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WE: %A FB(VB) EMMIEN AL S AMRE, sHHEKRERT R, w5 BERE (PLR)Z VB, Rijt 4 3
B9 4E R B, fEACubvS B (PL) A o5 82 (PN), st mpe N VB W sh A TR EE 215 M, W PLR i b oA
R, A s I Arabidopsis thaliana vt "% 8538 8 B 25 8 7 7] APPLR1 A BEAR, 2 2 R 248 B 38 3T 1) R Vb =3 3R 47 4
%8 3 Nicotiana tabacum NtPLR1 % W ¢ 7 B, 4 & Z AN A AL 48 4 58 (cDNA) 89 Kt b ik ¥ 38 - R &4k X R &
(RACE-PCR)# K313 7 M 3wk 4 8238 R fs MPLR1 B, %A B 4K 1370 bp, % 369 A& L ek L, fMalt
A E GV ST EH 41 kDa, BiEEE EH 942, RAMR S FF et R AW MPLR1 5 ey Hh 49 PLR1 A8 42
W F, F % KT E PCR(GQRT-PCR) 5 #7245 R A9 . shRwb 485 PL &3 0, NiPLR1 Rk £ Ft &S /e Bk, £ 4d
BE| T, BN, FHACORMEESHEREN: ME et AP PL & ZREM A £ % K m ks B PN &2 29T &
&% MiPLR1 T 84 PLR —#, 44 PL %% PN, s, R 25 &R AW MPLR] M FEAR . Efart 5 74
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Cloning and expression analysis of the tobacco NtPLR1 gene
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Abstract: Vitamin Bs(VBg), essential for plant growth and development and involved in more than 100 biologi-
cal processes, utilizes pyridoxal reductase (PLR) as the key enzyme in the VB¢ salvage pathway, thereby cat-
alyzing pyridoxal (PL) to generate pyridoxine (PN). Since studies on PLR of plant VB¢ are quite limited, PLR
genes were cloned and characterized to improve understanding of VB¢ biosynthesis in plants. Several NtPLR1
gene fragments were found in Nicotiana tabacum through a homologous blast with Arabidopsis AtPLR1. Full
length was obtained using rapid amplification of ¢cDNA ends (RACE). Real-time quantitative polymerase chain
reaction (PCR) and high performance liquid chromatography (HPLC) analysis were conducted; NitPLR1 ex-
pression by ultraviolet, oxidation, exogenous PL, and NaCl treatments were compared to a control; and prokary
otic expression of NtPLR1 was accomplished. Results of RACE showed that full length ¢cDNA of NitPLR1 was
1 370 bp, which encoded 369 amino acid residues with a protein molecular weight of about 41 kDa and a the-

oretical isoelectric point of 9.42. Real-time quantitative PCR analysis revealed that an exogenous PL treatment
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induced NtPLR1 expression with highest expression at 4 d. The HPLC analysis showed that PL content signifi-
cantly decreased (P<<0.05); whereas, PN content significantly increased (P<<0.05) during an exogenous PL
treatment. NtPLR1 was expressed in roots, stems, and leaves with leaves having the highest (P<< 0.05) expres-
sion level. Also, ultraviolet, oxidation, and NaCl treatments, compared to a control, significantly induced (P<<
0.05) NiPLR1 expression. Furthermore, prokaryotic expression of NitPLR1 in vector pET32a successfully re-
vealed the recombinant protein at the expected size. This study reported the NtPLR1 gene of N. tabacum for
the first time, finding that it catalyzed PL to form PN in tobacco as found in yeast, and it may be induced in
response to ultraviolet, oxidation, and NaCl stress; thus, the NtPLR1 gene can be an important reference for
further plant PLR gene functional characterization and regulation as well as VB biosynthesis. [ Ch, 8 fig. 1
tab. 25 ref. ]
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HEE R Be (VBe) & — ML BEIL & W PR, R AG ML (PL), MEMEE (PN), WML (PM), BRI
Wl (PLP), BEERALMS BE(PNP), BERRMLW e (PMP)45, Horb PLP & H EZ G, 1ERHG2 58
Wik 100 ZFpAEA RO, GG BEMRACHE . BrA R A . e U 55 AR BN M R AL 8 S5 BT
N ALY VBe &2 53 BV R MU AT TE W AR A RT3, BRI VBe MAE I A KA B B E B, WF
FRERIM, BIRFH VB A kG i (de novo synthetic pathway ) Fl #b 5 & B (salvage pathway)2 Ff J5 =, ,
R BB AR VBe S 77 B A Wy R % A FH A IR 45 A B9 PN, PM il PL A5 BUALAAR A8 i 75 2 49 1% 16 A
PLP Jf-4E 45 20 i 25 7 VBe Mk BEARRT AR E o Ik B B E B 2 WH5E, MR RCG Bk A2 i A 58 SRR X Bk =
Horp, g A U (PLR) J2& VB #hf0a R 42 VR G, S (e B rh ol R B, R T 19 T i
(aldo-keto reductase) , £ i B T i 2 RS — A2 TP BRWETR (NADPH) A27E (9 A5 478 1 fi Ak PL e d5n, PNP,
NI FT AE R A ML VB S A4, X T AW RS T I 5 (A PG s BA B2 . MYyt VB &
L LA PN sl OB B S A AE , JFHEAE Y b el A S 80y PN AR BUBLTRT S, i& 4k, A HG
FAIT Arabidopsis thaliana (¥ AtPLR1 FE[RI 15 3] 43 25 %08, 0 W BF 58 A2 (R HE 47 B AR S5 30 % W] AtPLR1 AR 1%
PLR —#f, "L PLIE A PN, T-DNA i A1 Atplrl SRR R A KB B ERI W) 208, A
HEERE G T Aplrl (A2 20 HI, 0 PLR o] §8 5 AH Y #KPUER F B & LM a4 &, M5 Nico-
tiana tabacum J&—Fp E ZE AR A Y) S & TR VEY), X PLR 317 SR FITIRE 00, A B Tk — 20 Wl aff A
WIEIN VBe ARG Bk A, TRl i Sl R A i J 4R AL BRI A 4 o ARFST L ACPLRY i, 285 %k 3¢
[ A= ) B AR A B b (NCBL) 23 240408 122 (hitp://www.nebinlm.nih.gov/) w1 (4 Fp 31 3547 Ho X FBF 35 9F 25 &
cDNA A sty PR 4™ 48 £ AR -5 4 Wl 6% X R0, (RACE-PCR) A5 3 140 50 NePLR1 LRI 24K 7 41 LAy ik
fill, o347 T HAEY DI RE RN F Ak REYE, 45 MPLR1 v {4k PL JE i PN, NiPLR1 7Ent R p ik e, 5
AN L AL SCE AL AN 38 FN SRR PL AL B A SN

1 M5 7 *

1.1 R

M =0 85" Nicotiana tabacum ‘ Yunyan 85’ Ff F 1 pET32a Ji # % ik 2 K N 5L 56 = R 47
pEASY-Blunt 254 . itk BL21(DE3) Rosetta Fll K35 % W Escherichia coli DH5a i B TransGen /23 1) .
1.2 SEFZE

AN IR . TR ERAE & BT EEAN R BB AR K R A S 2, BRI 2000 2 h, 4 h i 8
h, BCEERVIFME 3 b, WMARER, &H.

FhALE: ] 100.0 mmol - L™ i) SAALSATE R GERERE IS A 5, A0 BE 1 d, 4 d A1 7 d J5 ke, HCZERLL
T2 . WEARER, &

SAALAL TR DETE T R U BN - LA B2 84 (NaHSO5-NaySO3) 1R 5 4 (10.0 mmol - L™, LANEBRER AR 2 3 )
AR 1 d, 4dAT dJEIBRE, BCEERUUTE 2 ik, WARER, &,

PL AbFR . A HEA I AR AR kg, T 100.0 mg- L™ PL By /K 853, 85 A0ORF M =0 L Kok
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TR, RS2 IEE LIRS AT HFRANAE 2 KL S 4 RANES 8 RRAEZERVITH 2 ik, WAR
%, &

DL RSB E A 3 A Ah B
1.3 BZtEZmE (RNA)RER B4 R #E% B (CDNA) B & B

A RNAiso Plus RNA S G0 & 6 I BE W] 5 (Takara) , #E47 8 RNA 421, $2 09 RNA SR 7
BA 1.0% B3 5 bl 8 Jise i Jk BEA 7 40 8 5 SE 3G I . 22 BB PrimeScript RT reagent Kit with gDNA Eraser 2
B i) & (Takara) % B 446 (19 RNA BEFT R Bs %, B T-20 C& .
14 EREEREVEERFSH

VLR T e M8 B PLR A9 & 1 NPLR1ERZESERESWAASIDER
R 7 4 (NP_200170.2) M 554k, Table 1 Primers used in NtPLR1 gene cloning and expression analysis
8 M0 0 3 35 T B4 4 (EST) B Uik SI %R il lecalChmcl)
E‘:F H Iﬁj Ve *ﬁ ? ;FE bi?j 1%: §|J EI@ EST 3'-RACE 3RACE-1  TGCAAATTATGCACCTCTGCAGGAACG

3RACE-2  TGCAGTTGGGGTGAGCAACTATGGACC

3RACE-3  TGCGCTCAGCCCAGGTACAATTTTCAT
HE R By 41 NMiPLR1 NtPLR-F1  ATGGCTCTCTCACTCCCAGCTTCAAAATC

NPLR-R1  CTTTGTCTGAAATACGTTTTGGATC

o, it 5l ¥ 3RACE-1,
3RACE-2, 3RACE-3 (% 1) 47
H3C PCR ¥4 H 19 3 8 3" v [y

Il YW AEIIEIIT, EE g NiPLR-F2  GGATCCATGGCTCTCTCACTCCCAGCTTCAAAATC
pEASY-Blunt # ik J5, # 2K NtPLR-R2  GTCGACCTTTGTCTGAAATACGTTTTGGATC
3% A B DHSo JBZ 540 L, i qRT-PCR NtPLR-F3  TGGCAAAAGGTAAAGATGGG

e BH P B T AT L 3 NiPLR-R3  GTTGATGCCATTCTCCACCG

B H FE R i J, p RO PRIERIPRIROR Bam1 A Sall.
F DNAMAN #4464 & 5 EST &5 75145 7 15 812K cDNA J¥4], Bl )53 it 2K w5 9 NePLR-F1 Fl
NPLR-R1(3% 1), §"4% MPLR1 J¥%), PCR W FEF N 95 CHIZAEPE 3.0 min; 94 CAEPE 30 s, 60 TRk
30 s, 72 CIEAf 1.5 min, 3t 28 ANEFF; 72 CLEAf 10.0 min, F75 89 MPLR1 J¥ 51 NCBI(http://www.
ncbi.nlm.nih.gov/) #4572 BLAST /gt 17551 Eb X o i ProtParam %} (http://web.expasy.org/protparam/ 1E £k
I MTIZE R4y TR AR A SR DNAMAN 7.0 %5044 % 55 R 4 A 114 42 i 198 1 97 4T G R 207 o
1.5 NtPLR1 FRik4SHEDHT

H4E NePLR1 LA () cDNA J# 41, BitRe b |51 (R 1), LU 18 SrRNA NS5, LIAR .
2 RSN Ak E AL EAAL B R [ B ) SORE I ) cDNA D BEAR i 4T 2 SE R E i PCR
(qRT-PCR) 43 #7 » qRT-PCR J2 )% &% 4 95 °C 3.0 min, 95 °C 10's, 55 °C 40 s, 35 DG ; Vg ih <k .
M 65 C $ 0.5 CAFGERIEINF] 95 °C , L 27 geit B AR £k i,
1.6 VBs iRAERFIAEL S K VB I BIE N &4

VB K 2 BEBK G 25 00 Jy i, IMRARCHE . VB, 83520 A7 B (3% 4 H&E 23 7] () XP ODS-A 5
pm 120 A(250.0 mm x 4.6 mm) . = SORAH G Waters 600, L5 2475 2EER AL o F 84 A (43
M) . B 1% £ (CH,CN)-25.0 mmol - L™ # 8 — & #f (KH,PO,)-25.0 mmol - L™ & % 2 £ (Na-
ClO,), pH 2.5; Jit# K 0.5 mL-min™, PEAEEIN 5.0 wL, FOERM B K 395 nm, P E LB KN
290 nm,
1.7 BEREZRREZBENHMEREQFTSRIL

SR B R AR . MR R AR pET32a £ s B o505 B, BrH il A B U] 7 25 (BamH1 F1 Sall) 1) J5 A%
Tk (F 1), Lt 85 cDNA SR Y1 NeiPLR1 B2 K1) cDNA Bt . S B e Bl e vk oy 85, [l
WH B IS, 14 pEASY-Blunt 244K, #4162 K3k 4 A DHSo SR EZ 840 M . Pk PCR AN 40 31
MIBAPE B IR, 97 KSR, (A BOR /Nl R & (TransGen2 ) 32 BBk, BI 45 2| pEASY-NtPLR1 4k . H
FR AP N B i BamH 1 F1 Sall XL§Y) pEASY-NtPLR1 1 pET32a JFiks J5 64T T4 &4, RI15-3) pET32a-Ni-
PLR1 AR ¥ IEH G, $2HCH 09 BRI 7% 4k 2= BL21(DE3)Rosetta B kK, R4S 2 il 25 H .

FEEBETFRIE: 37 CH IR A RIBHEZE D(600)25 % 0.60, MALKWKE N 1.0 mmol - L™ (1 5 15 L it
B FUBEEE (IPTG), Jf-7E 18 °C/37 °C 200 r-min™ i 24 h, LL# pET32a %3 ki) BL21(DE3) Rosetta
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R BLO ORI A, 8 000 reminT B0 10.0 min, FF NS, I PBS g, HE 1 U5 HEAT A L
B o3 BIBCE S RMTIE, A LA R, Yok 5.0 min, WAIEEE)S, H 20.0 pL #17 SDS-PAGE
(SPHAFIE , 10%73 B UK . MUK )E, 25 Birmliie @, M, SHrEERBE R,

2 HERGAH

21 NiPLR1 R SEEBF 5

DL RS I ik P2 % PLR % 20 55 1R )5 51 (NP_200170.2) S #i bk, 7
1 B EST K4 14 HL R U5 K6 2 B — 4% R U Pk (79% ) 811 (GenBank:
HS082453.1), DAL EST J@ 3l Ay s, #EATEAH ARG R IG5 4 S foe ik
EST J¥ %, & 53#'5 /754 GenBank:FS425789, GenBank:FS385536.1,
GenBank:FS432618, GenBank:FS431044.1, {# Jfl DNAMAN %t 5 %
EST 75, ZMENPRE TR —IHE, PHEEMHE 1 %K 800 bp (1
I W% FF I 3 % 3'-RACE 514 (£ 1), #1785
PCR #4415 3 K /N2y 2% 700 bp BL— B8 4540 (B 1 HhikiE 1), #Hix
it e J5 AR 46 77 3 BF 445 31 2 K DNA ¥ 3. RS it ek
FESI (2 1), PCR P34 5 K/Ngy 1 500 bp ()5 5] (J& 1 Hjkii

2). MFE#E, Btk F a4 MNPLR1, H cDNA KR M. DL8000; 1. 3-RACE %5 %,
1 370 bp, FFiBEAE 1 110 bp, 5'4E4i% X (UTR) 55 bp, 3'UTR 2. NiPLR1 39 4 K g e 45

1205 bp, 4ihd 369 AR, EIGEM TR ATG, KL% TH Bl migEaikd ks i
TGA (& 2), HA5 Aldo-keto £ JE i 5 i A T IS Wy 45 & 45O (J 2 v Figure 1  Agorase gel electrophoresis results
ORISR R TR ) o AELR T G (894> T A 41 070.5 Da, HISSEH SN 942, FILMZ T
XFE5 R R, NIPLR1 5 AtPLR AR 75% (1 3), 5 3509 2456 5% B Schizosaccharomyces pombe™™™, ik
W EE Saccharomyces cerevisiae™ PLR 1) & EL MR AR 1E 2 51 R 24% F1 26%

2.2 NiPLR1 Rik4EMED T

Ay BRI EAR . 25 9 RNA, D(260)/D(280) % 1.9~2.0, FH] RNA afi fr ity , A 647 )5 45
SR, AN 4A TR NiPLRTEMR . ZERIERA R0k, fEMh ik m, M. ZRBKFEM, AR
WG AT NiPLR1 PR GA A B 5240 T, BEM A4, NePLR1 R RIAE MR i 5 e i 3R 58
R HET R TR G, JETEEIM AL 4 h i) 3k B B K (E (& 4B) . Afb S & 4k 44 (100.0 mmol -
L) DR HE AL BRI, BE P8 I (B 3G m, NePLR1 SR TR B | oh i R 15 80 m, 7 d IR GK A (]
4C). fELL BEEIE T, NPLR1 Rk B2 AR R B, XKW MPLR1 55404 Fb . FALh
38 2 R
2.3 PL 3t MPLR1 REWIFE SRR PN £ E 8500

MR K B WO NG PL S, 43l FRERMAE 2 K. 54 K. 58 8 RIUKE, 408 MePLR1 LR i =
KAKSEFI PL, PN &, & PCR ZpHT4E W] . NePLR1 323K Bl Ab 3T 6] 2B 4 52 BUE |- THE R REAY#
P, FEH 4 RFREIRFE G, 2K, 94K, 5 8 KM NPLR1 33k 857 J& % iy 2.20, 2.85 Fi
1.50 15 (&1 5) .

VB i i 55 R0 FE €351 (HPLC) A I 25 B A0 18] 6A, I TR T [X A3 3 BRI o 3%k R A B8 A 00 5 i 42
BOR Sy & 8L, A PMP, PM, PLP, PL Kz PN {3t i for & b 34 B0 5 AH B A4 1% i e (14 6B ), 156 B 4G U
Tk AT PEit, X PLACBRAL M o v i 4T HPLC 234, 252RERW] . BRI A E 4, AR PRZH S s e
PL & 8 Z W FEAL, PN & igie ] W (& 7), [Fmf, PMP, PM & &A/MESEK, KU A Y /b5 PL
G, FEOK PLE:ALSN PN, PLALHS MPLR1 W RBZ BT, MTE 8 d BRE TR, 454 PN, PMP
I PM & & B WE Z A A, NPLR1 TEM b fifk PLIE i PN, VBe £ 4 70 7R M b sl 28 5% 4k, H A&
I3 A AE B R T
24 NPLR1 BRHGEHEREAERFESRIE

¥ 21 J5UR pET32a-NtPLR1 % A BL21(DE3)Rosetta, 43 RI7E 28 CHI 37 CLMFF 4 5 S w4t L3
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B2 MNMPLR1 & B FF 3408 i 48 A TRl 24 5% 5 7
Figure 2 ORF of MPLR1 gene and the corresponding amino acid sequence

Wit (IPTG) 5 3 )5, M SRR R A, B0 20 B L FITE o K L35 AITTE 43 00 647 T e S 1 44 -
5 TN Ik e B Ji i 9k (SDS-PAGE) A, 255 R . BiE R H &7, MPTIE H7E 2 53 kDa 4b H} 3t B
BEALKN, W pET32a B Z MR AR% (his-tag) 200 12 kDa, U (144 09K/ S BBIAIAF . AL TTTE
I H A, R MPLR1 T8 K54 & LR A8 XA 7E (18] 8) .
3 itk

VBe 7E H AR T iz A 7E, FEVEEENIE S 5 AW RN Z R SRS R, &4 YL 1R
ZEEM AW . MWERN, VB 5WEMR . WIS G, M FEKE. Hg&RURL
B 04 IR AN T BB ) SRR SR ISR IR K B, VBe A HUAEAGVEIT, AT KA BB A B AL
B AN BRILZAN, AR . BEE ., 8hF . BN IR SFNEE T, VBe AT LLEE E AR Y HEPL T,
R —E P A R

VBe M3k BLis A2 ARG 0 12838 3l A7 A T A ) A A e 22 A A 02 VB B34,
Y H B IEN KA VB, HEEMEW RS VBe BR824 Bk 2 R ML KT VBe 1
Ko VB #hRUR R ZMEES 5, PLR EIH o —Fp VB #hR0 G BUlG, X T A M ki 7 E w5 A B s B oA &
BE o FEFFRBIEEIT Aplrl B} 2B, Atplrl () VBe BKSF- TR, Hp PL, PLP, PM Fl PMP /K i 2%
TR, 1 PN OFIPNP JC S AR AL, HEDAE LG ST N T BEAEAE PLR A9 W] TEG . i HUANG %2 58I
e ARE R PL—PN (545 0] G852 PR E 2 i K. VB XA AE K R & . WIS I & R
PP EFREAREEE L, HICKABUERCHKRZHME, MG EA T2 RHZLE, AREEA
T o AWFFE MM v v B A5 200 B NePLR1, FF & T A [F] 00 36 58 W38 25 %5 NePLR1 EAT 4598, 45
RELW] . MPLRY Tt rp ik fimy HAZ 5004, FAL TSR A B8 i 5 5, HEI NePLR1T 25 5 00 FOAE Bk
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b N B (NePLR 1), 8l F4 3T Arabidopsis thaliana(NP_200170.2), S0 245 [¥% £} Schizosac-
charomyces pombe (NP_594584 ) , HRIE % +): Saccharomyces cerevisiae (FC550039.1)

B3 JUAEiiras PLR % 5 5] et

Figure 3 Multiple protein sequence alignment of several known PLR enzymes

3 4 2510 C 2 4
13 1 3 142.0 b 1% 3
<2 = HIsE b =
® 2 B’ cd 2
"1 = = 1.0 =Y
=g z 1 F0.5 =)
0 0 0
il 2% 0 0 2 4 8 0o 1 4 7 0 2 4 8
4125 t/h t/d t/d
A NtPLRIAEAS AL R P IR IS5 225 B. NtPLRlX]“*“&]\E)}L_ﬂ’J ARNG F R IRAE
Ny H ;s C. NePLRUS £5 B30 OF 44k Dr 30 B 0 Y. 40 B o A I 0.05 /K |22 5% . 2%

NS RER ASE 0.05 K 128 5 3
B4 NPLR1 Rk 60245 ik Bt R R phid 238 egvh . B 5 NePLR1 3 9hiR PL AL 22 89 v 52 25 #7
Figure 4 QPCR analysis of spatial expression of NtPLR1 and its response to Figure 5 QPCR analysis of the response of NiPLR1

different stress treatments to exogenous PL

AN L EALRE LA AP ROV . AMIEVS N PL S, NtPLR1 3&55 5 50 IEAH b 3 B, R
PL Xﬂ‘ NiPLR1 A5 %25 W5 S VE H Jtt%, %/ﬁ PL Zb 3977 4 d MPLR1 3Rk 2 LI HE, MR
%5 8 KEF NiPLR1 W FRIAFEAR, AR PL RRLEFEAK, 1 PN, PM Fl PMP S804 A A F2 B2 (9 A, R W]
VBg #5 41 43 fE AL 0 b il A B AL TR AR SO o HAT, A SCI S IEAESETT NePLR1 418 AR
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Figure 7 HPLC analysis of extracts from exogenous PL treated tobacco leaves

PR3k R ARSI BE G I, LAY O
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(1]
[2]

{5 BZ B [R]¢ /min 1% B2 I5F 18] ¢ /min
B 6 HPLC 5 #1 VBe A7/ 0 (A) Z xf IR 3ot B 32 BZ (B)

Figure 6 HPLC analysis for VB¢ authentic standards (A) and extracts from control tobacco leaves (B)

B/ 8 MNPLR1 f % ik ¥ # BL21

(DE3)Rosetta ¥ #7 & &
Figure 8 Prokaryotic expression of NtPLR1

in BL21(DE3)Rosetta
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