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[#E] FH Plackett-Burman {56 | 5 FENCH R0 Fnmm Ny e, XTEFFRFEAI A, FFFE 44T Stenotroph-
omonas sp. NTa K™ SiERGIEHER T A3 AT -4k, BFTCIZ TR A BE ™ MR S S LA, DR T (i Al
MALDI-TOF MS BEATEER IR %EE . S5 R s, TEBR. BERHRTT . CaCl,, MgSO,- 7H,0, BiFREERwI
pH . R SRR LA, BERFR T ANEIREAILG pH (X Bbk NTa - BUREEHAT B850, 755
A 1.03% BERER FF . B) 4 pH = 8.0 B9 SE Al % W 1% 77 4k (NaCl, KNO;, MgSO, - 7H, 0, CaCl,, K, HPO,
FeSO, + 7TH,0 . BRI /3314 50, 5.0, 5.0, 0.2, 0.1, 0.02, 2.0 g/L) o a 3K75 5 5 9 S Al i
Jlo BMRTE28 C | 180 v/min Z5fF FRBENS, RPEUER PG WITRE & B . A28 48 h, BrRCREE J1 ik
2.688 U/mL. [ifi# 72 h B0 Hrai R R, Bk NTa BrKCHE /A i B 20 A DU
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Abstract: Effects of medium composition and culture conditions on agarase production by Stenotroph-
omonas sp. NTa in liquid culture were investigated by Plackett-Burman design, steepest ascent method and re-
sponse surface methodology. The dynamic law of enzyme production by this strain was studied, and the enzyme
hydrolytic products were analyzed by thin-layer chromatography and MALDI-TOF MS. Among the tested seven
factors, including agar, yeast extract, MgSO,- 7H,0, CaCl,, initial culture pH, liquid medium volume, and inoc-
ulum size, yeast extract and initial culture pH had significant effects on agarase production. The highest agarase
production was obtained in the basic fermentation medium( NaCl 50. 0 g/L, KNO, 5.0 g/L, MgSO,- 7H, 0
5.0 ¢/L, CaCl, 0.2 g/L, K,HPO, 0.1 g/L, FeSO,- 7H,0 0.02 g/L, agar 2. 0 g/L) containing 1. 03% yeast
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extract and with initial pH of 8. 0. At the conditions of 25 “C and 180 r/min, agarase was rapidly synthesized in
the middle and late log phase during the fermentation. After incubation for 48 h, the agarase activity reached
2.688 U/mL. Analysis of the enzyme hydrolytic products after 72 h reaction showed that the hydrolysis of agar
by strain NTa agarase mainly produced tetraose.

Keywords: Stenotrophomonas sp. ; response surface methodology; agarase; optimization; tetraose
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R ELL M AN M RE 0 T By, B USRI SR AL A o BN S BRI £ ro
B AIZHE, B D - EFLBE (G) M3, 6 - B -a-L-2FFHE (LA) Dia-1, 3 - FEHHEM
B-1, 4 - W A RE B IR TE R AT, ST BRI I 4L 20t . BRSO R B i ) — b
L Rive S/ W LB 8 g B N B SIS T3 R = AV S5 | 34 /2

BT IE T H K o, ER IR e oy B A A SR . R IE AR E Y, BB
O3 a - B (EC 3.2.1.158) 18 - Bl (EC 3.2.1.81) . o - BUREHER THISHIY o - 1,
3 - MR, FERELL 3, 6 — B —a — L - RN R A mAY BN (agaro-oligosaccharide, AOs) ;
B - BRI TBIEMER B - 1, 4 —BEEHE, el D - BRI R I BT 3 S HE (neoagaro-
oligosaccharides, NAOs) "' . B /K A5 (O SEMER LI AL 2k, g R oTs0s . 38 A0
PRI TR E TS, fE R . BRI AT A T iZ B TEN o SRR T 31l 25 SE 0
b, AT LT BOREREEE RS DNA B[R, I R BRI 45 . e b AR M B A $R

T T B P W) PR SRR S W T A T AR AS o 2 B 2 22 A TR ) b
SRS TR EE AR P R, BUREE A RO RS2 BRG], © A — ST BT B
MW 0 3 5 4 P i R SR R A

TESCHTRWT ST, ASTREIZH S T 0 ¥ D8 A it v 4 2 BhUR T 1Y) 157 7 BRI i Stenotrophomonas
sp. NTa''*' | JEIEAT T IR bR & W= B W 45 LA 2 Ak, R 2R R R A B 7 B 5 T 1 Bk NTa
7 BRI I S AR IR BNE . RIS BT, B S NaCl By fpe B s 43 80 5% , 77 g i e
WHE Sy 28 C L FEMCHERN b, AHFSE IR — 28 G5 iU 4% Plackett-Burman 335 ( Plackett-Bur-
man design, PBD) . fxBENCHEIKES (steepest ascent method, SAM) FlHi i 1] 43477 (response surface
methodology, RSM) , #f—H3# 57 Stenotrophomonas sp. NTA KEEF=EER LT, IR E R IR NTa 3
O Tt 1 T 00 o

1 RS AEE
L1 #R5i5H

FFEEFRIE (g/L): NaCl 50.0, KNO, 5.0, MgSO,- 7H,0 5.0, CaCl, 0.2, K,HPO, 0.1, FeSO, -
TH,00.02, FEEAMS.0, BEHEE 1.0, B52.0,

T EE 3 (/L) NaCl 50.0, KNO, 5.0, MgSO, - 7H,0 5.0, CaCl, 0.2, K,HPO, 0.1,
FeSO,- 7H,0 0.02, ifig 2.0, it 1 mol/L NaOH K15 7R IL I LA pH (HIMZE 7.5,

BB (NA2) | BrBAlObE (NA4) | BiBiSkE (NA6) FUBB/\ B (NA8) AEFr i SEfibrifE
ar, PR ZZB10 A BRA ], HABIR 4 2 2 A i
1.2 {UsF5E&E&

WEJ B0 W66, M A R A ; 3 ko #BIEE.04F, Millipore, USA; Labconco Free-
Zone 6 plus BT 1ML, ThermoFisher, USA; Waters Maldi Synspt Q-TOF JFiji{%, Waters Corp, USA,
1.3 FHi&

1301 BRI AE i O 25 B BRI AN & NTa PR VR HAP T 5 mL B35 3R 5krp, 28 °C |
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180 r/min 3557 24 h, ¥4 1 mL _FIRIFFRYEFIE] 50 mL Fpy35 5 (76 250 mL #EIEH) 1, 28 C,
180 r/min $%55% 12 h, Bl 25 BRI LU I LA 1250 /Y L 5% R 31 50 mL JEhli &l s 55 v (7
250 mL #EIE0R) , 28 °C . 180 r/min 55 F 4555 36 h,
1.3.2  DCE L BEAE S dl s AR T 4 °C . 12 000 r/min 2.0 10 min, 35 RI R A& R B
1.3.3  BRCEBIE IME B RIS 1 e 2 Ok [16] #f7, 7240 °C. pH= 7.0 54T,
PLER BB 1 wmol IS5l (LARIAGHETT) s (O & SO — NS I 5 (U)o
L34 AYsiiiliE B mL KBEK, 7812 000 r/min 2504 T B0 10 min, 25 EER, REREE
DIE, MAXEF/KE 3 mL, 4HRAE, W@ HAE 600 nm ZEAWOGEE(E, LK &Ik A FXT
B RN A e
13,5 SURiillE  HOR R 10 A58 R AR 1 mL T8, A 2 mL BERECH], TRAT, WKV KO
10 min, YRR ZREIRE, HE 10 min, 7E 620 nm LI WO REE (A .
1.3.6 PBD >RH PBD XIS B BERE IR 2, BB or 4k (A) . BERRR T i 4k
(B). MgSO, - 7TH,0 Jiii s34 (C) . CaCl, igtsr4% (D) | #5adkwitn pH{E (E) . 2liE (F) &
M (G) TAWRMITHLE, HilEREEKCERKE, HRAKFEIFNZR 1R, WEFE
W RS SRR R, BRI S (KT 95% ) MERFTHE— 55,

x1 HKREBAEE PBD it EERKTE

Tab.1 Design factors and levels of PBD for agarase fermentation

lﬁ] ,‘%,{‘ Factors

B IR A

K w( BENg wlFERRE - (Mgso, - U pH {H e B R
B Yeast w( CaCl,) o Liquid Inoculation
Levels Agar) 7H,0) Initial pH .
/% (A extract ) /% (D) value of volume quantity
oA e (B) /% (C) , /mL(F) /mL(G)
medium( E)
-1 0.05 0.1 0.5 0.02 5.0 30
1 0.20 0.5 1.0 0.06 8.0 60 5

1.3.7 SAM 2 [ S ARmE ™ i 1 B = X3, 78 PBD {50 25 R 0 Sty b8 B BE A 7 ml LS
MK,
1.3.8 RSM J&F PBD 1 SAM W45 5L, i Hiv @l Gikie i it, o — 20 PPAG X R ™ B Bl A ik
FR AR, AR HITE S DARIZYGE T . WE 1R e SR B 7 A S BR A A
R, o X RIS AR i HZ oo A 20 A . REEMAT E X (1) SRR

Y o=by+ Y (bx) + Y (b)) + Y, (i) ,i =1,23,-,], (1)
Forbe Y 2B B e (BRRERS S, U/mL) s by, b F1 b 2% BB o Fl a2 SR B 7285 il
JH Design Expert 8.0. 5. 0 XJBAIHEAT G153 B LAVPAS J7 25 53047 ¢
1.3.9 [Pl e N A TR B RCE Ao v R TR LI 4 O R, R A K 9% T 50 mmol/ L Tris-
HCI (pH =7.0) t, SKJ5HI 150 AR FR R AH [ 22 Mg i sk 75 4 W o 3 BT il AR 3 40 Ak 19 B
i, B 5 mL BRHAW (1.2 U/mL) A 15 mL&H 1.0% (m/V) BHAEAY 50 mmol/L Tris-HCl (pH =
7.0) 1, 40 CF 120 v/min PEATHRVG SN o 4B — Bt A HORE , I F] DNS 31 0 5 Bk 388 JEORE 1)
W, WE 72 h J5, BEERE R A 2, TRl K hm# 10 min 4551k SO0, SO HTE 4 CTF
18 000g #5.L» 20 min, WA 3 ko EBUERSOAE LT, UEWEN A BEAR ) o
1.3.10 Egf@ = PRy S K B A 0 m 2 6E e 60 MR MR I, H VOETE) : V(L) :
VORI =202 1T AERIERIAR B, R &K 4010% H,S0, 1 CBEFW W52 W), e
110 CHn#A 10 ming FFH BT 35S0 2 B A 7400 04 4~ o £ A o
L3011 Bdaatr A s @ 3 WOl i F 38, BUE KRR NI « prdidn 25,
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Microsoft Excel F2J% il Design-Expert 8. 0. 5. 0 i -4k 4/t 4k

#ZR5118
2.1 7 MERINERIRREE R T

KM PBD 4T R A Z R R R B R RS2, S5 2R AN 2 i o R X Ses /UG 30 (2)

Y=0.35-0.0674+0.26 B-0.12C+0.12D +0.28 £ +0.074 F +0.037 G, (2)
Hop: YRBIREHG S; AL B, C, D, E. F, Gop3lERBRS & BARE S, MgSO, - TH,0
i, CaCli i, BiFRILIih pH, W RAER R, SR RIr 20k 3 s, wi, HERB
(BFEHRF &R MR E (FREE0I6 pH ) 89 P {E53%1°4 0.019 9 F10.014 6, ¥J/NF0.05, it
HAIX A R X Stenotrophomonas sp. NTa & e r= B Il 16 J1 52 m i 2% . HAth 5 ANRR P P EB KT
0.05, VLHIXHZ R SRR TG T A 2, I, WERRRE & i B FR 50 1h pH (A 0y & 15
BRT 95% o MIXPIANHIRHIATHE— 55, HAl S AR M AERFTER IR K-
®2 FIKEARE PBD IR
Tab.2 The results of PBD agarase fermentation

kR B0 2H Experimental groups
[ERZD

fndex I 2 3 4 5 6 7 8 9 0112
fﬁlﬁ%@iﬁ 1.269+ 0.073 = 0.122 + 0.837 = 0.077 £ 0.109 = 0.120 + 0.244 + 1.233 + 0.126 +
/iU‘-‘mllfl)y 0.022 0.006 0.012 0.027 0.007 0.011 0.013 0.018 0.031 0.025

A 1.606 + 0.378 £ 1.156 + 0.391 + 1.598 + 0.774 + 1.355+ 1.095 + 0.692 + 0.383 + 1.097 + 0.836 +
600 0.020 0.008 0.019 0.039 0.041 0.047 0.051 0.012 0.078 0.008 0.059 0.011

*3 PBDIREAESNER
Tab.3 The results of variance analysis of PBD test

% A 1 sy
Factors Sum of squares Free degree Mean square F P
A 0.054 1 0.054 0.940 0.387 4
B~ 0.810 1 0.810 14.090 0.0199"
C 0.170 1 0.170 2.890 0.164 4
D 0.170 1 0.170 2.950 0.161 2
E" 0.970 1 0.970 16.970 0.0146"
F 0. 066 1 0. 066 1.150 0.344 8
G 0.017 1 0.017 0.290 0.617 9
5% 7% Residual error 0.230 4 0.057
BT Sum 2.480 11

B = FORBERIH R

Note: # indicated significant influencing factors.
2.2 EHXIEH SAM #E

i SR PR R SR A pHL (B D R R AR AR 1) SAM AT iR L AR R R, iR i3t
WG REERINE A P, AU, 5 2 BRI Jy ik B i, % 4 R A RIIE(E . Stenotro-
phomonas sp. NTa H/E R EFEHEFRY T, MPFEHRE P SAREEERLZIK, TRIEREK
AR, AH I v vk R ) R A 22 KU 2 ) S E R A B il i TR G H i 2 2R AR
PRk NTa B BRSBTS J7, B DATERESE 2 B SR R E— P RIS
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R4 SAM BT RER
Tab.4 Design and results of SAM
) w( BEEHEE N , UG 1 AV
/% /(U-mL™") (Agoo)
A 0.46 0.5
1 Origin 0.30 6.5 0.756 +0.067 1.361 +0. 143
2 Origin + 1 A 0.76 7.0 1.790 +0.040 2.816 +0.202
3 Origin +2 A 1.22 7.5 1.438 £0.045 2.925 +0.212
4 Origin +3 A 1.68 8.0 1.309 £0.030 4.777 £0.221
5 Origin +4 A 2.14 8.5 1.261 £0.014 4.379 +0.349
6 Origin +5 A 2.60 9.0 0.817 £0.013 1.911 £0.113

2.3 EEMEZER RSM i
T PBD I SAM 5%, SR ] RSM X AR I RHEE FIG R 50 1h pH 8 82 R K- S EARRL
PEAFTOAFI T, SR S Fias. wl L, FERTA 13 REEEe T, BT J17E 0. 241 ~2.038 U/mL
ZIAZEAl . BARIGETTH AR AR 6. X3 SRR Z i 5 BUB BT ) Z [ A SC 2R
Y =179 +0.58 X, +0.28 X, +0.069 X, X, -0.56 X; —0.15 X3, (3)
Hor: Y FRORBUEESE J1 5 X, X, 23502 AR I R B A SR e 0 pH (A
F5 HOEGRBIEITRER
Tab.5 Design and results of central composite experiment

JKF- Levels BB E 71 Agarase activity/ (U » mL™") .
R A o=l - T S
Experilrinzri —Zlmbers Ei?iirit iﬂlzia%ﬁﬁﬁ\?algilo{fﬁ FEAA ﬁi(w & Biomass
X, medium X, Real value Predicated value (Agn)
1 0 0 0.241 +0.010 0.29 2.378 £0.032
2 1.414 0 1.502 +0.058 1.31 1.821 +0.055
3 -1.414 0 0.499 +£0.047 0.72 0.908 £0.017
4 0 0 2.038 £0.037 2.01 2.331 £0.051
5 0 1.414 0.049 £0.010 -0.14 1.857 £0.055
6 -1 1 1.323 +0.008 1.49 1.475 £0.011
7 1 1 0.986 +0.057 1.09 2.310 £0. 127
8 0 -1.414 2.033 +0.038 1.90 1.731 £0.017
9 0 0 1.877 £0.011 1.79 2.270 £0.042
10 0 0 1.666 +0.041 1.79 2.184 +0.131
11 1 -1 1.617 £0. 035 1.79 1.957 £0.110
12 -1 -1 1.820 £0.040 1.79 1.297 £0.013
13 0 0 1.965 +0. 060 1.79 2.369 £0. 158

B XX S AR K BEATE (- 1414 (GRIBAT)
F)i 1414 CREAT)).

Note: X, and X, were measured at five different levels ( —1.414 (the lowest level) ; -1 (low level); O (medium level); 1 (high lev-
el); 1.414 (the highest level) ).

T A AN 6 FrR, wl UL, BRI P = 0.000 2 < 0.001 , iidWIHERIHR 3, 4 L5
P =0.1634 > 0.05 , RYTARE, ZHEEA G728 Lo RIETRE RECR2 BIEATAL, 95.35%
(AR 1 AZ A RT e e 7 AR AR, RIS A B R, ) LE g (o] U0 75 R v i 2 2% DR 2K 5 i g B
[AIASE AR o MRAEACIEDRAE B R, WEL T, ASUA VIS S 8% ANRE HZ A R

—1 (fRKFE); 0 (FFEKF)Y; 1 (BK
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F6 HLAFREHFTESNER
Tab.6 Variance analysis results of central composite test

KR 5 A iR ¥y P p
Source Sum of squares Free degree Mean square
F 75 Model 5.520 5 1.100 28.69 0.000 2
X, 2.650 2.650 68.77 0.000 1
X, 0. 650 1 0. 650 16. 80 0.004 6
X\ X, 0.019 1 0.019 0.50 0.501 6
X 2.170 1 2.170 56.36 0.000 1
X, 0.150 1 0.150 3.89 0.089 2
2% Residual error 0.270 7 0.038
ST Mismatch term 0.190 3 0. 062 2.92 0.163 4
#li{% %% Pure error 0.084 4 0.021
BRI Sum 5.790 12
HE T ATLUAES, BOGm mailsmas & 250,
BRI A X R AT & 2 25 200,
b, RIIZE R A RIS MR R éi 150}
/3N I, ZAERLE] ] F Stenotrophomonas sp. @E .
NTa W= S g, 38 3 A 78 AT AR FL 5L 1Y E -g '
WA ARSI RN AL TR, = 2
ISR RO B0 T LI 2 000
—n N > ©
DR ) = L R R B SRR S 050
e 4% PR 22 22 i 5 L 5 T L 2 2 000 050 100 150 200 250
) LI N e — = G it H.5{H Real value of agarase activi . !
LRI, PR AR G on g PP IURR Rl of s s/ (Ul
A Ny — A =y 0] 1Y 1808 = T = x I
. RZWGRE, i 2 00, U R feletitiotalatalatine
BEF i G R R pH (A I A AR X Fig.1 Linear relationship between predicted value and
TS s 3R AN B, T FHmE—A real value of each test point on response surface

A, SRS A B e B, T S TS P, BRSO E A HIEAE E A 5 R
FIRETE A & I 2 AT, AR FEAR A s, W) o7 T F0000 e oK 5 A i Ar At iy, X
Stenotrophomonas sp. NTa ¥ 7 3 ¢ il B A 51 22 52 i 19 [ 1) B AR /KOy . B BRI 8 0T 3 40 500
1.03% , ¥i3R5ElG pH =8. 0, FERERY BTG 8 10 5ol P B A5 0F T, ASERY T 380 (%) 2% 158 7™ B g Tl 114 1

10
=L

E

=1
%:\ @"g 9
S T E )
22 o

M =y

R= =2
= ==
=5 =
&7 He
B3 —
‘gé 2 #o.2
% e 2

L
’71},:%
'/ %7? o)
b, 6
”va/z?ép& g Yot e 0.5 0.8 1.0 1.3 15
Of'b@d_@\ @%Xé}@: w (FERFIZH Yeast extract)/%
t, W
a) 'ﬁflﬂﬂﬁ I Response surface b) 2528 Contour

2 BEERESESEFEVBpH EMNERKBEAZNAMEERESEE
Fig.2 Response surface and contour of the effects of yeast extract content and initial pH value on agarase activity
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71/ 2.113 U/mL,
2.4 IRUFRIE
N T WE AR MERPE, TE FIRSFOFAEERE BT S W E SR IT IR, TESIPR AR, 193
SRS 10 (2.628 +0.047) U/mL, AR A, 1569132 (01 U3 07 e mT DAERA b Sz e 78 Ak NTa
S W BRI B b 32 2 AR B R R
2.5 Stenotrophomonas sp. NTa Z B =R EEHI B S
XA K BB S S LA T 00T, 3.0
Z5E 3 rn. 0 ~8 h, BFEAAERK A
PrE AR LU B s, P ERE I s, X
Bty A AR A A ] 8 h s, Bl T
RIRBETE R IR, AR A, HERR AN
BEBE AR K 8 ~ 16 h, A A K
M, E7 A RE AR IR s 16 ~32 h, -
PRER A I LU0, (EL TR R B 2 ) A 2 0 8 1624 32 36 40 48 56 64 72

S UL > S S e o M . t/h
K, BRI BEHS FIGE T R, WG 77 32 ho bk 23 Stenorooh NTa % B 75 B s 2 41 2
2479 U/mL; 32 ~48 h, BEbREE KA1 .enorop omo.nassp. a 7y . YEN TS
Fig.3 Dynamic law of agarase production by

E@ﬁ%j}l@ﬁﬁ%?%ﬁg, BTG % J17E 48 h it Stenotrophomona sp. NTa

R 2. 688 U/mL; 56 h 5, WERAA W) TR T e, 1530 56 SO0 & B 7ETEAN [R) I () BOA BT 722
fb, 7E0~8 h WEEATCAZAL, 8 ~16 h NZEIEI /L, 16 ~32 h Plligis b, 32 h J5#a T E .. W LLid
R WERZATH, BRR NTa S 1™ BB i i W6 35 n 3= e R o B Kb s 1 (16 ~32 h)

g
o

)

7,225

—
@)}

—_
8}

o
%0
JBE Total sugar(A ¢)

= LSS 7] Agarase activity |
= A=Y & Biomass

—*— G Total sugar

e % o Bi()mass(A o0
—
wn O
=
~

agarase activity (U-ml~

B I i 0% 1 LS {E Real value of

2.6 EEFRTHMINERE Na2—§
K TLC X Bl i 7= W kA7 o #r, S5 R ANl 4a NAG—
Ji7s, AR 10 min B A] DRI £/ 8 1 /B L 7S
WERVLRE, Bl SR ] A 80,/ s> FRMES 2 10 30 60 7201440 2880 4320 min
FSHRIOEZETHE N, 30 min i, /B, 7SR Sample a) TLC B 74 537
ﬁm%%ﬁi%o 48 h Efn%i%ﬁ [El;b%’ 72 h E Analysis of enzyme hydrolytic products by TLC
PR AL g 100 622
"3 10 . g 323.1
TSRS 72 b B =t — 20t 45 £ 80jell
. NI - E

RULPE 4b, BRSO O B PR L 2 e0) 652
(M-H) 5 (M+Cl) . m/z}161.1 (M-H) Kt i w0l (
XL IE 3, 6 =K —a — L - 3K, m/z h | 3451 |(667:2
323.1 (M - H) ™ Xf 5 B & — B, mz N 2 1,1621\ 1 7270 1115412595
629.2 (M —H) "H1665.2 (M +Cl) " XIBIEMHE. = ° 00" 400 600 500 1000 1200 1400
FRLA, Brigai R o, TEAk NTa 3B EE K fig 305 1Y fﬁﬁ;&(m/z) P

N W — ) b) MALDI-TOF MS % 5& 72 h 0 74
fﬁ%@jﬁ 3, 6- EHJJ( —a-L- :':?Ij]%\ ¥ﬁ$u mﬁo The hydrolysates identified for 72 h by MALDI-TOF MS

4 Stenotrophomonas sp. NTa I b Ba B iR 7= 4 o 47

3 éﬁi/[»} Fig. 4 Analysis of agarase hydrolysates of

Stenotrophomonas sp. NTa

A ST AT GE 1 BT B J5 BB E - Stenotroph-
omonas sp. NTa & [ B0 e AE 45 0o PR A )S B i1 16 76 & 18 48 h J5 &3k 2. 688 U/mL, 7
KRR, PAAR NTa % 35 i g 76 X BOW B 5 il 83 TLC A1 MALDI-TOF MS 73 #fr o, Tk
NTa BB /K i B i 3 2 A Ul
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