E33 B3
2000 4£ 5 H

K o= o2 R

JOURNAL OF FISHERIES OF CHINA

Vol.33, No.3
May, 2009

X EHS:1000 —0615(2009)03 —0511 —08

BiFHE DT-7 FHKEMEFEAS AL
ZTHEH, EF4

(TEREMABFEYEREEBERLRE, #iL T 315211)

REFXREEBREDEKNEELASZ — AARBEDRBEERREG FHIXKEH NS
oA FEREREEE — & &, AR e L8 i3k, & K A% ¥ MW Brevundimonas
sp. DT-7 % LB W #%, SRS EE 78 MO0 IR 46 7, 3R AR R BIEAT IR 26, BT i 2B ¥h 8 A
*HEFR Xl(fx?:}&%)\ X, (NaCl) | X, (FePO,). X,(CaCl,) . X, (K,HPO,) . X, (FeSO, -
TH,O0) . X, (BEF). L, (XA, &4 X, (3ERHM) - X, (CaCly) | X, (F A k) #t 7~ 5K o
EUEARER (P <0.05),4 & %A Box-Behnken i i} ¥ 3 AT L5k 1t , B B | SAS 8.2%
PRE ke B B R A SR KW M ERATE AN, R ERLT SR E IR
Y, =499. 6 +19. 45X, +13. 99X, - 1. 213X, - 33. 16X,” - 5. 3X, X, - 3. 45X, X, - 39.64X,” -
10. 23X,X, -15.79X,%, b ERFEH 2 (w/v) TR 0.536% ,NaCl 2. 5% ,FeP0,0.1% ,
CaCl, 0.052% ,K,HPO, 0.1% ,FeSO, -7H,0 0.03% , B % 1% , % & fif 0.484% ; 2R ¥
AR 7 250 mL = £ % K & & 50 mL 7% pH 7. 5,32 K % % b 120 r/min B 3508 &
H(23x1) C,¥5x28h AHT, EH 78 7% 4 Ath 3T # 372.0 U/mL $& & 2| 503.3 U/
mL, BEiE G h AT H W L35, ERFARLERZN:SAS R hF A RMRUEREL L
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TRV 2 S S rh A B B B 7 SR B B e e A T
Brevundimonas sp. DT-7 BB #:, Bl B H T
B, € TR A F TR IS, HA A
S MR B Tk 2t B2 B, RS SR A e
E VAT S0, A L R s R B e X
N Brevundimonas sp. DT-7 7= 31 BB i) Tl 4L ]
T dR A T BERE AR .

1 MRSk

1.1 B

MHTVLAE RN Sk SRR FE 3 B J 2 R
1k ¥ PE 4 Brevundimonas sp. DT-7, 1% & #
B AL ERF
1.2 #EFERRA

#EF  DNS EH,

B #3EHRE (/L) BB 15, NaCl 25, &
EfE 5, B2 88 10, FeSO, - 7H,0 0. 1; H 3k 7k
1 000 mL,pH 7.5,

BARATFIZARE(g/L) IR 2,NaCl 25,
B 5, B8 10,FeSO, -7H,0 0.1; B3¥kK
1 000 mL,pH 7.5,

KBRS RS IR ¥y NaCl FePO,
CaCl, .K,HPO, .FeSO, -7H,0 B R% .5 M.
WIURI B3R 24 2216 Yerh AN B SR 2R 3
BT AT B R R B BT SR T 3
FRE, B AN I B R 2 B F 2 KR
1.3 REEEH

BRIERRE UL, R RE E R (23 £1) T4
1 pH 7.5;250 mL = AW &4 50 mL; #2 K
655 % 120 r/min ; K EERTE] 28 h,

1.4 IREETEHNE

#% DNS 3847,
1.5 BEFXEEIT

7 1.3 FriR i R B T 23 AR A 52
I VIR SR B 1 2216 WG VE 4 TE 3 R B AT HI,
B AERLSB & EX R B W, B E
ERASERFREPHRESES
1.6 EFEMRLFZE

MR R BT HT Z EH T KRR
T, iR B S A A RN I e B T,
SRR Box-Behnken #1135 #E 47 LR, ;%
J5i2 F SAS 8. 2 B — Yk W B T | H

(RSREG ) 2 ¥ Xt S L W B (B #E 7T [ 05 4047
FE ST B RS 9 R SR B U B AL T o

2 HR55H

2.1 BFEMNREETFEE
o4 B X R B R BT B # . NaCl,
FePO, .CaCl, .K,HPO, .FeSO, - 7H,O.E¢R-E .
HE#HTREFEE, #E T HFRKEERE
(Bl l-a~h), ERRAFFERZ N (W/V) 3K
BE#r0.5% , NaCl 2. 5% , FePO, 0. 1% ., CaCl,
0.05% K,HPO, 0.1% .FeSO, -7H,0 0.03% .
5 1% FEHFO. % WBCREHE, HiEZE
BB KBRS B T o &80
2.2 BFEASHHIE
RIE R RT3, ISR EHITE
HF AR BRI, R a2
BRI R B B & H F 853 R ] Retg
BT, EHTARZHERE FHHRERRR
WFEHBENBEENILANETF, -5
M, WF N RERELTHE(N-1)4H
¥, (N -4) MEREF,3 N EHWAEE AU
ftiRE. 81EFBRHEAKE: KKF A RS
R EM, BUKTHEABEMRK T 1.25 %, |
MEAEFRK PR EARRE K, RS T
HAHEFREZEME, H1 RaEKF, -1 ZnK
KF¥o AitEX: X, (BB H#) , X, (NaCl) , X,
(FePO,),X, (CaCl,) , X, (K,HPO, ), X, (FeSO, -
TH,0) X, (BE8-E) , X, (BEK) . Y, BB
FrERm N fE (U/mL), k1488 4AEHFH
Plackett-Burman ¢ 1 i i 5258 LA KA X R B9 Tl T35
M RiAE , % 2 B EFRBN, #BiE P <0.05 1
HFrHFtEREER, K2 WEREN X, (K
#). X, (CaClL) . X, (HEHK) 3 MEHEF X
Brevundimonas sp. DT-7 XK= KRG L &%
Mo X 3 ANEF I HE—SERBEMH " o
2.3 EFEANNEESHIRE
BARBENREZRN 3 METF X, () X,
(CaCl,) X, (& HIF) F =B F =K ¥ B 1 43
W TRE R, &3 A=EHF =K FHRE K
BUYH, 3% 4 B=HF =K ERE 5 & Hm B fE
RIER 4 WL, b A SAS 8.2 HM
RSREG ¢, &AM N EH A B3RS 2K 7
ME 2 ZE 4, £S5 BRTUBFENLU, Hp



33 RIDE, % AR DT-7 = RBE S EH ML 513

500~ a 540 b
~ b
- ~ % 520}
BT 450} |
> 2 =.> 500
~ 54-)
3 00l g 480}
2o Eg 460}
ﬁg 350 ®E 440
% &®® 4201
300 1 1 1 1 1 400 1 1 1 1
0 0.02 0.04 0.06 0.08 0.1 0 005 0.1 0.15 0.2
CaCl,/% KHPO, /%
_ 500r 550 d
’\4-7 450_ /\>’
4-;—1 e
E7T 400t ET 500t
ST 350t 22 450l
%m 300 ~8
59 250) o 400}
gc:! guz
2= 200} s
=Y &S 350}
12 &0 150+ ﬁbﬁo
“ 100 s 300
115225335445 0 0.2 0.4 0.6 0.8 1 L2
NaCl /% EHM /% petone
550
A>’
2% 500 . Boor
S22 éj: 4501
<5 4501 S5 400}
~—
52 00l <3 350}
E@ ;ﬁéa 300+
%S 350 g 20
® S 200
300 ® 150
0 0.5 1 L5 2 2.5 0102030405060708091
BEE /% yeast extract Rk /% agar
b0 550 ¢
QE‘E’ h00 35’ 500 L
> L B
S5 490 ST 450)
g 400f <3
Fo 3500 gz, 200r
& 2 22 3500
2E 300 ®E
B2 250 &mE 300f
200 : : : ; 250
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
FeP0,/% FeSO,- TH,0/%

B1 EFEAESNREEE NN
a. CaCl, XBRIREHE SIHRM, b. K,HPO, M HUKESE JI BB, c. NaCl Xt EUBEE 1 R, d. 28 O BRR BB ERE iR
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Fig.1 Specific activity of agarase affected by culture medium components

a. specific activity of agarase affected by CaCl,, b. specific activity of agarase affected by K,HPO,, c. specific activity of agarase
affected by NaCl, d. specific activity of agarase affected by peptone, e. specific activity of agarase affected by yeast extract, f. specific
activity of agarase affected by agar powder, g. specific activity of agarase affected by FePO,, h. specific activity of agarase affected by
FeSO, -7H,0
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Tab.1 Plackett-Burman design ( factors X; — X; and responses Y, )
Rips A+ factor Y;
test No. X, X, X, X, X, X, X, X, (U/mL)
1 1 -1 1 -1 -1 -1 1 1 454.3
2 1 1 -1 1 -1 -1 -1 1 420.3
3 -1 1 1 -1 1 -1 -1 -1 496.2
4 1 -1 1 1 -1 1 -1 -1 454.9
5 1 1 -1 1 1 -1 1 -1 437.5
6 1 1 1 -1 1 1 -1 1 445.7
7 -1 1 1 1 -1 1 1 -1 463. 6
8 -1 -1 1 1 1 -1 1 1 472. 4
9 -1 -1 -1 1 1 1 -1 1 468.5
10 1 -1 -1 -1 1 1 1 -1 471.6
11 -1 1 -1 -1 -1 1 1 1 482.6
12 -1 -1 -1 -1 -1 -1 -1 -1 497.5
R2 EFESEHTFHIK
Tab.2 Effects of factors and their significance
B+ factor f&1HE estimate ARUEE std err # 56 test ZEBP> |t
X, -32.75 4. 012 054 -8.162 9 0. 003 846
X, -12. 216 67 4. 012 054 -3. 044 99 0. 055 648
X, 1. 516 666 7 4. 012 054 0. 378 028 0.730 573
X, -21.783 33 4. 012 054 —5.429 47 0. 012 262
X 3. 116 666 7 4. 012 054 0. 776 826 0. 493 888
X 1. 45 4. 012 054 0. 361 411 0. 741 746
X, -0.183 333 4. 012 054 -0.0457 0. 966 424
X -12.916 67 4. 012 054 -3.219 47 0. 048 604
®I EFEDEETAER
Tab.3 Selected main factors and their levels
-+ factor #FYE coded data
-1 0 1
X, Bk (%) 0.375 0.5 0. 625
X, CaCl, (% ) 0.037 5 0.05 0.0625
X, BEK(%) 0.375 0.5 0.625
*4 BFEI ) EEETF Box-Behnken igit R HLE R
Tab.4 Box-Behnken design (three main factors and their responses)
A+ factor
RIS test no. X, X, X, Y, (U/mL)
1 -1 -1 0 382.7
2 -1 1 0 436.5
3 1 -1 0 427.7
4 1 1 0 460.3
5 0 -1 -1 435.4
6 0 -1 1 440.2
7 0 1 -1 468.6
8 0 1 1 432.5
9 -1 0 -1 420.1
10 1 0 -1 470.4
11 -1 0 1 437.8
12 1 0 1 474.3
13 0 0 0 498.8
14 0 0 0 500.3
15 0 0 0 499.7
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Fig.2 Response surface and contour line at fixed concentration of peptone (code =0)
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Fig.4 Response surface and contour line at fixed concentration of agar (code =0)

R5 EFEIIMEFHEENFEESH
Tab.5 Reliability analysis of RSREG procedure

for three main factors

¥, (U/mL)
Wi 7 SE-¥3{E response mean 452.353 333
BREF I H# root MSE 13.077 022
HMERY R 0.945 3
7 2 R BB coefficient of variation 2.890 9

RTXYEHTBRIED T HRERER 21T,
MFE M X, =0. 285 93,X, =0. 173 558,
X, = —0.125 846 WA LI BB KME (R KE R
FAXE &) 503. 670 778, BB ERHGISME (X,) : B

ek (X, ) =0.536,CaCl, (X,,) =0.052,% Ak
(X) =0.484, Fm EHE 5 Ml B EF UL
B3] 1 B 1 /K F: NaCl 2. 5% ., FePO, 0. 1% .,
K,HPO, 0. 1% . FeSO, - 7H,0 0.03% . B & B
1% ,

2 ZE ] 4 1 el 7 T S A PR T - 3 B3R
FREEM 5 (Xy, Xy, Xy ) X B JBE g 1 ¥ 1) i) [ L
(M) FAEBMER . EFHELEFEE S, 28
BEUE RN T RIRON B K, B8 7 & B F X3
JRC i I V7% ) R P S A

¥ bR #AT 2R EE R, B BT
E§7% 5 503.3 U/mL, X 5iHEMBEEYAE.

®6 BREFEINEATHAAERSHURERY

Tab.6 Parameters and coefficients of three main factors

24 B i e i s 1] B

parameter df estimate standard error t value coded data
AREE intercept 1 499. 600 000 7.550 022 66.17 <0.000 1 499. 600 000
X, 1 19. 450 000 4. 623 425 4.21 0. 008 4 19. 450 000

X, 1 13. 987 500 4. 623 425 3.03 0. 029 2 13. 987 500

X 1 -1.212 500 4. 623 425 -0.26 0. 803 6 -1.212 500
X? 1 -33.162 500 6. 805 498 -4.87 0.004 6 -33. 162 500
X, X, 1 -5. 300 000 6. 538 511 -0.81 0.454 4 - 5. 300 000
X2 1 -39.637 500 6. 805 498 -5.82 0.002 1 -39. 637 500
XX, 1 - 3. 450 000 6. 538 511 -0.53 0.620 3 - 3. 450 000
XX, 1 -10. 225 000 6. 538 511 -1.56 0.178 6 -10. 225 000
X,? 1 —15.787 500 6.805 498 -2.32 0.068 1 —15.787 500
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®7 BHREETEITEFHEAEHREITME

Tab.7 Critical values of three main factors

HAFFE SRBINFE X KRG FUE X, (% )
factor no. critical value coded  critical value uncoded
1 0.285 930 0.535 741
4 0.173 558 0.052 169
8 —-0.125 846 0.484 269
3 G
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Optimization of culture medium components for agarase-producing
marine bacterial strain Brevundimonas sp. DT-7

SANG Wei-guo, ZHANG Zong-ming
(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract ; The activity of agarase depended on the bacterial growth conditions such as growth medium
formula. In this study, we used marine bacterial strain Brevundimonas sp. DT-7 as an extracellular agarase
producer and optimized the growth medium formula to produce maximum agarase that can be used for
producing oligosaccharides from agar on a commercial scale in the future. Eight components in the bacterial
culture medium ( X, agar powder, X, NaCl, X, FePOQ,, X, CaCl,, X; K,HPO,, X, FeSO, - 7TH,0, X, yeast
extract, X, peptone) were selected for the optimization. Plackett-Burman design was used in the
experiments and the significance of each component (X, —X;) contributing to activity of agarase (Y,) was
determined. The significant levels were defined at P < 0. 05. The data show that among the eight
components, three medium components ( X; agar powder, X, CaCl, and X, peptone) are significant factors
for production of agarase from DT-7. The three significant factors ( X; agar powder, X, CaCl, and X,
peptone) were selected for further analysis using Box-Behnken design. A regression model was obtained by
response surface regression method ( SAS 8.2) as follows:

Y, =499. 6 +19. 45X, +13. 99X, - 1. 213X, - 33. 16X,” - 5. 3X,X, - 3. 45X, X, - 39. 64X,” -
10. 23X, X, -15. 79X,”
The results demonstrate the optimum culture medium components (w/v): 0. 536 % agar powder, 2. 5%
NaCl, 0.1% FePO,, 0.052% CaCl,, 0.1% K,HPO,,0.03% FeSO, - 7TH,O, 1% yeast extract, and
0.484% peptone, respectively. Using those optimized culture components and combined with other culture
conditions [ 50 mL culture medium in 250 mL flask, initial pH 7.5, shaken at 120 r/min, incubated at
(23 £1)C for 28 h], the agarase activity of 503.3 U/mL was obtained, which was significantly higher
than that of 372.0 U/mL when the culture medium was not optimized. We conclude that (1) using SAS
software is a very effective and quick way to optimize a bacterial growth culture medium; (2) the culture
medium optimized in this study is simply formulated and can be used for production of high activity of
agarase at low cost; (3) with further modification and improvement, Brevundimonas sp. DT-7 can be a
source bacterium for production of agarase on a commercial scale. This is a preliminary study. Further
research will be required to evaluate Brevundimonas sp. DT-7 in commercial application.
Key words ; agarase ; Brevundimonas sp. jresponse surface





