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ABSTRACT

Plant cell cultures have been shown as feasiblesysfor the production of secondary metabolitbsit&ion with
biotic or abiotic stimuli being the the most e#fict strategy to increase the production of theseabwdites.
Glycrrhiza glabra is one of the well known meditipkants rich in flavonoids. The potential benebfsGlycyrrhiza
flavonoids on human health have made it one ofwtbk studied grou of phytochemicals. However, répam
elicitation and gene expression studies of pheoyanoid pathway enzymes in Glycrrhiza glabra catiuftures
are meager. Therefore, the aim of this study wasualuate the elicitation effect of chitosan onvdiaoid
production in callus cultures of Glycrrhiza glabtarough Gas Chromatography-Mass Spectrometry andhen
expression of flavonoid biosynthetic genes throtedi-time quantitative reverse transcription-polymge chain
reaction. Chitosan significantly induced the protioie of flavonoids licochalcone, liquirtigenin ardcoisoflavone
B in G.glabra callus culture. Moreover, the prodoat of Licoisoflavone was highly induced as comgate other
flavonoids. This induction could be correlated witie higher expression of flavonoid biosynthetinggdsoflavone
synthase. Expression of Chalcone synthase and aalisomerase was also induced by chitosan wherdeas
expression of phenyl alanine ammonia lyase wasnaloiced to a significant level. Therefore, it ighthesized that
the observed response to chitosan is the resalh @fiduction or promotion of the phenylpropanoidhyeay, mainly
at the branch point leading to the activation afflavone synthesis and enhanced production of &oftzivone B in
Glycyrrhiza glabra callus cultures.
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INTRODUCTION

Glycyrrhiza glabrais known as one of the most ancient herbal meesciit has been extensively studied and widely
used in many fields, such as confectionaries, ctisspeand pharmaceuticals. Many biological actdgtisuch as
anti-mutagenic, anti-ulcer, anti-inflammatory, attmor, anti-microbial, anti-oxidant and anti-virattivities have
been reported iGlycyrrhiza glabra[l]. It was found that these biological activitie G. glabra were mainly
attributed to the presence of major flavonoids ho$ tplant like licochalcone, liquirtigenin, and disoflavone B
which have tremendous therapeutic potential innguwarious ailments [2]. Their wide occurrence, ptar
diversity and manifold functions have made flavalsoa very attractive system for research on a midec
biological level.

Flavonoids are synthesized via the phenylpropapaitiway (Fig. 4), which also leads to the synthegisther
important secondary metabolites [3]. The synthe§iflavonoids starts with the deamination of pheighine to
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cinnamic acid by phenylalanine ammonia-lyase (PELC. 4.3.1.5), followed by two other reactions legdto
coumaroyl-CoA. This compound is then transformetlitmchalcone by the enzymes chalcone synthase (EHS
2.3.1.74) and chalcone reductase (CHR; E.C.2.30),. X@spectively. Liquiritigenin is then produceyg thalcone
isomerase (CHI; E.C. 5.5.1.6). The synthesis a@idiaflavone from liquiritigenin is finally catalgd by the enzyme
isoflavone synthase (IFS; E.C.1.14.13.86) [4]. Gemacoding enzymes of this pathway are regulated by
developmental and environmental factors leadinthéochange in flavonoid concentrations. Flavonadtents in
Glycyrrhiza are mainly affected by certain biotitesses and abiotic stresses [5]. Exposing plaifg t® such
biotic/abiotic stresses in the form of elicitorden controlled conditions might highly induce flanodd production.

Chitosan is a natural biopolymer derived by dedagbn of chitin, which is a major component of staceans, has
several agricultural, food, and biomedical appi@a[6]. Studies revealed that chitosan is a promisiligjtor for
inducing flavonoid production in plant tissue cuéts. The recent development of real-time quani#ateverse
transcription-polymerase chain reaction (QRT-PClR)was accurate expression profiling of RNA tranptsi and
has become the most useful method for charactgriggme expression in plants during their interactidth biotic
and abiotic factors [7-9]. Studies aimed at meagurranscript levels of genes encoding enzymeshm t
phenylpropanoid pathway in other plants treatedh wiicitor compounds using PCR methodologies agdlae
[10-12]. But, reports on the use of transcriptiostaldies to characterize the response of callusireisl to chitosan
are rarely available. Non-embryogenic callus celur containing more or less homogenous clumps of
dedifferentiated cells, are used for secondary budita production. Of the tissue culture meanss @ipproach is
relatively frequently used for production of flavads [13-16].

Therefore, The present study investigated geneeesgfm alteration of genes encoding major flavomdid
Glycyrrhiza callus cultures, as well as concentratiof flavonoids following treatment with chitosarhe effect of
chitosan was studied by measuring transcript leoElsey encoding genes in the phenylpropanoid pathusing
real-time QRT-PCR, and by measuring flavonoid cotst&vith Gas chromatography- Mass Spectrometry {&&)-
The objective was thus to evaluate the potenti@laishitosan as a means of increasing flavonoidteotrations in
G. glabra callus cultures, and to correlate sucinarease with quantitative transcript abundanctheir encoding
genes.

MATERIALSAND METHODS

Reagents and Standards

Solvents for extraction and GC-MS analyses (methateonized water) were HPLC grade and Elicitorst@an
and Jasmonic acid were purchased from Sigma AldZicbmicals Pvt. Ltd ( Barakhamba Road, New DelAil).
other chemicals used were of analytical grade.

Plant Material
Glycyrrhiza glabraplants were collected from Jamia Humdard Univgrsilew Delhi and Forest nursery,
Faridabad.

CallusInduction

From the field grown plants, the young leaves wexeised and used for callus induction. The colekarplants

were washed thoroughly in running tap water fonfifutes. The explants were rinsed with 0.1% meccthioride

solution for 8 minutes and again washed with steatistilled water for several times. Then the erfdavere washed
with 70% alcohol for 10 seconds followed by washivith distilled water and were placed in sterilériptates for

inoculation.

Murashige and Skoog (1962) medium with various doatibns of auxins and cytokinins was used for usall
induction. The MS medium consists of macronutrientronutrients, iron source and vitamins suppletee with
sucrose (3%) as a carbon source and agar (1%3a@&dying agent. A cytokinin, 6-Benzyl amino pne (6-BAP)
and two auxins 2,4 —Diphenoxy acetic acid(2,4-0) Biaphthalene-3-acetic acid (NAA) in different centrations
were also supplemented in to the MS medium forusalhduction. Stock solution of growth hormones ever
prepared and filter sterilized using Whatman filp@per and a syringe filter. Callus cultures wer@mained on
solid MS medium and sub cultured at frequent irdksnand used for further studies.
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Elicitor preparation and treatment

Elicitation was carried out with Chitosan. The ©B#n stock solution (10mg/ml) was prepared by afdiacial
acetic acid drop wise to chitosan at 60°C for dggeof 15minutes.Then the mixture was diluted wdtvionised
water, adjusted to pbl8 and sterilized by autoclaving and the solutibfinal concentration ranging from 25mg/L
to 150mg/L was added to the cultures. For a timesm study, untreated and elicited cultures weredséed at
different time intervals (14, 21, 28, 35, 42, 49 &6 days) and then frozen immediately at -80 oCtlie next
biochemical assays. Biomass was quantified by dright. All treatments were performed in triplicate.

Extraction of Flavonoids

The Elicited and non elicited callus cultures wieagvested, shade dried and subjected to extradtiumdried calli
were pulverized to powder in a mechanical grind@ne gram of the powder was transferred into a flast
extracted with three volumes of 70% ethanol at 85¢r 4 hours with constant agitation. The extnaes filtered
and re-extracted two times under same conditioashHime the filtrate was collected in the samekfland was
partially purified using solvent separation methsd,ml of the extract was mixed with 10ml of pettain ether in a
separating funnel and the upper layer was discaegimove fatty acids, lower layer was mixed vdibthyl ether
and was shaken well, free flavonoids present inughyeer layer are retained the lower layer is exéchwith 20ml
of ethyl acetate in a separating funnel, lower fagediscarded and upper layer is hydrolyzed in H#O, boiled
for 1-2 hours and filtered. The filtrate was reragted in 10ml of ethyl acetate and the lower layas discarded;
upper layer containing flavonoid glycosides was lveaswith water until it gets neutral. Finally, ttemples were
derivatized with trimethylsilyl (TMS) to increaske volatility of studied compoundThe volume corresponding to
2 mg of the original dry weight from the each sasnplas transferred to the Teflon-lined screw-capyats and
taken for further GC-MS analysis.

GC-MSAnalysis

GC-MS analysis of the derivatized samples was pedd using GC SHIMADZU QP2018ystem and gas
chromatograph interfaced to a Magectrometer (GC-MS). The sampley(2 was injected into a RTX-5 column
(60 m x 0.25 mm internal diameter, film thicknes@5um) of GC-MS (model GC-MS-QP-2010 plus, Shimadzu
Make). Helium was used as carrier gas at a congtaloimn flow of 1.21 ml/min at 85.4 kpa inlet press
Temperature programming was maintained from 80°Q36°C with constant rise of 5°C/min and then held
isothermal at 250°C for 10 min; further the tempama was increased by 30°C/min up to 310°C andnabeld
isothermal at 320°C for 22 min. The injector and smurce temperatures were 270°C and 230°C, regplgctThe
crude extract dissolved in methanol (Chromatogragayle, Merck, India) was injected with a spligatf 1:20.
Mass spectra were taken at 70 eV; a scan intef\abeseconds and the total GC/MS running time Baminutes.

PCR analysis

Primer Design: Based on Glycyrrhiza protein seqasrar corresponding mRNA sequences published irb&dn
primer pairs for PAL, CHS, CHI and IFS genes wessigned using online software Primer 3 in biologykibench
(http://workbench.sdsc.edu). The primers were etalll by alignments with the original contigs fromlie
standard nucleotide-nucleotide BLAST search (blasthttp://www.ncbi.nim.nih.gov/BLAST/). For norniahtion
purposes of quantification of target genes expoesthe housekeeping genes (HKG) encoding actinusad. All
amplifiable products were sequenced to ensurethigatight sequence of the gene is amplified. |smhabf RNA
and Reverse Transcription and Quantitative PCRalTRNA was isolated using the RNeasy Plant Mini iitd
treated with RNase-free DNase | and reverse trdrestrto cDNA using QuantiTect Reverse Transcriptiiin
following the manufacturer's recommendations. Qitiative reverse transcription (QRT)-PCR: The reatdi (20
IL) were performed for each of the target gene famdhe HKG, actin using Mx3000P and SYBR Green @PC
master mix The PCR amplifications of the chalcone synthaseS¥ldhalcone isomerase (CHI), phenylalanine-
ammonia lyase (PAL), isoflavone synthase (IFS) actih-encoding sequences were performed with paristed
below

PAL F: 5-GCAATGGCTTGGTCCTCTTA-3'
R: 5-CCATGCAAAGCCTTGTTTCT-3
CHS F:5-GGTGCACGTGTTCTTGTTGT-3’
R: 5-GCTTGGCCCACAAGACTATC-3’
CHI F: 5-TGGAGAAGGTGATTAGGCTTG-3’
R: 5-TTTGTCATCAGCAGCCAAAC-3
IFS F:5 -GGGCCCTCAAGGACAAATA-3
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R: 5-TGCGATGGCAAGACACTAC-3
Actin F: 5-TCAAGACGAAGGATG-3’
R: 5-TTGGATTCTGGTGAT-3

RESULTSAND DISCUSSION

Callusculture

Callus initiation is the primary stage in planstig culture studies. Callus induction and growthigély determined
by the type of growth regulator, their concentnatand combination in culture medium. Various plgmwth
regulator (PGRs) treatments have been used foe tpagposes in different plant cultures [17]. Instlsitudy,
Glycyrrhiza glabraleaf explants were cultured on MS medium withetiht concentrations of NAA, 2, 4 —D alone
or in combination with BAP for callus induction. Kaus PGR concentrations used in this study prodiwatferent
types of callus morphology. The calli were yelldvard and compact in medium with 0.5mg/L BAP andtretly
soft with yellow appearance in medium containinggllmNAA where as their combination produced creaisbie
callus (Figure 1). Moreover, in MS (Murashige and®&), 1962) medium supplemented with 1 mg/L NAA and
0.5mg/L BAP, cultured explants were swollen aftee fdays of inoculation and callus initiated at thé edges
within 12 days of culture. The best result in temhpercentage of callus induction (96%), and Higbwth index
(9.86) was obtained in media containingl mg/L NA®I®.5mg/L BAP (Table 1). Therefore, this GR conatbion
can be reported to be effective in producing rapjatoliferating friable callus irG.glabraleaf explants and the
same was used in further studies.

Table 1. Effect of different concentrationsand combinations of Plant growth hor mones explants on callusinduction from Glycyrrhiza
glabraleaf explantson M S medium

PLANT GROWTH HORMONE

CONCENTRATIONS (mg/L) CALLUS
) PSRN Growth
NAA 24-D BAP Induction (%) Index (GI)
0 0 05 0 -
0 0 1 244098  569+145
05 0 0 214121  6.03+0.98
1 0 0 36+1.65  687+216
0 05 0 0 -
0 1 0 0 -
05 0 05 83+3.12  8.61+3.78
1 0 0 96+3.8  9.86+3.5(
15 0 05 89+299  7.17+2.98
2 0 05 774356  7.98+1.99
0 0 1 62+2¢  595+0.8
0 05 05 114019  587+1.54
0 1 05 8 +0.11 458+1.2
1 0 1 0 -
2 1 1 0 .

Values represent means +standard deviation (S5D20 cultures per treatment
Induction % =No. of explants initiating Calli / Total numberefplants inoculated x 100
Gl= (Final dry weight-initial dry weight) / initiadry weight
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Figure 1. Callusinduction in M'S medium supplemented with Img/L NAA and 0.5 mg/L BAP. A. During inoculation B. after 2weeks C.
After 3weeks D. After 4 weeks E. after 5weeksand F. after 6 weeks

Elicitation

Callus was sub-cultured 3 times on the same frestiiansupplemented with 0.5mg/L BAP and 1mg/L NAA fo
inducement before sub-culturing on the medium dointg different concentrations of biotic elicitaChitosan. The
effect of different concentrations of elicitors and flavonoid contents were investigated.

Samples were prepared from control callus as wellfram the ones subjected to elicitation with diffet
concentrations of Chitosan. The samples obtainech fthe control and treated callus cultures with aimum
growth index were submitted for GC-MS analysis. [lagte GC-MS analysis were performed for each sanobl
chitosan time-course and were analyzed for peak ea€iation associated with replicate analysissTariability
was less than 3% for majority of the metabolited anly 10% of peaks varied by more than 5%. Basethese
results single GC-MS analysis was performed allssegbent samples. However, biological triplicatesewstill
utilized and triplicate instrumental analysis ofdiwvidual biological replicates were performed onmgées
throughout each time-course to provide an estiroBitestrumental variability.

The high resolution MS analysis helped to establigh flavonoid composition present in the sampled to
determine the effect of chitosan on the flavonadtent. The respective flavonoids were identifiedtloe basis of
their RT and the respective mass spectra matchitihgawthentic compounds. Identifications were farthonfirmed
through spectral matching against the Nationalituitst of Standards and Technology (NIST) librariir@e major
flavonoids namely Licoisoflavone B, , LicochalcoeLiquirtigenin identified in the treated and uedited samples
of Glycyrrhiza glabracallus were taken into consideration for this gtadd their response to elicitor concentration
and time course was observed.

Elicitor induced accumulation of secondary metabslis of great importance because of its abititintprove the
productivity of the plant cell systems significantOur results show thas.glabra callus cultures showed a dose
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dependent response for flavonoid production oritetitreatment. As shown in figure 1, a linear gase in levels
of Licoisoflavone B was observed at maximum Grownttlex of callus, as an effect of chitosan treatmeith
increase in concentration from 25mg/L up to 150lmgdhe most dramatic effect of elicitation by clhiém was
shown by Licochalcone and Liquirtigenin. Their lefiest decreased and then increased by approxignats folds
on elicitation. Licoisoflavone B elicitation was mtumore pronounced with even lower concentraticGam@L) of
Chitosan and a 9.83 fold increase in the contemitddoe observed. This was followed by a moderateease with
increasing concentrations of Chitosan culminatimtg 36.72 Fold increase in Licoisoflavone B contehich was
the highest among other compounds.

16

M Licoisoflavone B

Peak Area %

M Licochalcone A

Liquirtigenin

Chitosan concentration (mg/L)

Figure 2. Effect of Chitosan treatmentson Licoisoflavone B, Licochalcone & Liquirtigenin Contentsat maximum growth index

At Chitosan concentrations higher than 150mg/L, shevival rate of callus was very poor. Either tbells
deteriorated soon after 2-3 weeks of treatmenh@rreiplants didn’t respond at all. Therefore furtiealysis could
not be done in cultures treated with higher comegion of elicitor. The response of elicitationdispendent on the
growth period of cell culture as well as on theadion of exposure of elicitor which affects the qitative response
and product accumulation pattern in general. Ce#tdreated with 150mg/L of chitosan showed maximesponse
in terms of flavonoid content.

The time course followed for the elicitation of $isecompounds at 150 mg/L chitosan is shown in EiguPeak
areas were normalized by dividing each peak aré@evay mean peak area for that compound, with égwcé

course treated independently. It revealed thabttset of the accumulation of these compounds wasreed after
14 days and a maximum response directed to thenhesist of flavonoids licochalcone A, liquirtigenimca
licoisoflavone B was recorded after 49 days. Furtinerease in incubation period significantly reddctheir
accumulation. This may be due to the fact that éorgicitor contact leads to disturbances in celtnpeability,

osmotic condition, and changes in membrane potda8é Licoisoflavone B was found in much incredssemounts
at all studied time points in comparison to thobsesved in control which showed that chitosan nedftiently

enhanced the levels of licoisoflavone B as comptovedher flavonoids.
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Figure 3. Time cour se analysis of response of selected flavonoids a) L icoisoflavone B, b) Licochlcone, ¢) Licochalcone to dlicitation with
chitosan

Analysis of plant reactions during elicitation witlifferent biotic/abiotic elicitors may indicate ath different
reactions at various molecular levels (RNAs, Pritgind SM) are developed in studied plants. Thesgtions may
differ in various plants due to numerous defensehaeisms developed by plants during their evolutin
perception and recognition levels of natural praslgignaling the stress reaction. That is why #&ponse of
G.glabracallus to elicitation with defined elicitors mayblve expression of various proteins and furthyetisesis
of different secondary metabolites, due to actoratdf different enzymes in metabolic pathways. Ttiction of
phenylpropanoids, such as isoflavones and phyt&gein response to bacterial and fungal infectiaaswell as
elicitors of biological origin has been studied alatumented for a few plant model systems [19-2Bg majority
of these findings were derived from single genelistu and global gene expression studies [23-27hito€an
originating from cell walls of fungi or from marinerganisms has been also reported to elicit a tyagkedefense
reactions in higher plants, including the stimuaatof enzymes and the accumulation of phytoalejdfs31].
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Phenylalanine

Phenylalanine ammonia- lyase
(PAL)

Trans-cinnamate

Cinnamate 4-hydrolase

4-Coumarate

4-Coumarate co-enzyme A

Chalcone synthase Coumaroyl- Co-A 1000 voductase

(CHS) (o
Licochalcone A, Chalcone Iso liquirtigenin

\L Chalcone isomerase J/

(CHI)
(2S) Flavonones Liquirtigenin

\L Isoflavone synthase

(IFS)
Licoisoflavone B 2-hydroxy isoflavonones

Figure4. A proposed diagram of the phenyl propanoid pathway, with the key enzymesinvolved in the synthesis of flavonoids

Despite these advances, very little has been meganh gene activities of enzymes of the pathwagliteato the
synthesis of flavonoids mainly flavones and isoflia® in response to chitosan [32-34]. Thereforejriaction of
expression of genes involved in flavonoid biosysthepathway. i,e genes encoding enzymes at keycthntrol
points (i.e.,PAL, CHSandCHI) and at a branch-point enzyme in isoflavone bitisgsis (i.e.]FS) in Glycyrhiza
callus cultures following chitosan treatments waslied here in.

Limited genomic information on Glycyrrhiza glabestricts its research and thus biosynthetic meshanbf many
of its phytochemicals are still poorly understodtierefore the gene expression studies of the ereyveee carried
out based on the mRNA sequence data of phenyl poigpp&nzymes of Glycyrrhiza uralensis availablgémbank
as it is a licorice plant closely related to Glytyrza glabra Changes in the transcription genes responsibléhtor
key enzymes participating in flavonoid biosynthgs@éhway in response to chitosan treatment (150mgkre
studied at two different time points. The transtioip of the studied genes was monitored after 42 4t days of
elicitor treatment. Significant differences in thegpression patterns of different genes were obdervigiures 5,
demonstrates the relative transcript levels of PEBHS, CHI and IFS gene expression. From the g&peession
profiling it was observed that the expression of SCHCHI and IFS was up regulated by Chitosan treatme
However, greatest response was observed in thessipn of IFS as compared to others. ExpressidhAbf was
neither increased nor decreased on treatment Wwitbsan and remained at the the same level.

Isoflavone synthase is a key enzyme in the syrghesisoflavones and defense-inducible phytoalexktigher
accumulation ofFS after elicitation with chitosan supports previdusding that these genes are highly induced in
Fabaceae plants in response to biotic stress 433 36]. Induction of a key checkpoint enzymeha phenyl
propanoid pathway (i.eCHS in response to a pathogen has also been repometbusly in many plant systems
[37,38]. Ferri et al. [39] have reported the uptagan of CHI and CHS transcript expression levalsd
accumulation of the flavonoid anthocyanins in rem@oto chitosan treatmenResults obtained througbene
expression analysis can be well correlated withrésellts obtained through time course analysis ariith those
showing the effect of chitosan, where in the insesbexpression of genes CHS,CHI, IFS was foundeto
proportional to accumulation of their correspondilayonoid end products, which was in the ordecoisoflavone
(IFS)> Chalcones (CHS)Liquirtigenin (CHI).
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Figure5. Relativetranscript level ratio of PAL, CHS, CHI, and IFS at selected time cour se of chitosan treatment. (Analyseswere
performed by real-time quantitative polymer ase chain reaction. Transcriptslevels wer e calculated by using the standard curve method
from triplicate data, with actin geneasinternal control. Results are mean standard deviations of three experiments).

On the basis of these data we can conclude thatthagatory mechanisms of @abra callus cells activated during
chitosan treatment might involve the induction séflavone biosynthesis pathaway. When chitosarujplged
exogenously, the interaction between the chitodmyosaccharins and receptors located in plant me&inbranes
activate a cascade of reactions that results inmagtation of many secondary metabolites. Chitosmeptors were
identified [40] but the signaling pathaway from th&nt at which oligosaccharin contacts the ceffate to that at
which the final response is realized is not yetficored. Amborabe and coworkers (2008) have invastid the
early events induced by chitosan in plant cellsvds found that chitosan triggers, in a dose degrgnchanner, the
rapid transient depolarization of cell membranenv@ibnsequent modification of the proton fluxes attdration of
the cell permeability with the plasma membrarieATPase as primary site of action. However, thgasiaccharin
receptor seems to be followed by an unknown step iththought to activate more than one defenspores,
among which specific gene transcription activitiest lead to synthesis of phenylpropanoid enzymes.

CONCLUSION

In conclusion, It can be said that the enhancedession of IFS as compared to other phenyl proghanzyme
genes (CHS, CHI, PAL) suggests that chitosan upaées specific target branches of phenyl propampaithway
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leading to isoflavone synthesis and is a suitalitdt@ for enhancement of Chalcones, Liquirtigersind most
importantly Licoisoflavone B.
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