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Abstract: In order to expand the high-quality agarase categories, make full use of seaweed resources, and realize the efficient
preparation of functional agar oligosaccharides, we derived a B-agarase from the marine bacterium (Agarivorans gilvus WHO0801)
(B-AGAase) by using genome mining technology, and predicted its physical and chemical properties as well as structural charac-
teristics by bioinformatics analysis. Based on the results, f-AGAase is a non-secreted protein. The $-AGAase was extracellular ex-
pressed in Escherichia coli through the introduction of signal peptides by molecular biology methods, and its production effi-
ciency was significantly enhanced through fermentation regulation strategy optimization. The optimal fermentation conditions
are as followed: seed culture medium with an inoculation time of 5 h; fermentation starting medium was TB (pH 7.0); carbon
source was 6 gL' of fructose; nitrogen source was 30 g-L ™" of yeast extract II. After being cultured at 25 °C for 2 h, IPTG was ad-
ded with a final concentration of 0.025 mmol-L™" for 48 h induction. Under these conditions, the obtained enzyme activity was
16.72 U-mL™" and was about 5 times higher than the initial enzyme activity, which proves that B-AGAase is of great potential for

industrial application.
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F| B-aga FH KB, BIYBHINT, 1EM (P1):
5'GCGATGGCCATGGCCACATTTACTAAAAGCAA
AATCGCAACCGTTCTT 3' (FRIZ N Neo 1 B3z
M))s &E (P2): 5'GGTGGTGCTCGAGTTTTT
TGTAACGCAGATTATATAGATCACGGTTGAA 3'



https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
https://robetta.bakerlab.org/
https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
https://robetta.bakerlab.org/
https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
https://robetta.bakerlab.org/
https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
https://robetta.bakerlab.org/

52

JURRIRAE: MR IR B-Ba el 04 A= M 5 2 A S5 i 8 o 3

(FRIZHN Xho T VI A5)

SR TAY TR (R B A RAR S
iio PCR WK FR P 8 52 i Jk = POk
170 ¥19 5800 B-aga FEH s FEF| F b pUCM-T
simple, K15 L FEZAK pUCM-T simple/B-aga, IF
AL KR IM109, $2HUF 100 pgmL™ AR F
B TR 126 Fr A S P TR AR ) S 4 Tl U7 s, K R
WP BeAE, P50t AR TAY TR (R By
AR A 5E M
1.2.3 & iE#HAK pET-20b(+)/B-aga # M FEA= 4L

K BR §4%: NI Nco T A1 Xho T X} TR 1A
pUCm-T simple/fB-aga XY, ZE0801E w2 M 1t
Ja i H i BE, 5 T4 DNA EFERG 5 28 [
Fi )AL PR pET-20b(+) BURL R BOE 5 e b K
FFRT IM109, SRR 4808, AR5 IR0 Y
IR ZEAR pET-20b(+)/B-aga, FFHALLFRRTE
F KRBT BL21(DE3), RIGHA TR E. coli
BL21(DE3)(pET-20b(+)/-aga)

124 &0 B-AGA Bty £ 7

Pl 55 75 A& e b 77 2 BRI R PO By ik ik
1T, REEAHIGWE LIS W S E AL B-AGA FiH
P -

12.5 REEFAHEA

DR TN 4% B3 Fh 84 Fh 35 572 W 2
% 50 mL B REEIG SR, TER A B R BRI i 45
A EAGS I SIS a] . REEREE . K
BFE] . REE pH. BUE AR A1 T AT A e, DU
BRI FI R TP EA B-AGA BHE F1, DI E s lE
MR, BRI EE R T 2 5 558 .

JENSFRIE
Phycisphaeraeles sp.

12,6 ERRIE

TER RIS 25 SRR |, Ved% 3 i
RO R AT IESC S, W & B b E 4 B-
AGA Fi§IG 11, 3AF R BEr= B o
127 B-AGA B 2% F 69l %

DA AN 0.25% BB BN Y, B-
AGA T HY/K 15 712 18 Lin 255" Al Dong 2512 %
HH 3,5- ZHHBEIKAZ IR (DNS) BEIE .

1.2.8 #IELE

SLHZERT 3 WOEAT LI P-4 +hR 1
# (X+SD) ” F£/R. KA GraphPad Prism 9.2 3k {4
ST AER s BE ST (P<0.05) @i SPSS
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Fig. 1 Phylogenetic tree of B-agarase
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451, B-AGA BT 3N CyrH7 184N 23801 454521 »
FAXT S FHE M 106.254 kD, FE%EHL 5 K 4.66, K
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2.1.5 B-AGA B3 /KRB 5T

FIH Prot Scale 537 T B-AGA [l 1) 3£ 7K 1 /5

AKAE (181 4) . B-AGA ilFsE H AR I3 (-3.100) 1
SOPMA :
Alpha helix (Hh) : 283 is 29.63%
319 helix (Gg) : 0 is  0.00%
Pi helix @) s 0 is 0.00%
Beta bridge (Bb) : 0 is  0.00%
Extended strand (Ee) : 185 is 19.37%
Beta turn (TiE) 3 34 is  3.56%
Bend region () 8 0 is ©.00%
Random coil (&) B 453 is 47.43%
Ambiguous states (?) : 0 is  0.00%
Other states 8 0 is  0.00%

R1 B-AGAEERISEBEAM

Table 1 Amino acid composition of p-AGAase

AR Ko dilt
Amino acid Amount Proportion/%
NE Alanine 82 8.6
HEEMR Arginine 27 2.8
KABIE Aspartic acid 51 5.3
KA R Asparagine 81 8.5
AR Cysteine 1 0.1
A M Glutamine 38 4.0
AW Glutamic acid 54 5.7
‘H# P Glycine 73 7.6
442 Histidine 15 L6
&R Tsoleucine 40 4.2
SRR Leucine 70 7.3
5 % R Lysine 57 6.0
EA R Methionine 20 2.1
RTNA R Phenylalanine 48 5.0
I A2 Proline 40 4.2
225 J% Serine 74 7.7
JZ MR Threonine 56 5.9
42X Tryptophane 26 2.7
1% 22 Tyrosine 39 4.1
AR Valine 63 6.6
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Fig.2 Secondary structure prediction of f-AGAase
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FEA T 0.005~0.050 mmol-L™! B i i a2,
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Each value represents the average value of three independent measurements and values with different letters on the top of
the bars are significantly different (P<0.05). The same case below.

Ko EAB-AGARFHIFTLE R HEL () FIHFRINS ()X HE2H B-AGARE A Y (b)

Fig. 9 Seed growth curve of B-AGAase (a) and effect of inoculation time on fermentation (b) of recombinant f-AGAase
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Fig. 12 Effects of time, temperature and initial pH on fermentation of recombinant B-AGAase
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Fig. 13 Effect of carbon sources and their additive amount on fermentation of recombinant f-AGAase

B2, BEHROHRINS TB & EaE IR 5L/ & A
FRRFEREME AR . BRI, ZIAEIRR
TRV T 2H B-AGA il 2 T 7 T 1) 5% Wi /7
R 2R (3% 2) EERHREUE I /IR 21k
R BT EA R Hri, {f B-AGA B &I
T B d e 0 LSRR RN B o S I 30 g L7 Y
TEREHE ) HO7014, BURSHaAh = BG J1ik 3] 15.33
UmL™,
23.6 EXRKE

PR Z R ZE R R R BRI N &

IPTG ¥ B[] 3 A~ PR 25 X6 5 41 7R A 7™ 6 52 i) 5
K, X 3 ANHEEMHE =AKFECRE, 1
LAt L 3, AR IR 4. BAEHE R
A,B,Cs, HVERIEAS NG N 6 g-L7", KEEEEE N
25 °C, IPTG ARINAFIE]) A 2.0 h, FEMAM T A
48 h J5 IS HHBHA IS S 16.72 UmL™'

3 e

XoF B PR A T S YR8 AT LA SRR SR Tt ) 73
BRI, S T AR RO R P = o=, TS

2 BHHREXEAHP-AGAER K BRI
Table 2 Effect of organic nitrogen source on fermentation of recombinant p-AGAase U-mL™
RN W iiniE Additive amount/(g-L™")
Nitrogen source 0 6 12 18 24 30
® 1.3740.03° 2.1440.02° 2.94+0.03¢ 3.7940.04° 4.48+0.03° 5.8340.02'
@ 1.37£0.03° 3.0340.02° 4.26+0.04° 6.22+0.03¢ 8.0440.04° 9.2140.09"
©) 1.3740.03* 3.28+0.02° 4.35+0.02° 6.19+0.03¢ 8.4740.06° 8.64%0.07°
@ 1.37£0.03° 3.65+0.03" 4.80£0.02° 6.73+0.04" 8.5140.05¢ 9.58+0.07°
I 1.3740.03* 4.10+0.02° 6.67+0.05° 8.9240.06° 10.44+0.05° 11.87+0.08"
Il 1.3740.03* 4.76+0.02° 7.5940.04° 10.15+0.05° 12.48+0.06° 15.33+0.10°
m 1.3740.03* 4.28+0.02° 7.0240.04° 9.58+0.04" 11.57+0.07¢ 13.25+0.08"
v 1.3740.03" 3.82+0.01° 5.04+0.03° 6.96+0.03 8.81+0.04° 9.94+0.03

T BN 3 YO TSR I ME, R —ATH AR A AR5 RoR BB 25 (P<0.05),

O. S TFIEEAW; ©. HAW (faK); O. FRWEF
¥ H07002; IV. BEHHEH .

; @, RGEANE;

L. 7ot feudy; 1. BRI Ho7014; I B REERIR

Note: Each value represents the average value of three independent measurements, and those with different letters within the same row are signifi-

cantly different (P<0.05).

(D. Molecular level peptone; @). Peptone (fish meal); 3. Beef extract; @. Soya peptone; 1. Molecular level yeast extract; II. Yeast extract H07014;

II1. Yeast extract H07002; IV. Yeast extract.
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Table 3 Factors and levels in orthogonal array design

A: RV B REERE . R
A BREME BRI prGig i
IKF Carbon source Fermentation -
. IPTG additive
Level  additive amount/ temperature/ time/h
(5L & e

1 5 20 1.0

2 6 25 1.5

3 7 30 2.0

R4 REFHAUEZTHKEER

Table 4 Orthogonal array design layout and experimental results

A BRIE B: KM

. ) o C: IPTG Ji T
3 =N vE [
s R WEE it Enzyme
Carbon source Fermentation .. L
Test No. .. IPTG additive  activity/
additive amount/ temperature/ time/h (UmL ™)
(ng,l) < ime, m
1 1(5) 1(20) 1(1.0) 13.99+0.04°
2 1 2(25) 2(1.5) 14.1540.05
3 1 3 (30) 3(2.0) 13.02+0.07°
4 2(6) 1 2 15.63+0.068
5 2 2 3 16.72+0.06"
6 2 3 1 13.39+0.04°
7 3(7) 1 3 13.64+0.05¢
8 3 2 1 14.18+0.03°
9 3 3 2 12.67+0.02°
K, 13.72 14.42 13.85
K, 15.25 15.02 14.15
K; 13.50 13.03 14.46
R 1.75 1.99 0.61

TE: [A—3 AR Ehp e BERoR B #22 5 (P<0.05),
Note: Different superscript letters within the same column indicate sig-
nificant difference (P<0.05).

ISt 50 ) e 28 o T FE P S X B K
P v 114 2 T 2 o7 T 40 M o ) Joi = 1]
FAER - AR il T2 AR Bl R xS
U, BRI T R TTAR RN . AT A )
fE B2 M, R BRI T IR B 10 I B 71 1Y -
AGA T2 E R 5 A S5 5K, HIEsIA
pET-20b(+) BUkLH Y15 5 Ik 2E 47 R 5 A B4
H, RS T HAL B-AGA BERMIAMMILFRIA
KW AR R T R A A KRS F 7 Bl i AT A 2
MR AT ARG . AR KRR BUE
AN A ERARAE , Kb T RPECE IR T RS
e, B ENPER, BOES TR

T15 £ E.coli BL21(DE3) TAEAEH lac I FLH 45
f) T7 RNA A BN BOS LRI Y, e & i
PR BT B R INA S IPTG 155 H A SE R A 5%
o ARSZIZE L], IPTG WA 0.025 mmol-L™!
W2 B-AGA BRI/ METE Jid s, BEE A TR
JESE— T m, BN B, X ATRE S T
IPTG HAT—E WAt W i B 24 il o
AR HZ ¥ IPTG V555 T4 B-AGA
it 1) IR B 1 A B R S KRR i P, 245 5 i
AR P TR IR A, TR BOE E TS
(REE BT o b W R . Rl 75 SRl s i st
[ 2% A B-AGA il 1) 32 15 8 FI G 1% 3 1 52
Wi, SEkhFR— B RIEA A T, AR
HamE B0 E YA R, T BT 4 AR AE IPTG 1Y 85
P, RRIREE IS A0 /. 5b, BlE KRS
[ RES,  PAAAE R B R o A A A I R S
B Z R P R B RS R A, SRR
RN i, SR B AR A R, A
Wb 5 L R T (B R AT AR AR . R EEIR R 1Y
pH M ARG — A EERE R, EH
pH AR THEARMAK . REPFIEL B-AGA B
KRG I AsE . bR pH Ab, REEIRE 2
A B-AGA BN 3 b 335 1Y — 00 ZHE AR o
AW R E, T B-AGA FfE 25 °C T A
W, T REA T U B AR R ok
U5 B-AGA BEATAL Y IRETIREE , BLIEE T IXBEA &
feoE ks, HAG AR ARt E A1 £ K
FEBR A A K BN I =Tl . AP, YRR EE I
FF2 37 °C BF, f 5 TR R I 4 i A0 R E PR3 B
TR, R DU AR R R T RE A ™ ) S PR
%, UL AN G TG B AR . 15 TR KR
(20 °C) B, 75 3 T 1A 3 G 4 R i 2 il 1) e i
RIJLRAR, X HELH B-AGA BFAY A E = 2] —
TE RIBRIAE T o Bl A U AR AR Bt 2 R
AEYAE R EZR R, WECA A R LR
PEFE R B R, Aok o D2 B T 4 Bl A 4 %) A
T, REIE e . IR R A e B D 4
PEAFAE 2557 .

ZiA Db N EXTH A B-AGA BRI T R
TEAL G R A4 R BEE 37 °C FREFR S5 h Y
P T R I 1, LA TB AR R I R G E,
BWERG pH N 7.0, L6 gL BB H K
s, DL 30 g L' A EE R OR AR I i A
IR, T 25 C H55% 2 h JE ALK EE A 0.025 mmol-L™
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