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Cloning and Stress Expression Analysis of Calnexin in Tomato

LI Ming-Hui, SUN Ying, ZHAO Chun-Mei, SUN Ai-Qing, HU Xiao-Ran, LIU Jian®
( College of Life Science, Shandong Normal University, Ji’nan 250014 ,China)

Abstract; Calnexin,an important lectin-like chaperone in endoplasm reticulum, can assist in protein fol-
ding and modulate Ca’* homeostasis in cell. A ¢cDNA of 1964 bp encoding a full-length calnexin was
cloned from Lycopersicon esculentum ,and designated as Lecnx61. 0. A single copy of Lecnx61. O was found
in tomato genomic DNA by Southern-blot analysis. The levels of mRNA and protein of Lecnx61. O were in-
creased when plants were treated by heat shock, chilling shock, salinity stress and endoplasm reticulum
stress ,but Lecnx61. O had no obvious response to drought stress. The protein of LeCNX61. O only in speci-
fic tissues made response to Ca’* depletion. Howerver, the expression of LeCNX61. 0 was not induced by
high concentration of Ca’*. These results suggested that LeCNX61. 0 might play an important role in
stress tolerance.
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NS . B calnexin 2 H K TTRE R MHAFE ST 101

5 SERCA2b 454 38T Ca** iR Wt B4,
Calnexin 17 LAS B IP, Ziki9in &, 7] §E4E Ca’"
MBRIBRPEE —EWERY. " Rk
A23187 BRI R R =4 Ca®* T AT,
AT calnexinl R EFIKC , MPWERP BIF
TEAR B E 4> F1E18 calnexin, HETE AR HRMEY
calnexin f)FERE R Ca’* TR,

Calnexin FH i) 83K 18 Z IR 5L by 8 v, 745
BB BERED calnesin]l EE WS  KE
EMUMEEEA RS, T A EM S
REXBHRITEEO MMM ™ £ A E M bE R
R, 45 B0} 22 BA P9 I 9 B 38 AR 14 T B BE B calne-
xin] EE RIS onal XEHFEXEAT;BR
RFHEWISEEE RS T 1118 calnexin ZH X HE W
B3 a8 B SR A SR DL ARGE o

EH T B/BAG calnexin ¢cDNA (Lecnx61.0) ) 4>F
TERE LA R Lecna61.0 Xt Ca’ * 338 . 37555 B8 F1 P4 R
P K F w1 L AT T BF ST, KA T MR LeC-
NX61. 0 B HZEA Y R vl i B R B o

1 #B5FH*&

1.1 HEYHERARSZ
1.1.1 E¥W#HE

F’9h ( Lycopersicon esculentum) (Hgk 4 B, P H
M FHEBE R L) MR R PR, A K &G R
BARRAE28C :20C JLHH 14 h : 10 h (LR - B
B MEXHB AR 40%:60% (HXK - BX),
1.1.2 BMEAERAZ

AK 40 d WFBRAHEES DISHITRIR KR 2
MBEPEALE, BRAEREBHHEKET 34,
36.38.40 42CHFN44CH I IBINFEFS b ALTE 3 h, 3T
R 28C L33 h; (KRR BHHEKE T 4C
HICRRIESEAE P YS AL B 6.12.24 (48 h il 72h, 3¢ HR
7 28°C ; #h fbhi 4b ¥ R & NaCl 9 Hoagland % 3%
WP B AR, WS XA 50 mmol/L IKAW
BE(0. 50, 100, 200 mmol/L #1300 mmol/L) &k 4b
3 d;8%Ei8 403 2 & PEG ) Hoagland & 3
WM BAGEE , R BR— KB 10% XK B
(0.10% .20% 30% F11 40% ) , 4y BFpgeaban 2 d,

FEARP T IEWR IR MS 3R B PIR G IESE 10 d,
ERALE IR =4S — 5 B E AT I T AbH
CaCl, 431 EGTA 4b38 2 ¥ &b 4h i 4> 518 e
0. 10, 50 mmol/L # 100 mmol/L ] CaCl, ¥5¥k b Fil
0. 5. 25 mmol/L #1 50 mmol/L # EGTA B P, I

% 12 h RFHBRABRRES; KERELHEHE
BRI S pe/mL KBREEBEBED, IR 1. 2.
6.12 h, BRI B RIMEH

1.2 EWDTFEEIE calnexin BRN S FRlE

FIFA®# cDNA 0 BB SCEE'™ #5344 SOLR 4
Jfd, DB B4 TERE W , Xt 1000 4™ EST ¥4 2 17 2047
JE3RAB— A J51 calnexin cDNA [T, LASL Jr T
Bt , 2 B3 Y -7 P-dCTP ARiC 4T, Il ik
cDNA CEE, 3K1GPHME TR RE , kS IO [ 9] 17,
RBUR R RN A LA TEY TRARAS
ABEITIIT , K18 £ K M F i calnexin cDNA,

1.3 Southern F1 Northern 43 #7

AR LA B L8, A CTAB B4
HE A DNAY, R 5 4> 5| F EcoR 1 , EcoRV
HindMl 2 =88 Y], 1% B Lecnx61. 0 FL A3’ ##502 bp
(1106 ~ 1608 bp, £ Lecnx61.0 XEKWETK) &
DNA K W7, FH (a-"P-dCTP FRic #R4t, ZE R = E K
AT (65C 243833 #%,0. 1 x SSC/0.1 x SDS ,68C
BEAR) 4T Southern Z432™ . I 5 G AU MR AL 15 3R BX
F BB HHE RNAYY 28 Southern #REH £
78 TN BE PR AT &A%, BET Northem 2432,

1.4 A LeCN61. 0 H k9 H &5 Western 434

VA Lecnx61. 0 ¢cDNA #itR , F B PCR 3 3% Lec-
n6l. O C ¥ R X (RS LeCNX61.0 B H 1Y
e’ & Arg™ [X [B] 9 Bk %%, 7 LeCNX61. 0 A=k
FE, U RIEST AR R ) . PCR FBIE [ 35|
Y14 5° TCGGATCCATTGGCATTGAGATC 3° (T &1
2REB4r BamH 1 A1) , R EI 514 5° AGGAAT-
TCGACGAGGAGCAGCAC 3’ ( T RIZR 44 EcoR |
fIR). ¥ 145 3K48 502 bp DNA K i, X T &
BamH ] #1 EcoR | XU E§Y1)5 , 5 pGEX-6P-3 ki
B EARERESE A DE3 Bk, # FH0. 1 mmol/L
IPTG S EH R E X, F15 B GST-LeCNX61. 0 g
BEHES /I H EK S- 88 (GST) s Mgaitk/E A
fEUR, REFTE 2R, EERBHMTE.

KRBT, HZ sp#& (10 mmol/L Tris-HCl,
pH 8.0; 1 mmol/L PMSF) B BEHI M4 5%, IRIE
B HAES A Bradford 35 B RSB SRAT
Western 7347,

2 XLWHER

2.1 LeCNX61. 0 [4> FEHIKSE
FIFB R 35| #2817 PCRY 4% 3548 — 1~ 29600 bp
i) cDNA F W57, FI FH it cDNA H- W74k R £R 4t , 7 %
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cDNA JCHE , M FHAE 52 jE i 4K 78 1964 bp B calnexin
cDNA 2 f7 (B 1) ,1% cDNA &4 1617 bp JF RS

2, A BERSHEHE S 1 A 42 & 538 N IERRER AL,
RS TR 61.0 kD, #7444 Lecna6l. 0( Genbank

TATTTTCTCCTTGA’ICTATTCC'X‘CCCTTAC‘I‘GCMACACCGGT TTT ANT TCT T

—

AATATTATCTTCTTUCGCATAGTGCAC, TATGGAAGAAACTAGA 565, T TCCTGT
M B T " " K X W A < X A i ;A

T, o
L L A €& € F F S © L ¥ A T

T TCTCARCT! ACTICACATGYGAAGT TETACGAGTCATT T GACCAAGCAT TTGAT

P VvV XK F ¥ E 8 F D E A F D

AA TATTCA:

T
@ R % I Vv 35 E X BE D ¥ 5 &

TCGAXNCATCCOA GATTATCGC
W K H A X S BE G M D D Y G

ACTTCTTGT TAGTGAGAAGGC TAGGAANTACGSTATT AR TTGACAATGTTGTT A GOANCTG
L L v E x a9 n ¥ A 1 X ®E L D N V V B L X D & T
TGGT TCT T GAGGTT T TECGCACT TGARTSTGET TTACATAAAATACCT »
¥ ¥V L @ Y & VvV R L P & & B € €6 € A ¥ I K Y L R P Q B

ARA ACAAT XA A AR

A G W T A K G F D N E S B

T I M ¥ 6 P D K © © A T N

© MGGTGC)\CTTCATTTTGI\MC)\CMGMCCCTMGAO‘!‘GG)\GMTACGTTGAGCACC'\CCTCMGTTTCCTCCCTCTG

¥ v oM oF I oL K

= ¥ v © W ouw oL
'rAccnsc'rcacmcc'rucrc:n-crx'rncAcracfG-rc-—rrc;mcccmcu'rm\'rarrcrrA-rcrrGGrrGunchAaM
L T H v N B v T L Vv b o

B
AAARGARC ST ANCTT TCA ATTTG, =
E XK X K A ¥ F L S 8 D D ¥ ®T P L X P N V T X P D P ®
AGACAAGA ACGA rcc_AGI\CCcACATGCTAAGLMCQ“‘:ATGA'XTGGCAT&ACG
D K K P E D W D E R A K K K @ D w b =
aTGC, T GGA TOTARAGCCCGA GGTTGGATOATG)\WCTGAG‘.-ATG’I‘TG}\TGI\T
D A P M E I E B E E A VvV K E & W L 5 D E P B o
COTEAGGCT AT TOGGATGAT: TGGTGAA T TG
PE AT K P & O W DD ERDGEWERDP X VDO BB K
TGCAGA TEATGEDT CTCCAAAACACCANT CATCAGARATCCACT ATAC ARG CEAAAAT CECACCETECGE
A BE A P G C 6 E W KR PF X I R NP VY ¥ K 6 X w H n B
TTATTGAC ( T n A TTTGAACTT ARRCCC
L I D N P N ¥ K & I W Kk P D I P N P D ¥ ¥ E L D X p
AACTTITGAGSCTAT = ATT AN AN COCATATIGT T TOACAATATCTTGATTGC
NP e I A A I B8 I ®B ¥ w M @ O 6 X L F D n L X a
TAGT GATGARGAAG CAT, 2 GCET G A AGTTTGATGTAGRA A G
8 P B BE V A E 3 ¥ R KT A W K P KPF D VB K B K Q@ K

A B B E A E 53 G 6 L K G ¥

CARATTAGTATT

®« L ¥ F D L L Y K ¥V A & 1
B

CCATTCT ACAAGH TOCCATOT TCT COAGARNGT TEACGARAC AGCCCAATAT CACAGT T GGTGT

P oFr L & K M K T K V L D L

LK A E X © P N I T Vv g v

T AT T T AGT GG T TG T ST TC TCAG T TC TAT TGAAGCTC AT T T TG GOT COGAAGAAGEAGC AACE TGCTAGAS

vV ¥V § I ¥V V VvV v F 5 v 1L

K L I F 6 6 K K @ @ P A R

T, GARN TGAAACCTCTGACT T
S E 3 N E < E ® T o =3 A X s T 8 N £l £-3 A S B e K E B Q
Agqr T COTaOANDOR RATE

5 B D A 6 A A P R R "R T R o n -
COACTTATTTTAGATTTTTGATCT, TG TETTGTTTYGATA TTTT TCTTTITCTCAAATTOCTT GATGA
TCANG ASTTTTT GT TT TCAAA AN GTAT TGTATAT T
T GAT T TTTATATCATA TTTTAANG

-

Pt 2 18] A Lecna6 1. 0 cDINA (i
LeCNX61. 0 BB BIX . » {2 L7

AR, AR ISR B LeCNX6L. O 3 P14 £ I 4F  SUF 2126 12 il 9

The sequence between the arrows is xhe total length of Lecn6l. 0 eDNA. The single underline and the double underline

indicated a signal peptide and a spanting domain

p ly, « is ding to stop codon

Bl 1 Lecnx61.0 B a8 5150 RE B 51
Fig. 1 Nucleotide and deduced amino acid sequences of Lecna61.0 gene

5 AB218598 ) , Southern 73 #7 2 8] Lecnx6 1. 05 B AE
AL L P U — 48 I ([E12) . 3l AE 2 P-sort
BAFTI LCNX61. O /1) N & 43 27 4~ 205k W 46 1% 1)
{55 WP 51 100 R )2k 40 ; CHiiAT RS04~ 3
KA LB , $E T C 3 19460 ~ 481 2 1 X Sy i 7k [,
HER A LeCNXO1. Off 5 81X ( 9 1 BUFRIZH 43
LeCNX61. OffICH 3% ¥ 1 %y RRTRRDN, % 15 51 5 A
5 Calnexin 11 C K ¥ RRPRRET 5 41 AR 3 Calnexin
HICR 35 RQPRRDN ¥ 51, L4 B A Calnexin ff C 5 84
RKPRRE 3] ( A f Calnexin (5 ¥ & 75 P9 J I o e

HE EINEV

H:fiind [l ; El: EcoR [ ;EV : EcoR V
BREF BTN A Lecnadl. O FE3) v BLAT
— A~ BcoR V BURIHE 1 TR G5
“There is u site of KcoR V. restrietion enzy-
me in Lecrx61. 0 according to the probe
2 Lecnx61.0 # Southern 447

Fig.2  Southern blot analysis
of Lecnx61.0

W) 20, MR A LeCNXGL. 0 % £1 59 7y
BRI B {5 S0 BLASTX [ i 44 4 #7 2 1, LeC-
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2 B RS . B 3l calnewin 2o F Y FERE B8 2k SrHT 103

NX61. 0 5 E 438 (9 K T calnexin 537 [FJ 0 PE 5 5
T EACE R R 73% , 54 E AT CNXT [
JFtE 2k 669 , 5 A B9 calnexin [A]JH 1 4 41% . &
BT T AR AL AT 09 calnexin Z LR 7 )

M

HEATARSFHEAHAT , %2 B LeGNX61. 0 f) N 5ifi 548 2
{$57(E 3) f0& 3 /> Ca'' 54 2 ¥ (1-DPD/EA-
KPEDWDD/E) ( [ 3 ¢hfiy 3 N ITHE) L F014 4-FEbhsE
£ X ( GXWXXPXIXNP 1) ( 83 544 J7

DR A

ETEE - XD
B o
o (RN @

BB 1 1 e [
AR B
B

i 3 Iy HEen HII I Ca' ™ 25 & G2, G 3 D UMEAOR BUM () 2EREN R AT A i, » RREILF
The first three baxes indicated Ca®~ -binding sites and the following four boxes were predi 1 for lectin-binding sites. = is ding to 1
B 3 LeCNX61.0 SEMFF 5 i) (R F ST
Fig.3  Alignment of amino acid sequences of calnexins from L. esculensum( LE , AB218598 ) | A. thaliana
( AT,NM _ 125573}, H. sapiens( HS,NM _ 001746 ,5. pombe( SP,NM _ 001019043 )

HE) , LeCNX61. 0 H 45 calnexin #§ [ ff) 8 % 53 4%
2.2 EREERMEX Lecnx6l. 0 #3577k F K R0
40 d fE T AFEELE 4°C4EHE 24 b, 38°C 4b B
3 h | 300 mmol/L NaCl 4038 3 d !} } 40% PEG 4b
H 2 d, RIEARI F & RNA JET Northern 4347 , 4%
SR PN L M8 B S Lecne61. 0 mRNA (1 £ 51,
{B Lecnx61. 0 Xif 5l 2 BEASIH dgh ( B 4 ) .
2.3  HREEMME RS Lecny6l. 05 E FE 5k T A0
Lecnx61. O KR8 1 7K | %60 36 5T a8 9 1
745 mRNA 7K E ) 2R — B (B A ndh 3k oF

CK. 8 Cold. 4°C ¥ 2b 1Y 24 h; NaCl. 300 mmol/L NaCl &k 8f
3 d; Drought. 40% PEG 4678 2 d; Heat. 38°C#54bH1 3 h

CK. Cantrol ; Cold. Tomato plant treated at 4°C for 24 h; NaCl. Plant
teeated with 300 mmol/L. NaCl for 3 d; Drought. Plant treated with
40% PEG for 2 d; Heat. Plant treated at 38°C for3 b

B4 4 EHE EhAME , T8 ENE F P e 4 ¢
T Lecnx6l. 0 B8 R #7
Fig. 4 Tie transeript levels of Lecnw61. 0 under various
stress conditions. 20 pg of total RNA were loaded in
each lane for Northern analysis
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ARG . 28 Western 43§73 B , #8403 i
I6CJ2& LeCNX61. O #A F L7 1 1 1, 403 1R HE 15 3]
42°C I LeCNX61. 0 [y 25 1 e ik i 6 , 24 R BE 4k 2L T
FIAE 44°C 1, LeCNX61. 0 1) BRI BT F b (&
5:A) . LeCNX61.0 A {H ¥ 5 iR % 5, tb % iR %
T 4CH LI G LeCNX6L. 0 (B A S RES |-
T, 48 24 h (R AL HE , LeCNX61. 0 1Bk 2 5 b
([#5:B), LeCNX61. 0 Bk dphihihiaiE S, 4
L PEER 7 B T F) 100 mmol/L B, LeCNX61. 0 #
E R . 1 T, 2R 2b M 1K F) 200 mmol/L i,
LeCNX61. 0 5 Rbd i , {H£R ¥ BE T 51 300 mmol/L
mf, LeCNX61. O & Bt JF b T B, {R A & B A 88 55
TAHB(E5:C) . HEHLLIFES LeCNX61. 0 R
TR TR LR B0, 594 T PEC L4H5
LeCNX61. 0 [ #eik , £5 5. 321 LeCNX61. 0 13298 1%
HEFER(E 5: D) #hiES LeCNX61. 0 FkmiE H
AR B T

tesnagle

3% 42

AR A3 h,28°C 4
AR AR ), CK 2 8 i &
Cenmol/ L) AEEE R dy D A ik (%, W/W) 4b Pl
2o A KB O H BB C D REEUE

A Plant treated at different temperature for 3 b, 28°C ; con-

i< HE ) NaCl

trol; B Plant treated at 4°C for different hours, CK : control ;
C:Plant treated with S0 - 300 mmol/L NaCl for 3 ds D
Plant treated with 10% - 409% PEG{ W/W) for 2 d. The
protein samples of A and B were extructed from leaves , but
these of € and D were from mots

B S EFIFLEHE RS T LeCNX6L. 0
E B H) Western 4337
Fig- 5 Western blot analysis of LeCNX61.0 under
ahiotic stress condition
2.4 LeCNX61.0 % ¥R BEE., CaCl, F1 EGTA
b3 B e R
T MS AR 10 d (M a8 i B HAE S e/
ml. ACEE A, 035 1 A (=) e ) L B ER AR
T Western blot AEHIT, &5 BB LeCNX61.0
FAREHF T, 10 HBAIT ] 9 464 LeCNX61. 0 f9 %
HS RN (E 6. 4)
HMS WEARHEAR 10 d 3 A4 8 B0 2E R R
BER CaCl, F1 EGTA it IRkt # 12 h, R UE

) )}
) -
UK SRy ZSIR) SRy Sl 25(L) SiqLy

A5 pgdml. SCRE R b BEAS VI () () 0K B Al 17 50 2

Ely B:SO mmol/L CaCly #IA #eE ECTA(S, 25, 50 mmol/L)

e B AR AN 12 b2 mm SRR HARE 1 C AR

HE CuCly { mmol/L ) b e i% 40 PR 5 40 17 12 h, BUF o (L) F

2 mm A HCRIE PSRRI (5 D2 AR ECTA{ mmols

L) vt PR A SN 12 b U R L) R 2 mm B HEUR S H9%h
HOR) PR 1Y

A:Seedling treated with 5 pg/ml. tunicamyein for different hours.

The protein samples were extracted from the whole tomato seedling;
B Seedling treated with SO mmal/1. CaCl, or different concentrations
of ECTA(S, 25,50 mmol/L) for 12 h. The protein samples were ex-
tructed from mot tips of 2 mm long; C:Seedling treated with different
concentrations of CaCly for 12 h; D:Seedling treated with different
concentrations of EGTA{ mmol/L) for 12 h. The protein samples for
C and ) were extracted from cotyledons (1) and the mots excluding
roat tips of 2 mm long( R}

6 FCWRK . CaCl, 1 EGTA 3f LeCNX61. 0
LRI B

Fig. 6 The effects of tunicamyein,CaCl, and EGTA on the
expression of LeCNX61.0

FI#EFT Western blot S34ir, 45 5 %15 EGTA 4b 3R,
T2 mm AR A L LeCNX61. 0 ik F Tt
(E6:B), H A AR 2 mm 5 94 o F1Fof op
LeCNX61. 0 93 B ILF B4 E{L(F 6:C,D) .
3 itig

Calnexin {37 A ) J2 P (R 2 LA 557 O
WRGGHMEINGE & 80 3B A 5 S I E e i
SPOE L MEARSF R R BB Co®' 45 &8k, 1 H R 454
WS P A ERpST FT 0640 9" . BT L LeC-
NX61. O P [ 59 Fr 2 PR 05 5 76 490 b 22 [ T 24 7 2
SERYIREX AT A 3 (E 3) .

WS T, YR P KRR A R A
L PR O PR B 37 A TR ) — RS R
Horp 45 R YT B B 15 BN ( unfold protein response ,
UPR) , UPR £:i% 5 41 i M 2 ff) Calnexin | Calreticu-
lin | BiP il PDI S5 At o £ 5 #1048 BI 47 & B8 7 1)
AEh R A B o R R AR B B AT OE # AT
B U ACHE AT LB I B, B A g
UPR i 52:37], Fo 077 A< BE 2 AL B % A 40 1 /5, LeC-
NX61.0 B E & RZE# LA (8 6:4), X 586
I enxl HEZRBRFEF N B, 5y
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AR Al calnexin I TERE B il Fak 4T 105

AL TTESHENRBRKENRTEEA,
BWAR RS Leenx61. 0 2R F)FIX ] 8855 BHE 55
STAIWBEARMA X, #HAX LeCNX61.0
EAMNES T2 E(ES5:C),{H LeCNX61.0 EH
Xt PEG S B MK A BEHB MR M (ES5:D),
i LeCNX61. 0 g A BRI B ER TE 7§
%,

MERNFH Ca® THRESHERITBEAN
BB HEARKN™4 UPR K5, B SEARN S 2
THBHFEEKE LA, fhE A EGTA %
RSN BT, 7E 2 mm KRR AL+, LeCNX61. 0
AR IEERFERE ECTAREA R EA(E 6:B),
X5 R EWARI S Ca’ MAETZESHHAN
HAFEBRE LTRSS R B B ER T
MAMK2 mm KIGH4HR TS, LeCNX61.0 HH
BB EGTA ¥ M (& 6:C,D) , LR 7]
BERZE 2 mm KM RAR Y, fIRPEREBBERK
WX/, WA AR RAERE TER Ca® F
(KSR EBHEHSHYHM) , BEE 90508 R,
BHZH RN AREEL Ca®* FE, P RKHNE
ATRESRH L B b = A Ca® B R S0 IR B T T R,
M Ca®* Jsh'!"™)  GERF AR Ca®* IESTSPAE .

£ L PR, Lecna61. 0 AR SR MW LR
1, #EW LeCNX61. 0 2 H 7] SEZE M R4S & A
HA R ZRFEER {8 LeCNX61. 0 7E 33 b8
FHREABERERE, XA g dERE R
XFRERREER R FTH—F TR

$% 3K -
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