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Cloning, expression, and characterization of three agarases in
Vibrio natriegens WPAGA4
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Abstract: [Objective] To clone and express three B-agarase genes agaW3418, agaW3419, and
agaWs3472 in Vibrio natriegens WPAGA4 isolated from the deep-sea sediment and study the
enzymatic properties of the proteins. [Methods] The three agarase genes were expressed in
Escherichia coli BL21(DE3) cells, and the 3,5-dinitrosalicylic acid (DNS) method was employed
to measure the activities of the recombinant agarases. [Results] The three agarases, AgaW3418,
AgaW3419, and AgaW3472, belonged to the GH50 family, with the highest activities at 50, 60,
and 30 °C and pH 6.0, 7.0, and 7.0, respectively. AgaW3472 showed the highest activity and
maintained good stability at 20 °C. The highest production of AgaW3472 was detected in the super
optimal broth (SOB) medium with 1% (W/V) lactose as the carbon source, 20 mmol/L MgCl,, and
0.1 mmol/L isopropyl-B-D-thiogalactoside (IPTG) at the induction temperature of 37 °C.
[Conclusion] The agarase AgaW3472 has high enzyme activity, low temperature adaptability, and
good stability, serving as a potential bio-tool for the development of agar degradation-related
industries. The three recombinant agarases provided a foundation for understanding the agarose
metabolism in V. natriegens WPAGA4 and the role of this strain in the marine carbon cycling.
Keywords: agarose; agarose oligosaccharides; Vibrio; cold adaptation
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pH {ii 10.0-10.6, 50 mmol/L H % f&-NaOH % i
TR ) T P AR S freid S pHL, IR e 2
e R I PR 15 E A 100%

EAWEH 1 mmol/L B4R FI5 K
[MgCl,, CuSO,, CaCl,, NaCl, ZnSO,. MnSOj,,
FeSO,. NH4Fe(SO,), Al KCIJFfL AR F(EDTA |
SDS. B-#i: WA DTT)H ) 5 B v LLR 2
4 Ja B A 27 R il T R S e, IR R
A BB P E A 100%, AT T A iR 50 1)
AT 3 A AE2E R A
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Table 1 Primer sequences used in this study

Gene Primer name Sequence (5'—3")

agaw3418 3418F GCTACAAAAACACCAGACACATCC
3418R TTTGTTAATAGATCCGAATCGTCG

agaw3419 3419F TCAACGTTAGTGACTTCTTTTGAAAG
3419R TGATACGTATTTTCTACGTACCCATC

agaws3472 3472F ACACCAACTATAAATGATGTGGTTAG
3472R CTTATAACGCCGTTTATACATACAGC
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2.3 pH XIREXEE AgaW3418, AgaW3419
N AgaW3472 BgSE RIS

BB ME AgaW3418 . AgaW3419 Al
AgaW3472 7£ pH {E4 51/ 6.0 (K 2B). 7.0 (&
2F)F1 7.0 (K1 2G)2:MF F, BEdide . HH B
fif AgaW3418 7£ pH {H} 3.0 Fi1 4.0 Bt H A 3.5%
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BRI RE L E S5 EHIRAES SDS-PAGE 74T
The phylogenetic analysis and SDS-PAGE results for the agarases. A—C: The phylogenetic analysis

of AgaW3418, AgaW3419, and AgaW3472, respectively. D—E: SDS-PAGE of recombinant AgaW3418,
AgaW3419, and AgaW3472, respectively. Lanes M, 1, 2, and 3 were the standard protein molecular weight
marker, purified recombinant AgaW3418, AgaW3419, and AgaW3472, respectively.
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Figure 2 The effects of temperature, pH, metal ions, and chemical agents on the relative activity of the
agarases. A—D: The effects of temperature, pH, metal ions, and chemical reagents on the activity of AgaW3418,
respectively. E-H: The effects of temperature, pH, metal ions and chemical reagents on the activity of
AgaW3419, respectively. I-L: The effects of temperature, pH, metal ions and chemical reagents on the activity
of AgaW3472, respectively. Three replicates per sample were assayed and the error bars represent standard error.
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AR B 2 2 185%; &R+ Cu™', Ca™',
Na“, Zn*" fil Mn* Xt B i AgaW3418 Y HFIE H
AIMHEERE 26). £EEF Ca™ . Mg™ | Na*,
Fe™" | Fe’ "Ml K% T B AgaW3472 My figG 2
BB, Hirp Ca? Al Mg AU BEVE R,
BT B 4> AR 284% 1 201%; 48 E
F Mn**, Cu™Hll Zn* X FHURHE AgaW3472 )
s B HER, K& Es 1 Mo i
VER e, AHXTEEE T FER 60% (B 2K).
25 HERFIXTIHREE Agaw3418 .,
AgaW3419 1 AgaW3472 E&SE 4 RIS

AWK 4 Fidk2=id7] EDTA. SDS.
DTT Fl B-Zi ik L EEXT 3 A )75 P AgaW3418 .
AgaW3419 Fl AgaW3472 ERHHIMER . Hr
EDTA X BB it AgaW 3418 Jii i 1 i 40 1k 4 ) o
oy, B ARG R REE 10.6% (& 2D); SDS
XU AgaW3419 il I 14 ()41 il Y FH fet
P HA XS TS TR 5.0% (& 2H); DTT %35
fitt AgaW3472 [BETEPE A4 FH B, ks HAR
XTI T R 2 23% (& 2L),
2.6 IREXES AgaW3418A. AgaW3419 #
AgaW3472 S HhESHUNE

BTG AgaW3418 . AgaW3419 Fl AgaW3472
B Ko Z3-59124(0.13+0.02) mg/mL . (0.10+£0.01) mg/mL

A1 (0.10£0.01) mg/mL ; Vuu 43 51 K (2.40+
0.10) U/mg. (1.90+0.15) U/mg F1(2.71£0.19) U/mg;
Keat 7391 7 (140.83+5.72) s ', (103.21+7.94) s ' il
(188.00+12.99) s (£ 2). HAP B AgaW3472
1) Ko TG, XTI E AT K Vinax T Keat
{Edme iy, MEARRCR IR, 16 3 DU R H
BT 1) BN )
2.7 ARREM

i PR, JEBH AgaW3472 TEARMGT B
Jit P ELAT e OB S . TRIIE, SR 2R X
G AT TEANT ST AT . WESE R, BRI
AgaW3472 7E 10 °C 120 °C FHFA] LUREE BT
e, WE 1 h EIKIBZERE 80% ARl . H
&, ZEAE 30 °C TR EMERZE . 7E0%E 20 min
J5 , BT AgaW3472 FIXIEEE FI%ZE 85%; W H
40 min Ji5, HARXTHRGFEAL 53%; B¥H 60 min J5,
BTG AgaW3472 [AHXTFE A 42% (Bl 3A).

*2 mEREIHHFSY
Table 2 The kinetic parameters of agarases

Keat (57 R

Agarase Kn Vinax
(mg/mL) (U/mg)
AgaW3418 0.13+0.02 2.40+0.10 140.83+£5.72 0.992 2
AgaW3419 0.10+0.01 1.90+0.15 103.21+7.94 0.996 5
AgaW3472 0.10+0.01 2.71+0.19 188.00+12.99 0.995 2

3 IRAGES AgaW3472 HEEEM IR Ca* SREF Mg™ iR B MBS 4 R0

Figure 3 The stability of the agarase activity. A: The thermal stability of agarase AgaW3472. B: The influence
of Ca®" concentrations on the agarase activity. C: The influence of Mg”" concentrations on the agarase activity.
Three replicates per sample were assayed and the error bars represent standard error.
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2.8 Ca 1 Mg*"f AgaW3472 EgE M 220

AR EBOS B AgaW3472 G A
VEFIHCIRIY 2 Rl 4 JE B 7 Ca> Fl Mg™ k1 TJ 4k
WF9E, DAIE— A 3R 5 H 8 o et £ B4 FH A 5%
M, Z5RFRI, Ca® WA 1 mmol/L Af, XiEi
T AgaW3472 TG PEM (L HEFE ek, R AR X
BRI R 240%, 4RZEin Ca™ ¥k EE, 4%t
PR M AR MR (B 3B). Mgt B

age

Y 5 5
40 20 & &
20

0

3 mmol/L B}, XFBLHE AgaW3472 161k agfe i
VEF I, KA BRE BE = 2 224%, (H4kE
TIEE B IR BE X BT AgaW3472 [ IE %
A A B AR m(E 3C).
29 FEEEHMK

B IR BTN AgaW3472 FER Sk i
LS R A KM, H SOB Hisfkhk
i W AR B AR S B T R (R 4A). 7RSS

4 AREHEFEFHIRREE AgaW3472 FERHYISNT

Figure 4 The influence of the basic fermentation media on AgaW3472 expression production. A: The
influence of MgCl, concentration. B: The influence of temperature IPTG concentration. C: The influence of
temperature. D: The influence of culture mediums. E: The influence of carbon source. F: The influence of
compatible solute including proline, betaine, and glutamate on AgaW3472 expression production, respectively.
Three replicates per sample were assayed and the error bars represent standard error.
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FERPUN IR R e BE B9 MgCl, XF AgaW3472 f
Rt iR A MR A e, HWE R
20 mmol/L I} N4 (E 4C). FUBEN AgaW3472
PRI, H 1% (B AR ) FUe e
DA e AR JEE b 12 v A S e 7 Tl 23 AR 7 il o (&
4D). AgaW3472 FER RS IRER PTG
WRESY B 37 °C #10.1 mmol/L (& 4B, 4E).
it 22T R SR S 0 B8 e ™ i o, (FUZ A4
¥ 0.5 mmol/L NaCl 2:4ifil /= i it (&1 4F). WS
TINAS R ) 56 4400 T 2 11 0 3R38 (B 4F)

3 WibE4£&#®

ARG X kR WPAGA4 3 - B ity
PR TS 1 A T o Hop, BTl AgaW3418
AgaW3419 [ fzid Wil BE 43 028 50 °C Al
60 °C, TEH A P A EA RS R, X
5445 VejGH50B., VejGH50CR” | AgaS0A i
AgaSOCPY 25 75 P (1) B0 B it AR AL, 1T B B I
AgaW3472 5 i ¢ B ¥ il i (Pseudomonas
aeruginosa) ZSL-21%1 %2 5 ¥ B (Alteromonas
sp.) SH-1VA5 33 U5 14 Byt R it J5c s S I 30 & — 3
(30 °C). I AgaW3418 . AgaW3419 i
AgaW3472 7€ pH {H4 58 6.0, 7.0 F1 7.0 544
T, R¥FEFEHMEE &, HTE pH {H 6.0-10.0
Z B EROREF 40 %LA AN G, 5 AgaSO0A .
Aga50B. Aga50CPUFI AgaYPYAH Ly HA &)
pH Mif 32k

T D) R G IR R B Bh 3, 1 2 b
R 5 0 20 ) E B 4L RS 43w A STk
Gy B BT T B ZWERE RS T 0 BRI , 4N
WiFINE Vibrio sp. JAM-A9m #1 Mibrio sp. 4-3
3 1A ARG T ) LA 3 R 2 A e Tk POV R
Ky EEIE TR, EAN IR, B NRIEAREE  4rE
53|40 5 75 BL G (Shewanella sp.) WPAGA9!®!
K # kB FF B (Flammeovirga  pacifica)
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WPAGA1™ | #4317 (Microbulbifer sp.) JAMB
APV SR LA R R . AP R T
TR TN WPAGAS FARKE 3 Rt e K it it
TEYE, X MRRR 2 5 IR 2 hERE R, TEIR
MR A5 T IR BB i, 25
TR RAE AT 7R

TEFHESER 3 AR T, AgaW3418,
AgaW3419 Fll AgaW3472 {1y L BEIE 235114 10.20
23.37 1 42.10 U/mg, HHBUEH AgaWw3472 H
AR RIS, IR — R T %
DR G AR . S5 R R, AgaW3472 1E
20-40 °C I B AT DRAF o i o Al T 12k
[FIAE 10 °C H1 20 °C &4 N HA RiFrtaE
P, EE/R ALK, HIt AgaW3472 G
PRI T A5 2 ZE0E , AT 19 29 i #A Bk
IR T T IS AR R BB A, B AT BROE S 1 il
AR, sk, Ca¥7E 1 mmol/L kB R A A
P, AT B TS 4 2 240%; 3 mmol/L ¥
JEE) Mg e bV I de ik, K AR BTG IR 2
223% . #it 5 mmol/L ¥ Ca® X 3 ik
fiti AgaW3472 filfi& MBI EIMER, (A2
40 mmol/L ¥JF ) Mg™ %ot BG4 B W S A
Hls e . RIRZGE IR, F58E 11T IR
ERBRIEHE AgaW3472 MBS , AT A 35 i 2
W AE 7 AR

AN — R IR 75 IR WPAGA4 T P
RIS E T 3 R B B, it R
B A = E YR T GHS0 Mt K B 5%,
SR R R AE TR B 58 v %) S A FH o R 4 it Ay
Tt RIS, RPN AgaW3472 M7
B S0 Al, A M B R M s 1k . B
I S IR L AR T AR R BTSSR PR, AT LA
VD B S A L R R A A A, R
Tealizs . ARG SRR Tk AR = S s A 19 2R
S/ = N
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