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TR R HEAT T ve kR Ik, (H 240 E B Ay 3t
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FIRBL, Fel ek I TR AR S (R A . KT
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FRYY . WEIE . BRI RR R BYOC IR B E AR
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B TR LA R AR A 42 55 D T R ) TR
Yyoe AL 5 A A AR, BEAE A A b AT
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Pseudoalteromonas sp. NJ-21, F¥ X B i e DU
Saga33 1 THEATFRINFPETOTSE, DLHAZRAG 6 14
1R RRE R T R

1 ARAedy

1.1 PEBRFEA
7= B Tt e A P8 V2 T Bk Pseudoalteromonas sp.
NJ-21, PRAF T R JR 55— T PR 5 T TR

J#E(—80 °C); L EEMIF Faga3311EHRALE
GenBank (KU160630),
1.2 BRI

A SR R A R BOA & L ORI G
Jig RIS R & 470 H Tiangen (b6 RARBEH 24
H), REMEZESYME. coli BL21(DE3)I A
Tiangen (b5 RARFHE A A]), FIKFIAPET-30
(a)(His*Tag)¥y [ TaKaRa (Ji%& 5 A9 T4 BRA
7)), Ni Sepharose (GE Healthcare), #EfHR(E &
HEVERS AR R AL TA F)
1.3 FHREaga331 1K) 7k
1.3.1 SBIYREit: WRIEC AR E R Haga
331179, R HEL St M ulihttp://seq.
yeastgenome.org/cgi-bin/web-primeriXi|5|4y, 7
519 5 5435905 |AKE S R 1 PN UD RO 0, FFAE
BEDI AL s T 6N ORAP IS, RESE S [ el 430
IV HRARGRAF G EiESIY): 5-GTCG
TCGTCGACCTATTTCTTTAACCCTTCACGAAA
CG-3', THRIZLE/ NEINBamH 1 BEYINLS; T
W51%). 5'-CATAAATCTAGAATCAATCTTA
CAGGTACCAA-3', TRIZH /3 NI inXba 1 i
VI o
1.3.2 PCRYH: LIBIHRIANI2 1L K 20 A ik
fTPCRY . PCRIAR: MR HAY2xMasterMix
(TaKaRa) 25 pL; #iHR2 uL; RS #1451 uL;
ddH,0 21 pL; SAFH50 L., PCREMS(E: 98 °C
4 min; 94°C 45s, 55°C45s, 72°C 2.5 min,
30MEFR; 72 °C 10 min,
1.4 FREAga33111HF5E
1.4.1 RRBURMME: [HBamH | /Xba | WY
X} L IRPCRI= W FIFRIAZARPET-30 (a)73 5|1 73X
i, WMalifh; FFT4 DNA LigaseidtF {7344,
AL TOP10MYEZ AN, Fide PP e, $RIR
TR, $ALE. coli BL21, A T& IR
(50 mg/L)RJLBEF SR, T°37 °CRE R
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1.42 EHFRMERE: PN OB, 25T
Wi, ZBamH 1 /Xba 1 WEEYISEE s [RIEXTBHME T
BT P 2, W E b S R R PR Ay
A FRA R FE M
1.5 EHFKEEAga331114L

P 1 %2 Fh ks 4 TR AP A S0 mL LBR?
Fedr, 37 °C. 150 r/min#L K532 E ODgoo N
0.6-0.8H, i1 A0.8 mmol/LI¥ IPTG43 41 T-15 °CHil
37 °CHMF TS BFEMWERBIT4 °C.
7500 r/min#5.0> 15 minFF 13 ; HpH 7.4PBSZE
MR R TER,  5 R 20 R REX RE AL, 4 °C
10000 r/min#5.0>10 min, Y& FIE&H,

FHINi-NTA His Tag Kit*f 5 21 fili i 17 46
b, MK SRR EE DRI (20, 50, 100, 200,
500 mmol/L) Y P 7 A NI-NTAR: AT RN, Uk
. BIFUEMLIE, SDS-PAGEKINEE FA46E .
1.6 EHBMKEAERTR
1.6.1 FEEWEFE": VAR KR
1 mL, JEHI(750.2 %EiRA70.2 mol/L Tris-HCIZE i)
1 mL, 35°CKW 15 min, ZKAEP A R JEORE R
DNS I g el . BTG S s o . 7
35°C, pH 7.050F F 1 mLEgH 0424 1 pgif
JEBE (A FLBE ) et i i . A4 SIS
17, BUFIME.
1.6.2 EAMAga3311¥HRE: 2725, 30,
35, 40, 45, 50 °C 6/ B0 BEAE A il %) S v ik
B, DA GE VIR s rRIAE35 . 40, 45,
50 °CHY M FARIR 15, 30, 60 min, LAIGE %
R RFEEE . 2B LLpH 4—6 (Na,HPO,-F1EER),
pH 6-9 (Na,HP,-NaH,P0O,), pH 9-11 (H & -
NaOH)VE R iKY S 2% i, LA & HidweifipH .
EIEY P RmACa® . Mg> . Cu®". Zn*",
S, Mn™". Co™. Be'. Fe'', LIRREIRE TN
TG R )
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1.7 BRI

B mL5EY1 mL (0.2 %R BISIAE T
pH 7THUBEIR 28 vh ) TE3S °C&METT, 43 W s
15min, 30 min, 1h, 6 h, #/KIAS minZ i),
B
1.7.1 HEBEHIETLC)™: B0 s e e
fi e TRERAR AT 20T, JRIFAMIETRE « 2% -
K=2 11 (B, SWEFyUaEr R, —
F N
1.7.2  JRIEEMS): HEE =92 Amicon V) B JE
F(Ultral5, 5 kDa)ie4ifialifb)s, >kAH6320% &
TR BEAGHAT 3o SrHr 554 LSS (ESDES
TR (EEAgilentAH]); F5 e 5 J1(N,)55 psi,
TN, FLHE 12 L/min, THRSIRE365 °C, £
YL, 3500 V, A Rmz 150-500,

2 GRAAH

2.1 FEREFIHT

AT, aga33 11405 14 58 BETT Il 1%
BEAE, 2JFAKE R2349 bp, 47824 K
R, T4>F & K87 kDa, BLASTp LX)k
PR, ZF) SR R T Glyco_hydro_42%¢
%, &5 Pseudoalteromonas)®d W IEICHEE: H9
AgaH91 (AJW83677.1), PLSV agarase (WP_03318
6679.1), P1-13-1a agarase (WP_055014356.1)#1
agarase (KDC51314.1) #4727 51 FLXF 3R B,
aga33115PLSV agarasely 5l i) AL B2 i 2
96%, 5AgHIIRMIERARN61% (K 1), TP
G 3 At I AT ¢ 3D A ) 3 Il R O DX
PG, AT 5 S5 5 Wl 2 P J5T % s gk R P o G
AT
2.2 HE4EAga3311KFR A 54k

HAHBMFAga33 1 1 TEAUK 0.8 mmol/L IPTG
ST Rk R ER S, 7E15 °CiET16 hF,
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1. FREEREFE3ZEBN S AR S FYItExt

Figure 1. Multiple alignment of aga3311/ amino acid sequences with known agarases.

A B AT RIA 530 %A, T T
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M AN B TR AR

HAHRGL AL, YRR Rk B Dy
200 mmol/L /] 15 3| 51— 5 1 554, SDS-
PAGE /R Hr T8 287 kDa, 5Aga3311A9TH
WEA—2(® 2-B), 4ifb/5E4MAga33111H
1% 117[3£19.801 U/mg,
2.3 EARAga3311KH R

nE 3-AF3-Bffizn, mEALEAga331 176
35 CCHY TG fie i, FE35-45 °CHTE F PI7hRE
FE80%LL - UM , H i B T =5 50 °CINBEE

ek, RWHEARARENRE, Taes
PHERIR T R A B ARG R IRER
SEPELE R R, MIEMIREE M35, 40, 45°C, f#
I30 minf S5 T, BRI e VARG, G
JUTBA TR (BREERSFIS0 °C, fRE30 min
IS, BRI RE, SO0 60 min5 B S
Ik

mE 3-CHrR, ZEFGEpH N T7.0 (BERZE
HIR), {H7EpH 4-10MFE RN, B PR AFS0% LA
ERIETE, BRRHIZ A R IZ R R W

L4 JE BT RENE Y I AL TG, AN
3-Dffiz, Fe’', Be’', Zn” FiCa™ ¥k W &5
Aga33 1 LG E, HREARCa™ (i RS 5 115
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[ 2. Aga3311ZERFRIAHISDS-PAGES 1

Figure 2. SDS-PAGE of Aga3311. M: molecular mass of the marker; lane NC: total proteins of the recombinant E.
coli BL21(DE3) before induce; lane 1: total proteins of the recombinant E. co/i BL21(DE3) after induce 16 hours at
15 °C; lane 2: total proteins of the recombinant E. coli BL21 (DE3) after induce 4 hours at 37 °C; lane NC;:
supernatant of the recombinant E. coli BL21(DE3) before induce; lane NC,: the pellet fraction of the recombinant E.
coli BL21(DE3) before induce; lane 3: supernatant of the recombinant E. coli BL21(DE3) after induce 16 hours at
15 °C; lane 4: the pellet fraction of the recombinant E. col/i BL21(DE3) after induce 16 hours at 15 °C; lane 5:
supernatant of the recombinant £. coli BL21(DE3) after induce 4 hours at 37 °C; lane 6: the pellet fraction of the
recombinant E. coli BL21(DE3) after induce 4 hours at 37 °C; lane 7: purified Aga3311.
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3. E4AEEAga3311AVIRIL MR
Figure 3. Characterization of purified Aga3311. A: The effect of temperature on the activity of Aga3311; B: The
effect of thermostability on Aga3311 at different temperatures and time points; C: The effect of pH on the activity of
Aga3311; D: The effects of metal ions and metal salts on the activity of Aga3311.
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Figure 4. Analysis of hydrolysis products of purified Aga3311. A: TLC of the hydrolysis products of purified
Aga3311. NA2: neoagarobiose; NA4: neoagarotetraose; NA6: neoagarohexaose; lane 1: standard mixture; lane 2:
reaction products of the agarose with Aga3311 for 15 min; lane 3: reaction products of the agarose with Aga3311 for
30 min; lane 4: reaction products of the agarose with Aga3311 for 60 min; lane 5: reaction products of the agarose
with Aga3311 for 6 hours. B: MS of the hydrolysis products of purified Aga3311. C: MS of standard neoagarobiose.
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Expression and characterization of the agarase gene aga3311 from an
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Abstract: [Objective] The complete genome of the agarolytic bacterium Pseudoalteromonas sp. NJ21 from Antarctic
sample was analyzed by bioinformatics methods and putative agarase aga331[was screened. Expression and
characterization of the putative agarase aga3311 were studied. [Methods] Gene aga3311 was cloned and expressed
by genetic engineering method firstly; then, the recombinant enzyme was purified by Ni-NTA chromatography and
the characterization of recombinant enzyme was determined by dinitrosalicylic acid method; the hydrolysis product of
recombinant enzyme Aga3311 was analyzed by thin-layer chromatography (TLC) and mass spectrometry (MS).
[Results] The recombinant expression vectors (pET-30(a)+ aga3311) was overexpressed in E. coli BL21(DE3) and
30% of the recombinant protein was soluble. The purified agarase (Aga3311) revealed a single band on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, with an apparent molecular weight of 87 kDa. The optimum
temperature of the recombinant agarase was 35 °C, and it maintained higher activity between 30 and 45 °C, but the
activity declined rapidly above 50 °C, typical of thermal instability enzyme. The optimum pH was 7.0, and it
maintained 50% of its maximum activity between pH 4 and 10. Aga3311 was significantly activated by Fe’’, Be”,
Zn’" and Ca”’, especially Ca’” doubled the enzyme activity. The pattern of agar hydrolysis of Aga3311 is an exo-B-
agarase, producing neoagarobiose (NA2) as the final main product. [Conclusion] Aga3311 is an exo-B-agarase of

Glyco_hydro 42 family, producing neoagarobiose (NA2) as the final main product.
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