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% %3633 ku, %M 54 %5.53; %GIHLDF 7| 5 % 4k # 41 5y — £ HLD ¥ 7| (PXF45553.1)
Tae—%, GRRAAEEEAXESaERERE, RALEEPCRERELY, Hif
TRWI2-Z A LI 8 & KRR #AGIHLDRE F Kk, HRAEQHN A iR
Y H3.64. 2.64512.431% . GIHLD 5 pET28af 1 #y 2 th & 41 # & 75 K i #F # BL21(DE3) %
R FREHEARGBREENES;, ZE AN REFSF LM H16°C. 0.1 mmol/L IPTGH
F12h, T EABHEXNGHLDE g # /7 T w¥ . XA Kt —F T # % XHLDK ik
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T R 358 15 Y ih BRAE 52 45 Jy T A 45 T A 1
Wr{E . 403€ E Enantis 2y 7 i B — o6 25 B i il
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W, 2 AMEITR, BARS M e
G . ek vl DEREAR T K i &L B
N 11 B A S A o S v B e S 7
TR 7 AR A 52 AT JC S A PR 2 i A A
MR H AP KT 65 HLDIE H ¥ 52",
FEAEK B R (SA) S5 AL BRI e S 4l o B v 2 30
155HLDSE I Rk LR, fELSEal b, ASC o
PUZHLD(C i GIHLD) R R F 50 Rk sy 3t 42, Xt
HEAFT TGRS . Rk M EAL R B 55
Br, MR 3 2 HLD Y B i 5 DL &% 4 5 nl B
T B 0 RS 0 R R AL B0k

1 MRS TE

1.1 SEIEHR

o W30 K A 3 AV IR Sk, AR S
55 2= i fdi FH Provasolilif #7256, 765G IR & 42 000
Ix, JEE 23 CHYEIREE FRA 3R, sBUE K
AR B AR R T 525
1.2 GIHLDEYEEZESHh

{ili FH BLASTAE |5 %t GIHL D3 [H 47 [7) 8 1k
He#; F| F ExPaSy(http://web.expasy.org/protparam/)
o e 2 A BRAG R T 5 430 HIPSORT (http://
psortl.hgc.jp/form.html) I TMHMM (http://www.cbs.
dtu.dk/services/ TMHMM )47 SV 2] Jfd 2 {3, #1185
5 IEEE R T ;. A FIMEGA 5245 H () Neighbor-
Joining J5 i ## R G A, Ho BootstrapfE A
1 000,

1.3 2 RNAZHL K cDNAA X

i FIRNeasy Plant Mini Kiti® 7] £ (Qiagen,
Germany) ¥ BUIE 0152 B RNA S5 #E 47 B yk A0, )
H Nanodrop 100025 [ #% g £ Il { (Thermo Scienti-
fic, USA)GIIRNAMEEEFAEFE . % M Transcript
all-in-one first strand cDNA synthesis supermix for
qPCR (one-step gDNA removal)(dt 5 420 4 A4 W)+
ARA R w1 )i ) & U B 43 617 cDNAT 4
1.4 GIHLDERARME RFTEDH

B I 0 W AE B HRL(23 °C) . (33 °0).
WL R AN 1.25 mmol/L 1,2- 54 & J A1 I 7 i
100 pmol/L/KAZ R Hh 15 956 h, K5 R4 B4 AL
RNA 2 ORI B2 6 5% B Ry o AR 408 e 20 5 e 57 240 4K
316 22 v 9 8 3 19 GIHLDHE R 3 51 5 B2, R

Primer Premier 5.01% 11 %¢ 6 € ® PCRE| ¥ (% 1),
PlactinF& K iy N2 . F| H TransStart Tip Green
qPCR SuperMixif fll (bt X &AW H ARG IR
FPEAT 9 E S PCRIL AL, LM FE P 95 °C 3
min; 95°C10s, 58°C20s, 72°C20s, 40P 1EH,
K 2724 1158 GIHLDHE DR R AR o 3 3k B2

®1 3MEBIIE

Tab.1 Information of used primers

514 57 51(5"-3") Fli&
primers 5'-3' sequence usage
gHLD-F AACGGCGTGGTCGGCTAAT Pt BPCR
gHLD-R GGGATTTCGGCGGTTGTTG %t € #PCR
actinF CTGAGGAGTTTGAAAGGGAGA %t € #PCR
actinrR  AATGTCGGCGGTCTTGATAG %t € #PCR
HLD-F  CGCGGATCCATGTCGTCCGGTGCT 45541
TTTTGC
HLD-R  GGCAAGCTTTCATAACCTCATAAC 4554 1
CAGTTTGCAATGGCC

W NRILEEE S R BamH 1 FlHind TIRGYIAL &
Notes: underlined bases are BamH 1 and Hind III restriction enzyme
cutting site, respectively

1.5 GIHLDEEFAFFH b

MR B 2038 GIHLDH: A 905 B, F
Primer Premier 5.085 3151 4 3 76 4 % 43 551 Jim A
BamH 1 F1Hind W B YA 55 AR L (R D). DU
Je 25 5% cDNAH B 17 PCRY 1 o S i F2 7
94 °C75 15 min; 94 °C 30's, 58°C30s, 72 °C
1 min, 35ME¥; 72 °CCAFEM 10 min, WP 1
FEE . gifl . % EE R pMDI18TE AR5 ik &=
KIGFF I DHS oo 5 Jm B B 1Y 8 240 TR 26 1T i
F AR A AR .

1.6 EHEFTEHMEHHE

5 22 I 56 UE 51 1E B 4 5 240 pMD 18-T Al
pET28a%3 il 4T BamH 1 FHind T XEEY) . [F1Y&
V)5 R HLD F Bt 5 pET28aib 41315 4% . RIG ¥k
ERHFFEBL21(DE3)H . i i PCRAFN WU U] 46
NI N =" N N A o B e P S S
ZICAEYFHHABRA R, 64~ pET28a-
GIHLD.,

1.7 GIHLDEBMFS R EZEHMKL

#pET28a-GIHLDZE 37 °CH; 3% 2 ODggo N 0.6~
0.8, MAEFHIPTG, 7£16 °C. 200 r/minsk{f
THEFR . AN IRNF R e B LR . IPTGYK i 43 il
90, 0.1, 0.5f11.0 mmol/L, %524 h; AI[A)%

http://www.scxuebao.cn


http://web.expasy.org/protparam/
http://psort1.hgc.jp/form.html
http://psort1.hgc.jp/form.html
http://www.cbs.dtu.dk/services/TMHMM
http://www.cbs.dtu.dk/services/TMHMM
http://web.expasy.org/protparam/
http://psort1.hgc.jp/form.html
http://psort1.hgc.jp/form.html
http://www.cbs.dtu.dk/services/TMHMM
http://www.cbs.dtu.dk/services/TMHMM
http://web.expasy.org/protparam/
http://psort1.hgc.jp/form.html
http://psort1.hgc.jp/form.html
http://www.cbs.dtu.dk/services/TMHMM
http://www.cbs.dtu.dk/services/TMHMM
http://web.expasy.org/protparam/
http://psort1.hgc.jp/form.html
http://psort1.hgc.jp/form.html
http://www.cbs.dtu.dk/services/TMHMM
http://www.cbs.dtu.dk/services/TMHMM
http://www.scxuebao.cn

2470 KopE o R 43 45

SR A 528 . 0.5 mmol/L IPTG4r3iE S0, 6.
12F124 ho UCAERRR, N ABERREh 2% vhi (PBS))5
TEAR R M 75 MR (360 W SRIFLL30 min, #52s
[EIBF3 s), =05 B 0 2 GIHLDA B 5 Pk
1.8 GIHLDE M E

PI12- 8 BN IR, £ 7% Kulakovadg: !
() 7 R I RS Bl o I 5 GIHL DI 4 1) S v Ak &
£ 10 mmol/L 1,2- "5 %% . 3 mL PBSZE i Al
2 mUM I ; T°37 °CR 4 hJE A HY B W (8,
WEGOZ R . AR5 f# HIGC-MS 7890B-5977A
HP-5E AN HE(ZHEMR), Tia A shEre AT A
W, THZS 5% 50 °C 30 min; FEFEES00 pL, 43
FE20 0 1; FEFETHE: 30°C 455 min, 15 °C/min
THEZ 150 °C, FE1 min, BHE1,2- =5 2 bibr
WIS &, JO S ENERBCAE AT
R & v A AT .
1.9 GIHLDZE BN 54t

FE“GIHLD 2 [1 /)75 5 K & AL AL 38 43 i
75 W HE IS W UTTE o ALS mL 2 mol/LJR 2 +0.1%
TritonX-100{E & ¥, 12 000 r/min®S.(>5 min/5 3 I
W, FAMA20mL 8 mol/LIRZE G, T4 °Crk#i
B I, 12 000 r/min 020 min)5 W G
W o 1% M His-Tagged ProteinZli fb ik 7] & (dL 5 A
At AR A BR S BV E UL 1 T 2 1 alifk .

1.10 B
i FH Excel 2013 %} % 55 3 3 1t 175 4 0 %

7
Si
91

70

79

0.05

TTALBRRGE T o34 o S50 B0 15 LIS 2 (E 45 o
ZE N, IR ISPSS 20.05Kk k17 B K & 7 2=
M, PAP<0.050 25 5 i K

2 4R

2.1 GIHLDEREFF545 1

GIHLDFE PR FF 1% 5] 134 1 969 bp (GenBank %
K5 AMK450460), gt 322 & FEMR, HED
HEAND TEAHR36.33 ku, i 5 pIZK5.53,
SRR VE TR o A A6 R TR 5 A Ja ot I 4
R 7R, GIHLDZE 17 86.5% 1 Al 3 75 75 il 14
o, RHEANE . K R AR AR R AR L Ak
W U3 . R AREURL M BR B (Granulosicoccus
antarcticus). & E (Antricoccus suffuscus). 1
PN AT (Monaibacterium marinum)55 979 Fp 3
1355 HLDZ JE 1% 7 41— R A 7 [R] 5k 43 A R R 46
RAMMBENE ). FEE SR BoR,
S HLDJF %] 5 48 Ik Je 250 3¢ HL D %2 5 /R )7 41
(PXF45553. 1) AHALE K1 100%, i 5 HoAth 3 5% 28
R Ie AEHLDFF 5 A R S 84%~86% ;5225 ffi
MEEHLDZ HE W2 7 9 AR EE 43 531 2 62% F163 % 5
55 H A A 4 0 235775 55 85 TR (Streptomyces nodosus)
AIARALBE R 55% . TEREE R RGER h, TR0 3
HLDJF 4 5 Se RAE— B )8Ry — W, e 4 v AR
A SEAE W RSN, LRGSR
Yk R g — 2

2.2 GIHLDEREMEFRIESH
GIHLDIEH Rk Z i . JEW,2- 5 L0

6 1SRRG, chorda (PXF45 553.1)
WA G. lemaneiformis HLD
SRET G, chorda (PXF40 558.1)
|BRIRIEAE  G. chorda (PXF40 021.1)
o4 VBRI G. chorda (PXF43 849.1)
| XEE C. cripus (XP_005 715 933.1)
99 |4l I X3E €. eripus (XP_005 716 898.1)
——— AR ER G antarcticus (WP_088 921 895.1)
0 Thalassobius mediterraneus (WP_058 317 896.1)
TE#% IKHEFFEE  Sulfitobacter pontiacus (WP_0379 67 458.1)
80 VEVEHAZATIE M. marinum (WP_097 931 756.1)
EHEH A suffuscus (WP_106 350 906.1)
GETEEETE S nodosus (WP_043 447 425.1)

B 1 EFLMEEMMEHLDFYA RS it

Fig. 1 Phylogenetic tree of some algae and microorganisms based on HLD proteins
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F Y B 2 K R 15 (12) o K i 20 GIHLD
FEEEIRFICH, SR, 1,2- ALK
PR VS 21 9 GIHLDFE IR 36 35 1 43 591 A 8 1l 41 1Y
364, 264824365, DL LSRR, SR, 122K
LA MR K A 1R 34 7] 4 i GIHLD mRNA R R
%, Hoh R X GIHLDIE R 3k T S e ol (3%

6 A

\S) S
L L
| &

=

C

s

1 2 3 4
ENEE U SEE

different treatment conditions

GIHLDFER AR ik /K F
relative GIHLD gene level
I
(o

(e

B2 FEALLEEMSG T8 GIHLDERERE
LwiA, 2. mild, 3. 12- 2/, 4 kKpRA;: BhAR
A7 BE R 2 7 3 (P<0.05)

Fig.2 Effects of the different treatments on
the expression of GIHLD gene

1. normal temperature group, 2. high temperature group, 3. 1,2-
dichloroethane group, 4. salicylic acid group; different letters indicate
significant difference (P<0.05)

23 EEFBEABEREN

T GIHLDFE R R /N1 000 bp, 5 Tl
K/N—(E3-a), MFLERFH, pMDI8-TH i
ABGIHLD R Bt 52 J 5l 5% & —3 . Hix
GIHLD 5 TE R & $2 7= 9 47 WUBE 1, 45 R 7

321 M

~

(a) (b)

1 000 bpZc 45t B GIHLD Fr Bt (F13-b), HL ik 45 1
R, pET28a%s #AKTES 000 bpZEfi i — 5 Fr
B, T #E 4 1 pET28a-GIHLDEL AR TE6 100 bplfl it
P A B (813-¢) ., # B 41 pET28a-GIHLD I I J§
BUE, BRI ARBUFIIIER . DL g R
AR pET28a-GIHLDI A i 2, ] DL F 5

24 BREAFSFHHMIL

SDS-PAGE4: % W7k, GIHLDZ 5 7835 kufi;
BT, 5EMEAKRAEF. X H &
AT A RIIPTGHS 5 vk B AL Sl AR 1k, 45
RN, EHEAE6, R2F4nEFRHEELL, I
B LE RSk, HEHFS12 R
ikt (Kl4-a); IPTGUEEE 0.1, 0.5F11.0 mmol/L
B, 0.1 mmol/Lk B 3 ik & 48 = (K 4-b), H Ik,
RAERPERE S S 16 °C, 0.1 mmol/L IPTG
W, HR12h. BREOELHRTRDY, K
ZRAEDIET, VL% A 2 DA IR AR 8 X
FETE S
2.5 GIHLDGEMME

i 2l pET28a-GIHLD# A 15 3 3R 1k LIl Wi h
R 0% 1 0 5 R o, A RS E A 5 R
Y ) GIHLDAH B 4 53 3104 19.86F176.02 U
(P<0.05), & MY LG 43514 2.62F111.87 U/mg
(P<0.05) (#2). 4Lk o A BTG k5 Lo il Pk o
S kX HE ZH 4 3.83F114.534% . Al IR b
FREAWERMK, HRANEMEASAM#
6 1,2- 5 S BE R 1) B8 e il P

2 3 M1

(©)

E 3 GIHLDER &, Byl R A&
(a) GIHLDF: 9™ %4, M. DL 2000 Marker; 1~3. PCR/™™#)); (b) T#k {4 1 GIHLDE: [ XU & 1J], M. DL2 000 Marker, 1~2. SUE§V) F B ()44
Ko, M. iABIZ e Marker, 1~2. pET28a%¥ # 4%, 3. pET28a-GIHLDE 4 #{A&, M1. DL 10 000 Marker

Fig. 3 GIHLD amplification, enzyme digestion and recombinant pET28a detection

(a) GIHLD gene amplification, M. DL 2 000 Marker, 1-3. PCR products; (b) digested G/HLD in pMD18-T, M. DL 2 000 Marker, 1-2. digested fragment;
(c) vector detection, M. supercoiled Marker, 1-2. pET28a plasmid, 3. pET28a-GIHLD plasmid, M1. DL 10 000 Marker
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2472 Ko

% W BE

M1 2 3 456 78

@

M12 3456738

(b)

& 4 5 SEFE(2)FNiF S 5K E (b)3T GIHLDE B KA &1
() A F% A 1E], M. &K B> T & Marker, 1~4. 23535 50, 6. 128124 hit) EiE W, 5~8. 20 5% S0, 6. 128124 hiItiE: (b)) AFHE
SFMREL R, MEARS T EMarker, 1~4. IPTGHJE 23 5180+ 0.1+ 0.5H11.0 mmol/LHI b5, 5~8. IPTGHKJE 73 5l 40, 0.1. 0.571

1.0 mmol/L I T iE

Fig. 4 Effects of induction time (a) and inducer concentration (b) on protein expression

(a) different induction time, M. protein Marker, 1-4. supernatant fluid after induction of 0, 6, 12 and 24 h, respectively, 5-8. precipitation after induction

of 0, 6, 12 and 24 h, respectively; (b) different inducer concentrations, M. protein Marker, 1-4. supernatant after induction by 0, 0.1, 0.5 and 1.0 mmol/L

IPTG, respectively, 5-8. precipitation after induction by 0, 0.1, 0.5 and 1.0 mmol/L IPTG, respectively

®2 BFSLBERPHGIHLDE MR E S
Tab.2 Enzyme activity and specific activity of
GIHLD in the induced supernatant

P i /U L3 E/(U/mg)
sample enzyme activity  specific activity
2 kL _E 19.86+4.25" 2.62+0.56
pET28a supernatant
EAUTORL FIEW 76.02+3.33° 11.87+0.52°

pET28a-GIHLD supernatant

AR RERIR 2 57 i35 (P<0.05)
Notes: different letters indicate significant difference (P<0.05)

2.6 HWWERMLEL

W 204k Y GIHLDZE (1706 B U BE , &5
BRI, 10, 508100 mmol/LIBK M X REVE L T H 14
FHHES), HH 10 mmol/LBK e i 1) 8 [ 5
A B2, 1100 mmol/LLL [ 3 & R ek v ik
BOFE M B LA, 50 mmol/LIK WK 5 i A6 IR 4

M 1 2 3 4 5 6

ku

48 —p
35 i
26 =—pp

Es5 BNERNSLER
M. & [ i 4> F B Marker; 1. {14 % 4 2. binding bufferyf it
Wis 3~6. 2059104 50, 1001250 mmol/LIK M 35 i ¥
Fig. 5 Purified results of GIHLD protein

M. protein Marker; 1. inclusion body protein; 2. binding buffer flushing
fluid; 3-6. the purified protein after affinity chromatography with 10, 50,

100 and 250 mmol/L imidazole, respectively
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7R BEASHLD YRR $ i T %0k, 2E THLDJF
ST R G R AR AT R, iR 5 KR
CLPEMAR A . P LR G LRI,
M5 MUEY) e R

A W HLD Y 0T 5% 22 46 o 76 il 05 M
W HEACTIRE S A R R R AR T
WIDhIARYE 2540 3R A 5 B2 RGP, FEHLDRK
T AL A s g/, (A RE AL K 2 F IR Y an4-
(R H HL)-6,7- " E LA F KW, MHLD
FEHIKOF R RGE R D o ABFRERTT T S, 1,2-
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M=FW Rt GIHLDIE N Rk, Wi,
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http://www.scxuebao.cn

12 1 N

WS, 45 IR pa ARJsE A B e T R S R TR R0k 2473

Z 5T T B3P e v 5 0 A L R
EmAMERRIFERBEMERB L, &
WA FEE . IPTGHKEE . KA F AP 2 1%
T FRARIT () AR N R v B TR AR AR R R
R E7B o A Wt /R B B I S (A N7 1 95
A FIF =i 2RIk, A S5 GIHLD K 43 LA
AR E A BB, XA LIS
PR AR T o AR L R A 2% 58 5 DR AT R O 40 TR 1A
%ﬁ#$%~Al%” TA, RIBE AT
A8 5 JFA% R I8 RS0 LN B (AT BR S B
@ﬁﬁo
%Lﬁﬁ,ﬁﬁ%ﬁﬁﬁﬁﬁimmpﬁ
HcDNA4: K () JEml b, X HIH T T AW B2
ﬁ%%%ﬁ%ﬁ,WLTﬁm&ﬁﬁ%Lﬁ
T, I By 25k B B S PR 0 H R
o, IR AR E A T TR aif . xR
RN 2l v 2 il R B REAR AR B T A,
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Transcriptional expression and prokaryotic expression analysis of haloalkane
dehalogenase gene from Gracilariopsis lemaneiformis

SUNPeng', DUYu?’ LUYan', SUNXue", XU Nianjun'
(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Environmental Technology Service Center of Shaoxing, Shaoxing 312000, China)

Abstract: Haloalkane dehalogenase (HLD) is a kind of enzyme that can degrade halogenated aliphatic compounds.
In order to provide information on the possible use of the algal HLD for the degradation of halogen compounds in
the environment, we used bioinformatics, quantitative real-time PCR and pET28a system to study the
characteristics and prokaryotic expression of HLD in the macroalga Gracilariopsis lemaneiformis (Rhodophyta).
The open reading frame of HLD in G. lemaneiformis (recorded as GIHLD) was 969 bp, and its theoretical
molecular weight and isoelectric point was approximately 36.33 ku and 5.53, respectively. The GIHLD amino acid
sequence was identical with an HLD sequence of G. chorda (PXF45553.1), and was close to G. chorda and
Chondrus crispus in the phylogenetic tree. The high temperature, substrate 1,2-dichloroethane and phytohormone
salicylic acid all promoted the expression of GIHLD gene with an increment fold of 3.64, 2.64 and 2.43 times,
respectively. Finally, the recombinant vector of pET28a-GIHLD was transformed into E. coli BL21 (DE3), and the
recombinant protein displayed a dehalogenase activity. The optimal induction conditions were 16 °C and 0.1
mmol/L IPTG treatment for 12 h. And then, the HLD protein was preliminarily purified by nickel column. This
study will lay the foundation for further understanding of the algal HLD family and the acquisition of high purity
HLD enzyme.
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