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Abstract In order to study the interactions between plant virus movement protein and pectin methylesterase ( PME), PME

gene from tobacco genome was cloned using RT-PCR method and the sequence was determined { GenBank accession
No. AY238968) . Sequence analysis showed that there were two conserved domains in PME protein: PMEI and
pectinesterase. Multiple copies of PME gene were detected in tobacco genome through Southern blot analysis. Western blot
result indicated that two types of PME protein existed in tobacco. But Northern hybridization detected only a full length
transcript of PME, which further identified that there was post-translational process. Yeast two-hybrid result demonstrated
that PME could not interact with the identified movement protein of rice dwarf virus {RDV), Pns6, but does interact with
Pns11, a nucleic acid binding protein of RDV. It implies Pnsll may participate in the movement of RDV.
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Cell-to-cell movement is an essential step for the
successful infection of plant viruses, which requires a
and host
. Many plant virus cell-to-cell movement

number of virus
1,2]

encoded proteins to
participate[
proteins { MPs} can interact with host factors, such as
plant  homeodomain  leucine-zipper  protein’”
multiprotein bridging factor 1 { MBF1)}'™ and other

unknown proteins'™ .

It is yet to be determined how
these host proteins contribute to virus spread.
Pectin methylesterase, a ubiquitous cell wall-

associated plant enzyme, catalyzes the
demethylesterification of cell wall polygalacturonans,
Recent studies
has shown unequivocally that PME was a host-cell
receptor for the tobacco mosaic virus { TMV) movement
1 It was found that PME is associated with

plasmodesmata by immunodetection, in addition to its
[8]

releasing acidic pectin and methanol® .

protein
localization to peripheral region'™. The enzyme plays a
central role in all processes requiring remodeling of
plant cell wall, being invelved in the cell extension,
growth and in the fruit ripening process™'.

In order to investigate the role of PME in RDV
movement, we cloned the PME gene from tobacco and
analyzed the interaction of PME with Pns6 and Pnsll,

using yeast two-hybrid system, respectively.
1 Materials

1.1 Plant materials and bacteria

Tobaceo { Nicotiena benthamiana} was kindly
provided by University of California, Berkeley. The
E. coli DH5a and plasmid pBluescript KS{ +)} are
from our laboratory.
1.2 Enzymes and other reagents

Restriction enzymes, T4 DNA ligase and Goat

Anti-Rabbit IgG ( Fe) Alkaline Phosphatase-Conjugate
were purchased from Promega. Reverse transcription
kit was from GIBCO BRL Company. DIG labeling kit
and Alkaline Phosphatase-Conjugate anti-digoxigenin
antibody were from Roche Company. Yeast two-hybrid
system was from Clontech. PME polyclonal antibody
from rabbit was a generous gift from Dr. Citovsky { State
University of New York, Stony Brook}.

2 Methods

2.1 Total RNA isolation and ¢cDNA cloning

Total RNA was extracted from tobacco leaves, as
described by Chomezynski et al. and Yu e ol U5
The RNA samples obtained were further purified twice
by  phenol-chloroform and RNase-free
DNase I { Promega)} treatment. The single-strand
cDNA was synthesized by SuperScript I RNase H
RTase ( GIBCO BRL}, using the 3° primer {5’
GTGGATCCGATTTCAGAGACCAAG 37, the BamH |
site is underlined}, which is complimentary to the 3’
terminal 16 nucleotides of PME ORF. The resulting
cDNA was amplified by PCR using LATaq DNA
polymerase { Takara} with the 3" primer and 5’ primer
(5" GTGAATTCATGTTGGATTCCGGCAAG 3', the
EcoR 1 site is underlined}, which is corresponding to

extraction

six 5'-terminal amine acids of PME open reading frame

(ORF) .

* This work was supported by grants from National Science Fund for
Distinguished Young Scholars (30125004}, The Special Funds for
Major State Basic Research of China { 200000016201 ) and
National 211 Project.

** Corresponding author.

Tel: 86-10-62759651, E-mail: liyi@ pku. edu. cn

Received: December 23, 2003 Accepted: January 10, 2004



* 644 ¢ VML S YRR

Prog. Biochem. Biophys. 2004 31 (7)

2.2 Southern blot analysis

Total DNA was extracted based on CTAB
methods. 15 pg total DNA was completely digested
with EcoR ] and HindIll, separated on 1. 0% agarose
gel and blotted onto a positively charged nylon
membrane { Boehringer Mannheim) . Hybridization was
carried out overnight at 68°C by using DIG labeled
partial tobacco PME cDNA fragment as a probe { from
964nt to 1351 nt). Colorimetric detection was
performed with NBT and BCIP { Boehringer Mannheim)
according to the manufacturer’s instructions.
2.3 Northern blot analysis

Total RNA of tobacco,
extracted and electrophoresed on denaturing 1. 2%

potato and rice were
formaldehyde-agarose gel and transterred onto a
positively charged nylon membrane. RNA was fixed to
the membrane by vacuum baking at 80°C for 2 h. The
blots were hybridized overnight in DIG high SDS
Hybridization buffer at 53°C with a DIG-labeled DNA
probe {see Southem blot}. The detection of blots was
petformed as described above.
2.4 Western blot analysis

Protein extraction and detection were performed
using methods deseribed in Molecular Cloning!™ . The
dilution ratio for first and second antibodies is 1:4 000
and 1:5 000, respectively.
2.5 Construction of plasmids used in two-hybrid
vectors

Open reading frame of 86 and $11 were obtained
from cDNA clone of RDVI" | They were released by
digestion with Pst I ( blunted by T4 Polymerase),
followed by digestion with EcoR 1, respectively. The
fragments were inserted into pGBKT7 digested with
EcoR 1 and Sma [, to generate recombinant plasmid
pGBK-56 and pGBK-511, in framed with coding
sequence of GALA domain. The identified full-length
PME c¢DNA was digested with EcoR I and BemH T,
and subcloned into FcoR [ -BamH [ sites of pGAD,
producing PME fusion with GAL4 activation domain.
All recombinant constructs were sequenced to verify the
correction of open reading frame.
2.6 Yeast two-hybrid analysis

The constructs were transformed into yeast AH109
strain by lithium acetate method as described in the
MATCHMAKER library protocol { Clontech). For the
in vivo assays, fresh transformants were plated onto
synthetic dropout { SD) medium lacking L-tryptophan,
L-leucine, L-histidine ( SD/-Trp/-Leu/-His} at 30
for 4 d. Visible colonies were subsequently transferred
onto the SD/-Trp/-Leu/-His/-Ade plate ( previously
plated 100 pl 2 2/L X-a-gal) and incubated for 2 ~3
days at 30°C. As negative control, we co-transformed
recombinant pGAD-PME  construct with the empty

pGBK vector,
known interacting protein pair, i. e.

and as positive control, we used a
a DNA-BD/
murine p53 protein and an AD/SV40 large T-antigen
protein, respectively { Clontech Laboratories, Ine. ).

3 Results

3.1 c¢DNA cloning and characterization of PME

In order to obtain the full length of tobacco PME
gene, RT-PCR was carried out with the template of
tobaceo total RNA and 57 and 37 specific primer of
tobaceo PME ¢DNA. A specific product of 1 700 bp
was amplified. The amplified PCR product was gel-
purified and inserted into the pBlueseript KS{ +)
digested with FeoR 'V producing plasmid pBS-TPME.
Sequence of positive clone was determined by
dideoxynucleotide sequencing.  Sequence  analysis
showed that tobacco PME cDNA was 1732 bp in
length, and contained a single ORF which encoded a
peptide of 571 amino acids ( Figure 1}. The deduced
molecular mass of PME was 62 ku. The tobacco PME
cDNA sequence in this study was released in GenBank
with aceession number AY238968. The similarity of
nucleic acid sequence with the reported sequence in
GenBank { N. tabacum, AJ401158} was 99. 0%, and
the amino acid similarity was 99. 4% .
3.2 Analysis of deduced amino acid sequence of
PME

The deduced amino acid sequence of tobaceo PME
was analyzed using Conserved Domain search program.
We found that a typical leader peptide localized in the
N terminal of PME. It was a highly hydrophobic region
hetween 17 ~ 36 amino acids, which formed a
domain. The likely
Gly”-Val®, as predicted by
computer program. The leader peptide may play an

transmembrane incised site

localized between

important role in PME localization and transpertation.
Further analysis showed that there was a conserved
PME inhibitor domain ( PMEIL} at the N terminal of PME
{Figure 1 and 2). PMEI domain inhibits pectin
methylesterases ( PMEs} and invertases through the
formation of a non-covalent 1:1 complex. It is also
found that both PMEs and their inhibitor were expressed
as a single polyprotein and subsequently processed in
plants'” . There are four highly conserved Cys amino
acids at the N terminal,
important role in maintaining PMEI secondary structure.

which probably play an

There was a pectinesterase domain at the C
terminal, which is highly conserved in most plant
PMEs ( Figure 1 and 2}. Figure 3 shows the relatively
conserved C-terminal domains in various plants PMEs.
Pectinesterase catalyzes the pectin de-esterification by
forming carboxylates and methanol. Further analysis
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showed that PME contained two conserved motif:
motif | ( xGxYxEx, where x stands for any amino
acid) and motif [ ( GxxDFIFG)"".

tyrosine in motif | may play a role in the catalytic

The conserved

mechanism. Motif II corresponds to the best conserved
region of C terminal, an octapeptide located in the
central part of pectinesterase domain.

1 AT SGATTCCGGCAAGAACGTTAATTT CAAAGGAAAAAAGAAACTATTIC! GACC

1 M L D s G K N v N F s K G K K K L F L T

61 GTCGTT CCTCAGTCCTACTCGTTGCAGCAGTTAT GTAGTTGTCGGTGTAAAATTC

271 v v A 8 v L L v A AV I G v v v G v K F

121 CGTTCAAATAACT GACGACCACGCAGACATACAGGCCATTAC TGCAGCTCATGCC

41 R s N N s D D H A D I o A I T s A A H A

181 ATTGTAAAATCTGCGTGTGAARAACAC CACCCCGAATTATG ACTCTACAATTGCA

61 I v K s A E N T L H P E Y s

241 AAAAAGTAACTAGCCAAARAGA ATTGAGTT

81 K K v T ] o] K v I E L 8 L

301 CCARCACAR ARGG AARRBACTCATCAARRACA

101 v [s] H N F F K E K L I K T

361 AGAARAC ACGAGAAARGG] GAGACAATAGAC

121 R K G L K P R E K vV A L L E T I D

421 GAGACTCTCGACGAACTCCACACGGC TARRAGACC TCCCAACARRARG

141 E T L D E L H T A I K D L E L Y P N K K

481 TCTCTGAAAGC CAGATGACCTTAAAACTCTAATAAGTTCAGCAATTACTAACCAA

161 8 L K A H A D D L K T L I 8 ] A I T N o
41 GAGACTTC ITTGACGGTTITCTCTCACGACGACGCCGATAARAAG TCGCAAAGCTTTG

181 E T (] L D G F s H D D A D K K v R K A L

601 CACGTAG AR AGTAA A\ TGATTTGTAAT

201 v E K M I (o] N

661 AT 3 TGCTAATGAGC AACAGGAAG

221 M T D T D I A N E T N R K

721 TTGAGAGAGGACAATAGTGAGTGGCCGG GGGGACAGAAGATTGCTG

241 L R E D N s E W P s A G D R R L L

781 CAC TGAGGCCCGACGTGG! CGGACGGAAGCGEAAATTTCAAG

261 o s s T v R P D v v Vv A A D G s G N F K

241 ACGGTGTCGGAGGCGGTAGCAAAAGCACCAGAGAAGAGCAGCAAGAGGTATGTAATAAGG

281 T WV 8 E A VvV A K A F E K s 8 K R v I R

901 ATARARAGE STGTTTACAGGGAGAATGTAGATGTGCCGAAGARGAAGACRAATATTATG

301 L K A G vV ¥ R E N v D v P K K K T N I M

961 TTTATGGGAGATGGAAGAAGCAATACT ATTACAGGAAGTAGAAATGTGAAAGATGGT

321 F M G D G R il I i5 T G 8 R N v K D G

1021 GCACTA s G GAARRA B

341 8 T G E K F

1081 ATAACT 2 3 CCGCAAAACACCAAGCCGTAGCAC

361 I T F (o] N T A A K H o] A Vv A

1141 TCTGATTTGTCCGCTTTCTATAGATGTGACATTTTAGCCTATCAAGA

381 8 D L s A F Y R C D I: L A Y o]

1201 CGTCAATACTTTGTTCAGTGTTTAATTIGCTGGCAC

401 R 0 X F A ) c L I A G

L2600 CTGCTGTTTTACAGAACTGTGATATTICATGCCCGA

421 G N A A A V L o N & D I H A

1321 CAGAAGAACATGGTCA GCCCAAGGAAGATCTGACCCGAACCAGA

441 (o] K N M vV T A O G R

1381 ATCC ARATGTAGAATT TGCAACGTCTGA

461 ol A T s

1441 = SGARRGAATATTCTAGGACTGTGATTA

481 G R B w K E : 8 R T v L o 8 8 1

1501 ACTGATGTGATTAATTCTGCTIGGATGGCATGAATGGAATGGGAATT GCGCTTAATACT

501 T D v I N s A G W H E W N G N F A L N T

1561 TIGTTTTATGGCGAGTATCAAAATACTGGGGCAGGAGCTGGG CTCAGGAAGAGTTAAA

521 L F Y G E o (o] N A G A G A G 1 s G R ¥ K

1621 TGEAAAGGGTTTAAGETCATTACAAGTGCARCTGAGGCTCAAGCATATACTCCTGGTAGA

541 w K G i K v 35 T s A T E A ©O A ¥ i P G R

legl 3 'TT GGTCTCTGA

561 s s T G F P i s L G L *

Fig.1 Sequence of tobacco PME and deduced amino acid sequence
The PMEI domain is underlined, and the shadow region is pectinesterase domain. Conserved Cys was bordered.

1 100 200

300

500 579

Fig.2 Conserved domain search result of PME
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ATPMEL + s ssvesrnnrssnnannns . 9
ATPme2  GDLDSDGWEKWLEVEDER 40
Pititi LR . ; 9
Tobacco ~ LREDNSEWEREWLSAGDRELLOSSTVRED 40
Consensus

ATPME1 49
ATPme? &0
Potato 49
Tobacco 80
Consensus

ATPME1 89
ATPme2 120
Potato 89
Tabacco 120
Consensus

ATPME1 129
ATPme2 160
Potato 129
Tabacco 160
Congensus

ATPME1 169
ATPme2 200
Potato 169
Tabacco 200
Consensus

ATPME1 209
ATPme2 240
Potato ] 209
Tobaceco J i g 240
Consensus gn tagy dpng g ig c _1

ATPME1 HIGAVVRPSGUMEW 236
ATPme2 W3S DT SOVIRPECHHEW 272
Potato 217
Tobacco QSSITB’VEN&AGWHEW 272
Consensus

Fig.3 Alignment of partial deduced tobacco PME amino acid sequence with other plant PME proteins ( partial sequences)
ATPMET is from Arabidopsis young tissues ( X81585), ATPme? is from Arabidepsis genomic clone (U25649) . Potato is from potato plant ( U49330) ,

Tobaceo is from tobacco plant.

3.3 Southern blot analysis

The copy number of tobacco PME was determined
by Seuthern blot analysis using genomic DNA, digested
with EcoR I, Hind I, and EcoR 1 + Hind I,
respectively. Neither of the enzymes cut within the
probe sequence. The result indicated that there were
five intensive hybridization signals in each lane { Figure
4). It suggests that there may be multi-copies of PME

in tobacco genome, which is similar to that in

tomato[ ] i

Fig. 4 Southern blot of tobacco genomic DNA
Each lane contains 15 pg tobacco genomic DNA digested with Hind [l
(1), EcoR [ (2), Hindll +EcoR 1 (3), and hybridized to the PME
probe ( covers from 964 nt to 1351 nt) labeled with DIG.
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3.4 Western blot analysis

Total protein from tobacco, rice and potato were
separated on 10% SDS-PACE and transferred onte the
nitrocellulose membrane. PME was detected by a
polyclonal antibody against tobacco PME in a standard
protocol ™. The result showed that there were two
forms of proteins, of which the molecular masses were
about 60 ku and 40 ku, respectively { Figure 5}. The
molecular mass of deduced tobacco PME was 62 ku,
similar to the slower moving protein. The molecular
mass of fast moving protein is similar to the
pectinesterase domain { molecular mass is 35 ku) , 1. e.
the mature PME. It implied that PME had heen
processed during the maturing process.

Fig. 5 Waestern blot analysis of PME protein
Immunodetection of PME proteins in different plants with anti-PME
antibodies. Arrowheads indicate the position of the PME protein. I:

tobacco; 2: rice; 3: potato.

3.5 Northern blot analysis

Northern blot hybridization with the partial
tobacco PME gene probe was carried out to determine
whether PME gene was processed in RNA level. The
result showed that RNA from tobacco contained a
transeript corresponding to the appropriate size of PME
coding sequence (Figure 6}. No small fragment was

17 kb

Fig. 6 RNA blot analysis of PME
An RNA gel blot comtaining 12 pg of total RNA in each lane was
hybridized with the DIG-labeled partial PME gene DNA probe ( from 964 nt
to 1 351 nt). As a control of equal RNA loading, a picture stained with
ethidium bromide is shown under the blots. I: tobaceco, 2:rice, 3: potato.

detected. It suggested that PME was processed after
translation. There were no detectable hyhridization
signals in rice and potato. One possible reason is that
the probe sequence could not match the PME gene
sequence in these plants. We have analyzed the
fragment which we use for hybridization and found that
there are less than 40% similarity among tobacco, rice
and potato.
3.6 Yeast two-hybrid assay

The pGAD-PME and pGBK-S6 constructs were
co-transformed into the yeast strain AH109. Figure 7
showed that PME interacted with RDV Pnsll, but did
not interact with RDV Pns6, although Pns6 could
complement the cell-to-cell movement in a movement
defective PVX mutant.

Fig. 7 Identification of the interaction of Pns6, Pnsll with
PME in 5. cerevisine AH109
Yeast cells expressing the combination of interacting proteins indicated
were analyzed for B-galactosidase activity in SD/-Trp/-Leu/-His/-Ade
media. The plasmids used for the transformation are indicated bellow.
Al: pGBK - 311 + pGAD - PME ; A2: pGBK-356 + pGAD-PME; Bi:
pGBK-pS3 + pGAD-3V40; B2: pGBK + pGAD-PME.

4 Discussion

In the past few years, it has been shown that PME

¥, The systematic

was encoded by a multigene family'
sequencing of Arabidopsis genome has identified 67
PME-related genes'*. PME plays important regulation
roles in fruit development process. Tiemean er al.
found that PME enzyme activity was inhibited in
transgenic plants expressing high levels of anti-sense
PME RENA, which had a marked influence on fruit
pectin metabolism and increased the soluble solids
content of fruits. PME is also produced during
microorganism infection, which can degrade cell wall
and destroy plant defense system!™

Seuthern blotting result showed there were multi-
copies PME  in tobacco genome. To avoid the
possibility of incomplete digestion of total DNA, we
digested the genomic DNA with Hind Il and EcoR 1.
The copy numbers of PME gene was the same as the
result in the single enzyme digestions. It showed total
DNA were completely digested.

The molecular mass of most plant mature PMEs
were hetween 32 ~42 ku. However, the PME cDNAs

reported to date, encode polypeptides with caleulated
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molecular masses ranging from 57 ku to 65 kul'.

Western blot result showed that there were two forms of
PME in tobacco cells, thus might imply the existence
of a post-translational processing'™. We cloned a full-
length tobacco PME cDNA through RT-PCR methods,
and the result of in vitro translation of tomato PMEU™ |
which all identified that PME was processed after
translation. Taken together, the results further
identified that most plant PME genes undergo extensive
processing procedure to produce the mature form of
PME. The PME polyclonal antibody used in this study
was made from mature PME purified from tobacco
cells'™, which can only recognize the C terminal
domain of PME. Therefore, the unprocessed and
mature PME were detected in tobacce.

Using functional complementation analysis, Li et
al. P have found that Pns6 was the movement protein
of rice dwarf virus (RDV}. In our yeast two-hybrid
analysis, ne interaction occurred between PME and
RDV Pns6. It was also found that tomato bushy stunt
virus (‘TBSV) movement protein P22 did not interact
with PME"™ | although P22 belongs to the TMV MP-
like class of MPs!* . But TBSY P22 can interact with
a new plant homeodomain leucine-zipper protein'’ .
Therefore, we suggested that Pns6 may not directly
interact with PME, but interact with other unknown
host factors. We also found that Pnsll did interact
with Pns6 and cytoskeleton protein, actin, in addition
to interact with PME. It implied that Pnsll may

involve in the cell-to-cell movement, together with

Pns6. RDV is a symmetrical double-shelled
icosahedral particle, whereas TMV is rod-shaped
virus'® . Possibly, there were different movement

mechanisms between them.

In order to understand the movement mechanism
of RDV and find some host-encoded factors, we are
now screening the rice cDNA library using Pns6 as bait
protein.

Acknowledgement PME antibody was kindly
provided by Dr. Citovsky { State University of New
York, USA}.
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W R i FRHL R S ( PMEE)
BRI 1) e B B Tl e o dr T

TEN B OB OWKE BEL F ORT

(bEAZEHMEEE, EORIRNMEVEEIREREAERS,
JER-IREEYS TAEYFE AR AR R, bR 100871)

WE ATHRBEEFEDRDE (pectin methyl-esterase, PMEY (EC3.1.1.11) S5EWRZEEQZAPMEER, A
RT-PCR HiEMIAEL ( Nicotiana benthamiona) T 5T PME EE, FHME T 2FF| (GenBank BFF 'S AY238068). FFH4r

EZEFBEA TR SR E R (PMEL HU pectinesterase). DNA Bl g5 R £, ZEFEAEFEAFFELEMEN,

EAREIMEN, MY EATFEAMERM PME A, {2 RNA ISR B, 7EHEM R R 202 K8 PME ¥

Y. BEREIURA AR R, PME SKEBEAE Pusll (AAIERRMEREBRE&FE) ZAGFEHELER, mEa&
M2 PME 5 CEHEEENE  Past Z BRI AR, R Pnsll ZEHATRES S T/KRERIR HH T AR5

KA RRFELDEE, Fath, BENERT, B23Eg
FRGET Q

TEFEAABEEETE (30125004, EEESEMPTAERMRIME (973) (G200000016201) FMEZHK 211 TREBIE.
= ATBER A
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