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Abstract

[Objective] The efficient algin degrading strain was obtained by double mutagenesis, and the optimal
conditions for the fermentation enzyme production of the strain were determined. Meanwhile, the
chemical reagent resistance and degradation efficiency were studied to analyze the degradation char-
acteristics of the strain. [Methods] The original strain Cobetia sp. cqz5-12 was mutagenic by UV and
nitrosoguin (NTG) solution, and the target mutant strain was obtained by plate screening (calcium
chloride transparent ring method) and flask rescreening (dinitrosalicylic acid method (DNS method)).
Single factor test was used to optimize the fermentation conditions. The effects of chemical reagents
on the growth and degradation ability of algin were analyzed by filter paper method and calcium chlo-
ride transparent circle method, respectively. The degradation efficiency of different substrates was
determined by phloroglucinol spectrophotometer. [Results] A mutagenic strain with significantly im-
proved degradation efficiency was selected and named Cobeita sp. cqz5-12-M2. The optimal fermen-
tation conditions of the mutagen strain were pH 6.5, NaCl concentration 0, fermentation temperature
31°Cand fermentation time 96 h. In this case, the total enzyme activity of the mutant strain could reach
59.81 U/mL, which was 50.84% higher than that of the original strain. The degradation efficiency of
the mutant strain was 42%, which was 8.8% higher than that of the original strain. Both the mutant
strain and the original strain were sensitive to a variety of agents to be tested. The mutation made the
strain less sensitive to phenol, chloramphenicol, amoxicillin or ampicillin, and more sensitive to hy-
drogen peroxide, ethanol, iodophor and other chemical agents. When streptomycin, ampicillin or kan-
amycin were present in the medium, the degradation ability of algin was weakened by mutation; when
amoxicillin, 5% carbolic acid, gentamicin or cephalosporin were present in the medium, the degrada-
tion ability of algin was enhanced by mutation. [Conclusion] The mutant strain was resistant to vari-
ous disinfectants and antibiotics, and had strong environmental tolerance. It was a rare and highly
adaptable algin degrading bacterium.
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WESERE p-D-H FE AR (M)A o- L1 2 RE IR IR (G)IB I 1-4 MEFFsERR MK [1], Hor T EEUR.
ey BTl m B ARBUE AR EYEYE[2], AR T 2 AU, W mT SR [3] AL IR T R 2R K
HERIE 4] ATVEORTRERINGR, AT iiEa m M wm A K, SCEMIEREE, HE5R %R J1[5]. BTN
MBI I A =0, AR SN A ) 26 v R BIE L Ak AAE g, L AW R TTRE . 1
FEPESR . SNSRI RO TEI[6] o AP A PR A T o AR B A W T BRI A 0, 27 T 6 46
SRR AR A i

MBI AR I ARRUR) i, W NSRRI RA S IR R RS > AR BI6]-[13], Horh,
A N EEORIR[L] . HAT, O B AL IR SRR PR PR AT BT B . IR (RS i
AT RE . AR HE . BB E[6]-[13]. A RIS BME AR i (R R B2 AR, BRI AT BT
ZESt . BN, A ST BRI AR PLTL RIS T2 138, vz T e, ML) f2EmeNes Tk 214.641
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UimL, 53BN =R DURERIICRE[14]. &0 B ARk SK42.001 KVRHEE, AT
J&, LS FIBEVE PTIA 5.20 UimL, 1593 0BG AR =) 32 BN #E = FE[15]

FESERRRHE AN A =, Sl AR AT AR E A, T DA B AR R R B I B AR I 0
T2 & R AR 7 1L 3 IR AR IR I AN R v] 2 A B AR . AR . AR AR S5 [16]. WL 2 R
AL, WRRERST . RAMEERST . X FREE(17]; 205w F BB A e d 7). B 28 Anny ng
AP, N-FEE-N-H E-N-TE A TN TG) Al R R R (EMS) A FH e I[17]s AR s 2 e
TSR, WM T EARE IR R R 405 PO DNA. DNA ¥ 1-45[18].

PRAE LB oL, AT LG A B — 5 AT AR (RIS — 15 78), AT DA R 7 V26 LA SR 5 A8 3
HHMFEAR . ARTP S5 85 T8 A S b A T 158 B o ki) JEL e ok 5 M 20 A RS 1% R () VP R = R 4
i 22.0% [16]: FBEEIE 4 B TR A BORIRAT 1 46 e Bee A B 9 A8 #k HB172198 [19], % RAT Mk [ A
RE NI LU JRUURTERRIE R T 32.6%; 5K-15Hia Fl 4L AR H B R £ R (EMS) HEAT W AR 3115 T RAFH bk 510-
64, HABFEIRIEMAS LA TEMRIRE T 385% [20]. BA B HELMIBE TRES, WEIMNEZ ML
WHIFEARGE G ERIMF RGP A LS. 2T FEE A NTG AR [21], RRIFE 1 —
PR v 7 A R 2R IR ) FLIR B S R M1-UVs300, %R AR e B L AR e . A0 R R ERR A B D3k, 5
HUR B PR ML AR EL, FL AN A R 3 1 252.79% 245 45 o A AR S5 K A AR AR i AR R BE FH [22]
BRI O 1 v 7 s 2 7 (R SR AR T PR AT 92-52-37, 1% 58 A8 Wk 5 JR GG TR ARA bU 5 2% 7 (7= R 2 18 1 5 4%

SRR TR L0 S 10 s O A A PR B R A BB T AR U T TG 58 A/l 483 952 Jsz B4 ik B4 7 Coboetia
Sp. cqz5-12 HHAT W EFEAS . L3t FALEG5 I Bl 4197 1 DNS SR Ifik18 1 B e iR m i o8 ik, JRi AL
fiT %y Cobetia sp. cqz5-12-M2. #4, KA SRR AR &~ Bgae 11, IR — R 5155070 4
Foxt Z PRI PR RE Sy BRI (B AR e 1%, DA Z B AR I BRI, DR JE 4 Tk B FH R i
Al 2 e K

2. M 55%
2.1 #8

2.1.1. R

BRFRAE LB Bi Ak (g/L): FREREIRR 10 g, FERRKG 5 g, SU4LEN 10 g, pH7.5. FhFiliiEFR2E(g/L):
FERREN 6 g, JHEANES g, BEREEY 25 9, SALEN 25 g, BERRE 41 0.25 g, -LUKBREREE 0.5 g, FRFRIE
Bk o B/K 0.05 g5 [ RS FRIELEFD IS IR B O SERE_ LA 2% KB IG . RIS IR (QIL): IFEEPR SN 5
9, BEAM 59, FILiN25g, BEERE 41 0.259, RIRE:  £/K 059, MBRIEEL « LK 0.05g. KL
33 (g/L): BEREKY 59, WEEMREN 59, LA X g, BERRE 41 0.259, BiFREE - Lk 059, BifRIE
Bk« 17K 0059, pHX. WASHENTERE: ¥ 10mgNTG AT 1mL P, BCHI 10 mg/mL (37 A4 5 TR
W TN A I RRPUER, HEFN 2% K% . 75% 8. 5% R BRFT 3%id
FALEL PUAER N 50 ug/mL KHVE R 50 ug/mL JRRE K. 100 ug/mL ZFHH R 50 ug/mL AE=.
10 mg/mL VY3 EE. 300 ug/mL k7B 2. 50 mg/mL #5252 . 20 ug/mL B 2Pk, 10 mg/mL F4&F-F1 0.05
ug/mL SR Ak

212 {UEE&E

EAHNA] WA (L BT rE AR A F) s B TAE & (sl A IRA T B &) %
& 2 A B 0L E Eppendorf A #]); KHE 2O HL(EEE Eppendorf A #]); HIGE 75 (LiE—ER}
A AR AT 4 H 3 (X (Diagenode 2 ).
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2.2.1.NTG, EIPWNEIFZE Cobetia sp. cqz 5-12

W EAFEGEARR ] FEAEEEATRER S AR 5 3CE A 10mL BERRE T, ATAHEITZRE S
0.001g/L. #% 5 IREE T 37 CIEEAKBEN AR E 0. 10. 20, 30+ 40min, R ARG IRSAE BINH
BRI REA TR RN, FFET 20W RAMT R mlSs 0. 05, 1. 15, 2, 25, 3, 35, 4min
(HRSREES N 45 cm). SRAMBS SRS, JRIRTE B PSSR L R 23 LA 5000 r/min 250> 3 min
DAWSCER B ASUTTE o PG BRI T AR B R /K Bl TR R 0, SR FH IR PR A B R /KR FE A R 28 Al 52, L 100
uL BB T3 0.6% RN A FREFRESTAR b, 30°CIRIE RS 37 24~48 h BHTHEHEL HHHEBUER.

WEANFEFARRE: 10 mL HERCFH T LR S8R IN, T 20 W KAMT RS 2 min (& 5HEE
BN 45 em). ZJa T BB AE N iRGE 5000 r/min B0 5 min WCEERDTE, FE RS E 4 B KRS
BRI, R 5 A R AR 0 A 2 h K BB B AR T0E , 1195 R BB 73 K B S5 4 5 NN & & NTG VAW
fi NTG & EE7r 505 0. 0.01. 0.001. 0.0001. 0.00001 g/L. H¥#Aab¥Eid (I 2T 37 CIEIE KA NIE
H 20 min, 5000 r/min 5.0 5 min YR BEARTTIE, FHIE & J0 B AR R /KGR R AR I 1k, SR 5 T TRIRE (9 2E
PR ERKBE B AR 22 @ AR R, B 100 uL BB RIARAT T 7 0.69%08 BEER BN 1 Fh 135 FR 364 1, 30°C I B ks
7% 24~48 h AT I, 1T HEBUEE.

2.2.2. RKEEFEHML

DLR BRI RN R R 70, PR IR B oy I35 3 6 A AT A4k, B35 NaCl R . #%3& pH {H.
RO RN RIS ] o 325 S R RN (R (R 2R 40, LR % AR IR TR (] 352 72 h #1577 43 21 Cobetia sp.
€qz5-12-M2 Fi - 25 O USER « RIS S5 4% SR i 43 T ol 2 AH B R R AR 15 77 3 h, 150 r/min, 30°C i
ITHESR, BEFREEHG, 4°C. 8000 r/min. 5 min B0y, AR L IEROA AR DTE, FIF DNS ¥4
S0 R RN R A TR S

DA b 3R A5 B 1 5 D0 A TR A A ol i T 3 SR AR R AR FH AR TR R o R 7 485 TR ACER 37 VRORN B AR D e
DB, DAL S A B AR RN S8 BRI AR TE S PR IR 2% 1R 1 1) B Bl T 22 57

2.2.3. ERFINEHRE KO

WY HY Cobetia sp. cqz5-12 l Cobetia sp. cqz5-12-M2 I =% 100 uL, 5l¥AA T LB PR L, H
O A B KR A A SR 0 R B/ B B AR M RSP AR B X 4k, 30°C I B R 9% 24 h fiAy, BUHP AR E%
0] 240 R P DR

2.2.4. LERFIRT B AR B R AR TR AR HE D EO R

K JRGE TR PR AT AR IR 1A B R T 0 AR NS A 17 100 ul AP 2 ) ) i D0 R IS 77 22T AR
b, 25°CH;FR 48 ho BEFRGTRG, AR HRVE A IR 5% LTS, RIE 15 min J5ll &S Y E
& D Mg EAR d, FRIHSE AR w74 K D/d fH .

2.2.5. EHRRHABRIPERE IR

iz S Ah B4y S W H AR 46 T R AN AR TR AR B B, 4°C . 8000 r/min. 5 min B0 IRER AR DTTE, I
Oy PR A 1.2.3 BRI R R B BUA R 3R, 150 r/min, 30°CH;9% 72 h J54 4°C. 8000 r/min. 5 min
0015 B i T R R RS R AR P R T TS

T IR ASE it v e R TR M D R AR SRR A R A AR X e R A ) AR AR, SR FH IR R = 43 6 B s
I 5 Y R AT o

AR 5 2 ¥ Bk e ke ml N A =t A5 31
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2.2.6. FEIME

I : RS E . TCREKAT T, PRI TR V& e N B e S0 UE ~F A (P~ 948 [ A 55 77 %)
ERNGR S IR . 353% 24 h )5, B EESCECITI 3% ALAS A BN B AR PE BRI Y, A5 LA G
MK, #E 20 min, W2 H B .

% K H DNS Mg IEZ:. BOSE S pH 7.4 0.2 mol/L BEERE —AN-F745 1 22 il o R BERGHE AT R RS
SRIGEL 1 mL & SRR R B LTSS 1 mL BUBCH 0.3% S BN AR 21, 40°C. 20 min, FEHIA 1.5
mL DNS &, JR51EHE/KIE 10 min, SZEIAE1ZE %R 5 %E ODssoo

BRI 71 AL (E) 8 SONTESEEG 5644 R, S oMLK =28 1 pg JEJE VT 5 B . R PR i 7 B
PLE SONTE mL R AR S IS B (U/mL) . B AU R

AAXN
Tt

A AA——H] DNS V£ ODsao {EL7E 3] % E bR 4 1 28 _E T 0f B2 FAI3< B2 (mg/mL) s
n—— KB LI R AL
t—— i S LI [ (S 58 1 44 04 20 min) .

E

O]

Table 1. Summary of plate primary screening and DNS re-screening results of each strain
= 1. BREWFIRVITEFI DNS S5 RS

PR 37 W P AR T ¥ B (D) FHE I /3 (U/mL)
No.oo1-1-117 1.8 £0.16¢ 12.54 + 0.90b
TrnoTuvz-5-8" 2.8 + 0.64abc 11.24 +0.05b
TrnioTuvis-1-197 3.4 £0.38ab 14.87 + 2.92ab
Trn2o0Tuv2-2-19" 2.2 +0.16hc 18.23 +0.72ab
TrnaoTuvzs-2-147 3.7+0.301a 17.70 + 4.61ab
TraoTuv2-2-517 3.3+0.35ab 19.74 +3.8a
Cobetia sp.cqz5-12" 2.9 +0.07abc 12.47 + 1.50b

7E: RH SPASS BT 0 #r, AR/ FRERRA ML RIEZELZF(P<0.05). @ ZRDEEKE 20 W E51MF
A2 44%h. 0.001mg/LNTG iR 20 7405 & FARVITHAE], 1SR L 11 SRk @ ZRBEKZ 0.001 mg/L
NTG iR E 0 8. 20 W BHMEAR 2 7055 & ARV, N5 Sk LR 8 SEkk: @ ZFBHEIKS 0.001 mg/L
NTG #HE 10 4380 20 W LA4MEAR 1.5 43505 & FRVITHAEl, N 1 SR EM 19 S5tk @ ZRFREKE 0.001
mg/L NTG & 20 738 20 W SRAMFEAE 2 104 5 & FARPITRH1F R, 2 2 S B 19 S Hitk: ® ZREREKE 0.001
mg/L NTG & 30 /8. 20 W B4MEAR 2.5 85 & ARV, N2 Sk LK 14 SHEk; © ZRBREKE
0.001 mg/L NTG 3 & 40 438k, 20 W AMEA 2 /385 & FRYITGEEE], R~ 2 SR LR 51 SEH: @ ZEANRE
AR I BR U B i

3. &R
3.1. BERMBERTHIEETER
R G B AT 4 NTG A1 AMA A J5 I B AR AT R0, MRS MR MR o 8 J5 44 T Mk
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EHE 5

% 6 PR B bR B O AT SALESIRIEE I TR AN DNS &0, BRgs L 1. 5RGHERAAL, X =k
KA PRIE AR RE ) L R E M R

FIH DNS AT &0, iR IWNE 1. SEGEEEKMAL, HEE K Noo-1-11. TniwoTuvis-1-
197 Tnz2oTuvz-2-19. TnaoTuves-2-14 TnaoTuve-2-51 MBI A B, Ho TnaoTuve-2-51 H B #E %

=X
FF o

L5575 8 DI (AL ERE D45 R, B IUR AR R TnaoTuve-2-51 1E 9 H IR bk, JFR 4
“}y Cobetia sp. cqz5-12-M2.

3.2. ZRASHEIFE Cobeita sp. cqz5-12-M2 R EEEH-HE4L

AT RS> BIAE pH fE N 6.0. 6.5, 7.0. 7.5, 8.0, 8.5. 9.0. 9.5 (RFFRIEF TR IR 720 i, H
SABEIE 454 25.40 +0.45, 30.73+2.24, 25.86+0.47. 18.76+0.43, 24.23+0.69. 25.06+1.09. 24.83+
0.13. 10.76 £0.31 U/mL (& 1A). Hrr, LLpH A 6.5 I ik s BEE i E, SHAWCEAMLE &%
P, Rk 2R E pH 5 6.5 1N K EE pH. 1ZRAZ R ARAE SR E 42505 0. 0.5, 1.0. 1.5, 2.0,
2.5. 3.0, 35. 4.0. 45, 5.09/L FAE® 72 h j5HEERE W 1B B, i, 24 NaCl kR 0 g/L i E
PRI BB R, 153 43.13 £ 1.61 UimL, HHAMHEARE R EER, FtH&EE NaCl #EH 0 g/L

ALK EE NaCl WS . %5848 I ARTEIR 42 0N 25, 28, 31. 34, 37°CHE3% 72h JE I M EEE 4 S anE 1C
fis, MIREHN 25°C~31°CH, WHkREHERE, NEFMAEERE, REERI 31C RN ABRE. %

AT B MRAEAS [F) R eI B A BRTE 45 B a0 14 1D s Horb, B5RITTRN 96 h I BRI MBS B, ik
F59.81 +1.41U/mL, S5HAMAFHAAMLLE BEEFVE, FILRLERIEIFEN AN 96 h.
i b, BRETRE T RASTHE R B R 44 NaCl kB2 0%, pH 4 6.5, #£ 31°C F159%4 96 h.

B
A 50.00r
35.00 a 45001 1
30.00f 1 -I- b . 40.00f b b
= b b 2 35.00f c
L d
= 25.00 ~ 30.00f
S c 2 L e e
\&_ézo.oo- e zz-gg f £ f
Y 1500} 3 e
d B 1500}
iy 1000 8 10.00f
" 5.00 | 5.00 -
0.00 . . : t
0.00 L . : ! 0 05 1 15 2 25 3 35 4 45 5
6 65 7 7.5 8.5 9.5
c D
70.00
50000 @ b a a
45.00F = 60.00 [ ¥
g.; 40.00 - f % -l de ef cd ¢ || cd de © f
= 35001 < h 9
2 30.00f 2 4000 i
T 25.00 d BT 3000}
& 2000t & ol
S 15.00F |
10.00 1000f
5.00 0.00 — b L U T T T T T
0.00 Oh 12h 24h 36h 48h 60h 72h 84h 96h 108h120h132h144h156h168h180h
25C 28°C 31C 34°C 37C

A: pHILAL; B: NaCLIKFERAL; C: MZfiiL; D: HrsrmbEiLiL.

Figure 1. Degradation characteristics of mutant Cobeita sp. cqz5-12-M2
[E 1. Z=25/Ekk Cobeita sp. cqz5-12-M2 PEIREZ LR
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3.3. FREXEHRIMERERR I
3.3.1. REEXIEMR~EREE AR
KRR R R RE THE 2.2 R EAIUK BT AT 78, JFLLR =& M- RgRE 11, 45 R

S SR B RN S B AR I A BT 4 BN 32,71+ 0.18 U/mL., 59.81+1.41U/mL. S5JRAEMARLL, ZAF
R IS BRETS B2 5 1 50.84%, 1 BF U E 15 A4 iff S T i vy TR AR 1) 7 B

30. 00 O FHH
oxk R E R
9500 [ )

g?
20.00 |
e
2
G
= 15.00 F
o
i
= 10.00 F

A AR

Lol Al i [

%L AME 75% 2. K% 2% 7 By 5% 47 % R

VE: "SRR P<0.05, "ERP<0.01, "R P<0.001, nsiEiRP<0.05,

Figure 2. Results of antibacterial zone determination of original and mutant strains under different disinfectants

E 2. TEIESH T RIGEHRMREERNINEENESER

* [m8GER7S
8.00 RAT B Bk
7.00 F * ‘} .
6.00 -
5.00 o
—~ e ) i o 1) {[~ ‘I‘
Eiof ? % 7 5% 5 %2 ] :E
NGl s £ [F 1 j
jm 300 7 é 7 % ; ;/ ;,; /
B L Z 7 7 %
=0T 0 n |
£ roof 7 f % "// //ﬁ j; ;
1 / 1 / 1 / 1 / 1 / 1 / 1 / 1 1 J
0.00
KRBER BER I 4&8F FMER KMEE B AER 5 S0 fi FSEpitk B EEER

E: "FRINP<0.05, "FRP<0.01, ™FEK/KP<0001, nsFERP<0.05,

Figure 3. The results of inhibition zone determination of original and mutant strains under different antibiotics
3. FEMEZETRIAERFRETERAINE BN ELS

3.3.2. REXERE KRN

BRI ELE 39 AL T5% . TR, 29K ER 5% 1 ABRIN ,  JE UG B (4 B A% 40l
N 5.77+1.66. 5.10+0.36. 3.17+0.76. 5.83+0.76. 7.93 +1.01 mm (/%] 2), ZRASTE kI B EHAZ 00 A
23.00+1.73. 6.00+1.00. 8.67 +2.08. 4.67+1.53. 9.67+2.08 mm (] 2). YIEFIPEAERAE R, BE
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EHE 5

. FAE. FIRER. LMEER. UK, 5K, FOHL BISEpielE T EHE RN, RIGEEN IS
Pl EL 422> 54 3.00 £ 0.50. 2.67 +1.26. 3.33+0.76. 2.60+0.36. 2.17 +1.26. 2.50+0.50. 6.67 +0.76. 2.17
+0.29, 4.67 +0.58. 5.17 +0.76 mm (/¥ 3), FATR BRI ER Pl ELAZ 5310 3.67 £ 0.15. 4.67 £ 1.53., 4.67 +
1.53. 4.67 +153. 433+153, 500+1.00. 4.33+153, 4.67+1.15, 4.33+1.53, 3.67 +0.58 mm (/4 3).
H5IRGEEERALL, URFRESERT . fER. MEARKE TS ERN, RAEK N0 5E E 52
NTIRME R, 3 FRAE B ARG, AR IR B B R T R k. Horfr, 4RpRdk s
3% S AN ERT, 5 AE BRI A P ELAR AN IR B R (A B [ 22 A 3 o BRI 2 Ah, YRR IR SR, 1Y
IR EERBCTUET,  JRAE B R 58 P AR RN 9 A B R P B Pl B LA W 22 5
3.3.3. BRI EMRFERRIRREEL 5E RN

fE 3.3.2. MIRIGHEA b, 8 292K, T5% L. 5% AKkER. MFEER. IRRER. A rEHER. kil
PE BER R BISEPAR, AR TR ARG, DG G PR R AR B B RE A 152, ELARSEIREE R 2.

Table 2. Ability of mutant and original strains to degrade algin under the influence of different chemical reagent

= 2. FEMEFER IS TR bR R IR B KPR RRAETEIR AE T
AR gt d (mm) D (mm) D/d
Cobetia sp. cqz5-12 2.97 £ 0.15b 9.93+0.37b 3.35+0.25a
ToHK
Cobetia sp. cqz5-12-M2 2.28 £ 0.25c 8.02 £ 0.43a 3.55 +0.34a
Cobetia sp. cqz5-12 4.96 +0.33a 10.70 £ 0.51a 2.16 £ 0.15e
HEHE _
Cobetia sp. cqz5-12-M2 2.11 +0.24c 4.13 £ 0.34e 1.98 £+ 0.25d
Cobetia sp. cqz5-12 2.13+0.33c 6.00 £ 0.36d 2.88 £ 0.48bc
CRSTE ,
Cobetia sp. cqz5-12-M2 2.61+£0.31b 5.02 +£ 0.34d 1.94 £+ 0.24d
i Cobetia sp. cqz5-12 2.13+0.27c 5.1+0.27e 2.44 +0.39d
A ~F
Cobetia sp. cqz5-12-M2 1.94 + 0.39cd 4.05+0.21e 2.16 +£ 0.43cd
. Cobetia sp. cqz5-12 2.11+0.15¢c 4.03 + 0.31f 1.92 + 0.2¢f
I 24 7 A _
Cobetia sp. cqz5-12-M2 2.08 £ 0.24c 5.94 + 0.38c 2.90 £ 0.47b
Cobetia sp. cqz5-12 3.01£0.37b 5.18 £ 0.23e 1.75+ 0.23f
5% 1 R 12
Cobetia sp. cqz5-12-M2 1.69 £ 0.48d 3.81+0.37e 2.39 + 0.60c
Cobetia sp. cqz5-12 3.13+0.21b 5.95 +0.27d 1.91+0.17ef
2% 7K
Cobetia sp. cqz5-12-M2 4.2+0.49% 6.11 + 0.25¢c 1.47+0.19e
Cobetia sp. cqz5-12 3.03£0.24b 9.03+0.18c 3.00£0.27b
*MEE ,
Cobetia sp. cqz5-12-M2 2.02 £0.35c 4.08 + 0.24e 2.06 = 0.32cd
Cobetia sp. cqz5-12 2.08 £ 0.24c 6.24 £ 0.51d 3.05 = 0.45b
HER _
Cobetia sp. cqz5-12-M2 2.18 £0.35c 6.09 £ 0.41b 3.22 £ 0.39ab
Cobetia sp. cqz5-12 2.28 £0.22c 6.03 £ 0.27d 2.67 £0.31cd
PRA R _
Cobetia sp. cqz5-12-M2 2.13+0.27c 7.01 £ 0.30b 3.33+0.38a
. Cobetia sp. cqz5-12 5.05 % 0.21a 9.04 £ 0.36¢ 1.79 £ 0.07f
LA % _
Cobetia sp. cqz5-12-M2 1.63 £ 0.34d 3.04 £ 0.63f 1.96 £ 0.67d
. KH SPASS AT /04T, AE/NGFRER R S5 R B3 2% 57 (P < 0.05).
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Y8

W 2 s, SHRKAREG, 8RR AU BRI, AR TR PR AN AL BRI D/d (B2 % 4 T R,
WL P A A ) & A5 T PR B AR TR IO RE D T B P i iR, BRI R AE AE AR T 2%
KMl R I, RARRMRMEIAERN D/ LR EZER, UWHIRASA I E PRAE LR a7 o
JREFAERE ST HIEFRIGAERE R, B VEER. PSRN, RAEKRMGLEFERL D/ (56 5% %
5t HIAZRRRE DI EAR TR bR, U6 RS B IRAE L3 R v AR R P AR E 0 058 - 3%
TRIEPAFERSEPURR, 5% IRIR . IR RECKE RN, ARG R D/d (1A BE £ 5,
HRAZH RN D/d AE = T IRAA TR, DI SR AR AT B AR A _E ) e (R4 SR P A e 0 1 9

3.3.4. REXERBERIB R ENEI

00 TG I PR R A e PT  BR H JE  RT AR R R TR e 140 R B AR  o H JER s PR R AR S R R
T 2.2 BRI B KB FRHTR IR, HARE 3 FioR. JR UG B8 IR RN 578 TR A o 4 R s 11 B A 0%
539 33.80%. 42%, 5JFUEBEARAELE, TRAR AR R A IR B R SR A i 8.8%.

Table 3. Degradation efficiency of algin by different strains
% 3. TRIEHRI SRR AR R

L IES 0D440 1B TR AR EY R R
Cobetia sp. cqz5-12-M2 0.524 +0.08 0.088 + 0.012 42% +0.81
Cobetia sp. cqz5-12 0.603 + 0.07 0.110 £ 0.015 33.80% + 0.91
vE: SR SPASS AT A, AF/ING E BRI RN ) 25 FL 5 2 14 22 7 (P < 0.05).
4, g

A 2 fm SCERIRE m R A8 B P i) 07 2 o v v e e e 1 1) B At e 0 nsk 5038 58 AR FR ik
R CER(EMS) BT X E F AR RS T AT Pk 510-64, AR P AR GE 77 LL R 4A B AR B 51 T 385% [23].
I, ARBHFTEIE NTG FIEEAMFE AL FR S G 10 77 2O 1T A 5206 2 S04 0 e v e e e v g b A7 DU 5748, LA
FRAZH P Cobetia sp. cqz5-12-M2, H kB FiEBHEE S 19.74 + 3.83 U/mL. S5RIAFEKE 12.47 +
1.50 U/mL AHLGHR Er T 58.3%. 1% 5738 B MR (14 B A e 44 v M B2 B AIK T WA Sk, (L vy T ey i Je e At 1 2%
A5 Kk HB172198 [19]# 32.6%.

X RAF R MR REAT RIS AFARAES , R pH 5, pH [HREIE I R il A= YA i e (v id i v, ki
SR AR AR IR T PRI AT A B T ) A AR PRV 2R [15] o BH T2 SR8 R PR I SR 48 B R RVR T, EL
A 2 i SCHRR B SO Y26 R Y P T 5 AR 1 A I = i L 52 T, P SR ) T ik SK42.001 %4
AN B R s RO 52 0, 78 AL 4 30.0 g/L A IR B i s B [15], R AR SCHTF 7T 1 1% 5848 1 AR AEAS
) S BIR B R RS o I RR B MRAE SR BT 0 g/L R EE = RgRT, SBREI A BT TR, H
W, CUEAERIE DN Lo/l B, B EAR . RO AR AT S BHR B X BR AR A K e ma AR08, OB I &
NI E R 2 S ER AR A KRB TEIR TS . SR ERE T S, KIFRE OB, kA Kikgng,
BIRACHHE, FEWE ORI T, AT RRI M EG = b, AR SURBERT RS, 4K
RIRRE LB R, SR AT E R A 0T AR S R RE R AR AN T R AR, A AR T A A AT
BEE 71, IS ERARBE AR . RIEEATHE, BMRAERKSS, EEMRAME 2 /D . N, & KB
FIPRER, B 3= AR e IR ARG 2, B VRIS SR, IR E T T E IR e
PRIk B KA E, BMOEWTAET, 58U R G JARGE 1 2 B B MK [23] o 383 50 DR 2206 S8 R pkdh AT
REEAAL, 158 AL B 419 NaClIKJE N 0 g/L, pH Jy 6.5, £ 31°C F#5: 9 96 h. UAL)E HIlEE
(59.81 + 1.41 U/mL), HKT Eikk B12 ) 91.68 U/mL [24], THkk Cobetia sp.20 ) 142.79 U/mL [25], {H &
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TAUE 55

T H 1 HB172198 1) 15.2 U/mL [19]. SIREEMALL, PLb)a iR IS HE R 50.84%, {H B4 i 4 T8 11 (1) 3%
RAVIE R 8.8%, TXPUSCHARINL, MIRVIKRE —Er, BESRPMEFIFARLENLR[26], MELZTS
S [A] 1) 50 5

B FOR SRR . R pH SFFREEE 3 2 5 M R AR A KT AR BE I PE AR AL, A 2RI R s )
AR KRR RE . o, P4 2@ 40 B AN RE A R T30 DNA S, R EE A s 4 i) 2
1A S 7 R B AR BRI [27]0 Gnsu) 2 1) S 56 45 R B AN IR 2L PR IR AR GXMZU-BL % 3k FH 4 2%
VIR K. HERS LA R LA BUKTE[28]. EARNIFE A, SRR S 2 5 B PR 1 25 KRN 48 75 I 4 fk it
1o XFhIAR AT REVADR F-iiff . S22 u iR A U 2404k, BOBT ISR 2. el g A A
oM RAA

5. &g

LR LRIk, AT KA NTG WAL, IR — R F AL Fk Cobetia sp. cqz5-12-M2, I #kLL
JEUUR B A (R BRRS $2 75 50.84%, W R BRI B Al AL 9 42% . 55 IEIRBEARAH EL , IR PRAERT 505 AR 5% 41
WRIR - ROKF 2R Bk A 3R (R R e 0 1 . E AT HU A SR I HAA SR PR AT B (1 DL
AL PR IR AN R AR AR R — R IR AL

E&UH

A RS 240 W B O A & A O ME K 2 RE R b 1 AR R B A (R ) R
2021110099HX); WL H RS 4 454 T H (LQ18C010004); [ 5K [ SRR 2 3k 4 F 4R Rl 2 3k 4 0
H (31800094).

&5k

[1] Falkeborg, M., Cheong, L., Gianfico, C., Sztukiel, K.M., Kristensen, K., Glasius, M., et al. (2014) Alginate Oligosac-
charides: Enzymatic Preparation and Antioxidant Property Evaluation. Food Chemistry, 164, 185-194.
https://doi.org/10.1016/j.foodchem.2014.05.053

[2] Gao, S, Yin, R., Wang, X,, Jiang, H., Liu, X., Lv, W, et al. (2021) Structure Characteristics, Biochemical Properties,
and Pharmaceutical Applications of Alginate Lyases. Marine Drugs, 19, Article 628.
https://doi.org/10.3390/md19110628

[3] Li, Y. Zheng, Y., Zhang, Y., Yang, Y., Wang, P., Imre, B., et al. (2021) Brown Algae Carbohydrates: Structures, Phar-
maceutical Properties, and Research Challenges. Marine Drugs, 19, Article 620. https://doi.org/10.3390/md19110620

[4] Wang, X, Sun, G., Feng, T., Zhang, J., Huang, X., Wang, T., et al. (2019) Sodium Oligomannate Therapeutically Re-
models Gut Microbiota and Suppresses Gut Bacterial Amino Acids-Shaped Neuroinflammation to Inhibit Alzheimer’s
Disease Progression. Cell Research, 29, 787-803. https://doi.org/10.1038/s41422-019-0216-x

[5] Barzkar, N., Sheng, R., Sohail, M., Jahromi, S.T., Babich, O., Sukhikh, S., et al. (2022) Alginate Lyases from Marine
Bacteria: An Enzyme Ocean for Sustainable Future. Molecules, 27, Article 3375.
https://doi.org/10.3390/molecules27113375

[6] Huang, L., Zhou, J., Li, X., Peng, Q., Lu, H. and Du, Y. (2013) Characterization of a New Alginate Lyase from Newly
Isolated Flavobacterium sp. S20. Journal of Industrial Microbiology and Biotechnology, 40, 113-122.
https://doi.org/10.1007/s10295-012-1210-1

[7]1 Dharani, S.R., Srinivasan, R., Sarath, R. and Ramya, M. (2020) Recent Progress on Engineering Microbial Alginate
Lyases Towards Their Versatile Role in Biotechnological Applications. Folia Microbiologica, 65, 937-954.
https://doi.org/10.1007/s12223-020-00802-8

[8] Zheng, Y., Wang, Y., Dan, M., Li, Y., Zhao, G. and Wang, D. (2023) Characterization of Degradation Patterns and
Enzymatic Properties of a Novel Alkali-Resistant Alginate Lyase Alyrm1 from Rubrivirga Marina. Current Research in
Food Science, 6, Article 100414. https://doi.org/10.1016/j.crfs.2022.100414

[9] Mohapatra, B.R. (2020) Biocatalytic Characteristics of Chitosan Nanoparticle-Immobilized Alginate Lyase Extracted
from a Novel Arthrobacter Species AD-10. Biocatalysis and Agricultural Biotechnology, 23, Article 101458.

DOI: 10.12677/amb.2025.141005 43 TRAE T


https://doi.org/10.12677/amb.2025.141005
https://doi.org/10.1016/j.foodchem.2014.05.053
https://doi.org/10.3390/md19110628
https://doi.org/10.3390/md19110620
https://doi.org/10.1038/s41422-019-0216-x
https://doi.org/10.3390/molecules27113375
https://doi.org/10.1007/s10295-012-1210-1
https://doi.org/10.1007/s12223-020-00802-8
https://doi.org/10.1016/j.crfs.2022.100414

T &5

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]
[19]

[20]
[21]

[22]
[23]

[24]
[25]
[26]
[27]
(28]

https://doi.org/10.1016/j.bcab.2019.101458

Wang, B., Dong, S., Li, F. and Ma, X. (2021) Structural Basis for the Exolytic Activity of Polysaccharide Lyase Family
6 Alginate Lyase Bcalypl6 from Human Gut Microbe Bacteroides Clarus. Biochemical and Biophysical Research Com-
munications, 547, 111-117. https://doi.org/10.1016/j.bbrc.2021.02.040

Hu, F., Cao, S., Li, Q., Zhu, B. and Yao, Z. (2021) Construction and Biochemical Characterization of a Novel Hybrid
Alginate Lyase with High Activity by Module Recombination to Prepare Alginate Oligosaccharides. International Jour-
nal of Biological Macromolecules, 166, 1272-1279. https://doi.org/10.1016/j.ijbiomac.2020.11.009

Chen, C., Cao, S., Zhu, B., Jiang, L. and Yao, Z. (2023) Biochemical Characterization and Elucidation the Degradation
Pattern of a New Cold-Adapted and Ca?* Activated Alginate Lyase for Efficient Preparation of Alginate Oligosaccha-
rides. Enzyme and Microbial Technology, 162, Article 110146. https://doi.org/10.1016/j.enzmictec.2022.110146

Xu, F., Cha, Q., Zhang, Y. and Chen, X. (2021) Degradation and Utilization of Alginate by Marine Pseudoalteromonas:
A Review. Applied and Environmental Microbiology, 87, e00368-21. https://doi.org/10.1128/aem.00368-21

ZEAE. AR TR AR TR 7 B AR AR UL S B 1 73 AT [D): [ 2208 3], M M5 K5, 2023,

FT, LB, IR, S R R R I SRR I (1 5 A I O A B ) 0T 0], TR SR, 2022, 49(2):
421-436.

XIEEE, BRI ARRR UV-6 ROIRIE K BK R BEE I L AL R [D]: [l 2A0ie 3], KB Hkkl K
2%, 2020.

TWE, KEE, AZH, % DREEKREEUARBES RED]. MEFEE#HK, 2021, 53(2): 1-3.

HkIE, T57, MIBEL & REMAEITE B ME AT RN R EBHREEE, 2020, 41(11): 78-79.

Huang, H., Zheng, Z., Zou, X., Wang, Z., Gao, R., Zhu, J., et al. (2022) Genome Analysis of a Novel Polysaccharide-
Degrading Bacterium Paenibacillus Algicola and Determination of Alginate Lyases. Marine Drugs, 20, Article 388.
https://doi.org/10.3390/md20060388

SR A, 7 R S SRR 2 ST T 38 B KL B R ST B FE[D): [ 2~ 608 SC). 75 8 P IEIEFE K 27, 2006.

25, B, IR, SF R G RARIE FOB A e AN R A FLAT R3] R AR S, 2019, 32(3): 265-
271.

TR, SR, B, & B EFRSS & PUERAMIEE B 7 =™ WR[J]. TAkRZEY), 2017, 47(5): 21-24.

AN
VR, RENEAN, STHAME, S5 AR EG R EEIR MR RE T (IR G B 1 O ik A e S 2 BRI FH RE 0 L[], AR
AEIR, 2017, 33(4): 198-204.

XTI, TRAg, X7, % HRBEIRMEARENIRILE . S8 KR []. EYH k&, 2021, 41(4): 30-41.
FESCAT, ey, wa, S SITEE R A IR B AR R R B RE R L[] TR AR, 2024, 44(2): 79-86.
AR, TR POLEE B A0 S B P e B3 26 1 B ) vH B[] R4k, 2024, 39(4): 395-400.

T FA%. PRI R AN XA 2R 2 5 0 B 20 2 A [D]: [ 22 Anie sC]. BRRE: IR K A, 2024,

HE, R, BREE, & ERLREREEFERITEL . SR R PIE R[], #TK P, 2024, 20(4): 133-
143.

DOI: 10.12677/amb.2025.141005 44 TRAE T


https://doi.org/10.12677/amb.2025.141005
https://doi.org/10.1016/j.bcab.2019.101458
https://doi.org/10.1016/j.bbrc.2021.02.040
https://doi.org/10.1016/j.ijbiomac.2020.11.009
https://doi.org/10.1016/j.enzmictec.2022.110146
https://doi.org/10.1128/aem.00368-21
https://doi.org/10.3390/md20060388

	褐藻胶降解菌突变株的选育及降解特性研究
	摘  要
	关键词
	Study on Breeding and Degradation Characteristics of Algin Degrading Mutant Strains
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 材料
	2.1.1. 试剂
	2.1.2. 仪器设备

	2.2. 方法
	2.2.1. NTG、紫外双重诱变Cobetia sp. cqz 5-12
	2.2.2. 发酵条件优化
	2.2.3. 化学试剂对菌株生长的影响
	2.2.4. 化学试剂对菌株降解褐藻胶能力的影响
	2.2.5. 菌株及其粗酶液的降解能力初探
	2.2.6. 活力测定


	3. 结果
	3.1. 褐藻胶降解菌突变株的选育结果
	3.2. 突变菌株Cobeita sp. cqz5-12-M2发酵条件优化
	3.3. 突变对菌株性能的影响
	3.3.1. 突变对菌株产酶能力的影响
	3.3.2. 突变对菌株生长的影响
	3.3.3. 突变对菌株降解褐藻胶能力的影响
	3.3.4. 突变对菌株降解褐藻胶效率的影响


	4. 讨论
	5. 结论
	基金项目
	参考文献

