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E=LAHE BL21-HTa-cgkZ 7= x-FHIFEESRY A B2 S L1k

it TR B¥#HE TE A2
(PEEERY SRS TR LR 55 266003)

B E. [88)] KAEEE BL21-HTa-cghZ 54 «FHERBLBLH. [F] @32 RF
i 1t Feo) KL D 43 AT 77 ik 3t AR IPTG 55 F 49 k- F 32 B8 69 7 & B BL21-HTa-cgkZ 4T = B AL
1. (4R Y28 F B AR RAm s A JUHE 7 /L, &G 10 g/L, B84 5g/L, NaCl
10 g/L, CaCl, 0.666 g/L. JAFixF4&MA: £ IAHEFR 1.55 h E#H IPTG, IPTG #9RE A
0.89 mmol/L, #5818 4 24 h, #FFRE A 23.03 °C. F# 2 T £33 Fc ik F Hm 34 | Triton X-100
st w-FALi B A b rn . (48] FRLE R A «FIIkbs TAZH AR A & 3w Hh,
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Optimization of fermentation conditions of k-carrageenase by
recombinant strain BL21-HTa-cgkZ
TIAN Lin LIU Zhe-Min DUAN Fang-Yuan YU Yuan MOU Hai-Jin®
(College of Food Science and Engineering, Ocean University of China, Qingdao, Shandong 266003, China)

Abstract: [Objective] To obtain the high-yield «-carrageenase by the recombinant strain
BL21-HTa-cgkZ. [Methods] The optimal fermentation conditions of the recombinant strain
BL21-HTa-cgkZ were determined by using single factor design and response surface analysis in the
flask. [Results] The optimal medium compositions were composed of lactose 7 g/L, tryptone 10 g/L,
yeast extract powder 5 g/L, NaCl 10 g/L and CaCl, 0.666 g/L. The optimal induction condition was
adding IPTG 0.89 mmol/L after inoculation for 1.55 h and maintaining the fermentation at 23.03 °C for
24 h. The distribution of k-carrageenase expressed by recombinant strain BL21-HTa-cgkZ was also
affected by the additive such as lactose and triton X-100 in the medium. [Conclusion] The results
provide the clues for the mass production of k-carrageenase by the recombinant strain BL21-HTa-cgkZ.

Keywords: k-Carrageenase, Fermentation, Optimization, Induction
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1,4 FEEHEN 3,6- N Bk-o-D-2 ZUH e Bt 1 i . fig
WA - BRI B-1,4 B HE A P e
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SERAIATCY . BIRSE R R 4 R ATl AL B s i e 5
i 5 2=

77 - R R R T AE )RR ok F T2
B0 RS2 I A A A BR AR, LA
BEAE =R o A PR EE 2 R AR S - Rl Y
SR RARISERATER P BiR, AL EERTS
TR - RPLE A AR Zobellia sp. ZM-2 11
k- P R () S b, S T AR AR %
LR S AKIHAF# BL21(DE3)H, SEHL T k- RPIR
M sERE, FHZEARHTS N
BL21-HTa-cgkZ . A4~ 33l i1 %) HE2H 18 BL21-HTa-cghZ
RIS, BE TIZEM™ o R IR e
FERMERAE, R m T I & .

1 MRS hE%

1.1 SKIeM#

1.1.1 E#. #FHRF BL21-HTa-cgkZ, & - FHi
JRC it A2 B0k, FR A S B AL E T
112 BFEAS: WHREEHFRIEWLB, gL): B
BEHy 5, BB 10, NaCl 10, pH 6.0, Hi3RKeqd
FHTT 1x10° Pa K78 20 min, AR FHEEE, Kk
FEHN 0.1 g/Ls

113 EZRF: BEAMK. B BUEEAE
FEo Al EEEEREM IPTG W A4 TAEY T
(LA R,

1.2 XWAHZE

120 REEFEM: MR - PEIRGE & E A W
BL21-HTa-cgkZ & T Higr 3, 7F 37 °C.
160 r/min Z51F FE3E 12 ho BEA0 T X80k K31 Fp
TRAL IR 1% 3R A IR 50 mL WA K B
Bigedeny 250 mL =i, 723 °C. 130 r/min
KUF TR B RS, A SR IPTG, 4ksk
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KEFRE 24 h, D FLRRE TR R A, [FIRER
FEAIFER A 3 IR, DIHOP AN Lo it . BRaE
TRULIAAL, SR IR XS A 0h & B R %
PF T & BEAS S ) R R A= i
122 HEEEMENE: B RBIRHRA LB Bt
FHRE 10 f5, LIRS RIA LB B350 2 1,
AR 600 nm T IMEREE, A CE i A it
1.2.3 BEENHINE: AFERKTE 4 °C. 4 800 r/min
B0 10 min KBREARSG, BCEERSIKPITE 39 °C
AR R 5 mine w-"RA7BEEEE 1 0902 R H 3,5-
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Figure 1 Effect of carbon sources on the growth and
enzyme activity of BL21-HTa-cgkZ
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Figure 2 Effect of different lactose concentrations on the
growth and enzyme activity of BL21-HTa-cgkZ
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Figure 3 Effect of nitrogen sources on the growth and
enzyme activity of BL21-HTa-cgkZ

e A: HfRE; B: BiER%K; C:. MHIERER; D: fMMN; E: &
fbEe; F: JRE; G: IREE.

Note: A: Ammonium nitrate; B: Ammonium sulfate; C: Potassium

nitrate; D: Sodium nitrate; E: Ammonium chloride; F: Urea; G:
Ammonium bicarbonate.

2.5 mmol/L () K", Mg*". zn*", Cu*"., Ca®>" il Mn*",
F 58 A Tr) 4 T 5 7 o I ANt T36 0 R0 T R A g e 1
B, WA 4 FR, KT Mg? R Mo SRR
KAMRIER, (0 Ao M A B 1 )3 (e itk
VEHT; ZEREFRIER AN Zn> T Cu®> A FIFE RN AL
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I FF - PR A BEG A 3ERAE . BRI,
PR SR b R AN Ca® DA #E B AR 1) £ K TRt 176
IR o AR B Ca® e I3 3o H 20 B AR KA
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0—6 mmol/L i, kA3 Infie B i A 4
HER - R BHT 775 24 Ca> WRE>6 mmol/L
I, B R AN T ) ORI, PRI,
FOE A B Ca™ WeHE 9 6 mmol/L, B 0.666 g/L.
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FERTIIAT BISHA R (A) . 5 FIEREB).
FHFEHLOPAT T HRHFFEIRE, [HHiEAN IPTG
WA 0.9 mmol/L, RN 23 °C, #:12.0-2.5h
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o 120 m Relative enzyme activity = OD, 15.0 %2 Box-Behnken it it 5 =R %
°; 100} Table 2 Box-Behnken experiments design and
= i
§ 8ol response values
g o6orl S . k- it
E 40+ ) B C  Yield of x-carrageenase
5 Serial number (ODsao)
& 20t
= 1 0 0 0 0.822
2 0 2 1 -1 0 0.507
Control A F 3 ) 0 ) 0‘711
N . . 4 (S| 1 0.252
4 AE&EBEETFX BL21-HTa-cgkZ B RE K REGTE s 9 1 0 s
LA 6 o 0 0 0.852
Figure 4 Effect of metal ions on the growth and enzyme 7 1 -1 0 0.544
activity of BL21-HTa-cgkZ 3 0 0 0 0.841
Note: A: K'; B: Mg®"; C: Zn®"; D: Cu*'; E: Ca®"; F: Mn*". 9 0 | | 0'345
el fivity - 10 0 0 0 0.844
= —+— Relative enzyme activity —— 0D, B
S 140, 1 6.0 11 1 0 1 0.392
2 12 0 0 0 0.862
2
,g 1201 150 13 1 0 1 0.244
o g 14 0 0 0 0.857
S 1001 1408 15 o 1 -l 0.625
g 16 0 -1 -1 0.637
g 20 , 3.0 17 0 0 0 0.837
2 0 2 12 14 18 11 0518
Ca?* concentration (mmol/L) 19 -1 0 =1 0.704

5 FEIRER Ca®3f BL21-HTa-cgkZ B R4 K FNfG
LA

Figure 5 Effect of different calcium concentrations on the
growth and enzyme activity of BL21-HTa-cgkZ

#%& 1 Box-Behnken i35 F 3= K kTE

Table 1 Levels of variables used in the Box-Behnken

design
7K
gl H#E
Levels
Encode Factors ——————————
=l 0 1

A IPTG concentration (mmol/L) 06 09 12
Induction temperature (°C) 18 23 28
C Pre-incubation time (h) 1 2 3

Box-Behnken SE8n it i & MARILE 2, H
A 12 AR 7 Al .
Design-Expert 43 /%t 4 2 th i 85dis 17 2ot ml
HILE, MRS (D 55 SHRREW) . 75T
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o TERIUR A WS IR I JERE_ o3 s m 7 /L 3L
. 0.1% (HEFRIL) Triton X-100, RFTIEFHREHA
[ R BIAINFXS o RPE G AR g, sk 4
s

ZEILRI, PR TR TP A ZURE AN 25 b 4
T AN 7, i ELX R R A R T

*3 EEARERAESN

Table 3 Results of regression equation analysis

eI Rl F ¥75 F{d PfE
Source Sum of squares D¢ Mean square F value Prob>F
Model 0.800 0 9 0.089 00 236.21 <0.000 1
A 0.006 385 1 0.006 385 16.92 0.002 6
B 0.001 624 1 0.001 624 4.30 0.067 8
C 0.260 0 1 0.260 0 690.65 <0.000 1
AB 0.003 025 1 0.003 025 0.080 0.783 5
AC 0.006 006 1 0.006 006 15.92 0.003 2
BC 0.002 765 1 0.002 765 7.30 0.024 3
A 0.078 00 1 0.078 00 205.67 <0.000 1
B’ 0.140 0 1 0.140 0 383.02 <0.000 1
c 0.180 0 1 0.180 0 477.81 <0.000 1
Residule 0.003 396 9 0.000 377 4
Lack of fit 0.002 304 3 0.000 768 2 4.22 0.063 3
Pure Error 0.001 092 6 0.000 182 0
Cor Total 0.8100 18
R*=0.995 8 R}, =0.9916
2800 Rl
@]
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£ 25.50
g
AT R b
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Figure 6 Effect of interaction between IPTG concentration and induction temperature on the yield of extracellular
K-carrageenase produced by BL21-HTa-cgkZ
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Figure 7 Effect of interaction between IPTG concentration and pre-incubation time on the yield of extracellular
K-carrageenase produced by BL21-HTa-cgkZ
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Figure 8 Effect of interaction between induction temperature and pre-incubation time on the yield of extracellular
k-carrageenase produced by BL21-HTa-cgkZ
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Table 4 The distribution of k-carrageenase

JS MR g

JE s (R E A R ) S ) LS 7 S BE A
I Extracellular Periplasmic enzyme . adna
.. .. .. Cytoplasmic enzyme Total enzyme
Additive enzyme activity activity activity (U/mL) activity (U/mL) The percentage of
(U/mL) (U/mL) extracellular enzyme (%)
Control 7.89 1.82 2.30 12.01 65.7
Lactose 10.76 1.86 3.28 15.90 67.7
Triton X-100 9.75 0.60 1.89 12.25 79.6

HL R TR S TR, b 4R T A RAES . Triton X-100 #2551
AR A E R A CHHROE T R m iRt , R MRS Sy, SRR TR s (AR g, ELA AR
B, DNIMHER T MEANBEAIM BT mE g, IR EES O S AU R e A 2224k, AR T

HWRFRTL T I, FMOEIZEMAERN  Triton X-100 38 52 2028 20 A8 375 Pk A i il o
—FFES, A REE L FURER PTG RE SRR, 7 [N g AR, S BUR Bz IR TR, A
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