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MR B EEE R11-5 =ERREER) A B S E1L
BEa' 1Y I® RER'
(1. HFERHERY IR H5 266042)

Q. EFREHEREBETRT LR HE  266061)
G. HaKY AR HiE  266071)

B OE: (HFF] AT RIAT KELA LR R AE SR, FEGEMEE
3 Wi S ARTEMR T, BRI A MR G RRFH A HRASBEEMENELZIRR. &
FihikIERABT T EFABABE TBOREEMS, ATRFABNFBAELINRS, &
BT LIRS RATRAC, Mt A IR AFE R BT R AR RAERYE. [B 691 35—k = 3K
By 04 R A AR AT FY B 5 2, SERA PR B AT 09 K B T B A AT AR, [k ) ad it
16S rRNA B 2t = F 32 I 85 69 s AR B AR EATAY B 55, KA vf B ) iR AR AL da AR I AR 7= Bl K %
4. (42 R) ZAHE BT L IE B (Alteromonas), 4% A 2% ME RI11-5. KB
PALLER BT, T NHRBERFHm AL E RI11-5 ¢ 78%. FH Design-Expert K 4F ¥ #9
Plackett-Burman 3% it 5235, i b #vh LA LI HE R11-5 FB2 094NN 2 2R A 55 AREBE.
4R FRE. FREREA Ca® ik E., it Box-Behnken i&it#="fh 5 @ 5713 8] X B2 0
RI11-5 Btk FEER BEAAE A SBE 15.0°C, FRFRE 11.0g/L, FHEEKEZ3.0gL, Ca RE
5.0 mmol/L. #AL/E & B L&l = %143 87.193 UmL, H5#ALATAIE ST 1.84%. (48] A
MEERS T AR EEIE RI11-5 THEREEW =5, HEFLNRRET FFIRIE.
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Abstract: [Background] Cold-adapted enzymes from Antarctic and Arctic microorganisms offer
several advantages over their mesophilic and thermophilic counterparts, and their properties make
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them valuable alternatives with industrial and biotechnological applications. Recent studies have
shown that these cold environments represent an important reservoir of cold-adapted, complex
polysaccharide-degrading marine bacteria that are a major source of novel polysaccharidases and
diverse biological active compounds. In general, screening medium is not the best fermentation
condition for producing enzyme bacteria, in order to improve enzyme production for research and
application, the culture conditions of enzyme producing bacteria need to be optimized. [Objective] To
identify a producing carrageenase Antarctic bacterium and optimize the fermentation conditions for
carrageenase production. [Methods] The producing carrageenase Antarctic bacterium R11-5 was
identified by 16S rRNA gene sequence and the fermentation conditions for carrageenase production of
R11-5 was optimized using the method of response surface methodology. [Results] The 16S rRNA
gene sequence analysis results showed that the Antarctic bacterium belonged to Alteromonas sp. and
was named as Alteromonas sp. R11-5. In order to optimize the fermentation conditions of Alteromonas
sp. R11-5, 7 single factors (inoculation amount, temperature, pH, carbon source, nitrogen source,
carrageenan concentration and metal ions) were selected by single test. Four important factors
(temperature, beef extract, carrageenan and calcium ion) influencing carrageenase production, which
identified by initial experimental design of Plackett-Burman by Design-Expert software. Then
Box-Behnken design and response surface analysis were adopted to further study the interaction among
the variables and obtain optimal values that bring maximum carrageenase production. The optimal
fermentation conditions were as follows: Temperature 15.0 °C, beef extract concentration 11.0 g/L,
carrageenan concentration 3.0 g/L, Ca®" concentration 5.0 mmol/L. The supernatant carrageenanse
activity of optimized fermentation reached 87.193 U/mL, 1.8 times higher than that before
optimization. [Conclusion] Carrageenanse production of Antarctic bacterium Al/teromonas sp. R11-5
was improved after the fermentation conditions optimized using the method of response surface
methodology. R11-5 was a promising candidate for industrial application.

Keywords: Antarctic bacterium A/teromonas sp., Carrageenase, Optimization, Response surface
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Ak WA AR o AesEik R A AR
AP P E R R 237 BT SRR 2L, TR I
THITERE, (B 2R 2 (R IR Y RO B IR AR L
PR, RARSERER AT YRk 3 B
P A R R AR R R R AT, S
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il o A= WA R 2ok A 1y v B B T PR AR A
e, PR R, FEAR-RRLE ™ AR ) H—,
SO SEAFIRAN, AR -RAO G R RE A, Befs
AR RHBE RIS PESS Y, TER S Tolk S PR 2%
GUSEA BT HTET S

B B 9 B )2 0 S DRV A ) v ol
HRPUEE, BT TR, R I
KRB Fh L 1 2R e
SR, XoF i A0 200 BT 22 W % A 0 P B I 5 iR AR 2D
ARk, RS H 4 RS R TR AR 1 e
(Pseudoalteromanas sp.) NJ21 Hiffiiik , ek
T MR B e Aga21™) ) IZETE 10 °C WH3RE
T4 80% LA PRI IR IS . Jung SEUHMRGE T
Gayadomonas joobiniege G7 7 B V% id N Byt I il
Agal9, iZRERENS MEE A A BARHE H ELH Bl DNA,
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MM RS B L p e HRTE &
PRAIA 117 b, Jorp 57 R s A sl e,
B, KAV EEE R AR 25 R G0 ) RE A 3G
W R R NIVE o 1 TR 2 R A 2 10 P
fiff () S, ORI VR A Y RGP HE T K
(A HLRR IR, & B RIBIE 5 R AR S A 0 7 11 g i 22
WERE R, ANLREARAT G5 R BT 701119 16 58 22 0 Kok i
fity, AT Bl T 3 B AR AR AR R e AR RN A
WML

TR W 15 3% 45 1 B AR AL RS E A = P i
W EEAER, B AR AR
i, AR R B B A I e, R
AR BAR A R, Ry T A R )
BORIR B f iy, T BT AR T 8 SR A AT AR
b, DAl G SEETE o A SCH SR F Mo 1o T X6
RPLC R A BRI TR R11-5 MRS T 2R
Gitoy, LISl DA IZ R S IR 2605 |
fitg A SR 5 DA R e S 1 o, IR 98 B A6 2 Ak A
[vi) st A B30 3L i AR T 3 A P P R A G L
1 MRETE
1.1 #H
1.1.1  F#k

AN BT R11-5 SRIET RS 30 KR
MR A URIRE L, B K 35 B 24T
KAEIR TR, RAET-80 °C.

1.1.2 EFERATIFLEE

EEN . R, Oxoid 2AF; KHK,
HASHENG 4:WkHE ARl @405 . FREE, 1
AT A BR A 7] 5 3-5 hlFEKBR(DNS)
ST 182 g DU/KAT A BRA AN BT 600 mL 754
JKH, fIA 21 gNaOH, 6.3 gDNS, 5mL %W, 5¢
WARERE, EAF] 1 LA, G TREmT;
MRS, MR, IR T A PR F

PCR Y. BB HRE.OHL, TR CIHR AW
ST, RIBILRRTA ] R R A,
MNP AR A F] ARG A, LR
BRI IR A R

1.1.3 ExHE

2216E ikREF S (g/L): MR 5.0, WEbkky
1.0, i KEH, 1.21x10° Pa K4 20 min.,

R EE e IR R (/L) BANE 5.0, Bk
¥y 1.0, RPIE 20,0, i KEH], 1.21x10° Pa
K 20 min,
1.2 A%
1.2.1 EHREYIFIL

P TR RE i e A5 20 85 BRI
FI R A TEFERI R 5 mL 2216E WK 355,
15 °C. 150 r/min ¥535% 24 h; B2 uL KR TR
PrCHE GRS IR AE b, A 15 °C HIRE SR A i B R
7748 h, WEHRILA, FH A S IRBUR YL ki
HBEAT RPLR RS M T RR, DU R B ER -
122 FHREESEMNESE

W 0 10 5 3] 1 EL AT 5 Rl A 174 R R e
F| 2216E WA 32560, 15 °C . 150 r/min 3555 24 h,
4°C. 10000 r/min &.0> 10 min, B 1 mL &K &
WAE G, 5 1 mL 0.1% RHIIIEYI(0.1%H) &
P f#T 0.2 mol/L Na,HPO,-NaH,PO, 2% ik,
pH 7.0) )% 45 min J5, F DNS 2R KK FR
W R & R RS B BERG , RRSCI0 1 3 4
HI 1 AMEE T BAL(U)E SO - 7E 30 °C 54T,
1 min WAETL=4E 1 pg IR IT TG (& . R T
R A PAR R /N W

g A WS 71 (U/mL)=44x1 000xn/T.

A4 (mg/mL): FFUMFRHERZ - A DNS 20
15 AW ARG I 1 W B o e SEEBG IS VR B
IS T2 WS S L[]
123 BEHREIEE

PLARPI B ) e m TR AR R11-5 SER4
DNA #itfg , i F 514 27F/1492R X} itk R11-5 16S
rRNA K47 PCR 4734, PCR UMK (50 pL):
2% Tag PCR Master Mix 25 uL, i 5 [4(10 pmol/L)
% 1uL, HEPIZ DNA B4(1 mg/L) 2 ul, WzEKER
JE 50 uL. PCR Wi 25f4F: 94 °C 5 min; 94°C30s,
55°C30s, 72°C90s, 30 MEH; 72 °C 10 min,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WL F AR BT R1L-5 P R PR 2 e A Ak 2025

4 °C {47, PCR W1k BRI R IR Rl kT
W -9z B Tl 75178 GenBank %3 2 (NCBI)
JH BLAST 43#r HEX o
1.3 RI11-5 EHRBI A BE S
131 BEERIR

TR | SEFRIREE | 559 AL pHL AS[RlER
P ASFVRDR . ol . Fad AR . AN
SR BT Bl S JE B TP DL SR PR B A A
—AS AT RS, B A PR R R X TR bR R11-5
FEEG A2, BRSO 3 NEE L S RE RS
F 1 IKERAED K 600 nm R AIOEEEIC R HAEY)
i, B0 REE LIS s I S A B R AL T
AR, IPRAZAE TG 2 R 100%.
1.3.2 MR EEM L R11-5 BRk A B2 & 14

1) Plackett-Burman S AR R A S

F1 BEEIBTZREREREE
Table 1 Factors and variables of single factor experiment

B ZE R XTEI M R11-5 B 32 55 i 4 Fh i
FRFRIREE . WIhG pH. BERERIWREE | R BRI
RRIE TN Ca® W 7 NH K HATH L, R
Factors=7 Fil Runs=12 [ Plackett-Burman %1},
A R 2R f i MR 2 DK, $6 2 iAT &
fesiety, ML 3 AEE ., HEEH kL
WP RPLREEGIE S RN AR Ry, B2 52
R11-5 KB M) 4 D FELENER, S5 KR K
3k 2.

2) Wi )% i Box-Behnken 26Ot HE
Box-Benhnken SCEri 114 1) 4 DNELEHEER, FIH
Design-Expert V8.05 #1531 4 RIZR 3 7K (11 i
AISEE, SIS, A S 3 >
Y, BRANBENRZEALEEN, F5E
T b VW S fe = Y 4 IR A

FSEN

Factors

Factor variables

$FP R Inoculation amount (%)

RS Temperature (°C)

pH

ki Carbon source

%R Nitrogen source

bRy BE Yeast powder concentration (g/L)
AR E Beef extract concentration (g/L)
BB T Metal ion

RHLBCHEE Carrageenan concentration (g/L)
Ca®" (mmol/L)

0.5,1.0,1.5,2.0,25,3.0,3.5

5.0, 10.0, 15.0, 20.0, 25.0

5.0,5.5,6.0,6.5,7.0,7.5, 8.0, 8.5, 9.0

Lactose, Glucose, Maltose, Yeast powder, Amylum, Sucrose
NH,4CI, Peptone, Beef extract, Urea, (NH4)2SO4, NH4sNO;
1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0

5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0
Mn2+, Sr2+, Fe2+, Fe3+, Mg2+, Ca2+, Cr2+, Cu’

1.0, 2.0, 3.0, 4.0, 5.0

1.0, 3.0, 5.0, 7.0, 9.0

%< 2 Plackett-Burman 323§ 520 R11-5 FEgAYSR06 K & K KT
Table 2 Factors and levels affect R11-5 produce carrageenase in Plackett-Burman experiment

% e o
Factors Encode 7 )
$&Fh# Inoculation amount (%) A 1.5 2.5
REFRURE Temperature (°C) B 10.0 20.0
pH C 6.0 7.5
FiE Rl R Yeast powder concentration (g/L) D 4.0 8.0
- B R Beef extract concentration (g/L) E 9.0 13.0
R E Carrageenan concentration (g/L) F 1.0 5.0
Ca®" (mmol/L) G 1.0 9.0
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2.1 HEHBEYTFIE

FERPICTHIEREFRIEMERT, M 85 BRATk:
FEM R AN TR RS R 12 MREA KPS
PITERE, i) DNS JIE X 12 PRI ARG , 152
TG PR s AT R R11-5, HRRL Ay 07 e b 4
AR R B RE (B 1)
22 EMHERE

HiFk R11-5 16S rRNA K[ 280 FEPFE I K 8
} 1350 bp, it fE NCBI #Ef7 BLAST HeXFo#r,
KIGERE R11-5 553855 PR 14 & (A lteromonas) KL
FERIE 99%, FTLARI A0 1™ = v e kg 1) P 40 T
h 28R BN B & (Alteromonas) , 144 N385 HML TR
R11-5,

1 EHk R11-5 EFRIARIEFF & L P=E BB
Figure 1 R11-5 produce transparent circle on carragenan
solid medium
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A TP R 20 S8 BT R11-5 A4 K™ il
MM LA« TARRSCRE BT R11-5 AR it
N 2%, BRI RS, (AR R R,
fig - IR LR E TR (K 24); MR IR
15 °C B}, PEESSRFBRMETIR R11-5 (G ™ & i,
HAEY R R(K 2B); 455355 pH o 7.0 F, T
Pk R11-5 fiy = ik Bl , APt (& 2C); fix
BRI I RRRRIN, BRE R11-5 B iR (5] 2D),
1117 YRR R R A 6 /L IF, il i fre s (4] 2F);
I ERIE AR, Bk R11-5 g™ i fe e (B
2E), MiH S4B 11 g/L &), [ ik 5]
RRAEE 2G); 4@ B X m s B3 1
i, Ca> REHS IR B R11-5 (M=, 5 mmol/L Ca®*
B 7 B fre s (] 2HL 1); M, S, Fe?', Mg™
W EAMHRVER, T Fe' . Cr*'. Cu® JLPMiH T
g Ry = A (B 2H) 5 T S BE R EL RSN 3 g/L 1R
JREH, i fe e (4] 2
24 N ESLIGER
2.4.1 Plackett-Burman 32345 R

Plackett-Burman SC36 45 5058 3, 1@ oL X ELEG
ZERHEAT F ORI T LU R I A TR R11-5
BTG 4 ADEEEFRIOE R . FE5RR
FE | R R BE A SRR Ca’ B U, P<0.05
(% 4), VX 4 ANHEXSSE M R11-5 77

e AR E

w

S 120y {038

2100
S_HE 10.7
w2 80 10.6
=
ZE 6 105 &
=5 .l 04 8
% o 40

0 . .. 103

S 20+ —=— Relative enzyme activity

= 0D 102

&-’ 600

0F 10.1
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FriE
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WL F AR BT R1L-5 P R PR 2 e A Ak 2027

C D
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Figure 2 The influence of different culture conditions on Alteromonas sp. R11-5 growth and carrageenase produce

Carrageenan concentration (g/L)
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% 3 Plackett-Burman 3236 1% 11 5 fln 57 (B 45
Table 3 Plackett-Burman design and response result

WEFS A . . - . - - B
Serial No. Enzyme activity (U/mL)
1 =il -1 =il 1 1 1 -1 35.101
2 -1 -1 1 1 1 -1 1 52.754
3 1 1 -1 -1 1 -1 1 61.680
4 1 -1 1 -1 -1 -1 1 57.855
5 1 -1 -1 -1 1 1 1 55.942
6 -1 1 -1 -1 -1 1 1 67.419
7 1 -1 1 1 al 1 1 32.551
8 -1 1 1 -1 1 -1 -1 50.203
9 -1 -1 -1 -1 -1 -1 -1 29.639
10 -1 1 1 1 -1 1 1 68.057
11 1 1 -1 1 -1 -1 -1 61.680
12 1 1 1 -1 1 1 -1 88.463

2.4.2 @[z Box-Behnken ;K15 m M AEEE
i1 Plackett-Burman SZEG e T 4 g & A
. CaWRIE . BIRRE . FRNEBWE . RRORH
B, X 4 153 FE KT Box-Behnken 324,
AR HUCMEO K, XTFREIUR SR 7K
Y FIEARIK B (-1 7KF) (R 5), RH Factors=4 FI
run=29 1  Box-Behnken Wi [ 3251511, 2047 i
F &R Z 8l 0y 22 B AR A A8 B4R AR,
Box-Behnken SE50 1 1 A SERG 45 R L3R 6.

= 4 Plackett-Burman 3238 £ 3 54
Table 4 Analysis of main effects for Plackett-Burman design

az F1H PMH G 2|
Encode F value Pr>| f| Order of importance
A 1.044 0.345 5
B 3.164 0.026 2
C 0.635 0.555 7
D —0.653 0.537 6
E 0.926 0.031 3
F 1.001 0.017 1
G 0.833 0.037 4

% 5 Box-Behnken i3 F = &K E

Table 5 Levels of variables used in the Box-Behnken design

N / M2
e F A
evels
Encode Factors 3 0 ]

B E:3RIEE Temperature (°C) 10 15 20
E 4B Beef extract
concentration (g/L)

F -RHiRHE Carrageenan
concentration (g/L)

G Ca’ (mmol/L) 1 5 9

10 11 12

% 6 Box-Behnken X &It B4R
Table 6 Design and result of Box-Behnken design

RET S . B G 530
Serial No. Enzyme activity (U/mL)

1 -1 -1 0 0 22.456

2 1 -1 0 0 45.177

3 =1l 1 0 0 53.431

4 1 1 0 0 39.223

5 0 0o -1 -1 62.247

6 0 0 1 -1 64.645

7 0 0o -1 1 67.363

8 0 0 1 1 66.627

9 -1 0 0 -1 55.591
10 1 0 0 -1 35.314
11 =1l 0 0 1 39.915
12 1 0 0 1 58.313
13 0o -1 =il 0 54.282
14 0 1 -1 0 58.663
15 0 -1 1 0 50.099
16 0 1 1 0 63.318
17 -1 0 -1 0 41.188
18 1 0o -1 0 63.961
19 =1l 0 1 0 54.591
20 1 0 1 0 42.526
21 0o -1 0 -1 31.853
22 0 1 0 -1 70.085
23 0 -1 0 1 63.818
24 0 1 0 1 54.173
25 0 0 0 0 89.215
26 0 0 0 0 88.423
27 0 0 0 0 87.182
28 0 0 0 0 87.932
29 0 0 0 0 88.431
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XSRS R A T IR Z ot A 2501, 152
KEE LSRG R 5 A EEFREE . FREBT
BE L RRLESHRRE . Ca® MREEIZ Tl RN .

R,=88.24+1.45B+5.93E-0.49F+2.54G—9.23BE~
8.71BF+9.67BG+2.21EF-11.97EG—0.78FG—27.61B>
~20.75E*-10.38F*~12.83G>,

[l SRRy 22 M W3 7. IR 7 AT IE
E. G. BF. BG. EF, EG. B>, E*, F*, G’y P14
BI/NF 0.01, BEIIH S MG R11-5 7 fig 52
JEW B SHIM R B, FG 1 P<0.05,
Vi B H X S B PR T B R11-5 P2 B %5 F
BE [ P {H AT 0.05, XF3cEHMfip R11-5 P
SR, PRI T L B X PR 2 Sk T 1 174 5
i) AS SR T B AR D 2R, RN AS 1 I00X6F 0 3 T
FAR KBS0, FBR P=0.002 1<0.01 PEEAZE 1
R [ e B 2, BRI R . e

x7 EEABRERAES

Table 7 Analysis of variance for regression equation

AH R=0.970 8PV RS R, KA
CV=3.84%, H{EHAL LA LI AR T 5, 24l
Wi P=0.137>0.1, JRIUTA R, FRFBIRIW LR
W, LA_E AT DA B S i 22 o0 1m0 0E 2 Hr A5 20 9y 7
A DARGF Hh i B s R PRI R11-5 77l 5 R 5%
TR RN . RRIRUREE . Ca> VR IE Al
KR

4 220 I H AR B FR IR . A IR
JE . RRIEHE | Ca® YR I R AS AR P B 7
AT B S5 R 2 DL 3-8, WA 7 1T (&1 ] LA H R T
IS Ry PO(EAE BT I R 23 R P e KMo 55
T T PR B O L 3 SAS B AR A £ ot [l
iR PITAe AR P i KB S e KA 25 R0 4%
R, ST EEILE R Bk 45 A AR
I —PR TR, AT 0, 158 —on—wrfEdl,
SRR T FRLHAS ISR Ry e Rffy 88.683 4 U/mL,

IR 75 22 A H Hi 475 7 Fid P{E

Source Sum of squares Degree of freedom Mean squares F value Prob>F
Model 8917.04 14 636.93 125.92 0.002 1
B 25.06 1 25.06 4.95 0.043
E 422.55 1 422.55 83.54 <0.000 1
F 2.90 1 2.90 0.57 0.461 6
G 77.39 1 77.39 15.30 0.001 6
BE 340.94 1 340.94 67.40 0.270 6
BF 303.42 1 303.42 59.98 <0.000 1
BG 373.94 1 373.94 73.93 0.002
EF 19.53 1 19.53 3.86 0.004 9
EG 573.05 1 573.05 113.29 0.004 5
FG 2.46 1 2.46 0.49 0.0312
B, 4944.73 1 494473 977.55 <0.000 1
E, 2792.44 1 2792.44 552.05 <0.000 1
F, 699.15 1 699.15 138.22 0.005 9
G, 1067.36 1 1 067.36 211.01 <0.000 1
Residual 70.82 14 5.06
Lack of Fit 68.58 10 6.86 12.28 0.137
Pure Error 2.23 4 0.56
Cor Total 8 987.85 28

. BE: Prob>FH/NT 0.05; &JERE . Prob>F /N 0.01.

Note: Significant: Prob>F value less than 0.05; Highly significant: Prob>F value less than 0.01.
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Figure 3 Contour plot (A) and response surface (B) of temperature and beef extract concentration influence Alteromonas sp.
R11-5 carrageenase production

e300
Enzyme activity (U/mL)

! le

3

R E
Carrageenan concentration (g/L)
Enzyme activity

16.00 18.00  20.00
FFRIREE Carrageenan .
Temperature (°C) concentration (g/L) Temperature (°C)
B4 EFBEMFRRRENZEEME R11-5 FFERF M

Figure 4 Contour plot (A) and response surface (B) of temperature and carrageenan concentration influence Alteromonas sp.
R11-5 carrageenase production
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Figure 5 Contour plot (A) and response surface (B) of temperature and Ca’* concentration influence Alteromonas sp. R11-5
carrageenase production
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Figure 6 Contour plot (A) and response surface (B) of beef extract concentration and carrageenan concentration influence
Alteromonas sp. R11-5 carrageenase production
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Figure 7 Contour plot (A) and response surface (B) of beef extract concentration and Ca** concentration influence
Alteromonas sp. R11-5 carrageenase production
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Figure 8 Contour plot (A) and response surface (B) of carrageenan concentration and Ca®* concentration influence
Alteromonas sp. R11-5 carrageenase production
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WA & R N (RS B=15.09, E=11.13,
F=2.98, G=5.19, Bt 404 MR 15.00 °C,
A PEWRIE R 1113 g/L, RHIRHE R 2.98 g/L,
Ca™" WS 5.19 mmol/L. JgMiiFR Ry 4 IE Ak,
FATHATT 3 A RBESLES, J e 5250 1 T #4E
P, ARG IR AR E NIRE 150 °C. 4R
FUE 11.0 gL, R 3.0 /L, Ca’ ¥eJ¥
5.0 mmol/L, F 3 4 FISERFIRILAL)G K
VWS o AR AR S K B L O S
R=86.889 U/mL, R,=86.822 U/mL, R;=87.867 U/mL,
PR TAE, PRI KBRS, KB
Je 7 il R AR PR ETY 1.8 i,
3 WE4i®w

VA 3T IV il e pR 7R AU R R A M XL R SE
DX, TR RN UK )1 55 7Kk A FEVS BT b A= K 1 A= 4 P
AR, T AR BRI E T B N A
HALRCR, BROSAH AIRMCREFRE, M HA B KW
TR NN Y S22 W FE A IR v ORA &
BT R dk FLAT VER A I T S 1 B R IR e A
VA TE W, [ B U A A RN 2 B ) 2 R e T
E, PNUCRE AR Pt ok & B A AR R
7 FH R S P v 5 2 W AR A T O VS A TR

5550 B R PR 1k FNOE ARSI AR L, 1
I TR SE B R ED L IR, ASUBERSPE AN 45
FXH YRR, BS R IARBLA T K 2 [A]
(58 HAR AT Bl e 451, R = A
RO P AR SR FH W N 9 X R B 58 R
MR R11-5 SEA7855R004, MEeRb G . TRBE .
pH. k. REMEEETFERNEAF, &—
YRR ME— A g T B R R L, LA s B s o
R11-5 WERBEFM, RIGSH AR LI,
I A RN TR AT, B Design-Expert 54, %
H Plackett-Burman SZ 5615 1107 126 HA 52 0 il 1 1) 4 1>
FERZEK.: BREE. FREBRE . RHREK
B Ca™MeiE, 7EMEERH F A Box-Behnken %71
T 0 O TRE A AP 32 R A T LU 2, A5 W R S R
PRI R11-5 MR FERE SR 45 IR 15.09 °C 4F

WEWRE 11.13 g/L. RHFKREE 2.98 g/L.
Ca® ¥ ¥ 5.19 mmol/L, 2% i 3| 5256 (4 7 454
P, FATEIE IR KM E MR 15.0°C. FR
T 11.0 /L, RHRWEE 3.0 g/L. Ca” ¥ i
5.0 mmol/L., TEMMLAIRIFT, KEE LIS IM AT
ik 87.193 U/mL, SHMMEEVIA, HOLILal
RET 1.8 4. 2/NSEPR AN R AIE AR
AR AR R B i TR PR it EC AR PR M A 1 & I A%
F, RAbIG S R R 3.0 g/L,
BRI E 1.0 g/L, NaNO;HEFE 3.0 g/L, FLb
WP 0.4 g/L, HEJE-80 ¥EF 0.2 g/L, E#h pH{H
6.0, ¥ 32.0 °C, %L 90 mL/250 mL, 47
B 13.0%, FEREHE 160.0 r/min, FEEEE 1N
26.5 U/mL. X322 o 137 17 2 40 4k 7
JR T R AR BEAT TR YK-5 RO RIS, oAb )a et
RSN MR EE 28.17 °C. pH 8.77. KHiEHe
3.71 g/L, PRGN 21572 UmL. id5 Bk
PIBRFFE LLES AT O, RS ATE S —Fhifs S B 1
KA, Rr gL R B AL 4 0 T ) e i
A s AR, AR R KRR —
JREHRAE 3.0 g/L Zidh o HAR, Semm-RPLHEHE ™ i (1)
DRI, B T T 82k W 1 A K A = il
WY HAEENER, B TRV R H
B R11-5 4385 A Fg M ARIRERSEE , Fr LA SR R e
I Tl PO AR PRI B A AT 78 YK-5. b4k, pH Fil4:
R B AR T TR A B R B
AR R11-5 M= BF AR RAR R, (PSS F il A
A 7 U B R Y AR L T, T — 4
B R FE TR T B A 7 5 [ R S U 3 5
I RGBT, A AR 1 TR
B, T % R AR . AT Bk
Zobellia sp. ZM-2 [ RPLIEFFgmAGEE R 1 T 7 H 4
Fik, T EH R BL21-HTa-cghZ, R0
A AT T BB AR iAl,, A RIS ™
T R 0.33 U/mL $2/5 %) 1.362 U/mL, F#)l /2
Ak A R ik #) 10.76 U/mL (3 8);
gk 22 2RO BV Pseudoalteromonas sp. QY203 #E4T
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Table 8 The carrageenanase production of different wild strains and its recombinant bacteria

HP A GO AL AR W B AL, HARMACHTIE  EHRAS IS

BIREZFR Enzyme activity Enzvme activity after Enzyme activity ~ Enzyme activity after Sk
. before optimization L before optimization optimization of
Strains . . optimization of wild . . . References
of wild bacteria it (W) of recombinant recombinant bacteria
(U/mL) ¢ bacteria (U/mL) (U/mL)
Alteromonas sp. R11-5 48.441 87.193 = = This work
Zobellia sp. ZM-2 0.330 - 1.362 10.76 [21]
Pseudoalteromonas sp. QY203 0.821 = 5.836 42.60 [26]
T iéﬂ%‘%ﬂj *@ﬁ T Egﬂ 4@“ E. coli BL21(DE3)/ k-carrageenan[J]. Marine Sciences, 2010, 34(8): 56-59 (in
Chinese)
YA N e N 4
pET22b-CgkX-CM, 3% JFHI Wi 7 11 32 X B kit A 1 FHAE, AR, E R o BRUBERRR M S 1
T REESAMEAL, AR PR ™ i Rk YIBBIED]. R, 2010, 34(8): 56-59

0.821 U/mL %%§U5.836 U/mL, #%%U%{tfk)ﬁﬁ [8] Ma YX, Dong SL, Mou HJ, et al. Preparation and in vitro

antiviral activity of kappa-carrageenan oligosaccharides[J]. Acta

QE‘ETJE’)LEEF %[—JL42.60 U/mL (%:28)0 lﬂﬂ, i Scientiarum Naturalium Universitatis Sunyatseni, 2009, 48(6):
SF TR TR 75 3 AR ST E.“\/\ e 105-108 (in Chinese)
fi!Th%B‘* ifiﬂﬁ‘%mm&#ﬁ%b TR, FORUH, R, S RS 4 B
A R ik SEBH Tl e Y R PRAMTRTIEREEL], KA AR, 2009, 48(6):
wAE, 105-108
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