A (Lupette et al,
2016). T & B 75 8 R 32 B4 ZE AT 18 s (Bacillus
sp.)(Hou et al, 2016) . f{& 5.} % J& (Pseudomonas
sp.)(FREKHINAF, 2015) . 3¢ B {15 #L /i 7 ) (Pseudoaltero-
monas sp.)(Cai et al, 2011). ZL4fi7# )& (Rhodobacte-
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raceae sp.)(Chen et al, 2014) . ¥+ J& (Marinobacter
sp.) (W= E, 2016)% . 7E H SRR I A7 76 ] 1 it
AHE PR , (DY MEEA R, B4
FATRT R, B PR A 1 AR X AL (Grossart et al, 2005),
P78 = o A Er P il 1 A B B PPN
iy, A FE S TE R ) B R R SR, Bl
VRESS M R A, RS B R MR B RRAIG, LA i
RO ZZ B GRS AE, 2013; AFARSE, 2013), B
I, IR A B R AR S B L R R ORI
JE | A R (R 0 A SO A A B A R R R
B Z —. Yang FF(2013)FIH MIZF(2015)F5 11, &
T 25 400 1) A0 AR A A A A B R 4 o R AR g 1 A4k o
VS T ) BB IR TR TR R BN IR . AUE SRR (K 1R
§E,2010) . FiAk, REXT R AEZEAL 7 A 5 i A I AL i
JE WA pHESASHE, EEE%Q12)MT T
BT F XA SR ST WIRZm, 15 IFEAN A N &
R B ¥ B TRy e o N [ 9 Rt B (B X 1
P R I K SO SR M B R R 5 5. L, Bl
PRI E S5 A 25 DR X6 i o A R A s, X R 4
PR B TR A S SR A A SR HL AT

HATIF R K 2 U LU R R S0 o s 5%
B AR 2 PRI X0 V5 9 TR P T R NG A 5, 2012 TR R
&5, 2015), %k BARIRAERT ., (HARBEZEAT B 1] FL AR,
ToEEHIW H T30 K & |, Plackett-Burman SE56 & —FP RE
Al 0 25 A DR 2R A R0 {8 0 22 1 B 3 R e LR 1Y
SEBTT R . R ITIEA UKD | SRR A
0L AT DRSS [ Bb 550 4% DR O R%0 {i (Maneeboon et al,
2010), 7EHARAESHE D, EFRMAESHER TH—
B 2 2 5 ) 95 B 1A 7 A P ) R e (U JRUA T 5, 2013
PR 2016; BRI, 2016), ML, AW EHEE—
HREA R S i e — PR 2R AT A4, FEAHT
AN T B 15 RN SRR X TR AR A B i i 3 Ak L, LA
Plackett-Burman /7 ikZia HLER . & . pH. $EFITE
dE MR R AV S D TR AR A K B B ) s
M, B A 22 R 28 ) 4 T 4% 1R 28 0] 1R ik A K5 T
P TR, NEE— S 2R B A4 (B35 544 B
R & 5 N RS %

1 #wREFE
1.1 B
ZEHIFF TR A4 i b E K =R A 5 B R T 2K = A

FERTHRAL | 2R R DA PR % T Ve Bl ) U b v 3 B
P, BHA RFnyH BEm s —ve, A8 m a0 i HER
# [C ¥ (Scrippsiella trochoidea) . V& ¥F Ji Y
(Prorocentrum micans) . 4§ J& £ H # (Peridinium
umbonatum) &5 3F H 5, 6 8 1A% /N sk (Chlorella
pyrenoidosa) . 440/ N (Cyclotella striata) . P FEAE:
(Scenedesmus quadricauda) 55 A 25 i i T A K 52 i
(b=, 2016)",

1.2 ExFHE

LRGSR AR 10.00 g/L, 5 % 3.00 g/L,
NaCl 1.00 g/L, KH,P0,0.20 g/L, MgSO, 0.20 g/L,
MnSO, 0.03 g/L, CaCl, 0.10 g/L . %5575 45(2005)
H1 Rao S5(2007) Ry 7 L Ll . B 73R B N E RN
Bk BEFRTARCN E SRR R R

1.3 MFikEH&E

WORH N R, AP =M TR SR AL, 200 r/min
30°C fH i RIR G 97 12 he

1.4 AEEE. KiEXNEKRERKBRN

V43 FH R (Su) . 1 285 B —RE M5 (G-Su) . nI¥
PEVER(St) . FEEM) . E KK (C). kiM% (B-M)
Ko AT PP TE S — K I (St-C) &5 B QL Rl 055 2 4 op
IR ETRE(G), Tl AN AR R A 85 37 3 . IR 45
HIBEREE (YY) . SRR (P-Y) . WIREA). &
Hi(Sm). K& EH(Sp) & G H—K & H (Sm-Sp) &
BAELABE FR 5 rh  EUE B IR (P),  C A TR
TR R FREE . K A4 R TIRUL 1% 0l 3 2
ARIFREFRIE, 30°C . 200 r/min FLEEEFE 24 h, LU
AT T A TR B (DA, 1996), 43 AT AN [l Ak
TERRNEIR XS Ad B AE K AR

15 HMERERHNZEESN

AR 1.4 09058 2528 , 2% Venil (20151 15,
PA Plackett-Burman SZEG 1T, EHUCERIK . K5
B, pH. BEFMREE . R, R, e 7 A
FAE R AR i, #5628 5o sy . AIRME 2 KR,
MR A e R 12, FFHE 4 AR & DA 2
BLiRZE(ER 1)o FELATAMEEEAE e N (B % L 4B A L
K FXT Ad T AR Y DRk o

1.6 HIEHSH
D)3 [K & 7 2243 BT (One-Way  ANOVA) 4545 [H

1) Xi JY. Algicidal effects of algicidal bacteria against dinoflagellate from shrimp ponds. Master’s Thesis of Shanghai
Ocean University, 2016, 37 [ £ 2. SRt 860 S A0 B O B P R G L VAR RS2 A AE 9 /B 24 638 3, 2016, 37]
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F 1 Plackett-Burman 3% 310 E & &K 4R
Tab.1 Factors and levels designed by
Plackett-Burman method

FF5 E5IES 7K Level
Number Factors -1 1
X;  EXKIH Corn steep liquor(g/L) 10.0 20.0
X,  KEHEF Soybean protein(g/L) 3.0 6.0
X3 pH 1 pH value 7.0 8.0
Xs  #JF Temperature(C) 15.0 30.0
Xs %% Rotation speed(r/min) 150.0 225.0
Xs A 1.0 3.0

Inoculation amount(%)

PRSI TR=N
x, o . 400 60.0
Liquid volume in flask(%)

RN 22 Ak, W PR E S P<0.05; 385 Design-
Expert(8.0.6. 1) /4% Plackett-Burman 25645 R 4T
T2, A R DTk %

2 HERE5HW

2.1 AEERER B & KB RE

NEBRE R F D, A4 IR RN E
K3 2H (C)> 5k Kz W 4 2H (B-M)> AT ¥4 1 by — K 3
2 (St-C)> I 4 41 (MY> 1] V5 4 S 93 201 (Sty> 4] 2685 W — FRE A
ZH(G-Su)>FEREA (Su)> M EHAL(G) . BN Z 7 22 0 4
RR A FIRRIEXT A4 AR ARG BE 250 1),
Hor, BRI (C) M S e = (3.58%10° CFU/ml), 5
R B (B-M)2Z A B (P>0.05), (HE E&ET
A A R 2 58 2H (P<0.05) o R R K 3K (C) 4 19 1A et e
FE, W HAE A IR e R T 5 SR

22 AEEIENEHRERKBIRIT

AR AEIERE IR T, A4 HROABRIRIK IR
5 H 41 (Sp)> M- K .4 H 4H (Sm-Sp)> L HH 4 (Sm)>
A R (P> BE T 4L (Y )> 25 F TR BT 4 (P-Y > i
MR (A)E 2). BRZE T Z R ER, ARAEIR
R AERARBAR] . Forfr, KRG A F4(Sp) FaH-
K228 1 24 (Sm-Sp) Y T 1 22 5 A8 1 2 (P>0.05), {H 1.
T H AL 9256 4H (P<0.05), 43 Wlik 3] 3.19x10%,
1.85x10% CFU/ml. [RIK 8 (40 (Sp) T e defd: , 0%
HAE Ry 55 37 3 R AT Je 825

23 HMEHRERNESERSN

R4 Plackett-Burman SCE045 R Znil &7
T, IR Ad THF R TTRL, $epminl R
N

(o]

~

Bacteria quantity
w (=)}

Bi&Lg (CFU-ml)

-+

w

St C St-C M B-M G Su G-Su
#RJE Carbon sources

1 ARBEZIET A4 R THE R
Fig.1 Quantity of Bacillus A4 cultured with different carbon
sources

FRESE A [ B A [F) 7R 25 57 AN 25 (P>0.05), ez
FoR S E (P<0.05); JAEIFEL. St: AIETERER ;

C: FoKIH; St-C: AIVETEEM-F KK M: H#E; B-M:
P HEE; G: THME; Su: REHE; G-Su: ZME-REHE
The same letters or partially same letters indicated no
significant difference (P>0.05), while different letters
indicated significant difference (P<0.05); the same applied as
followings. St: Starch; C: Corn steep liquor; St-C:
Starch-Corn steep liquor; M: Molasses; B-M: Bran-Molasses;
G: Glucose; Su: Sucrose; G-Su: Glucose-Sucrose

9 a

a @EOh

8 b 24h
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SN
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by
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P Y P-Y Sm S Sm-Sp A
IR Nitrogen sources

K2 ARABEZMET A4 R HEE
Fig.2 Quantity of Bacillus A4 cultured with different
nitrogen sources

P: AR Y: BEEF; P-Y: EAKEEE; Sm: ©

Hi; Sp: KREZEH; Sm-Sp: WHI-KEEH: A: R

P: Peptone; Y: Yeast; P-Y: Peptone-Yeast; Sm: Soybean meal;

Sp: Soybean protein; Sm-Sp: Soybean meal-Soybean protein;
A: Ammonium sulfate

Y=0.65X; + 2.04X, + 0.27X; + 1.22X, + 0.45Xs —
0.19%, - 0.37%; + 6.30

Kb, Y AEWEE, X=X, 5l EARIE . KRG
. pH. MR, fEE . HE . EnaE 7 A
RN, Z T FEOE RECH 0.9630, K IERECH
0.8982, FMIIZAR A Jy FE vl FEE AP (3R 3) 224 Mr
SRR, HFRENEZEEHF RO KEEA>R
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JE > T RS >4 b R e >pH> 2 T 45 P B
PRA K m ) sTEk 2 B . Hp, RGEA . BE
Ko B e R W 2 (P<0.05) . Al 0L, BT IR Z b,
Bk UE R DR 20 TR AR A K2 i ok B R T A S
TR

3 g
3.1 EFEFI AIBEEKWEZIN

B . BUEME YR Kl FE b R B E SRR R
PEAE MR Wk K B T B il 2 5, B A S T 1A
RO AR E AR, SRS W A K B BE R
RIUR EZH TRy (25 . EE. %R
SRS RACHM A (R LB 5, 20115 Rk FLAE,
2011) o AN[A] BB A= 1 ml IS ) A B L 20U (F5) 4 ok

25, 2012), B K Tl AbAE F= iy A B . AU R
B0 MAHURICHL (LR, 2014; 555, 2011),
TEARBIITE T, A4 BT RIRA DL IR TR R ARA
LA R G AR RO e, 1597 24 h R E S
BkF] 3.58x10%, 3.19x10° CFU/ml, X 53K 2%
(2010) 14 #1238 77 72 22 30, Al AT A Sy J65 03 2F A AT B
(Bacillus cereus) AR 156 I e fERk . ZIR 5> 310 22 ZF b
MG, H3E 24 h FREES AT 4.76x10°,
4.56x10° CFU/ml. DA I 2 BREAY R 2EAAT i s, (H
fEfk . FUE SR A AE 25, TR R 0] AR R A P =2 1)
FEALE VAR TR AR 9 22 S0, S TR G e e 7= A= 1) il 3R
A, 1 SRS SR R A2 5 . ARG,
XPoUR . AR R L TR, A4 X RAR
A L AR AR T2 — A WL FTCHLAY)

% 2 Plackett-Burman LI8i&it 54 R
Tab.2 The design and results of Plackett-Burman test

T e B
N?m%er X %e % X4 Xs X X7 Xs X9 Xio Xn Cell c?n{i%ration
(x10° CFU/ml)
1 + + — + + + - - - + - 10.31
2 — + + - + + + — - - + 7.23
3 + - + + — + + + - - - 4.92
4 - + - + + - + + + - - 8.22
5 - - + - + + - + + + - 2.67
6 - - - + - + + - + + + 4.02
7 - - - + - + + - + + 4.27
8 + - - - + - + + - + 7.52
9 + + + - - - + - + + - 6.92
10 - + + + - - - + - + + 9.88
11 + - + + + - - - + - + 7.80
12 - - - - - - - - - - - 1.87
I HREREATE, REIKFE
Note: The “+” indicated high level, the “~” indicated low level
%3 ARAREEM AREKEMHEEHE
Tab.3 The effects of different factors on the growth of Bacillus A4
1% MRER e s F i LA
Factors Coefflment df Mean square F-Value Pr=F I‘mplortance
estimate principle order
X, EKI Corn steep liquor (g/L) 0.65 1 5.14 6.80 0.0595 3
X, KIGZE I Soybean protein (g/L) 2.04 1 50.14 66.43 0.0012 1
X;  pH {H pH value 0.27 1 0.86 1.14 0.3463 6
X, &S Temperature ('C) 1.22 1 17.93 17.93 0.0082 2
Xs  ¥%i# Rotation speed(r/min) 0.45 1 2.40 2.40 0.1490 4
Xe¢ A & Inoculation amount (%) -0.37 1 1.67 1.67 0.2117 5
X; Y E Liquid volume in flask (%) -0.19 1 0.44 0.44 0.4891 7

T PUE R R=0.9630; K IE A% Adj R*=0.8982

Note: Coefficient of determination R* was 0.9630; Adjusted R* was 0.8982
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32 BEBFFHI AABEEKZI

W WA . pH SRS E IR TR
M RUE Y AE R RAT AR, 2016, 2 DUEESE, 2015;
TREE, 2014) 0 I BE X i AR 4 1 s M) B AR R AE Tl AR
YR N I AEACN , S R BEIE ERT S R P ) i
AR RS, XSRS HE IR AR, A
T I D2 A AR L A T G R A
2013). pH 25200 {5 9y 200 it A e 47 %) 28 A A 2 AR
A A R O, T ) R IO FE B SR T
(AR5, 2013) o 1 00 T0A 90 1) 52 ) 32 22 SR BLAE AR
WSS, — B AU W s R T R R
(BRYESE, 2015) fEAMIR T, WA S EF LW
VIR BRIV SRR R Y o b VR e A e A O L T
S, Tt R D 2 3 o I o A YR s [ 8 0
ASEMEE, 2015; HRUEAE, 2015), H5 3R R0 XT
A A G R A AR BRE PR AN T, — 2 V5 R 1)
FEMb AL S SR R O A T DA TR T Y N Ao R
(XIHEEE, 2015), ARWFRLE R TR, BREESN, pH.
W R R A4 FAERKMEZmIARE, £H
A4 X pH K A m I sh AU, A BRI e A X AR
E, ART A . e R, SR K
AL S A 220 Mo AR AR T 3R A
(ABHESE, 2013), AME45(2012) T 2009-2010 4EXF |
FAVT AR KA T VI, pH B SNE RN 7.4-8.2, ¥
AU STEREN 4-14 mg/L; 2= 55 (2010) %) ARl 2
X UE % E s K B UEAT WS, pH B B LA
7.21-9.37, HHEIEIVEEN 4-15 mg/L. A4 HXIE
A pH BB N 37 T8, T IE I bR SFRGE KR ER
5, ARTHET 5N

33 ZEZRIHERM

TEXT AR AE K AR R T, BRTiF 5 260 T
EIRY TR . R e 43424, 2016),
Xif 7 % R 2R RN 35 2% A O DI ) 80 56 7 R 22 (1 2 T
4, 2012; 1 RHLEE, 2009). 7340, HREITHFSE Z R TF
FH BN 28 52040 M7, 8 LAl DR 71 22 AR O 9h 1) e
R —HF B, BAREAER R, (EASBEIET TR )
P, Tk E RN E (REELAE, 2010) .
Plackett-Burman SZ 5 & —FhAEAG 1 H 4 AR 9 &=
SN I e 8 2 R M IR 2R A 256 ik (Maneeboon
etal, 2010), K, AMFFEFIH Plackett-Burman S5
IIMTIE , MBI ISR A T AP e
XTI . WEFE I, KGR AR E X Ad B9
KPR B, AR BRI e, R

pH {H ., e, — 5w, Uil Ad @A KRR
PEPEMETE & Sy — IR X A4 AR K L
P I 2 TR IR, RIS SR AR B R AR KR R A
R B, FETPAR AH I PR 2806 TR AR AR 1 105 1
B, ZB0HE SR RG4S R LA 2% R EE X 437
R, ARSI IR AR, 76 B4 BRI5 45 I & Xt
A4 WAERMPZEG AT, BB A E AR
KR, ATREMELL IR BV B . XTIk, NZEA

JEIRBE AR A g I Z AR AR IR R A5, £
JEI . £ AT ARV T A0, BT A SR
FIE

£ % X M
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The Effects of Different Carbon and Nitrogen Nutrients and Culture
Conditions on the Growth of Bacillus sp. Strain A4
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Abstract In this study, we explored how the nutritional and culture conditions affected the
growth of a Bacillus sp. strain A4 and identified the growth characteristics of this strain during the
multi-factor interaction. We first applied the single factor test to study the effects of different carbon
and nitrogen sources, and then employed Plackett-Burman (PB) test to evaluate the effects of seven
factors including carbon source, nitrogen source, pH value, inoculation amount, temperature, rotation
speed and liquid volume in the flask. The results showed that the absorption efficiencies of strain A4
for different carbon and nitrogen sources were different. We found that the corn steep liquor was the
best carbon source for strain A4, and that the soybean protein was the best nitrogen source. When
cultured with the corn steep liquor or the soybean protein for 24 h, the amounts of bacteria reached
3.58x10° CFU/ml and 3.19x10° CFU/ml respectively. The results of Plackett-Burman (PB) test
showed that the order of factors affecting the growth of strain A4 as soybean protein>
temperature>corn steep liquor>rotation speed>inoculation amount>pH value>liquid volume in the
flask. Moreover, the soybean protein as the nutritional factor and the temperature as the culture
condition both had significant effects on the growth of strain A4 (P<0.05). Temperature had a greater
effect on the growth of strain A4 than the corn liquid factor. The results above indicated that the
culture conditions played a vital role in the growth regulation of the bacteria. We also recommend
that it should be essential to associate the nutritional factors with the culture conditions when
evaluating the effects of related factors on the growth or ecological function of bacteria.
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