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Abstract A collection of 29 pathogenesis-related 10
(PR10) genes of Medicago sativa and Medicago truncatula
showed that they were almost all obtained from cDNA
libraries of tissues undergoing abiotic or biotic stresses.
The predicted proteins could be divided into two subclas-
ses, PR10.1 and PR10.2, but in silico predicted models of
their three-dimensional structures revealed that they could
be further divided based on size of the hydrophobic internal
cavity and number of B-bulges. A comparison of the
expression of two highly similar M. sativa subclass PR10.1
genes, MsPRI10.IA and MsPRI0.1B, predicted to have
similar sized hydrophobic internal cavities, but a different
number of B-bulges revealed differences in their expression
patterns. MsPR10.1A was induced faster than MsPR10.1B
by ABA, ethylene, and X. campestris pv. alfalfae, but
slower than MsPRI0.IB by harvesting and wounding.
Unlike MsPRI10.1A, MsPR10.1B expression was induced in
non-harvested tissues following harvesting, but was not
induced by heat treatment. Histochemical observations of
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Nicotiana benthamiana transformed with 657 bp of the
MsPRI10.1A promoter fused to the B-glucuronidase (GUS)
gene showed that GUS expression was wound-inducible in
leaves, which was consistent with MsPR10.1A expression
in alfalfa leaves. GUS expression in stems and leaves was
mostly in vascular tissue. The MsPRI10.1IA promoter may
be valuable in controlling the expression in vascular tissues
and disease resistance.
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Introduction

Pathogenesis-related (PR) proteins were originally dis-
covered to accumulate in plants that are infected by
pathogens, but were later found to accumulate in plants in
response to a variety of biotic and abiotic stresses (Datta
and Muthukrishnan 1999). Van Loon and Van Strien
(1999) recognized a number of PR proteins that are
induced by pathogens in tissues that normally do not
contain the protein. One of these is the PR10 family, in
which the type member, parsley PR1, has been shown to
have ribonuclease activity (Liu and Ekramoddoullah 2006).

Induction of PR10 gene expression has been demon-
strated in a wide variety of plant species following infec-
tion by pathogens, including Phytophthora megasperma
f.sp. glycinea on parsley (Somssich et al. 1986), Phytoph-
thora infestans on potato (Matton and Brisson 1989), TMV
on Capsicum annuum (Park et al. 2004), Cronartium ribi-
cola on Pinus monticola (Liu et al. 2003), Cochliobolus
heterostrophus and Colletotrichum sublineolum on sor-
ghum (Lo et al. 1999), Pseudomonas syringae pv. pisi on
Vitis vinifera (Robert et al. 2001), Magnaporthe grisea
and Acidovorax avenae on rice (McGee et al. 2001), and
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P. syringae pv. pisi on alfalfa (Borsics and Lados 2002).
However, PR10 genes have also been shown to be induced
by various abiotic stresses, such as treatment with NaCl
(Borsics and Lados 2002), heat, cold, PEG (Borsics and
Lados 2002), UV irradiation (Rakwal et al. 1999), and
ozone (Agrawal et al. 2002). Expression of some PR10
genes are also upregulated following treatment with plant
hormones and signaling molecules, such as jasmonic acid
(JA) (Rakwal et al. 1999; McGee et al. 2001; Borsics and
Lados 2002), salicylic acid (SA) (McGee et al. 2001),
ethylene (Poupard et al. 2003), abscisic acid (ABA) (Borsics
and Lados 2002), and kinetin (Rakwal et al. 1999).

PR10 genes are found in multi-gene families. For
example, nine different yellow lupin (Lupinus luteus)
PR10 genes have been described that can be divided into
two classes, namely LIPR-10.1 and LIPR-10.2, based on
their predicted AA sequences as well as certain features
of their three-dimensional structures (Pasternak et al.
2005). Considerable variation in expression patterns could
be found between the different PR10 genes in yellow
lupin. For example, LIPRIO.IB was constitutively
expressed in the petioles and leaves, while LIPRI0.IA
was induced in these organs in response to infection with
the pathogenic bacteria, Pseudomonas syringae or during
senescence of leaves (Sikorski et al. 1999). These dif-
ferences would be consistent with variation in the pro-
moter sequences of different members of the PR10 genes
family.

A Medicago sativa PR10 gene, designated MsPRI10.1A,
was isolated from cDNA clones generated following
subtractive hybridization between cDNA from harvested
tissue and non-harvested alfalfa tissues that had high
homology to PR10 genes from other plants in the Faba-
ceae, such as those from yellow lupin (Zhang 2004). A
genomic clone of MsPRI0.IA was also obtained con-
taining a total of 657 bp upstream of the start codon
(Zhang 2004). Although the promoter of this gene may be
useful to direct genes for harvest-inducible expression, the
ability of PR10 genes to be affected by many different
biotic and abiotic stimuli raises questions about its spec-
ificity. To further investigate the diversity and regulation
of PR10 genes, its sequence, putative three-dimensional
protein structure, and expression was compared to that of
a previously described PR10 gene, namely PPRG?2
(Borsics and Lados 2002), hereafter referred to as
MsPRI10.1B. Expression of the two genes was measured
in alfalfa following harvesting, wounding, heat, ABA,
ethylene, and pathogen treatments. In addition, a 657-bp
portion of the promoter region of MsPRI0.1A was fused
to a GUS reporter gene, and the construct transferred to
Nicotiana benthamiana to determine the tissue-specificity
conferred by this regulatory region.
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Materials and methods
Biological materials

Plants of M. sativa cv. Gala were grown from seeds kindly
provided by Northrup King Canada in Sunshine LA4 Mix
(Sun Gro Horticulture Canada Ltd, Vancouver, BC, Canada)
at 21°C with a photoperiod of 12 h at 150 pmol m~2 s™".
Treatments were applied at 8 weeks when plants were
approximately 10 cm in height. N. benthamiana was grown
from seed under the same conditions. Xanthomonas cam-
pestris pv. alfalfae strain X61 was kindly provided by
Dr. Diane Cuppels, Agriculture and Agri-Food Canada,
London, ON, Canada.

Sequence comparisons

A search of the NCBI EST and NR databases (http://
blast.ncbi.nlm.nih.gov) delimited by “Medicago” and the
Medicago truncatula Gene Index Release 10.0 (http://
compbio.dfci.harvard.edu) accessed June 2010 using
BLASTX with MsPRI0.1IA as a query identified PR10
sequences from M. sativa and M. truncatula (Tables 1, 2).
In addition, PR10 sequences of L. luteus previously ana-
lyzed for their three-dimensional structure by Pasternak
et al. (2005) were included (Tables 1, 2). These sequences
were aligned with CLUSTALW (Chenna et al. 2003) using
default parameters, and then subjected to dendrogram and
bootstrap analysis using MEGA 2.1 (Kumar et al. 2001).
The dendrogram was generated using the distance methods
procedure, UPGMA (Sneath and Sokal 1973).

The putative three-dimensional structures of the pre-
dicted PR10 sequences from M. sativa and M. truncatula
(Tables 1, 2) were generated with Swiss-Model (http://
swissmodel.expasy.org/) using Automated Mode, and the
protein models of the L. luteus PR10 proteins, LIPR10.1A,
LIPR10.1B, LIPR10.2A, and LIPR10.2B, were obtained
from the Protein Data Bank (1ICX, 1IFV, 1XDF, and
3ES85, respectively) in PDB format. The PDB file from
Swiss-Model was viewed using PyMOL version 1.2r1 (San
Carlos, CA, USA) (http://www.pymol.org/), and the angle
in the C-terminal helix «3 resulting in a severe distortion of
its central region (i.e., kink) was determined using the
ANGLES command based on the amino acids (labeled:
start, midpoint, and end) that formed the distortion. The
PDB file from Swiss-Model was also submitted to PDBsum
(http://www.ebi.ac.uk/pdbsum/), which uses ProMotif to
determine the amino acids that caused the distortion of the
B-strands resulting in the B-bulges. In PyMOL, a filling
model was created with the SHOW AS SURFACE com-
mand, and the locations of the midpoint of the kink in the
helix «3, as well as the B-bulges were marked with the
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Table 1 Subclass I PR10 predicted amino acid sequences of Medicago sativa, M. truncatula, Lupinus luteus, and some of their characteristics

GenBank or gene Source MW (kDa) p! Angle in Largest internal Number EST
index accession helix o3 (°) cavity with of B-bulges frequency (%)°
number® opening (A%

CAAS56298° L. luteus 16.859 5.19 101.5 1,528 7 -
CAAS56299° L. luteus 16.654 5.35 109.7 1,216 7 -
AAD55099¢ L. luteus 16.750 5.08 109.9 1,375 8 -
CAC86467¢ M. sativa 16.591 5.80 110.4 1,150 8 -
CO512791 M. sativa 16.513 4.98 110.5 1,162 8 0.0075
CO512055 M. sativa 16.515 4.98 110.4 1,162 8 0.0075
COs512118 M. sativa 16.515 4.98 110.4 1,162 8 0.0150
ADB44209¢ M. sativa 16.636 5.09 102.0 1,188 7 -
CO514574 M. sativa 16.501 4.98 110.5 1,261 8 0.0075
TC119223 M. truncatula 16.574 498 110.4 1,159 8 0.0060
TC119143 M. truncatula 16.526 495 110.4 1,204 8 0.0056
TC120627 M. truncatula 16.606 4.95 110.4 1,289 8 0.0067
TC124784 M. truncatula 16.606 4.95 110.4 1,289 8 0.0048
TC122461 M. truncatula 16.607 4.95 102.0 1,346 7 0.0677

% Accession numbers preceded by TC are from the Medicago truncatula Gene Index Release 10.0 (http://compbio.dfci.harvard.edu). Other
accession numbers are from NCBI EST and NR databases (http://blast.ncbi.nlm.nih.gov)

b For the M. truncatula ESTs, the percent EST frequency is based on 268,712 ESTs in the M. truncatula Gene Index. For the M. sativa ESTs, the
percent EST frequency is based on 13,358 M. sativa ESTs in NCBI EST_others database

¢ CAA56298, CAA56299, and AAD55099 refer to LIPR10.1A, LIPR10.1B, and LIPR10.1C, respectively
9 ADB44209 and CAC86467 refer to MsPR10.1A and MSPR10.1B, respectively

COLOR command. In PyMOL, the display of the surface
form of the protein was modified to show only the cavity
and pockets by selecting Setting > Surface > Cavities and
Pockets (Culled). The surface was set to 30% transparency
by the command set transparency to 0.3. The volume of the
cavities with predicted entrances were determined with
CASTp (http://sts.bioengr.uic.edu/castp) and viewed
through PyMOL.

Hydrophobicity was determined in PyMOL using the
“color_h” script obtained through PyMOL Wiki’s Script
Library (http://pymolwiki.org). The code for the “color_h”
script was saved in a text file (colorh.py), and then the
script was used with the File > Run command in PyMOL.
The script used amino acid hydropathicity values (Eisen-
berg et al. 1984) to color the hydrophobic residues and was
modified so that more intense shades of orange represented
more hydrophobic amino acids and more intense shades of
green represented more polar amino acids. The images
were saved as a PNG file with raytracing. A gray scale
version of the image was created in Photoshop CS5
(Adobe, San Jose, CA) with orange converted to black,
green converted to white and gray for intermediate values.

To determine the number of ESTs and their source
cDNA libraries, M. sativa PR10 sequences were identified
using the AA sequence as a query in tBLASTn against the
NCBI EST and NR databases. The sequence was also used
as a query against the M. truncatula Plant Gene Index

Release 9.0 to identify M. truncatula PR10 tentative con-
sensus sequences and the identity of their ESTs. Sequences
with an e-value less than 1.1e-29 were selected. The source
libraries were determined from the GenBank accession
description.

Harvesting, wounding, and heat treatments

For the harvesting treatment, aerial portions of six M. sativa
plants were excised 4 cm above the crown, placed in
aluminum foil, and incubated at 21°C for 0, 0.5, 3, 6, 12,
and 24 h for RNA extraction. The remaining 4 cm of non-
harvested plant tissue was excised from the same plants at
the same times and incubated in the same manner.

Alfalfa leaves were wounded by making 4-5 parallel
incisions with a razor blade lengthwise on attached leaves.
The wounded leaves were harvested at 0, 0.5, 3, 6, 12, or
24 h for RNA extraction.

For the heat treatment, alfalfa plants grown at 21°C were
moved to a growth chamber at 38°C for 0, 0.5, 3, 6, 12, or
24 h, and leaves were then harvested for RNA extraction.

ABA and ethylene treatments
A 100-uM solution of ABA (Zcis—trans-abscisic acid,

Sigma A-1012) or distilled water as a control was sprayed
on alfalfa plants until run-off, and leaf samples were
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Table 2 Subclass II PR10 predicted amino acid sequences of Medicago sativa, M. truncatula, Lupinus luteus, and some of their characteristics

GenBank or Source MW p!/ Angle in helix a3 (°) Largest internal Number EST
gene index cavity with of B-bulges frequency (%)°
accession number® opening (A%

AAF77633° L. luteus 16.904 4.95 58.0 208 6 -
AAF77634° L. luteus 16.888 4.81 84.3 2,182 7 -
CAA67375 M. sativa 16.644 4.59 57.7 195 6 -
CAC37690 M. sativa 16.656 4.59 57.7 195 6 -
CO512778 M. sativa 16.631 4.59 57.6 200 6 0.0075
AAB58315 M. sativa 16.628 4.59 57.5 201 6 -
CAC37691 M. sativa 16.829 4.84 83.2 2,221 7 -
TC147457 M. truncatula 16.615 4.59 56.7 202 7 0.0037
TC147835 M. truncatula 16.656 4.59 57.7 202 6 0.0026
TC147958 M. truncatula 16.656 4.59 57.7 202 6 0.0063
TC148514 M. truncatula 16.656 4.59 57.7 202 6 0.0662
TC152152 M. truncatula 16.656 4.59 57.7 202 6 0.0141
TC152425 M. truncatula 16.656 4.59 577 202 6 0.0030
TC161990 M. truncatula 16.656 4.59 57.6 202 6 0.0960
TC152734 M. truncatula 16.781 4.88 83.2 2,172 7 0.0123
TC155212 M. truncatula 16.757 4.88 83.2 2,174 6 0.0089
TC120093 M. truncatula 16.891 4.62 83.2 2,220 7 0.0238
TC169494 M. truncatula 16.712 4.83 83.2 2,255 7 0.0007
TC146207 M. truncatula 16.814 4.76 83.2 2,266 7 0.0089
TC118987 M. truncatula 16.749 4.73 83.1 2,299 7 0.0443

% Accession numbers preceded by TC are from the Medicago truncatula Gene Index Release 10.0 (http://compbio.dfci.harvard.edu). Other
accession numbers are from NCBI EST and NR databases (http://blast.ncbi.nlm.nih.gov)

® For the M. truncatula ESTs, the percent EST frequency is based on 268,712 ESTs in the M. truncatula Gene Index. For the M. sativa ESTs, the
percent EST frequency is based on 13,358 M. sativa ESTs in NCBI EST_others database

¢ AAF77633 and AAF77634 refer to LIPR10.2A and LIPR10.2B, respectively

collected at 0, 0.5, 3, 6, 12, or 24 h for RNA extraction.
Seedlings were also exposed to ABA by placing surface-
sterilized seeds for 6 days on filter paper moistened with
sterile dH,O at 21°C, which was then replaced with filter
paper moistened with 100 uM ABA. After 0, 0.5, 3, 6, 12,
or 24 h, four seedlings were collected for RNA extraction.

For the ethylene treatment, 10 mM Ethrel® (Bayer
CropScience, Toronto, ON, Canada) in distilled water was
sprayed until run-off onto alfalfa plants in a 18.5-L plastic
container lined with a plastic bag, following which the bag
was sealed tightly. Control plants were sprayed with dis-
tilled water and similarly sealed. At 0, 0.5, 3, 6, 12, or 24 h,
leaves were harvested for RNA extraction.

Pathogen treatment

Cultures of X. campestris pv. alfalfae were grown in YDA
medium (10 g/L glucose, 5 g/L. yeast extract, and 5 g/L
peptone (Difco, Detroit, MI, USA) at 30°C overnight,
collected by centrifugation and resuspended in 10 mM
MgCl, at a final concentration of 107 cells/mL. Approxi-
mately 30 pL of this bacterial suspension was infiltrated
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into the abaxial surface of two fully developed leaves using
a needleless syringe. Control leaves were similarly infil-
trated with 10 mM MgCl,. The infiltrated leaves were
harvested at 0, 3, 6, 12, 24, and 48 HPI for RNA extraction.

Relative RT-PCR

After each treatment the plant material was immediately
frozen in liquid nitrogen and stored at —70°C for RNA
extraction following the method of Chen et al. (2000).
Single-stranded cDNA was synthesized using Moloney
Murine Leukemia Virus (MMLV) reverse transcriptase
(Invitrogen, Burlington, ON, Canada) and oligo (dT) primer
with total RNA following the manufacturer’s instructions.

To ensure specificity in the RT-PCR, the nt sequences
of the PR10 genes from alfalfa were compared to find
unique regions for gene-specific primers for MsPRI0.1A
(GU290205) and MSPRI10.1B (AJ320476). Primers, HI7F1,
5'-TCTTGCATATTGATCCTTG-3', and HI7Rel, 5'-AAA
TAGCACTCAAACCTCAC-3/, were designed to amplify
673 bp of MsPRI10.1A. Primers, MSPR10.1BF1, 5-GCA
TATTAATCTTTTTTGTC-3’, and MSPR10.1BRel, 5'-A
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CACCACTCAAAACCGG-3', were designed to amplify
643 bp of MsPR10.1B. For a constitutive internal control for
relative RT-PCR, primers MSC27F, 5-GAATGGAATG
TTGTGGGAGG-3', and MSCRe, 5'-ATTTGGTTGCTC
CCTCAATG-3" were designed to amplify 300 bp of the
alfalfa gene, Msc27 (X63872), which encodes a protein with
homology to a human tumor protein (TCTP) (Pay et al. 1992.
This gene has been used similarly for RT-PCR analyses of
alfalfa genes in several studies (Allison et al. 1993;
Chinchilla et al. 2003; Rodriguez-Llorente et al. 2004).

For relative RT-PCR, 1.5 pL ¢cDNA, 0.25 uL Tagq
polymerase (Invitrogen), 10x Taq polymerase buffer,
0.5 mM dNTPs, 1.5 mM MgCl,, 0.1 pM of MSC27F/
MSCRe, and 1 uM of each primer for the gene of interest
(MsPRI10.1A or MsPRI10.1B) were combined, and the final
volume was adjusted to 20 pL with distilled water. PCR
conditions were 94°C for 3 min, 30 cycles of 94°C for
30 s, 53°C for 1 min, and 72°C for 1 min, with a final
extension period of 10 min at 72°C. The RT-PCR products
were separated in 1% TAE agarose gels containing 0.5 pg/ml
ethidium bromide. For gel band quantification, the RT-PCR
products were separated as described above. Gel images
were saved as tiff files and imported into NIH Image (Scion
Corporation, Frederick, MD, USA). The band intensities
were determined for both the gene of interest and Msc27 in
each lane, and relative expression was calculated from the
ratio of the band intensity to that of Msc27 (Dean et al.
2002). To determine that the number of amplification cycles
was not too great for quantification, cDNA samples were
also amplified with three fewer cycles, and the bands again
quantified. The results with the different number of cycles
were compared to demonstrate that the expression patterns
were not significantly different. To confirm the identity of
the RT-PCR product of MsPR10.IA and MsPRI0.1B, the
band obtained using cDNA from harvested tissue after 12 h
incubation was excised from the gel, purified using the
QIAquick PCR Purification Kit (QIAGEN, Mississauga,
ON, Canada), and the purified product was sequenced at
Laboratory Services Division, University of Guelph,
Guelph, ON, Canada.

Cloning and sequence analysis of the MsPRI0.1A
promoter

Genomic DNA of M. sativa cv. Gala was extracted as
described by Edwards et al. (1991). A 657-bp fragment of the
MsPRI10.1A promoter (GU290205) was amplified from
genomic DNA using a forward primer 5-TATTTAA
GCTTCGGGCTGGTACTAAAG-3' with a HindIII restric-
tion site at the 5’ end, and a reverse primer 5'-TTTT
CTAGAATATCAAGATAACAAGGATC-3' with a Xbal
restriction site at the 5" end. The reverse primer was designed
to match the +20 position in the 5 UTR of the gene as primer

extension data indicated that this was the transcription ini-
tiation site (Zhang 2004).

The promoter fragment was excised from pBluescript
with HindIIl and Xbal, and transcriptionally fused to the
GUS gene in pBI101 (Datla et al. 1992), digested with the
same enzymes. The resulting plasmid and pBI121.1
(Clontech, Palo Alto, CA, USA), a related vector con-
taining the GUS gene controlled by the constitutive 35S
promoter (35S-GUS), were transferred to Agrobacterium
tumefaciens strain C58C1 and subsequently to N. benth-
amiana by the leaf disk co-cultivation method (Horsch
et al. 1985). When regenerating plantlets developed roots,
they were transferred to Sunshine LA4 Mix and grown
under lights as described above.

Putative transgenic plants were tested for the presence of
the fusion transgene by PCR using genomic DNA,
extracted as described previously, and primers anchored in
the promoter, HI7PForw, 5-GGGCTGGTACTAAAGTA
TTAC-3/, and within the GUS gene, GUSfusre, 5'-GAT
TTCACGGGTTGGGG-3'. The presence of the GUS
transgene in the 35S-GUS plants was verified by PCR with
primers GUS 156F, 5'-CGATCAGTTCGCCGATG-3/, and
GUS676R, 5'-CCCGCTAGTGCCTTGTCC-3'. For the
histochemical GUS assay, leaves and stems from plants at
the eighth true-leaf stage were stained and cleared of
chlorophyll according to the method of Jefferson (1987).
The leaves of the transgenic plants and non-transgenic
controls were wounded as described for alfalfa, and
remained attached for 24 h after wounding before excision
and extraction of RNA.

Results

Sequence comparison and putative structural features
of MsPRI0.1A compared to other M. sativa
and M. truncatula predicted PR10 proteins

A comparison was made of 11 putative PR10 genes of
M. sativa and 18 putative PR10 genes of M. truncatula
(Tables 1, 2). The proteins ranged in molecular weight
from 16.5 to 16.9 kDa. They were all relatively acidic
proteins with p/ ranging from 4.6 to 5.8. All the predicted
proteins, except for CAC86467, possess a glycine-rich
motif (G46-T52), E101, E148, and Y150, that is presumed
to function as a nucleotide-binding site involved in the
RNase activity of some PR10 proteins (Liu and Ekra-
moddoullah 2006). For CAC86467, there is a Lys rather
than Glu at position 148.

A dendrogram of the M. sativa and M. truncatula
predicted PR10 proteins revealed two clusters, and the
L. luteus sequences, LIPR10.1A, LIPR10.1B, LIPR10.1C,
LIPR10.2A, and LIPR10.2B, could be included in those
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Fig. 1 Phylogenetic analysis of
PR10 amino acid sequences
from Medicago sativa (Ms—),
M. truncatula (Mt—), and
Lupinus luteus (L1—). Multiple
alignment was done using
CLUSTALX, and the tree was
constructed by the UPGMA
method. The tree was drawn
using MEGA4. The accession
numbers are listed in Table 1.
Subclass I (PR10.1) and
subclass IT (PR10.2) are
indicated to the right of the tree

Mt-TC147835
Mt-TC161990
Mt-TC152152
{ Ms-CAC37690
Mt-TC152425
Mt-TC148514
o, || MrTC147958
L Mt-TC147457
99 ’7 Ms-CAA67375
141: Ms-AAB58315
Ms-CO512778

Mt-TC118987

4

PR10.2

0 Ms-CAC37691
L{ Mt-TC120093
45 [ Mi-TC169494
90 L Mt-TC146207

09— LI-PR10.2A
L IPR10.2B

99

92

88 [ Mt-TC123804
99 L Mt-TC123318
LI-PR10.1A
LI-PR10.1B
99 | Mt-TC120627
59| IMt-TC124784
92 Ms-PR10.1A
i L Mt-TC122461
Ms-PR10.1B

% — MtTci19143 | PR101

Ms-CO514758
68 J

Mt-TC119223
80
59 Ms-C0O512791

7| Ms-CO514574
18] Ms-CO512118
60 | Ms-C0O512055

clusters (Fig. 1). Pasternak et al. (2005) had shown that the
L. luteus sequences were divided into subclass I (LIPR10.1)
and II (LIPR10.2). Sequences from M. sativa and
M. truncatula were intermixed in the tree indicating a close
relationship between the PR10 sequences of the two spe-
cies. However, the L. luteus sequences clustered together in
each subclass. In subclass I, MsPR10.1A clustered with
two M. truncatula sequences, TC120627 and TC124784,
but with low bootstrap support.
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In order to determine how variation in the primary
sequence might relate to variation in certain features of the
putative three-dimensional structures, in silico models of the
structures of the 29 M. sativa and M. truncatula PR10
sequences were made based on sequences that had been
verified by crystallography in the Protein Data Bank (http://
www.rcsb.org) and modeled using the automated mode
at Swiss-Model, which requires relatively high target-
template identity (http://swissmodel.expasy.org) (Tables 1,
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Fig. 2 Variance in the o3 helix and B-bulges in the three-dimensional
structure of the predicted proteins of MsPR10.1A (a, e), MsPRI10.1B
(b, ), TC161990 (¢, g), and TC118987 (d, h). The loops, B-strands,
and o-helices are numbered as per LIPR-10.2B (Fernandes et al.
2009), except that there is no label for «2 and L2 as they were not

Fig. 3 Hydrophobicity in the predicted three-dimensional structure
of the internal cavities of MsPR10.1A (a), MsPR10.1B (b), TC161990
(¢), and TC118987 (d). The front view is the side with the
hydrophobic internal cavity as shown in Fig. 2, and the back view

2). Features of the putative three-dimensional structures and
hydrophobic internal cavities are shown in Figs. 2 and 3 for
four examples of those sequences, MsPR10.1A, MsPR10.1B,
TC131880, and TC118987.

Like other PR10 proteins, the PR10 proteins of M. sativa
and M. truncatula have seven antiparallel B-strands form-
ing a B-sheet with more variable regions linking them to
two o-helices (Fig. 2). The helices and B-sheet surround a
large cavity that has one or more openings (Figs. 2, 3).
Pasternak et al. (2005) noted that one structural difference
between the LIPR10.1 and LIPR10.2 proteins is the pattern
of B-bulges, which distort the B-sheet to give it a curved
shape. Seven [-bulges were found in LIPR10.1A and
LIPR10.1B, and six were found in LIPR10.2A. For the
M. sativa and M. truncatula PR10s, all the sequences in
subclass I had seven or eight B-bulges, whereas all the
sequences in subclass II had six or seven [-bulges
(Tables 1, 2). The seven [-bulges matched those of
Pasternak et al. (2005) and were common between all the
sequences, but some subclass I sequences had an additional
B-bulge, while some subclass II sequences were missing
one B-bulge. Therefore, the number of predicted B-bulges
does not appear to be a universal marker distinguishing
subclasses I and II in M. sativa and M. truncatula PR10s.

present in MsPR10.1A, MsPR10.1B, TC161990, and TC118987. The
opening to the internal cavity is outlined in black. The star shows the
location in o3, where there is either no kink (a, b), a kink pointing
inwards (c) or a kink pointing outwards (d)

the reverse side. The intensity of whife indicates the greater polarity
of the residues, while the intensity of black indicates greater
hydrophobicity of the residues. Entrances to the cavity are outlined
in white

The C-terminal helix o3 is the most divergent structural
feature of PR10 proteins (Fernandes et al. 2008). Pasternak
et al. (2005) noted that the C-terminal helix «3 of the
subclass I proteins, LIPR10.1A or LIPR10.1B, had angles
of 101.5°, and 109.7°, respectively, at Leul41. All of the
subclass I PR10 proteins from M. sativa and M. truncatula
had similar angles (102.0°-110.5°) at the corresponding
location in the helix «3, Leul43, and had a similar sized
internal cavity (Table 1; Fig. 2; Supplemental Fig. 1).

The C-terminal helix o3 of LIPR10.2A has a severe
distortion in its central region, which creates a kink of
58.0° at Phel42 resulting in a reduction in the central
internal cavity (Pasternak et al. 2005). For the PR10 pro-
teins in subclass II of M. sativa and M. truncatula, all had a
kink at residue 142 or 143 (Table 2; Fig. 2). However, the
subclass II proteins of M. sativa and M. truncatula could be
divided into two groups based on the direction of the kink.
One group was similar to LIPR10.2A with a predicted kink
of 56.7°-57.7° inwards to the internal cavity at Leul43
resulting in a drastic reduction in the predicted internal
cavity. For those proteins, the volume of the largest pre-
dicted internal cavity with an opening ranged from 195 to
202 A3 (Table 2; Fig. 3; Supplemental Fig. 2). A second
group had a predicted kink of 83.1°-83.2° outwards from
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the internal cavity at Gly142 resulting in a relatively large
predicted internal cavity, which ranged in volume from
2,172 to 2,299 A’ (Table 2; Fig. 3; Supplemental Fig. 3).
The outward kink was also observed for LIPR10.2B, which
had a kink of 84.3° projecting away from the cavity at
Alal41, and Fernandes et al. (2008) noted that LIPR10.2B
had an internal cavity with an unusually large volume. The
predicted volumes of the M. sativa and M. truncatula PR10
proteins should be considered estimates that are relative to
each other rather than absolute values.

The internal cavity of PR10 proteins is described as
being surrounded by hydrophobic residues but with a few
polar residues, and both can be involved in ligand binding
(e.g., Fernandes et al. 2008). For MsPR10.1A, MsPRI10.1B,
TC131880, and TC118987, the walls of the internal cavity
of are primarily hydrophobic, but do have some hydrophilic
regions (Fig. 3). In general, the walls of subclass I proteins
of M. sativa and M. truncatula are primarily hydrophobic
with hydrophilic regions being mostly in side chambers
(Fig. 3a, b; Supplemental Fig. 1). However, subclass II
proteins of M. sativa and M. truncatula appear to have a
higher percentage of the cavity wall with hydrophilic
regions, typically with part of one side of the cavity being
hydrophobic and part of the other side being slightly to
strongly hydrophilic (Fig. 3c, d; Supplemental Figs. 2, 3).
Because of its larger cavity, this is more obvious for the
subclass II proteins with an outward-pointing kink in the
C-terminal helix o3 (Fig. 3c). Similar patterns were observed
for the hydrophobic and hydrophilic regions walls of the
internal cavities of LIPR10.1A, LIPR10.1B, LIPR10.2A, and
LIPR10.2B in the Protein Data Bank, whose structures have
been verified by crystallography (data not shown).

The direction of the kink in the helix o3 generally corre-
lated with the number of B-bulges, with proteins with an
inward kink having six B-bulges and proteins having an
outward kink having seven B-bulges. The exceptions are
TC147457, which had an inward kink and seven [-bulges,
and TC155212, which had an outward kink and six B-bulges.
The division of the sequences based on the number of
B-bulges or kink angle in the C-terminal helix o3 did not
correlate with the clusters observed within the subclasses in the
tree (Fig. 1). Although the primary sequence of MsPR10.1A
was more similar to that of MsPR10.1B among the M. sativa
subclass I predicted proteins (Fig. 1), MsPR10.1A had seven
B-bulges, whereas MsPR10.1B had eight B-bulges. They also
differed in the shape of the internal cavities (Fig. 3).

Abundance of ESTs for PR10 genes of M. sativa
and M. truncatula

A total of 1,121 ESTs for PR10 genes were identified from

the 259, 642 ESTs in the M. truncatula Gene Index with most
of these (855 ESTs) belonging to subclass II sequences
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(Table 1). Among the subclass I genes, the abundance of
TC122461, which is the only M. truncatula sequence in
subclass I with no putative kink in the helix 3 and seven
B-bulges, was by far the most abundant comprising 74% of
the subclass I ESTs. The next subclass I sequences in abun-
dance of ESTs were approximately ten times lower. ESTs of
TC122461 were most common in roots, but they were also
found in leaves, flowers, and other tissues (Supplemental
Table 1). It appeared that TC122561 was expressed under a
variety of abiotic stresses, including drought and phosphate
starvation. However, it was also expressed in many biotic
associations, such as leaves infected with Alfalfa Mosaic
Virus or Colletotrichum trifolii and roots infected with Phy-
tophthora medicaginis, Aphanomyces euteiches, Sinorhizo-
bium meliloti, Glomus versiforme, or Meloidogyne incognita.
Although harvesting or wounding were not among the
treatments for the cDNA libraries of M. truncatula, it appears
that expression of TC122461 also occurred during stresses
that result in cell death, like elicitors and necrotrophic
pathogens. MsPR10.1A is the closest homolog of TC122461
in M. sativa (Supplemental Table 1).

Among the subclass II genes, 70% of the ESTs were
for proteins with a putative kink inwards in the helix «3 and
six PB-bulges, but this was dominated by just one gene,
TC131880, which included 87% of the ESTs of the
“inward kink” group (Table 1). The next most abundant
subclass II gene was TC117333, but it had about five times
fewer ESTs. TC117333 had a putative kink outwards and
seven B-bulges. TC131880 appeared to be expressed under
similar conditions as TC117333 with many of the ESTs
from cDNA libraries for root-associated abiotic stress and
biotic interactions (Supplemental Table 2). One difference
of TC131880 from all the other M. truncatula PR10
sequences was that it was much more expressed in irradi-
ated seedlings and roots infected with the mycorrhizal
fungus, Glomus intraradices. However, in general, there
was no obvious distinguishing feature between the EST
library sources for subclass I versus subclass II proteins in
terms of tissue types, abiotic or biotic stresses.

The EST abundance indicates that expression can occur
under a variety of conditions, and expression levels of
members of the subclass I and II sequences can differ
considerably, even between even closely related PR10
genes. A direct comparison was made between the patterns
of expression of two subclass I genes, MsPRI0.IA and
MsPRI10.1B, following treatments with various abiotic
stresses, signaling molecules and pathogen attack.

Expression of MsPRI0.1A and MsPRI10.1B following
harvesting, wounding, and heat

Expression of MsPRI0.1IA significantly increased in har-
vested tissues (stems, petioles and leaves) by 3 h after
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harvesting, peaking at 12 h, and then declining slightly by
24 h (Fig. 4a). In contrast, expression of MsPRI0.IB
increased much more rapidly than MsPR10.1A with a large
increase by 0.5 h after harvesting, peaking at 3 h, and then
remaining relatively constant. In the above-ground, non-
harvested tissue (stems), expression of MsPRI0.IA was
much lower than in the harvested tissue (Fig. 4b). Another
difference from MsPRI10.1A is that MsPR10.1B expression
was significantly induced in the non-harvested tissues by
0.5 h and remained high until 12 h, decreasing by 24 h to
pre-treatment levels.
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Fig. 4 Relative RT-PCR of MsPRI0.IA and MsPRI0.1B in alfalfa
tissues following harvesting treatment. a Expression of MsPR10.1A
and MSPR10.1B in harvested tissues. b Expression of MsPR10.1A and
MsPRI0.1B in remaining non-harvested portions of plants. The levels
of MsPR10.1A and MSPR10.1B mRNA were determined relative to
the expression of constitutive internal control Msc27. Means are
plotted with standard error bars based on three replications
(MsPRI10.1A filled triangle with solid line and MsPRI10.1B filled
square with dotted line)
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Fig. 5 Relative RT-PCR of MsPR10.IA and MSPRI0.1B in alfalfa
leaves following wounding. The levels of MsPRI0.IA and
MsPR10.1B mRNA were determined relative to the expression of
constitutive internal control Msc27. Means are shown with standard
error bars based on three replications (MsPR10.1A filled triangle with
solid line and MsPR10.1B filled square with dotted line)
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Fig. 6 Relative RT-PCR of MsPRI10.1A and MSPRI0.IB in heat-
treated leaves. The levels of MsPRI10.IA and MsPRI10.1B mRNA
were determined relative to the expression of constitutive internal
control Msc27. Means are shown with standard error bars based on
three replications (MsPRI10.1A filled triangle with solid line and
MsPRI0.1B filled square with dotted line)

Expression of MsPRI0.IA in wounded leaves was
similar to that in harvested tissue with a significant increase
at 3 h (Fig. 5). Expression of MsPRI10.1B also showed
a significant increase at 3 h, but then a gradual decrease
to 24 h.

The heat treatment significantly elevated expression
levels of MsPRI10.1IA, which peaked at 6 h, and then
remained unchanged to 24 h. In contrast, MsPRI0.1B
showed a slight but not significant induction by heat
(Fig. 6).
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Fig. 7 Relative RT-PCR of MsPR10.1A and MsPR10.1B in alfalfa
leaves following ethylene treatment using 10 mM Ethrel. Control
plants were sprayed with distilled water as with Ethrel. The quantities
of MsPRI10.IA and MSPRI0O.IB mRNA levels were determined
relative to the expression of constitutive internal control Msc27.
Means are shown with standard error bars based on three replications
(MsPR10.1A ethylene filled triangle with solid line, MsPR10.1A
water filled triangle with dotted line, MsPRI10.1B ethylene filled
square with solid line, and MsPR10.1B water filled square with dotted
line)

Expression of MsPRI0.1A and MsPRI10.1B following
ethylene and ABA

MsPRI10.1A was significantly induced by 0.5 h after the
ethylene treatment and continued to increase until 12 h,
while expression levels in water-sprayed control leaves
remained low and did not change significantly (Fig. 7). By
12 h, expression was approximately 16 times greater than
that of the water control. The expression of MsPRI0.1B
also significantly increased after 0.5 h, but then remained
unchanged until a second increase by 12 h after ethylene
treatment when it was approximately twice that of the
water control.

In plants sprayed with ABA, the expression level of
MsPRI0.1B was significantly increased by 0.5 h, whereas
the response by MsPRI0.IA was slower (Fig. 8a).
Expression of both genes reached a maximum at 24 h. In
germinating seeds transferred to medium containing ABA,
both MsPRI10.1A and MsPR10.1B mRNA levels increased,
but in this case, MsPR10.1A expression was higher at 0.5 h
(Fig. 8b). Expression of MsPRI10.1A significantly declined
at 24 h.

Expression of MsPRI0.1A and MsPRI10.1B following
inoculation with Xanthomonas campestris pv. alfalfae

Inoculation of alfalfa leaves with the compatible patho-
genic bacterium, X. campestris pv. alfalfae, resulted in a
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Fig. 8 Relative RT-PCR of MsPRI10.1A and MsPRI10.1B in alfalfa
after ABA treatments. a Expression of MsPR10.1A and MsPR10.1B
in leaves following ABA spray. b Expression of MsPRI0.IA and
MsPRI10.1B in alfalfa seedlings following transfer to media contain-
ing ABA. The levels of MsPRI0.1A and MsPRI0.1B mRNA were
determined relative to the expression of constitutive internal control
Msc27. Means are shown with standard error bars based on three
replications (MsPRI10.1A filled triangle with solid line and
MSPRI0.1B filled square with dotted line)

much greater elevation of MsPRI10.IA expression at 3 h
than that of MsPRI10.1B (Fig. 9). MsPRI0.1A expression
peaked at 12 h, but MsPRI0.1B expression continued to
increase to 48 h. Thus, it appears that MsPRI0.1B
expression progressively increased with the continuing
growth of the bacteria in the leaves, while expression of
MsPRI0.1A increased mostly due to the early stages of
infection. As the development of water-soaked lesions was
observed at approximately 96 h, both MsPRI10.IA and
MsPRI10.1B expression showed a rapid response to the
pathogen beginning well before symptoms appeared. In the
MgCl,-treated control plants, there was a marginal induc-
tion of both MsPR10.1A and MsPRI10.1B by 3 h, perhaps
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Fig. 9 Relative RT-PCR of MsPRI0.IA and MsPRI0.1B in alfalfa
leaves inoculated with Xanthomonas campestris pv. alfalfae. Control
plants were injected with 10 mM MgCl,. The levels of MsPRI0.1A
and MsPRI10.1B mRNA were determined relative to the expression of
constitutive internal control Msc27. Means are shown with standard
error bars based on three replications (MsPR10.1A Xanthomonas
campestris pv. alfalfae filled triangle with solid line, MsPRI10.1A
MgCl, filled triangle with dotted line, MsPRI10.1B Xanthomonas
campestris pv. alfalfa filled square with solid line , and MsPR10.1B
MgCl, filled square with dotted line)

due to the effects of infiltration, but transcript levels
quickly returned to pre-inoculation levels and remained
constant throughout the remainder of the experiment.

Analysis of transgenic N. benthamiana plants
containing the MsPR10.1A-GUS fusion

According to primer extension data (Zhang 2004), tran-
scription of MsPRI0.IA begins at G in the sequence,
ATTGATCCT. The PLACE database (http://www.dna.
affrc.go.jp/PLACE/) of plant cis-acting regulatory elements
identified a TATA box at —36 bp upstream of that start
site. Within the first 621 bp upstream of the TATA box, a
total of 67 cis-acting regulatory elements were identified
using the PLACE database. Among those were seven cis-
elements for ABA response, ten for dehydration, one each
for wounding and heat shock, as well as three WRKY
elements, and seven associated with various defense
responses. However, no cis-elements related to ethylene
responses were identified.

A total of 35 kanamycin-resistant plants were regener-
ated that contained the 657 bp MsPR10.1A promoter-GUS
fusion construct based on PCR detection of the MsPRI10.1A
promoter and GUS gene. As controls, an additional four
kanamycin-resistant plants containing a 35S-GUS con-
struct were regenerated, and verified by PCR detection of a
fragment spanning the 35S promoter and GUS gene. All

regenerated plants appeared morphologically normal
compared to non-transgenic plants. All the transgenic lines
were self-pollinated, and the resulting seeds were germi-
nated on media containing kanamycin. Histochemical
staining of the MsPR10.IA-GUS construct lines showed
that line 16 exhibited the highest GUS activity, and line
16 was subsequently used for comparison with the
non-transgenic control along with line 2 expressing the
35S-GUS construct at the highest level.

No blue staining for GUS activity was evident in any
tissue of the non-transgenic control plants (Fig. 10a, b).
Leaves containing MsPRI10.1A-GUS displayed staining
that was restricted largely to the veins (Fig. 10c, d). By
comparison, leaves from plants containing 35S-GUS also
showed strong GUS activity in the veins together with
other tissues (Fig. 10e, f). More specifically, the promoter
of MsPRI0.1A appears to direct expression to the phloem
tissues as cross-sections of the stem from the MsPR10.1A-
GUS plants revealed a restricted ring of expression corre-
lating with the phloem tissue (Fig. 10g, h), whereas the
staining in the 35S-GUS plants was much more widespread
throughout the stem (Fig. 10i, j).

Wounding of MsPRI10.1A-GUS leaves also resulted in
GUS gene expression predominantly in veins (Fig. 11a),
whereas control 35S-GUS leaves did not show GUS
activity (Fig. 11b).

Discussion

For both M. sativa and M. truncatula, two subclasses of
PR10 AA sequences were observed. Thus, it appears that
subclasses are common among members of the Fabaceae as
this was also observed for pea and yellow lupin (Tewari
et al. 2003; Pasternak et al. 2005). In silico analysis of the
predicted structures of the proteins modeled on similar
sequences in the Protein Data Bank showed that a key
structural difference between subclasses I and II is a kink in
the AA chain resulting in a deformation of the helix «3 in
all members of subclass II. This predicted kink either
reduced or increased the size of the internal cavity com-
pared to the subclass I proteins, and Pasternak et al. (2005)
proposed that changes in the shape and size of the internal
cavity provided a way to regulate the specificity of PR10
proteins toward their ligands and thus their biological role.
Both MsPR10.1A and MsPR10.1B belong to subclass I and
are quite similar in their AA sequence. They have a similar
sized internal cavity, but they differ in the predicted shape
of the internal cavity as well as the number of B-bulges.
The significance of these differences is not clear, but could
reflect their roles in the plant. It is important to note that all
the three-dimensional structures of the PR10 sequences in
this study are speculative structures as they are based on
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Fig. 10 Expression of GUS
gene fusions in transgenic

N. benthamiana plants.
Expression pattern in leaves
from non-transgenic control
plant (a) with enlarged view (b),
transgenic plants containing the
MsPRI10.1A promoter-GUS
construct (c¢) with enlarged view
(d), and transgenic plants
containing the 35S promoter-
GUS construct (e) with enlarged
view (f). Expression pattern in
stem sections of the GUS gene
regulated by the MsPRI10.1A
promoter (g) with enlarged view
(h), and the 35S promoter

(i) with enlarged view (j)

predictions using similar sequences that had been deter-
mined by crystallography. The purpose of comparing PR10
sequences was not to determine in vivo protein confor-
mation, but to examine potential changes to the protein
structures due to primary sequence variation within this
gene family.
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PR10 proteins are proposed to have a wide range of
possible roles in plants (Liu and Ekramoddoullah 2006).
They have direct antiviral activity, as was observed against
TMYV by CaPR10 in C. annuum (Park et al. 2004), or direct
antibacterial and antifungal activities, as was observed
against A. tumefaciens, Phytophthora cinnamomi, Fusarium
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Fig. 11 Histochemical A
localization of GUS activity
after wounding of transgenic

N. benthamiana.

N. benthamiana transgenic plant
with MsPR10.1A::GUS
construct were wounded by
making 4-5 parallel incisions
with a razor blade lengthwise on
attached leaves (a) or were not
wounded N. benthamiana (b).
Transgenic plant with
MsPR10.1A::GUS construct as
control

oxysporum, Rhizoctonia solani, and Nectria hematococcus
by ocatin in Oxalis tuberosa (Flores et al. 2002). However,
no activity was observed for LIPR10.2B against three dif-
ferent plant pathogenic fungi (Fernandes et al. 2009). PR10
proteins may also have a role in dehydration stress acting as
cryoprotectants, perhaps due to their structural similarity to
dehydrin (Liu and Ekramoddoullah 2006). However, most
of the evidence is that PR10 primarily functions in ligand
binding in stress response signaling. This includes binding
with cytokinins, fatty acids, flavonoids, and brassinoster-
oids (Fujimoto et al. 1998; Mogensen et al. 2002; Markovic-
Housley et al. 2003). For example, both natural and
synthetic cytokinins were observed to bind to the relatively
large internal cavity of LIPR10.2B, and it was proposed that
PR10 proteins show general rather than specific ligand
binding with both the PR10 and ligand showing mutual
conformational adjustments permitting transport of differ-
ent hydrophobic ligands from the cytosol to their receptors
(Fernandes et al. 2008, 2009). On the other hand, some
PR10 proteins are reported to have enzymatic activities,
such as HpHyp-1 from Hypericum perforatum that encodes
a PR10 enzyme for synthesis of hypericin (Bais et al. 2003).
However, Michalska et al. (2010) were unable to show that
the Hyp-1 protein had enzymatic activity although it did
bind polyethylene glycol molecules to the internal cavity,
and they suggested that Hyp-1 may bind hypericin for
storage or transport supporting the idea that the biological
activity of PR10 proteins is ligand binding. The ability of
PR10 proteins to make conformational adjustments may
help explain why there is not a wider range of putative
structures observed among the full-length predicted PR10
proteins of M. sativa and M. truncatula. Further work is
needed to confirm the different three-dimensional PR10
protein structures in Medicago spp. and determine if there is
a relationship between structural features, like the defor-
mation of o3 helix and number of B-bulges, to particular
biological activities.

An examination of the collection of M. truncatula ESTs
for PR10 proteins indicates that there are a fairly large

number of PR10 genes, but it is mostly a single gene in
subclass I, TC122461, and subclass II, TC118987, that are
predominately expressed. However, for all the PR10 genes,
ESTs related to cDNA libraries based on microbial infec-
tions and different abiotic stresses were common with
considerable overlap between the PR10 genes in terms of
treatments and tissues from which the sequences were
obtained.

The expression pattern of MsPRI0.1A showed a slower
response than did MsPRI0.1B in harvested tissue. Har-
vesting constitutes a unique combination of stresses,
including wounding, dehydration, and separation from
nutrient supply, which results in changes in metabolism and
protein content (Davies and King 1993). However, Ferullo
et al. (1996) demonstrated that alfalfa plants synthesize
proteins that are specific to harvesting and not synthesized
by wounding or water stress treatments alone. This would
not include MsPR10.1A and MsPR10.1B as their expres-
sion increased for both wounding and harvesting.

Although both genes responded to harvesting,
MsPRI10.1A mRNA levels were only induced transiently in
non-harvested tissue and were much lower than those
reached in harvested tissue. However, the expression pat-
tern of MsPRI10.1B was fairly similar in both harvested and
non-harvested tissue. This indicates that MsPRI0.1B
expression may be affected by some sort of signal gener-
ated by harvesting that spreads throughout the plant,
whereas MsPRI0.1A expression is not. This may be an
advantage for using the MsPRI0.IA promoter to limit
expression to only harvested tissues and restrict expression
in the remaining non-harvested plant tissues.

In wounded leaves of M. sativa, expression of
MsPRI10.1A showed a more gradual increase than that of
MsPRI10.1B. Reynolds (1999) proposed that proteins
expressed early after wounding are important for sealing
wound tissue and activating defensive compounds, while
proteins expressed late after wounding are important for
recovering from the wound. It may be, therefore, that
MsPR10.1B is more important for such early responses
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compared to MsPR10.1A. Many other genes for PRI10
proteins are induced by wounding, such as AoPRI in
asparagus (Warner et al. 1993), PR10a in potato (Constabel
and Brisson 1995), PRI0a and PRI0c in birch (Poupard
et al. 1998), PmPRI0-1.13 and PmPRI10-1.14 in western
white pine (Liu et al. 2005), and MsPRI0.1B in alfalfa
(Borsics and Lados 2002). The frequent association of
PR10 gene expression with wounding may be due to a role
in defense against microorganisms that infect through
wounds (Reynolds 1999).

In contrast, expression of MsPRI0.1A was much more
responsive to ethylene compared to the control than was
expression of MsPRI0.1B compared to the control. Signal
transduction after wounding goes through an ethylene
and/or JA-dependent pathway (Thaler et al. 2004), and
increased expression of PR10 genes, such as OsPRI0a
from rice (Jwa et al. 2006) and Pgl from ginseng
(Yasnetskaya et al. 2003), following ethylene treatment has
been observed (Jwa et al. 2006). While expression of both
genes was induced by ethylene, the faster response of
MsPRI10.1B expression to harvesting and wounding cannot
be explained by a faster response to ethylene, and thus
other factors may be involved.

These two genes also differed in their expression
response to heat, with MsPRI10.IA showing strong early
induction while MsPRI0.IB remaining unchanged. How-
ever, increased expression of MsPRI0.IB was observed
when alfalfa plants were treated at 42°C for 3 h (Borsics and
Lados 2002). The failure of this study to observe increased
expression of MsPR10.1B may be due to the use of 38°C
rather than 42°C or perhaps due to a difference in cultivars
as M. sativa cv. Gala was used in these experiments, while
M. sativa cv. Verko was used by Borsics and Lados (2002).

Like the response to ethylene, expression of MsPRI0.1A
was more responsive than MsPRI10.1B to ABA. ABA is a
plant hormone that regulates processes such as embryo
maturation, seed development and germination, cell divi-
sion and elongation, stomatal opening, root development,
floral transition, and tolerance to abiotic and biotic stress
(Finkelstein et al. 2002). In addition to induction of
MsPRI0.1A and MsPR10.1B, ABA treatment is reported to
induce a PR-10 gene of Lilium longiflorum (Wang et al.
1999). This may be related to an increase in ABA during
drought and salt stresses. In Arabidopsis, knock-out
mutants with defects in ABA biosynthesis have impaired
drought tolerance, which shows the importance of ABA to
this stress (Iuchi et al. 2001). As dehydration is a major
stress in harvested tissue, some of the harvest inducibility
of MsPRI10.1A and MsPRI10.1B could be related to ABA.

Expression of MsPRI0.1A and MsPRI0.1B significantly
increased after alfalfa leaves were inoculated with
X. campestris pv. alfalfae, a compatible pathogen in alfalfa,
which causes water-soaked lesions leading to necrosis
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(Esnault et al. 1993). However, expression of MsPRI0.1A
responded much faster than MsPRI0.1B, which was pre-
viously shown to be induced by X. campestris pv. alfalfae
(Borsics and Lados 2002). In contrast, the alfalfa PR10
gene, AAB41557, was not affected by X. campestris pv.
alfalfae inoculation (Esnault et al. 1993). Most examples of
PR10 genes being induced following bacterial inoculations
are for incompatible bacteria inoculations, such as a PR10
gene in Vitis vinifera that was induced by Pseudomonas
syringae pv pisi (Robert et al. 2001), LIPR10.1A in yellow
lupin that was induced by Pseudomonas syringae (Sikorski
et al. 1999), AAB41557 in alfalfa that was induced by
P. syringae pv. pisi (Esnault et al. 1993), and MsPR10.1B
in alfalfa that was induced by P. syringae pv. pisi (Borsics
and Lados 2002).

Transgenic N. benthamiana plants containing the
MsPRI10.1A-GUS fusion showed some GUS activity in
mesophyll tissues but predominantly in the veins of leaves
and stems. This is similar to the promoter of the PR10
gene, YPR-10, from G. max that was fused to the GUS
reporter gene, transformed into Nicotiana tabacum and
showed GUS activity in vascular tissues (Walter et al.
1996). Breda et al. (1996) demonstrated by in situ
hybridization that a subclass I PR 10 gene MsPRI10-1
(CAC37690) from alfalfa was expressed in vascular bun-
dles and mesophyll tissues adjacent and distant from the
inoculation site on the same leaf following inoculation with
P. syringae pv. pisi.

Localization of expression of other defense-related
genes to vascular tissue has been reported. For example, in
Capsicum annuum, mRNA of the defensin gene, CADEF 1,
was localized to the phloem in leaves treated with SA,
MeJA, and ABA (Do et al. 2004). Expression of the
C. annuum transcription factor gene, CARAVI, was localized
to the phloem of leaves during infection by Xanthomonas
campestris pv. vesicatoria and ethylene treatment (Sohn
et al. 2006). Moreover, transcripts of a C. annuum gene
encoding a protein related to acquired disease resistance,
CASARS2A, were localized to phloem and epidermal cells
of leaves and stems infected by Colletotrichum coccodes
and Phytophthora capsici, or treated with SA (Lee and
Hwang 2003).

The many similarities in the expression patterns of
MsPRI10.1A and MsPRI10.1B to treatments described in this
work imply that they may have similar functions related to
stress responses. However, the two related genes have
some significant differences in expression, such as their
speed of response to wounding and harvesting or their
ability to respond to heat or in tissues remaining after
harvesting. Those may indicate important differences in
terms of plant signaling as well as their potential biotech-
nology applications for using the promoters of PR10 genes
for directing transgene expression.



Plant Cell Rep (2010) 29:1235-1250

1249

Acknowledgments Funding for this study was provided by the
Natural Sciences and Engineering Research Council of Canada.
Xanthomonas campestris pv. alfalfae strain X61 was kindly provided
by Dr. Diane Cuppels, Agriculture and Agri-Food Canada, London,
ON, Canada. The authors wish to thank Moez Valliani for his tech-
nical assistance.

References

Agrawal GK, Rakwal R, Tamogami S, Yonekura M, Kubo A, Saji H
(2002) Chitosan activates defense/stress response(s) in the leaves
of Oryza sativa seedlings. Plant Physiol Biochem 40:1061-1069

Allison LA, Kiss GB, Bauer P, Poiret M, Pierre M, Savoure A,
Kondorosi E, Kondorosi A (1993) Identification of two alfalfa
early nodulin genes with homology to members of the pea
Enod12 gene family. Plant Mol Biol 21:1573-5028

Bais HP, Vepachedu R, Lawrence CB, Stermitz FR, Vivanco JM
(2003) Molecular and biochemical characterization of an
enzyme responsible for the formation of hypericin in St John’s
wort (Hypericum perforatum L.). J Biol Chem 278:32413-32422

Borsics T, Lados M (2002) Dodder infection induces the expression
of a pathogenesis-related gene of the family PR-10 in alfalfa.
J Exp Bot 53:1831-1832

Breda C, Sallaud C, El-Turk J, Buffard D, De Kozak I, Esnault R,
Kondorosi A (1996) Defense reaction in Medicago sativa, A
gene encoding a class 10 PR protein is expressed in vascular
bundles. Mol Plant Microbe Interact 9:713-719

Chen GY]J, Jin S, Goodwin PH (2000) An improved method for the
isolation of total RNA from Malva pusilla tissues infected with
Colletotrichum gloeosporioides. J Phytopathol 148:57-60

Chenna R, Sugawara H, Koike T, Lopez R, Gibson TJ, Higgins DG,
Thompson JD (2003) Multiple sequence alignment with the
Clustal series of programs. Nucleic Acids Res 31:3497-3500

Chinchilla D, Merchan F, Megias M, Kondorosi A, Sousa C, Crespi
M (2003) Ankyrin protein kinases, a novel type of plant kinase
gene whose expression is induced by osmotic stress in alfalfa.
Plant Mol Biol 51:555-566

Constabel CP, Brisson N (1995) Stigma- and vascular-specific
expression of the PRIOa gene of potato, a novel pattern of
expression of a pathogenesis-related gene. Mol Plant Microbe
Interact 8:104-113

Datla RS, Hammerlindl JK, Panchuk B, Pelcher LE, Keller W (1992)
Modified binary plant transformation vectors with the wild-type
gene encoding NPTII. Gene 122:383-384

Datta SK, Muthukrishnan S (1999) Pathogenesis-related proteins in
plants. CRC Press, Washington, DC

Davies KM, King GA (1993) Isolation and characterization of a
cDNA clone for a harvest-induced asparagine synthetase from
Asparagus officinalis L. Plant Physiol 102:1337-1340

Dean JD, Goodwin PH, Hsiang T (2002) Comparison of relative
RT-PCR and northern blot analyses to measure expression of
B-1, 3-glucanase in Nicotiana benthamiana infected with
Colletotrichum destructivum. Plant Mol Biol Rep 20:347-356

Do HM, Lee SC, Jung HW, Sohn KH, Hwang BK (2004) Differential
expression and in situ localization of a pepper defensin
(CADEF1) gene in response to pathogen infection, abiotic
elicitors and environmental stresses in Capsicum annuum. Plant
Sci 166:1297-1305

Edwards K, Johnstone C, Thompson C (1991) A simple and rapid
method for the preparation of plant genomic DNA for PCR
analysis. Nucleic Acids Res 19:1349

Eisenberg D, Schwarz E, Komarony M, Wall R (1984) Amino acid
scale, normalized consensus hydrophobicity scale. J Mol Biol
179:125-142

Esnault R, Buffard D, Breda C, Sallaud C, el Turk J, Kondorosi A
(1993) Pathological and molecular characterizations of alfalfa
interactions with compatible and incompatible bacteria, Xantho-
monas campestris pv. alfalfae and Pseudomonas syringae pv.
pisi. Mol Plant Microbe Interact 6:655-664

Fernandes H, Pasternak O, Bujacz G, Bujacz A, Sikorski M, Jaskolski
M (2008) Lupinus luteus pathogenesis-related protein as a
reservoir for cytokinin. J Mol Biol 378:1040-1051

Fernandes H, Bujacz A, Bujacz G, Jelen F, Jasinski M, Kachlicki P,
Otlewski J, Sikorski MM, Jaskolski M (2009) Cytokinin-induced
structural adaptability of a Lupinus Iuteus PR-10 protein. FEBS J
276:1596-1609

Ferullo J, Verzina L, Castonguay Y, Allard G, Madeau P, Willemot
C, Laberge S (1996) Post-harvest alteration of in vitro translat-
able mRNA population in alfalfa (Medicago Sativa L.). Crop Sci
36:1011-1016

Finkelstein RR, Gampala SSL, Rock CD (2002) Abscisic acid
signaling in seeds and seedlings. Plant Cell 14:S15-S45

Flores T, Alape-Giron A, Flores-Diaz M, Flores HE (2002) Ocatin,
a novel tuber storage protein from the andean tuber crop oca
with antibacterial and antifungal activities. Plant Physiol
128:1291-1302

Fujimoto Y, Nagata R, Fukasawa H, Yano K, Azuma M, lida A,
Sugimoto S, Shudo K, Hashimoto Y (1998) Purification and
cDNA cloning of cytokinin-specific binding protein from mung
bean (Vigna radiata). Eur J Biochem 258:794-802

Horsch RB, Fry JE, Hoffman NL, Eichholtz D, Rogers SG, Fraley RT
(1985) A simple and general-method for transferring genes into
plants. Science 227:1229-1231

Tuchi S, Kobayashi M, Taji T, Naramoto M, Seki M, Kato T, Tabata
S, Kakubari Y, Yamaguchi-Shinozaki K, Shinozaki K (2001)
Regulation of drought tolerance by gene manipulation of
9-cisepoxycarotenoid dioxygenase, a key enzyme in abscisic
acid biosynthesis in Arabidopsis. Plant J 27:325-333

Jefferson RA (1987) Assaying chimeric genes in plants, the GUS
gene fusion system. Plant Mol Biol Rep 5:387-405

Jwa NS, Agrawal GK, Tamogami S, Yonekura M, Han O, Iwahashi
H, Rakwal R (2006) Role of defense/stress-related marker genes,
proteins and secondary metabolites in defining rice self-defense
mechanisms. Plant Physiol Biochem 44:261-273

Kumar S, Tamura K, Jakobsen IB, Nei M (2001) MEGA 2, molecular
evolutionary  genetics analysis software. Bioinformatics
17:1244-1245

Lee SC, Hwang BK (2003) Identification of the pepper SAR82 gene
as a molecular marker for pathogen infection, abiotic elicitors
and environmental stresses in Capsicum annuum. Planta
216:387-396

Liu JJ, Ekramoddoullah AKM (2006) The family 10 of plant
pathogenesis-related proteins, their structure, regulation, and
function in response to biotic and abiotic stresses. Physiol Mol
Plant Pathol 68:3-13

Liu JJ, Ekramoddoullah AKM, Yu X (2003) Differential expression
of multiple PR10 proteins in western white pine following
wounding, fungal infection and cold-hardening. Physiol Plant
119:544-553

Liu JJ, Ekramoddoullah AK, Piggott N, Zamani A (2005) Molecular
cloning of a pathogen/wound-inducible PR10 promoter from
Pinus monticola and characterization in transgenic Arabidopsis
plants. Planta 221:159-169

Lo SCC, Hipskind JD, Nicholson RL (1999) cDNA cloning of a
sorghum pathogenesis-related protein PR-10 and differential
expression of defense-related genes following inoculation with
Cochliobolus heterostrophus or Colletotrichum sublineolum.
Mol Plant Microbe Interact 12:479—489

Markovic-Housley Z, Degano M, Lamba D, von Roepenack-Lahaye
E, Clemens S, Susani M, Ferreira F, Scheiner O, Breiteneder H

@ Springer



1250

Plant Cell Rep (2010) 29:1235-1250

(2003) Crystal structure of a hypoallergenic isoform of the major
birch pollen allergen Bet v 1 and its likely biological function as
a plant steroid carrier. J Mol Biol 325:123-133

Matton DP, Brisson N (1989) Cloning, expression and sequence
conservation of pathogenesis-related gene transcripts of potato.
Mol Plant Microbe Interact 2:325-331

McGee JD, Hamer JE, Hodges TK (2001) Characterization of a
PR-10 pathogenesis-related gene family induced in rice during
infection with Magnaporthe grisea. Mol Plant Microbe Interact
14:877-886

Michalska K, Fernandes H, Sikorski M, Jaskolski M (2010) Crystal
structure of Hyp-1, a St. John’s wort protein implicated in the
biosynthesis of hypericin. J Struct Biol 169:161-171

Mogensen JE, Wimmer R, Larsen JN, Spangfort MD, Otzen DE
(2002) The major birch allergen, Bet v 1, shows affinity for a
broad spectrum of physiological ligands. J Biol Chem
277:23684-23692

Park CJ, Kim KJ, Shin R, Park JM, Shin YC, Pack KH (2004)
Pathogenesis-related protein 10 isolated from hot pepper func-
tions as a ribonuclease in an antiviral pathway. Plant J
37:186-198

Pasternak O, Biesiadka J, Dolot R, Handschuh L, Bujacz G, Sikorski
MM, Jaskolski M (2005) Structure of a yellow lupin pathogen-
esis-related PR-10 protein belonging to novel subclass. Acta
Crystallogr Sect D Biol Crystallogr 16:99-107

Pay A, Heberle Bors E, Hirt H (1992) An alfalfa cDNA encodes a
protein with homology to translationally controlled human tumor
protein. Plant Mol Biol 19:501-503

Poupard P, Strull D-G, Simoneau P (1998) Two members of the Bet v
1 gene family encoding birch pathogenesis-related proteins
display different patterns of root expression and wound-induc-
ibility. Aust J Plant Physiol 25:459-464

Poupard P, Parisi L, Campion C, Ziadi S, Simoneau P (2003) A
wound- and ethephon-inducible PR-10 gene subclass from apple
is differentially expressed during infection with a compatible and
an incompatible race of Venturia inaequalis. Physiol Mol Plant
Pathol 62:3-12

Rakwal R, Agrawal GK, Yonekura M (1999) Separation of proteins
from stressed rice Oryza sativa L. leaf tissues by two-
dimensional polyacrylamide gel electrophoresis, induction of
pathogenesis-related and cellular protectant proteins by jasmonic
acid, UV irradiation and copper chloride. Electrophoresis
20:3472-3478

Reynolds PHS (1999) Inducible gene expression in plants. CAB,
Wallingford

Robert N, Ferran J, Breda C, Coutos-Thevenot P, Boulay M, Buffard
D, Esnault R (2001) Molecular characterization of the incom-
patible interaction of Vitis vinifera leaves with Pseudomonas
syringae pv pisi, expression of genes coding for stilbene

@ Springer

synthase and class
107:249-261

Rodriguez-Llorente I, Perez-Hormaeche J, El Mounadi K, Dary M,
Caviedes MA, Cosson V, Kondorosi A, Ratet P, Palomares AJ
(2004) From pollen tubes to infection threads, recruitment of
Medicago floral pectic genes for symbiosis. Plant J 39:587-598

Sikorski MM, Biesiadka J, Kasperska AE, Kopcinska J, Lotocka B,
Golinowski W, Legocki AB (1999) Expression of genes
encoding PR10 class pathogenesis-related proteins is inhibited
in yellow lupine root nodules. Plant Sci 149:125-137

Sneath PHA, Sokal RR (1973) Numerical taxonomy: the principles
and practice of numerical taxonomy. W H Freeman & Co, San
Francisco, CA

Sohn KH, Lee SC, Jung HW, Hong JK, Hwang BK (2006) Expression
and functional roles of the pepper pathogen-induced transcrip-
tion factor RAV1 in bacterial disease resistance, and drought and
salt stress tolerance. Plant Mol Biol 61:897-915

Somssich IE, Schmelzer E, Bollmann JJ, Hahlbrock K (1986) Rapid
activation by fungal elicitor of genes encoding “pathogenesis-
related” protein in cultured parsley cells. Proc Natl Acad Sci
USA 83:2427-2430

Tewari S, Brown SM, Kenyon P, Balcerzak M, Fristensky B (2003)
Plant defense multigene families. II. Evolution of coding
sequence and differential expression of PR10 genes in Pisum.
http://arXivorg/q-bioPE/0310038

Thaler JS, Owen B, Higgins VJ (2004) The role of the jasmonate
response in plant susceptibility to diverse pathogens with a range
of lifestyles. Plant Physiol 135:530-538

Van Loon LC, Van Strien EA (1999) The families of pathogenesis-
related proteins, their activities, and comparative analysis of
PR-1 type proteins. Physiol Mol Plant Pathol 55:85-97

Walter MH, Liu JW, Wiinn J, Hess D (1996) Bean ribonulease-like
pathogenesis-related protein genes Ypri0O display complex
patterns of developmental, dark-induced and exogenous-stimu-
lus-dependent expression. Eur J Biochem 239:281-293

Wang CS, Huang JC, Hu JH (1999) Characterization of two
subclasses of PR-10 transcripts in lily anthers and induction of
their genes through separate signal transduction pathways. Plant
Mol Biol 40:807-814

Warner SA, Scott R, Draper J (1993) Isolation of an asparagus
intracellular PR gene (AoPR1) wound-responsive promoter by
the inverse polymerase chain reaction and its characterization in
transgenic tobacco. Plant J 3:191-201

Yasnetskaya EG, Bulgakov VP, Gorbach VI, Shevchenko NM,
Fedoreyeva LI, Zhuravlev YuN, Kiselev KV (2003) Ethephon-
and jasmonate-elicited pathogenesis-related ribonucleases in
cultured ginseng cells. Russ J Plant Physiol 50:492-497

Zhang J (2004) Harvesting inducible gene and promoters in alfalfa.
PhD thesis, University of Guelph

10 PR protein. Eur J Plant Pathol


http://arXivorg/q-bioPE/0310038

	A comparison of two class 10 pathogenesis-related genes from alfalfa and their activation by multiple stresses and stress-related signaling molecules
	Abstract
	Introduction
	Materials and methods
	Biological materials
	Sequence comparisons
	Harvesting, wounding, and heat treatments
	ABA and ethylene treatments
	Pathogen treatment
	Relative RT-PCR
	Cloning and sequence analysis of the MsPR10.1A promoter

	Results
	Sequence comparison and putative structural features of MsPR10.1A compared to other M. sativa and M. truncatula predicted PR10 proteins
	Abundance of ESTs for PR10 genes of M. sativa and M. truncatula
	Expression of MsPR10.1A and MsPR10.1B following harvesting, wounding, and heat
	Expression of MsPR10.1A and MsPR10.1B following ethylene and ABA
	Expression of MsPR10.1A and MsPR10.1B following inoculation with Xanthomonas campestris pv. alfalfae
	Analysis of transgenic N. benthamiana plants containing the MsPR10.1A-GUS fusion

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


