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Abstract

Objective: To clone and express the Populus trichocarpa laccase PtrLAC-2 gene. This study pre-
pared polyclonal antibody with high affinity and specificity to improve the study of structure and
function of laccase. Methods: According to the principle of homologous cloning, laccase gene from
Arabidopsis thaliana was used to blast the database JGI of Populus trichocarpa. The Populus tri-
chocarpa laccase PtrLAC-2 gene was cloned by PCR before being ligated with pET-30a(+) to con-
struct prokaryotic expression vector PtrLAC-2-pET30a(+). PtrLAC-2-pET30a(+) was then trans-
formed into E. coli BL21(DE3) competent cells for induction expression. Recombinant protein was
purified as antigen to immune rabbit to prepare polyclonal antibody. Titer of the polyclonal anti-
body and specificity were analyzed using ELISA and Western bolt at last. Results: Populus tricho-
carpa laccase gene was isolated (renamed PtrLAC-2, Genebank: XP_002308164). Prokaryotic ex-
pression vector PtrLAC-2-pET30a(+) was constructed successfully. The recombinant protein with
the length of 62 KDa was obtained. ELISA analysis showed that the titer of the obtained antibody
was 1:102,400. Western blot showed that the antibody could specifically combine with PtrLAC-2
protein in Populus trichocarpa. Conclusion: The PtrLAC-2 genes successfully expressed in E. coli
and the PtrLAC-2 polyclonal antibody with high affinity and specificity was generated. This study
will supply theoretical foundation in the following enzyme biochemical function.
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HE: REERGEBRERPILAC-2, FHXNIFHITREEZERIE, FHE&FERERE. RN FPIPULAC-2E
TEDR, A ARRERNESERIEN SR EER. Hik: FRABEIFFREBREREFSINE
RERARHFEERITFERE, PCREEZEHT WA ERYPULAC2ER TS, ¥HETRES
pET30a(+) #1452 PtrLAC-2-pET30a(+) R %R E B, 3403 KT HBL21(DE3)H 5 SR EFH 4tk
BRPULAC-2EHE . FAK T REEGALHIPrLAC-2E A B R TH &2 7 &k, FELISAM
Western bloti Il {E £ W BB A KRN fERME. ER: RERREBTEEVEBERNFS (4B
PtrLAC-2, ZEFEXSXP_002308164), JIIHE T PtrLAC-2-pET30a(+) R RERME, HFRER
BT 62KDafEHEH, ELISARIERPiASMiEL1: 102,400, ZWestern blot’S5E, #|& 1L mE
VAR R RN B R FHPULAC-2EE. £1: BRMERPULAC-2ZR T VA5 RI3ET FZ
Fik, FNIRET BERE. BN ATPULAC-2Z RESA, NEEM TR T —&
RIEE IR

XK ia
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1. 5|

Dt Fe i SO R A — Pl 4 B 2R VUGB, TR AR TR . O AR R
AR A IR L RIS TARKARE R, IF QRN TG 40T L R A B, ORE R K I A
A YR S5 D5 T [1]5 T e 5 AL T AT SR TR I A F 7 DU AR R A2 B SRR W B i F) S BB 7 72 2 W
HEYBEEETRES 5 T ARBR S, BB 4R [2]. RBGRAE AL T M S b i — MR R
TIEREY), WO REE SRR W SR A EERE,  IF BEAE IS K 2y (14 [R]I eE  FE A B2 KRN A A
fRFE3] [4] [6]; AEIEAR T PARFUR 2™ Em 4R B [6]; £ & POl PR B R N 2 e m & L S
EIRR7]o PRI BORE AR B R S B A B T NS R PR B 2 SRR, I B R TR P T B
PER 2R A B A2 ) S B 3 DR R M U BN 1 BT ST 1o EARRN T AR M AE AR N ) B AR A
Whge, o7 KFRE EKE BRI TR LA (BT ANF SR H AT, A B 1 IR 28 1T AL
T EAE R HE M. Christoph J £5[8] 5 [ 1 4H 11 H (1) — MR B2k X F: 78 B2 /R B GS115 Hh s D sl
SiERIL; Shuangxin Ma 5 [9] 3¢ B T KBS T H (1 — MR BEE R Stlacd I £ KT B b BRI SE B R IR R
15 o RN 0 VR 28R 2 SR AR R I LD WARIE o [T AT R ]E R AR H L R 2 0
CLZE5ER, DA BRI T H i 5 B e 51 D gk — 0 ) W B AR AL v (R Th e A B 2 S (UM R F) B )
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)%, AR NARL, XILEEE PrLAC-2 T T TOkE. ERRE ML, JRll% T 25
BEPUIR, BN BT FURTUR & OS2 T A i B R B (1 B 1 DhRET TR (2 %

2. MRSFE
2.1. RS

LI ARL B R A S = ARACRTE . KT IM109 A1 BL21(DE3), RiA#H ik pET30a(+) AA Sk
W= LR AF: SubEE A& pMD-18T I TaKaRa A F]: YA RNA $REGR &, REFEFORMIE, BUlg s
f DNA [RGB @ TR N &0 B A6 s RARAE Y A |l T4-DNA ZERERE, RN P18 Kpn
| A1 BamH | & H promega A F]; 5 A EEEAGAR B-D-FFLHEEF(IPTG)W H Sigma A =] ; & marker 1 5 b
HAERSAEMBARE R AT B _MLEBEPVDF)WE Roche 247, HPR FRICEHH 19G W [ b5 HE
AR AR AR A2 RO6HIE A Millipore 2 7] Hofb {1y 9 [ 722 20 b 45 o

22. KBTE

22.1. ERGEBERE PrLAC-2 N FRESFY S

R 0L T T 1 2 il 5 TR 2 9 %o TR A 0 DR 2 5000 AT R RAG 28 759 30 5 400 I R AR g R
AtLACL [RIVE M o (R BG E K 7 51, FH AR 015 82 0 T 20 3R 15 0 R I (V) JE R 1) PHrL AC-2 (32 [ 6 o
5 XP_002308164)HE1T 73 4T «

2.2.2. ERHEMEE PtrLAC-2 B &M PtrLAC-2-pET30a(+)RixFH kK

PAE R AR R v Rk, AREEAL I RAR AR 7 15 RNA $RBGAFI S E AP 3R, 1R IE R
M RNA, JFir REZBEERMK DNA 74, &itfrRtsiy, Lifslw:
5’-GGGGTACCAAGAAACATATCAGAAAAATGGGC-3’(F R4k Kpn | BEVIAL &), FHE5I 9.
GCCCTAGGGAGAGTACTCGAAATCAAAGGCTC-3’ (N kIZk A BamH | gLz £1), Lh cDNA AR 31T
PCR 4 34 H RN, HLIKA I 52 J FH 35 e B b fi [m WA ) & el ise B R oy, 4 Bl i) 72415 pMD-18T
BRI S5 AR AT R IM109 B2 40, IFiRAT T Amp (100 mg/L)H) LB Ri57%k |, T 37°CHE3%
b R TE, PRBUA BT KR IR IR BRI AT PCR %58, W PH I M4 2 Jb s 4 K FE R A = 34T
DU P45 7E o X DU TEA () BE A e Rk AT 3 KB 9%, $RIUSURL, [F]I 42 B pET30a(+) 5k AT PR il 14 A U] ity
(RXBEY)(Kpn | A1 BamH 1), HL kil U H ) 5645, H TA-DNA FERRGEAT S, B8 WL KT
BL21 (DE3)J5 A T Kana (100 mg/L))if) LB K574 b, T 37 CEFRM P ios 7%, PUREESY
RIEFEERBUTORLHEAT OUED] %5 5% (Kpn | A1 BamH 1), 43 3] PtrLAC-2-pET30a(+) 1 # 24H i i Rk #id4

2.2.3. EEHERNFESRIE

B8543 PtrLAC-2-pET30a(+) E 41 4 74 1) K A1 14 BL21 (DE3) B2 R 3R i B4 A £ 2 Kana (100 mg/L)
(1) LB [R5 7R Ee, 37°CHiFR 12 h P K BB BRI IEVE#2 N\ 10 ml 5 Kana (100 mg/L)f#) LB
WARREFREE A, 37°C 200 r/min #2355 77 12 h K B AR 7200 H 5 ml B:80F 500 ml % Kana (100 mg/L)
) LB WAk EE 7R A, 37°C 200 r/min fE #5597 3~4 h, £§ ODgoo 1A% 0.4~0.6 2 [1], IIANZLIKE RN 0.3 mM
1 IPTG, 37°C 200 r/min #k¥357%, 4°C 12000 rpm S0 YRS 3 h G IR USRI E AR H 20 mi
# E (300 mM Nacl, 50 mM Tris-Hcl, pH8.0) E & 5 VK /KB 8 75 24%, 4°C 12000 r/min .0 30 min 3 I
H, HUTEH 10 ml 8 M FREVEE, VOKHEE AR, BOFWE Bif 4CHRAE. BORAENEAMEASE
M 11 IR A 100°C/KIE 10 min, LLARIN IPTG L/ENBIPEXT IR, HE1T 12%1%) SDS-PAGE #tfik H ik 4>
B, SR Dl g I A AR IA
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224, BEHRERNAE

PR AR ] 20 mi (300 mM Nacl, 50 mM Tris-Hcl, pH8.0)Ei:E:, UK K 5 75 ZLAR 14 W,
12000 r/min 5.0 30 min = _E3f s PUIE MK 20 ml &6 2 M/4 MI6 M JR 2 1 3E4#(50 mM Tris-Hel, 50 mM
Nacl, 1 mM EDTA-NA,, 2 M/4 M/6 M R %, 0.5%Triton x100, 2 mM B-57i3& 2./, pH 8.0)HE &, &4 T UK
%% 30 min, B0 5 3 B, S ADTEH 20 ml 5 8 MR ZE AL RAA AW (8 M JR 2, 50 mM Tris-Hcl,
1 mM EDTA-NA,, 50 mM NACI, pH 8.0)F &, B0 /5 icsE Bif, #E17 12%(1) SDS-PAGE &t/ HLik 77 5 £
F, 5l lE et 5 Kl &R (R IA

2.25. ZEEMERHIE

ZNRZEFF 177 1545 200 pg 44k 5 Ao & 8 A A FE AR KRR 21 200~500 pl, 524K 36 K5 4 ik
FNREFAIE, RAKE T 6 MyEshk e Bt 22 KH A4, 12d J5H 200 pg A 05508 KR 5E
SAEFNRA FAGSE ISR G, 28 24 KA 36 K4 B A IR 4i4bE 11 200 pg Inam sy, 28 PR Gk
10d JERA ML, SrBHUMTE, —20°CIRAT. Bh G i MU Ak 5 % BE [10] .

2.2.6. ZPEIFBMARNRZITFE ST

F ELISA Kl e i 2kt o Pl e dst P Js B ILE % & 5 2 )5 FH HRP ARic i Edi R 19G I E
TMB 8 )5 fiJa A& B b OB, BighRAX 450 nm 4G TR o

F Western blot 75 & AT ik BRS04, BRI 4 8 B IF3ET 12%(1) SDS-PAGE HLiK,
300 mA HL#% 1 h # % PVDF Ji5 [, F 5%/ ig @0k 4°CE A1t #7, TBST ¥k 3 ¥k, F 1:1000 £ B %
MZHUEN—Pl, EIEPFE 1 h, TBST Pl 3 &k, H 1:1000 51 HPR Arid FHi % 19G 1E N =9,
FEIIFHE Lh, TBST ¥k 3k, H HRP-ECL fb2E Rtk SEE & A

3. HRENH
3.1. %88 PtrLAC-2 SIS

F FA G TR G HE R AtLACL7 %o 6 A% ik DR 2H 45080 Rl s &, JRAT TS 3 R IR PR = B R 1 1
B[ PrLAC-2, AT R A0 ml A, HEE 4K h 3518 bp, H&H 6 MR T 3MAE T, H
CDS J¥ 4K/ 1743 bp, %ift 580 MR, %7 FI %A 1S 5K /NZ)h 62 KDa. H DNAMAN # 14
3K PrLAC-2 SRS 7+ B £ K] AtLACL7 FF 41 )1 =ik 66.21% (WA 1)

3.2. EEFRIEBIFHIEE

W B 2 FIEHAK PrLAC-2-pET30a(+)#E47 Kpn | A1 BamH | XU 4 5, HlgY) K AT LA L E AL E E
PIH T W R4, 42 752 5000 bp 24111700 bp 45, 45 5FEHIR AN —F (& 2). Kl
YE I ORIIN >, B0 B 3L C IERA G\ pET30a(+) RisH A+ .

3.3 EHERMFESRIE

¥ PtrLAC-2-pET30a(+) 1k 2= K7 i BL21(DE3) T, HUFH M B & 745§ K5 9%, AW E 37°CLIPTG
WERN03mM %M FiES 3h, SDS-PAGE HLykfllnl I, FSEAHLKFSEAREZSH —FKEAR
%, HOTEZ862kDa, STHHRIEE AN —8 @K 3).

3.4. EHEBRRISN

B G 2Rk 5 i EE AL AR B AR AE A TR B e v R vk A4tk B I EE 1, SDS-PAGE K45 B &
WUNAE 62 kDa 4bf5 — 2B 4y, R A & Dl shidt 7 2litb (i 4).
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MGNSPRSTVLPSMAALQLLCFFFFSLVPDFAAA. . ITRQYTFNITHKNFTRLCHTRSLVT

S R A R R R R
............. MALQLLLAVFSCVLLLPQPAFGITRHYTLEIKMQNVTRLCHTKSLVS

VNGQFPGPRLVAREGDQVLVKVVNHVAENITIHWHGVRQLTTGWADGPAYVTQCPIQTGQ

FEEEErrrs st rrrerrrsrrrra s ttestrtrre it «terrerrra it
VNGQFPGPRLIAREGDQVLIKVVNQVPNNISLHWHGIRQLRSGWADGPAYITQCPIQTGQ

AYTYNFTITGQRGTLLWHAHISWLRSSLYGPITTLPKLNESYPFKKPYKEIPILFGEWEN

cbettettettrrrrest ettt bre et o ot e rretest it
SYVYNYTIVGQRGTLWYHAHISWLRSTVYGPLITILPKRGVPYPFAKPHKEVPMIFGEWEN

VDPEAVIAQALQTGAGPNVSDAYTINGLPGPLYNCSAKDTRKLKVKPGKRYLLRLINAAL

el bt T trrsrrrrrrreerrrrrerrrerrerrrss st rrr et
ADTEATTIRQALQTGGGPNVSDAYTINGLPGPLYNCSAKDTERLRVKPGKTYLLRLINAAL

NDELFFSTANHTLTVVEADAVYVKPFEADTLLISPGQTTNVLLKTKPHLPNATFYMFAGP

0 T - T 2 - U I B I B I
NDELFFSTANHTVTVVEADATIYVKPFETETILIAPGQTTNVLLKTKSSYPSASFFMTARP

YFSGMGSFDNSTTAGVLVYKHPSSNNHLKKLPTL. ... .. KPTLPPINATGFVANFTKKF

I..l |.|||||.I|:| |..|. LN ] LN ] ..: ||.I|::|.I.I...|..|:
YVIGQGTFDNSTVAGILEYEPPKQTKGAHSRTSIKNLQLFKPILPALNDTNFATKFSNKL

RSLANAKFPANVPQTVDRKFFFTVGLGTNPCPKNT. . TCQGPNNNTKFAASINNVSFVLP

FITee o lTEEED «TEEEEETEETEETETE eee PEEET el e b LTI le T o]
RSLNSKNFPANVPLNVDRKFFFTVGLGTNPCNHKNNQTCQGPTNTTMFAASTSNISFTMP

SVALLQSYFFGQSNGVFTSDFPQNPTIPFNYTGTPPNNTMVSNGTKAVVLTENTSVELVM

N A A S P A RN RN N - P A AR AR RN
TKALLQSHYSGQSHGVYSPKFPWSPTVPFNYTGTPPNNTMVSNGTNLMVLPYNTSVELVM

QGTSTVAAESHPLHLHGFNFFVVGQGFGNYDPNKDPSNENLVDPMERNTAGVPAGGWIAT

Ferrrsstrrrrrerrrrrrrrerrrrrretrrrrr« et irre et 1l
QDTSTLGAESHPLHLHGFNFFVVGQGFGNFDPNKDPRNFNLVDPTIERNTVGVPSGGWAAT

RFLADNPGVWFMHCHLDVHTSWGLRMAWIVLDGPQPNQKIPPPPSDLPKC

FEEETTEErrrrrrrrstr e rrrrrs ittt tte tirel il
RFLADNPGVWFMHCHLEVHTSWGLRMAWLVLDGDKPDQKLLPPPADLPKC

Figure 1. The amino acid sequence alignments of Populus trichocarpa PtrLAC-2 and Arabidopsis thaliana AtLAC17
E 1. ERHZEE PrLAC-2 51lFETT4EE ALACL7 FIEEBRF 5L Xt
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Figure 2. ldentification of recombinant plasmid PtrLAC-2-pET-30a(+) with restriction enzyme, M. DNA Marker DL15000; 1.
PtrLAC-2-pET-30a(+) digested by Kpn I and BamH |

2. PtrLAC-2-pET30a(+). EHRRANENLELER, M. DNA Marker DL15000; 1. Kpn | #1 BamH | XEEHIFEHY
PtrLAC-2-pET30a(+)

97.4KDa S

66.2KDa %y . +~——62KDa

430 Wl | s

Figure 3. Induced expression of laccase PtrLAC-2 protein; M. Protein Marker; 1. Did not induced strain; 2. Protein expression by
IPTG 3 hours

& 3. ‘&g PrLAC-2 EEHIFFHRIL; M. EH marker; 1. RZIFSWELHEH; 2. IPTCIEE I EWEHEH
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B0 %

97.4KDa SN

66.2KDa ey +—— 62KDa

43kDa .
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i | el

Figure 4. Purification result of recombinant protein; M. Protein Marker t;
1. The purified protein of PtrLAC-2
E 4. ZEEAMSL; M. THE marker; 1. “LFRY PrLAC-2 £H

3.5. ZEg PrLAC-2 ZnEhiFrI M R

DG 28 T 0 G 335 D BA M X R, A5 LU R R DL IMYE , ELISA 434 45 SR 2% BH £ 7 B P44 (1) 2 i T ik
1:102400(4n %l 5). 2 wwBEHIARLL 1:1000 57 R 5 64T Western blot %558, 25 R BoR 2 wilEhifAne 5B R
M a AR BGRTE 62 kDa K/MEIALE S IURR 51 S B 2%, SEBG 45 R BRI 4 1) PrLAC-2 2w B Hifk
HA BT IR R (4] 6).

4. g

BT 1883 FF 1 TR P R I, S AR B R B AROE, FREMELL, 7EKIERS . 12
FHs B, BRY . LRGN, MR O S e R IR B IR R [11] o R SRR R B0r] 4 i)
R R (S S RN AN B ) R B AN Zh e . LSRG I AR IE B 1 EL VR, AR — B
BZ B M RGEW T HAE 1958 4, Freudenberg it HAEYIAREE 7] B -5 A R GRS, B B T5
K R TEy AR ) R S B Sl B R, 3R — EOR 2B EA[12] . E 3 Sterjiades 2511 Bao %543 5l K
ST BRI KBRS P 43 B4 SR, FRIE B AT DAZE AR SME A AC R 2 SRR I G R &, A SR B 4
A BH AT FIE[13] [14]. Berthet S Z5ifid T-DNA i N A4S H AN RS 7+ ik 95 > 1l AtLACA
FALLACLY R o R A AR ZE AR BT RE , HAE XU TR B 58 T R B S 3% 2 AR LR AR
B IE(K[15]. Zhao ZEi it XU EI I AtLAC4, AtLACL1, AtLACL7 =AM, KRINAF ETIEIEH
PURR, RIS ™ S S0 T LR TR A I A K [16].  EIRATF AIRIE R W FE T ALLACL7 AL A AR B IE [N —
HEAEAR R R I A A T R EAER .
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Figure 5. Titer of polyclonal antibody of PtrLAC-2 detected by ELISA
[ 5. PtrLAC-2 % e FEHL AN Y ELISA UE

. »
[ 3
-

97.4KDa

66.2KDa
+— 62KDa

- §

Figure 6. Identification of the specificity of PtrLAC-2 polyclonal antibody by Western blot; M. Protein Marker; 1. The re-
combinant protein of PtrLAC-2
[& 6. PtrLAC-2 % S FEIAFFRE AT Western blot #&5; M. & B marker; 1. PtrLAC-2 E4HEH

AR AR A R B SR E AR A7, R E PR A DR R R 2 R I S
I E RIS RGN AT T AERORGE, Br R i, sel AN B s RcRia i) 2 A . A
W E SCIEE RS BT ES G RN LA EAR, sl 5 AtLACLT7 [RIVEYVE &k 66.21%00) & R 7
Fig LA PtrLAC-2, JfH4%E PtrLAC-2-pET30a(+) Btz ik ik, £ IPTG ¥R 7 EA BRI R
FFH BL2U(DE3)H Mk, K18 T REEMAE A, bjE RATRBOT EAE QT T4k, k57
AN HMEA, RIFIEM 4 K% SO R AT LR S, AR R R BT Y PrLAC-2 £ 50
BB, IR BRI NG 1) T e LA S AR i LA AR ) AR A0 i) . FH B LA

5. &ip
A5 R S A R K AT B R AL R A R G AT IR AN Rk, FEEI & T A B R
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