Research Paper MRIkE

WA W) %, Acta Microbiologica Sinica
55(9) :1171 - 1176; 4 September 2015
ISSN 0001 - 6209; CN 11 -1995/Q

http: //journals. im. ac. ¢cn/actamicrocn

doi:10. 13343 /j. cnki. wsxb. 20140580

Imfe il AgaD E KA E R B FUFERIE
XX A 52 X FF FC s B

W R E R A B A A E W E AR S, W AREER S TREE AR = AR FE 266003

ME [H]) B AgaD Eﬁ%&ﬁti‘%ﬁﬁi%Jt%ﬁﬁ%%#&smiéﬂﬁami%ga (R INER T/ TDN

At B (E. coli) %151 4f ¥k » L6 & e AgaD [\ 5E KL, H L IE & E. coli RIKRGE; %52 T A E. coli

Feak e R N ai vk WA g T AR R VR T RE SR AL T N CaCl, *ﬂﬁﬁﬁ&((}ly) X} 2 I 3R OA 1) 5 R .

(45 R Y s Mt T BRI AgaD [ R AR IER R 1 5€ T E. coli AD494 (DE3) Jhy #%3& ik 4 5 FIH N i

VAR T L R E M A T R ISR B 7E B SR L RN CaCl, FIH & (Gly) #E— B T

%FE e, R LS AR 95 77 (i 20 U/L $2 & & 11300 U/L, R4k a2 /5 7 500 4 it (4%
w Y M T B AgaD ¥ R IA AR R, ) GHO6 R B I I 1K) R A AIE 58 B2 5 T HE A o

aéﬁiﬂ BRI A A, Nl vk ), AR GA

hE S ES:0936 3 E 4% S :0001-6209 (2015) 09417106

Bt R — Aol AV A 4 53 55 20 38 v B I oK B I W ) o A g 4 B AR T 5 KN o BB
(9 22 98, 5 B IR A B B A LR SRR IR o B BR AR BB oL 3 BT REA B, 4
SRR Z R, 1,3 JE LK D - FLRE A 1 BB 24, fE S I B P BB A
4L 3, 60 BEo LIRS IR A B ER T 2 MR T o IR . ARIE SRR AN = 4 a5 R

(D DL » Bt A5 I 4500 43 76 B 15 /K W GHH6..GH 50,
O OH OH - OH OH
al al
O O
/ IO o Pl 1o N
OH 3 4 OH 3 OH
3,6-anhydro-o-L- p-D-galactose 3,6-anhydro-o-L- p-D-galactose
galactose galactose

1. IBgHEm s

Figure 1. Structure of agarose[l] .
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GH-86.GH96 fll GHA18 % jk, Hh o35 X J8 T
GH96 k. 5 B3I 1) IR AN WF A A a3t IR
it FH T 0 D T AR DR L 5 0 15 B A Y 4
B Al S A R TR SR B DY o sk R £
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TSR A SRR SR O B R . IR AL
BTN T 5 0 32 25 19 B — Bk 3R I 1R 1R PR
Thalassomonas sp. 1L.D5, il i ¥y 2 B 4= B bk 19 56 K 41
SCIE, 4545 3 9F PCR I sitefinding PCR [f) )7 1: 35 13
T BB g 5 K] agaD s FCITJRCB B2 AE K 4401 bp,
i 1466 N LT o 7 A4 BT K W], AgaD &
GH-96 ik 119 P A oo fise 1 2 55 1R I ) ALYk 43 51
0 T7% F189% o 5 2 KL o35 IR g A L., AgaD
(16 S A g A0 T A 0 7 e B AR AT AR S 56 I 5 6 7 i
PN S B R R A 4k 1F S5 T IHXE AgaD (¥ 41K
EBEAT T4k .

1 MRS ik

1.1 ##4
L1.1 BE#RBRA: B TR & (E. coli)

DH5a 415 ¥ E. coli BI21 (DE3) . £ ik 15 E.
coli AD494 (DE3) %Kik 15 1 E. coli Rosetta (DE3)
KRB B pET22b ( +) A ALK = A 71 &
J &% DNA Wl F7 i Invitrogen (1 [ 16 50) A iy H AR 2
) 58 o
L1.2 FZEAF: RS kA 8. T4 DNA
Ligase.La Tag DNA 2 4 [ . Premix PrimeSTAR HS.
o # Ak pMDI18-T Vector J% DNA Marker 1 [ 5 2
W TR R A B A &) DNA (8] g« 5k 42 Bt 7
S E I EH R A EARATBRA A
1.2 AgaD ZERFH ML
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HREAT AL, DAL J5 1 35 R )3 51 b R o 4 0T S R
YR A B A A 58 B, b TS 2k iR R e B, BT
75 H i 3 K 510 N s fiL C o 4 ) W Nde T )%
Xho 1 BRI £ B U) 47 20 046 J5 10 5 5 iy &4 4
optagaD o

1.3 AgaD EREBEMEHLHRKIE

¥ & B RAF 10 optagaD FERE N pET22b ( +)
A, W IR pET22b ( +) -optagaD, 53 Jil # 4L E.
coli BL21 (DE3) \E. coli Rosetta (DE3) [ E. coli
AD494 (DE3) .
1.4 NmE2 MEEBRRTHREE

F4 optagaD DR IR 5 2 S S R R R N IR
(Phe) 4 N & KR (Ala), Wit L5l 9
optagaDxF, R 514 optagaDxR (Table 1) . PCR -
W5 15 3 B A B & optagaDx, 3% $% pMDI18-T Vector
B, Ak DHS o, W 7 %5 08 TG W2 5 » 3 $ pET22b
(+) , K2 5t ki pET22b (+ ) -optagaDx, ¥4k, E. coli
AD494 (DE3) .

% 1. X% Phe FREZEH 51455

Table 1. Primer sequences of the mutation of Phe

Primer name Sequence (5°—3")
CATATGGCAAAGGCAAAGCGTTCACTGCTG

CTCGAGGTGAGCCAGTTCCAGGATACC

optagaDxF
optagaDxR

Forward primer: optagaDxF; Reverse primer: optagaDxR

L5 ERFEREH

PRI AL 5 1 50 v b T i LB Br R (%
50 mg/L 275 %) ,37 C 170 r/min 53513 7 )5
FAERN 7 55 T2 W -
1.5.1 #FEEFHESFHM CaCl,:1 mol/L CaCl, & &
KU s o0 B e LB B 78 3L, B &R E N
0. 001.0. 002.0. 005.0. 010.0. 020.0. 050 mol /L. ¥
FPFH LA 1% 142 b i 42 P 30 8 9 2k (4% 50 mg/L
FOEH ) 1,37 C 170 r/min 5535 2 FHI 0D,
ik # 0.8 I, i A 0.0001 mol/L IPTG, 25 °C .
170 r/mini S5 7% 24 h.
1.5.2 ZHEIFEFEHRMESRER 7 LB B A
Gly %5 289 % 4 (0. 01.0. 05.0. 10.0. 15.0. 20 mol /L) -
BRTESRL5. 1.
1.6 BEgENE

¥ R IEWT 4 °C 13000 x g 250 20 min J&5 4
L S BG40 7 9 DNS R, R 4 0 BF 5T
S5 55 FE IR W) 0. 1% 35 JIg B v 5 Hh s Jin 0. 002 mol /L
CaCl, DA HE B35 [ N il 55 4 40 °C o i35 ) 547
M A R AT BLEE 2 B 4L 7™ 28 1 pmol
I JEOBE 1) I e S — AN ) B (U)
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1753 #r s CATAE A 0.7, 1 HAZ B AT 18% 1) %5
it~ A1 1] 23R T KT A 1 1 A5 T 2% (FOP) [ 50% ;
5381 agaD [f) GC 4 Bl 42. 74% , 7 BEAT W fi 3 0
agaD WMEHRIE . KILE KX agaD W% 7 AT
THAC AL R CAL A% 0.8, GC 3ty 53.05% ,
X T FOP 50% 1) % % v 11 %24 0 (£ 2) « RIL)E
B Bl i 44 0 opragaD s tH R 5C <6 i 0 AR W0 RFECAT R
A A AT AR A .

F 2. lBE & agaD ZFRIF

Table 2. Codon usage optimization of agarase gene agal)

ltem Before optimized After optimized
CAIL 0.70 0.88

Under 50% FOP 18% 0

(G+C)% 42.47 53.05

CAI: Codon index; FOP: Codon usage frequency;G + C: Occupancy of
G and C.
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Figure 2. Expression of AgaD with different hosts.
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Figure 3. The effect of the second amino acid from N end to the

agarase actlivity.
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Figure 4. The effect of CaCl, on agarase expression.
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Figure 5. The effect of Gly on agarase activity.
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A ZE R AR AL R I 0] J7 46 5 T — 5 B &l €
f AR IR AR R SR R IR A O s A AR RN
445 0.005 mol/L CaCl,.0.1 mol/LH % 1 (Gly) )

0.8, mA 0.0004 mol/L IPTG 25 °C,170 r/min
312 h, B 4WETG I ATIE 11300 U/L 245 .

x3. EFRFHWL

Table 3. Comparion of the culture condition

Subject Before optimization  After optimization
Gene agaD optagaDx

Vector pET24a( +) pET22b ( +)

Host E. coli B121 (DE3)  E. coli AD494 (DE3)
Culture temperature/°C 25 25

The initial induction of ODg, 0.8 0.8

IPTG concentration/ (mol /L) 0. 0004 0. 0004
Fermentation time/h 24 12

CaCl, / (mol/L) 0. 005

Gly/ (mol /1) 0 0.1

Agarase activity/ (U/L) 21 6 11300 + 1000

FURT R T o5t iy 1) i 3 A 5 2, 2 R BLEY
oI5 IS B 7 = A B Ul Altermonas agarlyticus GJ1B
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KRB M AgaD 3 IA B 52 W, fx 2 5 W L5 W
TRl R o R UM 2 AT B9 20 U/L 4R &2
11300 U/L, $2 & 1 500 43, b © 4 RIE 1 a5k
W T 10 5 DL L S SR IR R AT 9T BE
SE T A . R, Al A B A LG T A B
AgaD (177 B ATY IR BLAIR » MBI AE o W R 28 v 35 R 4
JE B8R G SDS-PAGE I & 1| W & i1 4& 7 » i H.
L B WoR AL MG AgaD B BT Y R TR/ A
R R B B T bR B ER G RS R A Bl
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High expression of agarase AgaD in Escherichia coli

Huan Liu, Weibin Zhang, Dan Liu, Wengong Yu, Xinzhi Lu’

Key Laboratory of Marine Drugs, Chinese Ministry of Education, School of Medicine and Pharmacy, Ocean University of
China, Qingdao 266003, Shandong Province, China

Abstract: [Objective] We constructed highly efficient expression systems for agarase AgaD and optimized its culture
conditions. [Methods] First, the codon usage of AgaD was optimized to make it suitable for expression in E. coli. Then,
the gene expression vector was transformed into different E. coli hosts. According to the “N-end rule” that is related to the
in vivo halfdife of a protein, a mutant was constructed. Finally, the effects of CaCl, and glycine on enzyme production
were evaluated. [Results] A highly efficient expression system of agarase AgaD was constructed, named pET22b ( +) —
optagaDx-AD494 (DE3) . Replacing N-terminal second amino acid phenylalanine with alanine significantly improved
agarase production and shortened the fermentation period. The extracellular enzyme activity was further up-regulated by
CaCl, and glycine. After optimization, the extracellular enzyme production raised from 20 U/L to 11300 U/L, more than
500 folds. [Conclusion] The high expression system of AgaD provides good basis for further studying agarases.

Keywords: agarase, codon usage optimization, N-terminal rule, recombinant and expression
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