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ABSTRACT. Heat shock protein 90 (Hsp90) is one of the most
abundant and conserved chaperone proteins and plays important roles
in plant growth and responses to environmental stimuli. However, little
is known regarding the sequence and function of Hsp90s in Matricaria
recutita. In the present study, we cloned the full-length cDNA sequence
of the 4sp90 gene from this species. Using rapid amplification of cDNA
ends technologies with 2 degenerate primers that were designed based
on the Asp90 gene sequence from other members of Asteraceae, we
isolated and characterized an Hsp90 homolog gene from M. recutita
(Mr-Hsp90). The full-length Mr-hsp90 ¢cDNA sequence, containing
2097 base pairs, encodes a protein of 698 amino acids. Based on amino
acid sequence identity, Mr-Hsp90 showed high similarity to other
cloned Hsp90 proteins. The Mr-Hsp90 protein was closely clustered
with the Lactuca sativa in a phylogenetic tree. These results indicate
that the cloned sequence of Mr-Hsp90 is a member of the Hsp90
family, which is reported for the first time in M. recutita. Next, we
conducted a salt stress experiment to determine the protein’s function
under salt stress conditions. Survival of chamomile seedlings subjected
to heat-shock pretreatment was significantly increased compared with
groups that had not undergone heat-shock pretreatment in a salt stress
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environment. This indicates that Mr-Hsp90 plays an important role in
the salt resistance of chamomile seedlings.

Key words: Degenerate primers; Matricaria recutita;, Mr-Hsp90;
RACE; Salt resistance

INTRODUCTION

The heat shock protein 90 (Hsp90) family is one of the most conserved and abundant
proteins in the cell and has been studied extensively in numerous organisms. A previous study
showed that Hsp90 expression increased when plants were not only at high temperature, but also
under abiotic stresses, such as drought, salinity, chemical toxicity, and oxidative stress. These
abiotic stresses are serious threats to agriculture and cause deterioration of the environment
(Wang et al., 2004). Hsp90 has been shown to refold proteins under abiotic stress (Vierling,
1991; Boston et al., 1996). The Hsp90 protein exists as a homodimer, and each monomer con-
tains 1 N-terminal ATP-binding domain, 1 middle domain, 1 C-terminal dimerization domain,
and 3 flexible linked regions (Li and Buchner, 2013). Hsp90 is mainly located in the cytoplasm,
mitochondria, chloroplasts, and endoplasmic reticulum, but is rapidly transferred to the nucleus
under stress conditions (Gupta, 1995; Hao et al., 2010). The Hsp90 family includes protein
kinases, transcription factors, and steroid hormone receptors, and thus plays an essential role in
metabolism, folding, translocation, and refolding of denatured proteins under both normal and
stress conditions (Deshaies et al., 1988; Abernethy et al., 1989; Young et al., 2001). Because of
its effects on hormone signaling, cell cycle control, differentiation and developmental processes
(Pratt and Toft, 1997; Wegele et al., 2004; Shinozaki et al., 2006; Taipale et al, 2010; Zuehlke
and Johnson, 2010), Hsp90 has become a target of cancer therapy (Kamal et al., 2003; Ali et al.,
2006). In addition, a number of Hsp90 proteins have been identified and characterized in plants
(Yabe et al., 1994; Pareek et al., 1995; Milioni and Hatzopoulos, 1997; Liu et al., 2006), and
these Hsp90 members share 63-71% amino acid similarity with those from yeast and animals.

Matricaria recutita (L.) Rauschert (Chamomile, Asteraceae) is one of the oldest and
the most important medicinal plant species in Europe. The essential oil of the chamomile
flower contains abundant chamazulene and bisabol and its oxides (alpha-alcohol oxide A and
alpha-alcohol oxide B, for example) (Tubaro et al., 1984; McKay and Blumberg, 2006), which
are the main anti-inflammatory agents (Schilcher et al., 2005). Chamomile also has significant
anti-inflammatory (Shipochliev et al., 1981), anti-spasmodic (Maschi et al., 2008), bacterio-
static (Lis-Balchin et al., 1998), and antiviral (Aggag and Yousef, 1972; Koch et al., 2008)
activities; therefore, it has been widely used in medicine, nutritio, and cosmetics. Chamo-
mile originated in southeastern Europe and western Asia (Shiva et al., 2002); as a transplant
species, it shows great potential in the Chinese market. Previous studies have shown that
chamomile can grow in various types of soil, including alkaline land (Tucakov, 1957; Bhat-
tacharjee, 2005). However, the mechanism of chamomile’s resilience to natural conditions is
not well-understood. Several reports have indicated that Hsp90 is closely related to the stress
resistance of plants (Xu et al., 2013). Whether there is functional connection between Hsp90
and the stress resistance in M. recutita remains unknown. In this study, we first isolated the
Hsp90 gene from M. recutita, known as Mr-hsp90, and examined its expression patterns in re-
sponse to salt and thermal stress. Our results showed that the survival of M. recutita seedlings
is related to the expression levels of Mr-Hsp90.
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MATERIAL AND METHODS
Materials and reagents

Chamomile flowers were obtained from the horticultural garden of Anhui Agricultural
University and chamomile seedlings were cultured in illumination incubator. Plant materials
were stored at -80°C.

The materials and reagents used in this study included an RNA extraction kit (RNAiso
Plus), primerScript 11 first-strand cDNA Synthesis Kit, Agarose Gel DNA Extraction Kit, Taq
DNA polymerase, LATaq, DL2000 DNA ladder Maker, and DL5000 DNA ladder Maker (Ta-
kara, Shiga, Japan), pEASY-T1 Simple Cloning Kit, Trans1-T1 Phage Resistant Chemically
Competent Cells (TransGen Co., Ltd., Beijing, China), SMARTer™ RACE ¢cDNA Amplifica-
tion Kit (Clontech, Mountain View, CA, USA), PrimeScriptTM RT Master Mix, and SYBR
Premix Ex Taq II. All primers and gene sequencing experiments were conducted by Shanghai
ShengGong Biological Engineering Company (Shanghai, China).

Obtaining partial fragments of the Asp90 gene

The total RNA of chamomile flowers was isolated using the RNAiso Plus (Takara)
according to the manufacturer instructions. Transcribed cDNA was synthesized from total
RNA using the PrimeScript II first-strand cDNA Synthesis Kit (Takara). To isolate fragments
of terpene synthase genes, we designed degenerated oligonucleotides (Deg-Fwd and Deg-
Rev) based on conserved sequence elements of other Asteraceae Hsp90s found in GenBank
(Table 1), and the PCR program was as follows: 94°C for 3 min, 35 cycles of 94°C for 30 s,
54°C for 30 s, 72°C for 1 min, and a final extension at 72°C for 10 min. The expected bands
were purified and cloned into the pEASY-T1 vector (TransGen) and then 3 positive clones
were sequenced. To confirm the cloned fragment, the sequence was compared with the Hsp90
sequence from Ageratina adenophora with BLASTX.

Table 1. Primer sequences used in the experiment.

Primer names Primer sequences (5'-3")

Deg-Fwd YTNGARYTNTAYGARGC

Deg-Rev SWRAAYTGNGGYTCRAA

Gsp5 GCATCGGCTCTCTTCCTTAGCTCCTCCA
Gsp3 TGGGCGACAAGGTCGAAAAGGTTGTTGT
QRTfwd CCTTTTTGTTCCCAAGCGGG

QRTrev TCGGGGATAAGCTCCTCACA

18SQfwd ATGA TAACTCGACGGATCGC

18SQrev CTTGGATGTGGTAGCCGTTT

actQfwd GCTAACAGGGAAAAGATGACTC
actQrev ACTGGCATAAAGAGAAAGCACG

Rapid amplification of cDNA ends (RACE)

RACE-ready cDNA was prepared using the SMARTer RACE ¢cDNA Amplification
Kit according to the manufacturer instructions (Clontech). The gene-specific primers, Gsp5 and
Gsp3, were designed according to fragments of Hsp90 to extend its 5' and 3' ends (Table 1). The
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PCR was as follows: 94°C for 3 min, 35 cycles of 94°C for 30 s, 65°C for 30 s, and 72°C for 1
min, with extension at 72°C for 10 min. Subsequent steps were as described above.

Bioinformatic analysis

Searches for nucleotide and amino acid sequence similarities were conducted using
the blast programs at the NCBI website (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The open
reading frame was identified by the open reading frame finder (http://www.ncbi.nlm.nih.gov/
projects/gorf/). A phylogenetic tree was constructed based on the similarity of Hsp90 amino
acids between M. recutita and other species using Crustal X. Multiple sequence alignment was
performed using Clustal W (http://www.ch.embnet.org/software/Clustal W.html).

Salt stress test

We cultured chamomile seedlings (16 days after sow) in sand containing 0-200 mM
NaCl. Some of the chamomile seedlings were first treated by heat-shock for 20 min at 42°C,
recovered for 4 h at 25°C, and then cultured in sand containing 200 mM NacCl for the salt stress
test; untreated seedlings were used as the control group (all groups were cultured at 25°C un-
der full sunlight). The survival rate of seedlings was calculated after 2 days of treatment. Total
RNA of these seedlings was extracted to determine the transcriptional expression of Hsp90
with quantitative real-time PCR (qQRT-PCR). qRT-PCR was performed for each cDNA tem-
plate using the SYBR Green Supermix in an Applied Biosystems 7300 real-time PCR system
(Foster City, CA, USA). Reaction specificity was verified by melting curve analysis. The rela-
tive mRNA level for each gene was calculated as a 22 value (Livak and Schmittgen, 2001).

RESULTS
Cloning and sequence analysis of Mr-Hsp90

The BLASTX analysis showed that the open reading frame sequenced obtained had
high similarity with Hsp90 from lettuce (96%). The full-length open reading frame of Mr-
Hsp90 contains 2097 base pairs, from which a protein of 698 amino acids is produced (ap-
proximately 80 kDa). A 92-base pair sequence of the 5' untranslated region and 176-base pair
sequence of the 3' untranslated region were also cloned. The full-length cDNA sequence was
assigned to GenBank under the accession number of KF589869. Using the Interpro data-
base (http://www.ebi.ac.uk/interpro/), we analyzed the amino acid sequence of the Mr-Hsp90
protein. The results also confirmed that Mr-Hsp90 is a member of the Hsp90 family. The
Mr-Hsp90 sequence includes a highly-conserved N-terminal domain, a conserved acidic C-
terminal domain, 3 flexible linker regions, and ribosomal protein S5 domain 2-like.

We aligned Mr-Hsp90 and its homologs from other species identified in the NCBI
database (Figure 1). Pairwise comparison analysis indicated that the highest identity was with
Lactuca sativa at 94.48%, while the identity with other species such as Homo sapiens was
57.71%, Heterodera glycines was 62.46%, Mythimna separata was 56.60%, Mus musculus
was 65.50%, and Salmo salar was 55.32%. All of these Hsp90 proteins share the conserved
amino acid sequence G (V/I) VDS EDLPLNISRE, which is a signature of the Hsp90 protein
family (Figure 1, underlined black-box). The consensus sequence MEEV(D/E) (Figure 1, un-
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derlined red-box) at the C-terminus was also identified in the Mr-Hsp90 sequence. The Mr-
Hsp90 protein was closely clustered with the Lactuca sativa in a phylogenetic tree (Figure 2).
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Figure 1. Alignment of Matricaria recutita Hsp90 with its homologs identified in the NCBI database. The species
included Lactuca sativa (AFQ94045.1), Heterodera glycines (ACR57216.1), Mythimna separata (ABY55234.1),
Homo sapiens (NP_001017963.2), Mus musculus (NP_032328.2), and Salmo salar (NP_001167173.1). Identical
amino acids are boxed, and the asterisks, double dots, and single dots denote fully conserved amino acid residues,
strongly conserved amino acid residues, and weakly conserved amino acid residues, respectively. Mg?* binding
sites and GXG locus are shown with pink and blue boxes.
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Figure 2. Phylogenetic analysis of Hsp90 sequences. Phylogenetic tree was generated using Hop amino acids of 16
species from insects, fish, plants, and mammals. The percentage of bootstrap values obtained from 1000 re-samplings
are shown at the nodes and the value lower than 60 was deleted. Sequences used for analysis included: AGB76029.1
(Salicornia europaea), AFQ94045.1 (Lactuca sativa), ADU04387.1 (Nicotiana attenuata), ABW96308.1 (Vitis
pseudoreticulata), AFF58924.1 (Citrus sinensis), AFR60309.1 (Pelargonium peltatum), AGU99972.1 (Populus
tomentosa), NP_001017963.2 (Homo sapiens), ACR57216.1 (Heterodera glycines), NP_571403.1 (Danio rerio),
ADK27678.1 (Tanichthys albonubes), ACV04938.1 (Epinephelus coioides), NP_200414.1 (Arabidopsis thaliana),
AGR34129.1 (Daphnia pulex), and AEB39782.1 (Bombyx mori).

Seedling survival rate and transcriptional level of Mr-Hsp90 under salt and heat
stresses

Using qRT-PCR, we detected the expression of Mr-Hsp90 under normal conditions
and salt and thermal stress conditions. Expression of Mr-hsp90 in untreated chamomile seed-
lings changed little when grown in sandy soil containing 0 mM NaCl. With increasing NaCl
concentration, the survival of chamomile seedlings decreased (Figure 3). When the cultured
chamomile seedlings were pretreated at 42°C for 20 min in sandy soil containing 200 mM
NaCl, we found that the survival rate of seedlings (73.68%) increased significantly compared
with those directly treated with salt (47.62%). Using qRT-PCR, the transcriptional level of
Hsp90 in heat-pretreated seedlings was approximately 4-fold higher compared to the control
groups (Figure 4).

DISCUSSION

Hsp90s are thought to play an important role in stress responses during plant develop-
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Figure 3. Survival rate of chamomile seedlings under different stresses. Five chamomile seedling groups were
grown in sandy soil containing 0, 50, 100, 150, or 200 mM NacCl, another 2 groups included the chamomile seedling
group (16 days) pretreated at 42°C for 20 min grown in sandy soil containing 200 mM NaCl and the chamomile
seedling group (16 days) pretreated at 42°C for 20 min grown in sandy soil without NaCl.
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Figure 4. qRT-PCR analyses of the relative expression of chamomile seedlings’ Mr-Hsp90 under different stresses.
Five groups of chamomile seedlings were grown in sandy soil containing 0, 50, 100, 150, and 200 mM NaCl.
Additional 2 groups included the chamomile seedling group (16 days) pretreated at 42°C for 20 min grown in sandy
soil containing 200 mM NaCl and the chamomile seedling group (16 days) pretreated at 42°C for 20 min grown in
sandy soil without NaCl.
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ment (Xu et al., 2012). Cloning of full-length Mr-Hsp90 cDNA is the first step for structural
and functional studies of this protein in M. recutita and examining the molecular mechanisms
of Mr-Hsp90 in the cellular stress response. In this study, the full-length cDNA of Mr-hsp90
was cloned and reported for the first time in M. recutita, which can provide a molecular basis
for future studies of the role of Hsp90 in chamomile.

Bioinformatic analysis revealed that Mr-Hsp90 contains a conserved N-terminal do-
main, which is the ATP/ADP binding site with intrinsic ATPase activity. Binding and hydrolysis
of ATP can cause conformational transitions of Hsp90 between an open conformation with the
N-domains separated and a closed conformation with the N-domains associated (Hessling et
al., 2009; Mickler et al., 2009). A conserved MEEVD motif at the end of C-terminus serves as a
docking site for the interaction with co-chaperones that contains a tetratricopeptide repeat clamp
(Jackson et al., 2004). Phylogenetic analysis also confirmed that Mr-Hsp90 is most closely relat-
ed to L. sativa. Thermal resistance experiments showed that seedling survival and the transcrip-
tional level of Hsp90 in the heat-pretreated group were clearly increased. These results suggest
that the survival rate of seedlings is closely correlated with Mr-Hsp90 expression.

The Mr-Hsp90 gene we cloned is a member of the Hsp90 family, which may improve
the salt and thermal resistance of the M. recutita. Additionally, Mr-Hsp90 plays an important
role in the survival of chamomile seedlings under salty and thermal resistance conditions.
Thus, similarly to other member of the Hsp90 family, Mr-Hsp90 is closely related to the
survival rate of Matricaria seedlings and is important in the responses to salty and thermal
resistance of Matricaria.

CONCLUSIONS

In summary, we cloned the Hsp90 gene from M. recutita and investigated its expres-
sion under salty and thermal stress conditions. The survival rate of seedlings decreased with
increasing salt concentration. The mRNA of Mr-Hsp90 expression under salt stress did not
increase. Our study indicates that Mr-Hsp90 is a member of the Hsp90 family and that the
expression of Mr-Hsp90 is correlated with stress resistance in M. recutita.
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