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Abstract: Phenylalanine ammonia lyase (PAL) is the first enzyme of the phenylpropanoid pathway, and it is necessary to upregulate flavonoid biosynthesis in
most of the plant species. In this study, we have cloned PAL gene from endemic Astragalus chrysochlorus which is a producer of phenolic nicotiflorin (kaempfe-
rol-3-O-rutinoside). The cDNA encoding PAL was cloned from A. chrysochlorus using RT-PCR (reverse transcription-polymerase chain reaction) with conserved
primer pairs. Amino acid sequence alignments showed that AcPAL (2160 bp, Accession number: KM189182) has more than 95% amino acid identity with their
homologues in other Astragalus species. The coding sequence for the protein of AcPAL is 720 amino acids with a calculated molecular weight of 78.53 kDa. Full
length AcPAL was cloned and expressed in Escherichia coli. qPCR (quantitative real-time PCR) analysis of the expression of PAL gene of 4. chrysochlorus sug-
gested that maximum transcript level was observed in 3 h yeast extract elicited suspension cells. Our findings suggest that AcPAL plays role in early response for
yeast extract treatment. The isolation of AcPAL gene could be result in further studies for overproduction of secondary metabolite, nicotiflorin.
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Introduction

Majority of plant phenolic compounds are derived
from trans-cinnamic acid. Phenylalanine ammonia-
lyase (PAL, EC 4.3.1.5) is the first key enzyme in the
phenylpropanoid pathway and catalyzes the conversion
of L-phenylalanine to trans-cinnamic acid. PAL is one
of the most studied enzyme in plants and it is the subject
of those studies in various ways. It has been reported in
many studies that its expression is in correlation with
phenolic compounds produced by the induction of abio-
tic and biotic stressors (1,2).

Astragalus is one of the widely used traditional
Chinese medicine. It possesses many biological activi-
ties, and has been used by Chinese medicine for centu-
ries. It has also been proven to be effective for clinical
treatment of nephritis, cardiovascular diseases, hyper-
tension, diabetes, and cancers (3,4). The best known
components of Astragalus membranaceus are flavo-
noid, triterpene saponins, and polysaccharides. This
phenylpropanoid derivated flavonoids are associated
with its antioxidant and cytotoxic activities of the plants
(5,6). Numerous studies have done on Astragalus spe-
cies and their components, but there is still a need for
further studies to learn more about this species using
genetic or molecular biology methods.

Astragalus chrysochlorus Boiss. and Kotschy is a
Turkish endemic, it grows in 32-36° meridian in Ana-
tolia (7). In our earlier works we studied A. chrysochlo-
rus in various ways such as we determined antioxidant,
cytotoxic, phagocytic effects and selenium accumula-
tion capacity (8,9,10). The keystone of increasing the
bioactive phenolics in 4. chrysochlorus, is the studying

of the key enzymes of important pathways. Therefore,
we focused on the very first enzyme of phenylpropanoid
metabolism.

Bioassays showed that nicotiflorin has been repor-
ted as neuroprotective in neuronal cultures, and in per-
manent focal cerebral ischemia (11). It also exhibits rat
lens aldose reductase inhibitory activity in vitro (12). It
showed hACAT1 (human Acyl CoA: cholesterol trans-
ferase 1) inhibitory activity (13). It was also found to
have a significant in vitro immunomodulatory effect
(14). Nicotiflorin also significantly inhibits the decrease
of blood flow during the anaphylactic responses (15).
Abreu and his colleagues (16) reported that kaempferol
3-O-rutinoside isolated from Ebenus pinnata showed
significant antioxidant activity in the DPPH, and TEAC,
reducing power assays. Also, potential in vitro antigly-
cation activity was exhibitied by nicotiflorin or kaemp-
ferol-3-O-rutinoside which was isolated from the aerial
parts of Osyris wightiana Wall. ex Wight (17).

NMR (nuclear magnetic resonance) analysis de-
monstrated that a natural flavonoid, a type of bioactive
flavonol glucosides, nicotiflorin accumulated in callus
tissues of 4. chrysochlorus which were the starting ma-
terial of cell suspension cultures (18). In this study, we
have cloned and examined well studied enzyme pheny-
lalanine ammonia-lyase (PAL) belonging to phenylpro-
panoid pathway, is necessary to upregulate flavonoid
biosynthesis in most of the plant species. Also com-
plete sequence of PAL gene from A. chrysochlorus was
determined. Transcript levels of AcPAL was analysed
for A. chrysochlorus cell suspension cultures after yeast
extract treatment in different period of time to evaluate
stress response.

102



Neslihan Turgut-Kara ef al.

PAL gene cloning and elicitation of 4. chrysochlorus.

Materials and Methods

Plant material and callus induction

Astragalus chrysochlorus seeds were collected from
Sertavul, Karaman, Turkey, and classified by Prof. Dr.
Zeki Aytag (Gazi University, Ankara, Turkey), and a
voucher specimen was deposited in the herbarium at
Istanbul University, Faculty of Science Herbarium
(ISTF). Long-term (13 years) in vitro cultured Astraga-
lus chrysochlorus calli tissues were used as described in
Turgut-Kara and Kahraman (19).

Cell suspension culture and yeast extract treatment

Long term in vitro cultured A. chrysochlorus callus
derived primary cell suspension cultures were propaga-
ted in the dark as described by Cakir and Ar1 (20). Five
ml culture (with 1 ml packet cell volume) from the pri-
mary cell suspension culture was subcultured in 25 ml
fresh MS medium (21) consisted of 3% sucrose and 1
mg/1 2,4-Dichlorophenoxyacetic acid (2,4-D) in 100 ml
Erlenmeyer flask. Yeast extract was prepared according
to Chen and Chen (22) by ethanol precipitation. It was
added to cell cultures as 10 g/l concentration on the 13%
day which was the first day of log phase (20). Water was
used as control and equal volume of water added to the
control cultures. Samples were collected from cultures
at 0, 3, 6 and 18 hours for gene expression analysis.

RNA extraction and quantitative Real-Time PCR
analysis

For qPCR analysis, total RNA was isolated using
the Favorgen Plant RNA isolation kit (FAPGKO001, Fa-
vorgen Biotech Corp., Kaohsiung, Taiwan, ROC), with
the application of DNasel (EN0521, Thermo Scientific,
Fermentas Inc, Glen Burnie, MD, USA) treatment du-
ring the isolation process. cDNA synthesis kit (K1612,
Thermo Scientific, Fermentas Inc, Glen Burnie, MD,
USA) was used for the synthesis of cDNA, which ser-
ved as a template for qPCR. It was carried out with
the DyNAmoe HS SYBR Green qPCR Kit (F410L,
Thermo Scientific, USA) following the manufacturer’s
instructions. Forward and reverse qPCR primers for
PAL and actin were as follows: PAL, forward primer:
5’-TGACTTGAGGCATTTGGAGG-3" and reverse
primer: 5’-GAGTTCTCCATTGAC-3’; actin, forward
primer: 5’-TCAAGACGAAGGATG-3" and reverse
primer: 5’-TTGGATTCTGGTGAT-3’. Reaction mix-
tures consisting of 12.5 ml 2x SYBR Green master mix,
0.2 mM each of forward and reverse primers and 5 pl
cDNA were brought to 25 pl with ultra pure nuclease-
free water. PCR was done accordingly: 2 min at 50°C/
min (Uracil-DNA glycosylase incubation), 15 min at
95°C (pre-incubation), 40 cycles of 10 s at 94°C, 30 s
at 60°C and 30 s at 72°C. A gradual temperature step
was added to determine melting curve data from 55°C
to 95°C at the rate of 1°C/10 s. A non-template control
was run along side, and serial dilutions (1, 1:5, 1:25 and
1:125) of the reference (actin) and the target genes were
included with every assay. Amplification specificity of
each reaction was verified by melting curve analysis.
Actin was used as the reference gene. The software
used to calculate gene Expression was the MX3000
Stratagene software (Agilent Technologies, Inc., Santa
Clara,USA). qPCR experiments were repeated in tripli-

cates for samples.

Isolation of cDNA encoding complete AcPAL

PAL gene sequences of phylogenetically close spe-
cies were compared with alignment to obtain a list
of degenerate primer pairs. Using this approach, pri-
mer pairs could be designed for PCR amplification of
cDNAs of species which have not got any available
sequence information. To identify the unknown genes,
the PCR based strategy could be applied by aligning
the sequences of conserved and variable parts of known
genes (23). Therefore, we performed multiple align-
ments between PAL cDNA sequences of legumes from
databases. By using that data we designed PAL specific
primer pairs: PAL, forward primer: 5’-ATGGAGGGA-
GAAGGA-3’ and reverse primer: 5’-TAAGAAATTG-
GAAGAGGAGC-3". This primer pairs make it possible
to obtain full length cDNA of AcPAL. Reaction mix-
tures consisting of 2 pl 10X buffer, 1 pl 10 mM dNTP,
1 pul 20 mM MgCl,, 0.5 ul 10 mM each of forward and
reverse primers, 1 pl 100 ng cDNA and 0.125 ul 5U/ pl
Taq polymerase were brought to 20 pl with ultra pure
nuclease-free water. The PCR cycling parameters were
set as follows: 94 °C for 5 min, 1 cycle; 94 °C for 30 s,
51 °C for 30 s, 72 °C for 2:30 min, 35 cycles; and 72 °C
for 10 min, 1 cycle. The band of proper size was puri-
fied from 1.2 % agarose gel, and cloned into the pCR"4-
TOPO® vector for sequencing.

Homology searches were performed on NCBI
BLAST webpage (http://blast.ncbi.nlm.nih.gov/Blast.
cgi). Conceptual translation of nucleotide sequence,
prediction of molecular mass were carried out using
ExPASy proteomics server (http://expasy.org/tools/).
Sequence alignments were carried out using the Clus-
talW2 program (http://www.ebi.ac.uk/Tools/msa/).

Expression of AcPAL gene in E. coli

First of all, full length AcPAL product was ampli-
fied with Pfunds-DNA Polymerase (M3004.0250,
Genaxxon Bioscience GmbH), and was cloned to
plasmid pET100D (K100-01, Champion™ pET100
Directional TOPO® Expression Kit, Invitrogen). Then,
pET100DACPAL was cloned to E. coli strain BL21Star
(DE3). It was aimed that the PAL gene is overexpressed
constitutively under T7 promoter. Cells were grown in
20 ml of LB medium containing 50 pg/ml ampicillin
at 37°C and maximal aeration and grown until the cell
reach a density of A = 0.5. Overexpression of PAL was
begun by adding the 1 mM as final volume of isopro-
pylthiogalactoside (IPTG, Sigma Cat no. 16758). 0.5 ml
sample were collected at 0, 2, 4, 6 h.

Results

Expression analysis of elicited cell cultures

As described in Turgut-Kara and Uhra Kahraman
(19), thirteen years old, actively growing, green, friable,
and well adapted callus cultures were used as starting
material for establishing cell suspension cultures. For
this reason as a first step, 21" day subcultured calli were
used to establish cell suspension cultures. Therefore the
convenient culture system was obtained to study the
reaction of A. chrysochlorus cells against yeast extract.
Cell suspension cultures were propagated as described
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Figure 1. Relative expression levels of 4cPAL under 0, 3, 6 and 18
hours yeast extract stress conditions. The expression levels were

Leg Feoid Change to Cal, (Log base 2) (dR)

calibrated according to Oh yeast extract treatment, and normalized
according to reference gene actin. The values and error bars repre-

sent the mean =+ standard error from three samples.

(20). 13" day (first day of log phase) of cell culture
10 g/L concentration of yeast extract was added to the
cell suspensions according to (20). To test the response
of PAL gene expression after yeast extract elicitation,
cultures were treated with yeast extract for 0, 3, 6 and
18 hours.

We analyzed that the differential expression patterns
of AcPAL under 0, 3, 6 and 18 hours yeast extract stress
conditions. In general, AcPAL transcripts increased rapi-
dly in the first 3 hours of treatment but then decreased
gradually to the initial level 18h later. Three hours eli-
citor treatment caused 3.56-fold higher accumulation of
the AcPAL transcripts in cell cultures according to zero
point to enhance the accumulation of total phenylpropa-
noids (Figure 1).

Isolation and characterization of A. chrysochlorus
full-length PAL

A. chrysochlorus PAL cDNA fragment was obtained
by RT-PCR using the conserved primers designed accor-
ding to knowledge of other Astragalus PAL sequences
[A. membranaceus (EF567076), A. membranaceus var.
mongholicus (AY986506, EF110924, EF110925)], and
was named as AcPAL (Accession number: KM189182).
AcPAL contained an open reading frame of 2160 bp
and encodes 720 amino acid residues with a molecu-
lar mass of approximately 78.53 kDa. Deduced amino
acid sequences of the BLAST analysis are shown in
(Figure 2). So far, multigene family members, PALI,
PAL2 and PAL3 sequences of Astragalus membrana-
ceus and Astragalus membranaceus var. mongholicus
have been registered to the gene bank. According to our
results, AcPAL shares the highest protein identity with
Astragalus mongholicus PAL1 mRNA (Accession num-
ber: AY986506) (96%), Astragalus membranaceus PAL
mRNA (Accession number: EF567076) (95%), and
Trifolium pratense phenylalanine ammonia lyase PAL1
mRNA (Accession number: DQ073809) (87%).

To confirm the full length protein encoded by PAL
from A. chrysochlorus, the gene was cloned into plas-
mid pET100D-TOPO to be expressed in £.coli. Overex-
pression of transferred gene in recombinant E.coli led to
insoluble protein (Figure 3). The amount of PAL protein
expression increased when time prolonged. Molecular

mass of PAL is about 78.53 kDa as validated by SDS-
PAGE, which is basically in agreement with an expec-
ted size of 81.53 kDa (78.53 kDa derived from the gene
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Figure 2. Alignment of the amino acid sequence of AcPAL; PAL
protein sequences and accession numbers; TpPAL (AAZ29733),

12
12
139
LEIS 718
18
12
13

MtPAL (XP003590471), AcPAL (KM189182), AmePAL
(ABQ63094), AmoPAL (AAX84839), GsPAL (ACT32033), Rp-
PAL (ACF94716). Conserved residues are shown in same colors.
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from Astragalus chrysochlorus PAL gene in E. coli BL21 Star
(DE3) at 0, 2, 4, and 6 h IPTG induction.

sequence and 3 kDa belongs to plasmid).
Discussion

In our previous study, we showed that a bioactive
flavonol glucosides, nicotiflorin, accumulated in cal-
lus tissues of A. chrysochlorus which were the starting
material of cell suspension cultures in this study (18).
PAL is the first enzyme in biosynthesis of phenylpropa-
noids, that is also the key of secondary phenylpropanoid
metabolism in plants (1). Because of this knowledge,
to enhance the production of economically important
phenylpropanoids, many strategies have focused on
PAL enzyme so far. In this study, we have cloned and
examined well studied enzyme PAL, is necessary to
upregulate flavonoid biosynthesis in most of the plant
species. Transcript levels of AcPAL was analysed for
A. chrysochlorus cell suspension cultures after yeast
extract treatment in different period of time to evaluate
stress response. Because, a variety of biotic or abiotic
stresses factors can induce PAL gene expression (24).
AcPAL transcripts increased in the first 3 hours of treat-
ment but then decreased gradually to the initial level
18h later. Three hours elicitor treatment caused about
3.5-fold higher accumulation of the AcPAL transcripts
in cell cultures according to zero point to enhance the
accumulation of total phenylpropanoids. According to
our gene expression data, AcPAL was induced by yeast
extract stress, and this signify that it could be also consi-
dered as a potential target gene to improve stress tole-
rance.

Previous studies showed that the metabolites of
phenylpropanoid pathway markedly accumulated upon
biotic and abiotic stress, which is a result of increase in
expression of PAL and other phenylpropanoid enzymes.
Nevertheless, PAL gene from diverse origins may have
different responsive capacities to stress factors (24,
25, 26). It was achieved to trigger the coumarins and
phenylpropanoids accumulation by adding crude cell
wall fractions from Phytophtora sojae to A. majus cell
suspensions, and butenyl and hydroxybutenyl ethers of
umbelliferone accumulated in the culture fluid and rea-
ched to maximum concentrations after 35h (27). After
the elicitation, at 12h, the activities of dimethylallyl-
diphosphate:umbelliferone 6-C- and 7-O-dimethylallyl-
transferases reached a first maximum (27). It is thought
that maximum transcript abundances occured within the
first 6h.

A. chrysochlorus PAL cDNA fragment was obtai-
ned by RT-PCR using the conserved primers designed
according to knowledge of other PAL sequences of
Astragalus spp. Open reading frame of AcPAL (Acces-

sion number: KM189182) constitutes 2160 bp and en-
codes 720 amino acid residues with a molecular mass
of approximately 78.53 kDa. Multigene family mem-
bers, PAL1, PAL2 and PAL3 sequences of Astragalus
membranaceus and Astragalus membranaceus var.
mongholicus have been registered to the gene bank.
AcPAL shares the highest protein identity with 4. mon-
gholicus PAL1 (Accession number: AY986506) (96%),
A. membranaceus PAL (Accession number: EF567076)
(95%), and Trifolium pratense PAL1 (Accession num-
ber: DQO073809) (87%).

To confirm the full length protein encoded by PAL
from A. chrysochlorus, the gene was cloned into plas-
mid pET100D-TOPO to be expressed in E.coli. Mole-
cular mass of PAL is about 78.53 kDa as validated by
SDS-PAGE. Putative amino acid sequence alignments
which were done by using the ClustalW2 program de-
monstrated that AcPAL was most closely related to other
Astragalus species, among the surveyed plant species.
Multiple alignments of amino acid sequences between
AcPAL and others showed that there are many well-
conserved motifs.

Due to the metabolical roles of phenylpropanoids,
it is important to understand this pathway in all plants
including the medicinal ones. The enzymes which are
encoded by key genes of pathways have to be cloned
and characterized (28). This is the keystone to reveal the
regulatory mechanisms wich rule the phenylpropanoids
in Astragalus. It will be helpful in discovering new stra-
tegy for efficient genetic modification of Astragalus to
increase the nicotiflorin content for nutritional or medi-
cal purpose as well as stress tolerance.
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