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Abstract Increasing world sugar demand might be
fulfilled with land extensification which include the use of
dry area. Development of drought tolerance and high
productivity sugarcane variety could be achieved by
plant genetic engineering. Under drought condition,
proline will be accumulated and functioned as an
osmoregulator in plant. A'-pyrroline-5-carboxylate
synthase (P5CS) is one of the important enzymes in
proline biosynthesis. This enzyme is encoded by P5CS
gene family. We cloned two homologous P5CS genes
from sugarcane, SoP5CS71 (Accession Number :
KF178299) and SoP5CS2 (Accession Number :
KF178300), which encode 729 and 716 amino acid
polypeptides. The identity between these two genes was
74% based on nucleotide sequences. The SoP5CS1
gene had 98% identity with SbP5CS1 (Accession
Number : GQ377719.1) and SoP5CS2 had 99% identity
with SaP5CS (Accession Number : EF113257.1). In this
experiment, sugarcane plantlets were exposed to
medium containing PEG 6000 (40%) for 12, 24, 48, and
72 hours. Proline concentration was measured after
treatment and genes expression were analyzed by real
time-gPCR. The results showed that the proline
concentration was increased 12 folds (9.8 umol.g™) after
48-hours stress treatment. The highest expression of
SoP5CS1 occured at 24-hours treatment with
approximately 16 times from plant without PEG (control
plant) and decreased gradually at 48 and 72 hours
treatment. The highest expression of SoP5CS2 occured
at 24-hours drought stress with approximately 3.6 folds
compared to control. In drought treatment, the expression
level SoP5CS1 was higher than SoP5CS2 and has
increased significantly at 12-hours treatment. It is
suggested that the SoP5CS71 gene contributes more
significantly to the production of proline during drought
stress than SoP5CS2. Hence, SoP5CS 1 could potentialy
be used as a marker to screen sugarcane variety for
drought tolerance and for the development of transgenic
plant tolerant to drought.

Keywords: cloning, drought, expression, P5CS,
sugarcane
Introduction

Sugarcane is mainly used as raw material for sugar and
bioethanol production. This crop productivity and growth

has been influenced by enviromental factors such as
climate and soil condition. Drought and salinity could
decrease sugarcane productivity and growth (Silva et al.,
2011). In contrast, the use of marginal and barren land for
crop plantation is needed to fulfill high world sugar
demand. Research to improve plant stress tolerance is
crucial to boost the sugarcane productivity and extend its
range. Plant genetic engineering is one of the potential
methods forimproving plant quality.

Proline accumulation is an adaptive response when
plants are exposed to abiotic stresses. Proline acts as
osmotic adjustment and osmoprotectant which function
to maintain homeostasis condition, stabilize cell
structure, and prevent protein degradation (Verbruggen
and Hermans, 2006; Taiz and Zeiger, 2006). Glutamate
(Glu) and ornithine (Orn) are the proline precursors
(Verbruggen and Hermans, 2006; Roosens et al., 1998).
Glutamate pathway is the main route for proline
biosynthesis during abiotic stresses. In glutamate
pathway, proline is synthesized from glutamate via y-
glutamic semialdehyde (GSA) and A'-pyrroline-5-
carboxylate. This process is catalyzed by two enzymes,
A'-pyrroline-5-carboxylate synthethase (P5CS) and A'-
pyrroline-5-carboxylate reductase (P5CR) (Verbruggen
and Hermans, 2008; Hare and Cress, 1997; Kishor et al.,
2005).

P5CS, a rate-limiting enzyme, plays an important role in
proline biosynthesis. P5CS is a bifunctional enzyme that
exhibits y-glutamyl kinase and glutamic-y-semialdehyde
dehydrogenase activities. This enzyme is encoded by
two homologous P5CS genes (Verbruggen and
Hermans, 2008; Hare and Cress, 1997; Kishor et al.,
2005). The P5CS genes had been cloned and
characterized from several plants such as Arabidopsis
thaliana (Savolre et al., 1995), Solanum licopersicum
(Fujita et al., 1998), Oryza sativa (lgarashi et al., 1997;
Hur et al., 2004; Zhu et al., 1998), and Sorghum bicolor
(Su et al.,, 2011). In some species, these genes showed
different expression patterns. Both of P5CS genes had
different functions in plant development stage and stress
response (Verbruggen and Hermans, 2008).

In A. thaliana, the expression of AtP5CS 1 was induced by
drought and salt stress while AtP5CS2 was ubiquitously
expressed in dividing and differentiating cells (Savoure et
al., 1995). S. licopersicum had two closely related P5CS
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genes, tomPRO1 and tomPRO2. The expression of
tomPRO1 was induced by salt stress, whilst the
tomPRQO2 transcript was undetectable (Fujita et al.,
1998). In O.sativa, OsP5CS1 gene was a housekeeping
gene, while OsP5CS2 was induced by salt, drought, and
cold stress (lgarashi et al., 1997; Hur et al., 2004; Zhu et
al., 1998). In S. bicolor, the SbP5CS1 transcript was
significantly up-regulated under abiotic stress while the
SbP5CS2 was a housekeeping gene which function in
proline biosynthesis under normal condition (Su et al.,
2011). Previous study showed that overexpression of
VaP5CSfrom Vigna aconitifolia increased stress
tolerance and proline content on transgenic tobacco
(Kishoretal.,1995).

This study aims to clone and characterize two
homologous P5CS genes and find the more potential
canditate gene that might be used to improve drought
tolerance in sugarcane. In this research, two homologous
P5CS genes had been cloned from sugarcane followed
by its characterization using bioinformatic analysis. We
studied the expression pattern of SoP5CS genes during
drought stress and demonstrated its relation with proline
accumulation to find the more potential candidate among
those genes for sugarcane genetic engineering.

Material and Method
Plants materials and drought stress treatment

For cloning and full-length isolation of SoP5CS7 and
SoP5CS2 genes, five month old after acclimatization of
sugarcanes plants of PSJT 941 variety were not watered
in seven days in order to simulate drought conditions. The
sugarcanes were planted in polybags containing a
mixture of soil, sand and manure. The control plants were
watered until sampled

Three-month old sugarcane planlets were used for
expression study of SoP5CS71 and SoP5CS2 genes
under drought stress and proline measurement. The
planlets were incubated in [MS+PEG] medium in 12, 24,
48, and 72 hours in order to simulate drought stress. We
used PEG 6000 with 40% (w/v) concentration. For
control, the planlets were incubated in MS medium in 12,
24, 48, and 72 hours. The leaf samples were collected
after incubation with three biological replicates for each
treatment.

Isolation of total RNA and cDNA synthesis

Total RNA was extracted from leaf samples using Total
RNA (plant) Isolation Kit Geneaid following
manufacturer's intruction. cDNA was synthesized using
Revert-Aid cDNA synthesis Kit (Fermentas) and Super
Script Il cDNA Synthesis Kit Invitrogen according to the
manufacturer's instruction.

Cloning of SoP5CS1 and SoP5CS2 genes
We used two different primer pairs (P5CS1-F: 5'-

24

GAGCCACTTAGCGAGGAAG-3';P5CS1-R: 5'-
GGTCCTTCTGCTTGTTACGA-3'; P5CS2-F: 5'-
AGAGGGGAGACCGAA GACCAGGAG-3'; P5CS2-R:
5'-TACAGAATGAACCACCAGAATGAT-3") in order to
clone the SoP5CS1 and SoP5CS2 genes from
sugarcane. Primers were designed using Primer3
(www.frodo.wit.mit.edu). Primer P5CS1-F and P5CS1-R
were designed based on EST database number T20007 :
9719 from KEGG (Kyoto Encyclopedia of Genes and
Genomes) and nucleotide sequence of SbP5CS1 gene
(Genbank Accession Number : GQ377719.1). Primer
P5CS2-F and P5CS2-R were designed based on
SoP5CS (Genbank Accession Number : EF155655.1).
The 50 uL PCR mixture contained 2 uL (250 ng) cDNA,
0.2 mM dNTP, 0.5 uM primers, 5 uL 10X KAPA2G GC
Buffer (contained 1.5 mM MgCl,), and 1 unit KAPA2G
Robust Hotstart DNA Polymerase. We used touchdown
PCR program that was set as followed: initial
denaturation at 95°C for 5 minutes, 10 cycles of 95°C for
30 s, 60°C for 30 s, 72 °C for 3 minutes, 10 cycles of
touchdown program (95°C in 30 s, annealing temperature
between 60°C to 50°C in 30 s, 72 in 3 minutes), 10 cycles
for 95°C for 30 s, 50°C for 30 s, 72°C for 3 minutes,
folllowed by final extension of 72°C for 7 minutes. PCR
were done using Veriti Thermal Cycler Applied
Biosystem. The fragment of SoP5CS1 gene was cloned
to pGEM-T easy vector (Promega) while fragment of
SoP5CS2 gene was cloned to pJET 1.2/blunt vector
(Fermentas) then transformed to E.coli DH5 competent
cells. The positive recombinant plasmids were subjected
for sequencing.

Bioinformatics

We used several bioinformatic analysis methods in order
to analyze the sequences and predict the P5CS proteins.
Homology analysis of SoP5CS nucleotide sequence was
done using BLASTn. Multiple sequence alignment was
made by ClustalW. Phylogenetic trees were made using
clustalX and MEGAS5 using Neighbor-Joining method.
Amino acid sequences of SoP5CS protein were
predicted using Bioedit. In order to predict SoP5CS
proteins celular localization, we used TargetP and
ProtComp from Softberry (www.softberry.com).

Real time quantitative PCR (RT-qPCR) analysis

RT-qPCR was used for expression analysis. The 20 uL
RT-gPCR mixture contained 10 uL 2X Power Sybr Green
(Applied Biosystem), 0.1 uM primers, and 2 uL cDNA
template. We used different pairs of primer for each gene.
For GAPDH gene, we used GAPDH-F (5'-
TGCACCCATGTT CGTTGT-3") and GAPDH-R : 5'-
CCATCAACAGTCTTCTGGGT-3'. SoP5CS-spesific
primers were used as followed : (P5CSA-F: 5'-
GAGCCACTTAGCGAGGAAG-3' ; P5CSA-R: 5'-
TTCTGCCCAGTG ACAACAG-3") for SoP5CS1 and
(P5CSB-F: 5'-GGAGACCGAAGACCAGGA-3' and
P5CSB-R: 5-TCACAATGATCACCTCGTACC-3") for
SoP5CS2. We used relative quantitative Real Time PCR

Hayati Minarsih Iskandar, Dwiyantari Widyaningrum, Sony Suhandono
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program that was set as followed : initial denaturation at
95°Cin 10 minutes, 40 cycle of RT-gPCR (95°C in 15s and
57°C in 15s), followed by melt curve program with
different melting temperature (ATm = 0.3°C) at every
cycle from 60°C to 90°C. Real time qPCR were done
using Applied Biosystem Step One Plus Real Time PCR.

In RT-gPCR, we did three technical replicates for each
genes. The relative expression ratio of SoP5CS71 and
SoP5CS2 gene were calculated with pfaffl method (Pfaffl,
2001). The Pfaffl method was used because of the
efficiency of the GAPDH primers as gene reference, was
different with the efficiency of P5CS1 and P5CS2
primers. The efficiency of GAPDH, P5CS1, and P5CS2
primerswere 1.8,2.11,and 2.0.

Proline determination

Free proline was extracted and calculated using Bates
(1973) method: 0.5 gram fresh leaves was homogenized
in 10 mL of 3% sulfosalicylic acid. The homogenate was
sentrifuged to separate supernatant (filtrate) and solid
molecul. 2 mL of filtate was reacted with 2 mL acid-
ninhidrin and 2 mL glacial acetic acid. The mixtures were
boiled in 100°C for 1 hour, kept on ice, and then were
extracted using 4 mL toluene. Proline absorbance was
measured using Life Science Spectrophotometer at
A 520 nm.

Proline concentration was calculated using equation (i) :
v =0,0051x — 0,0201

y = OD,,,; * = proline concentration (uM). The equation
was based on proline standard curve with R*=0.9987.

We continued to measure proline concentration using
equation (ii) based on Bates (1973):

(ug proline /mi x ml toluen) f 115,5 ug fumole] umole proline

[(gr sample) /5] B g of fresh weight material

Results
Sequence Analysis and Phylogenetic Tree

Two sugarcane P5CS genes were isolated from 5' UTR to
3' UTR region by RT-PCR and registered in NCBI
(Genebank Accession Number : KF178299 and
Genebank Accession Number : KF178300). The
SoP5CS1 and SoP5CS2 encoded 716 and 729 amino
acid polypeptides which was predicted would be located
in cytoplasm. Sequence analysis showed that SoP5CS1
shared 75.6% identity in nucleotide sequences and
shared 75.7% similarity protein sequences with
SoP5CS2. BLASTnN results showed that SoP5CS1
shared 96% similarity with SbP5CS1 (Genebank
Accession Number : GQ377719.1; protein id :

Cloning and Characterization of P5CS1 and P5CS2 Genes from..........

ACU6B5226) while SoP5CS2 had 98% identity with
SoP5CS (Genebank Accession Number : EF155655),
98% identity with SaP5CS (Genebank Accession
Number : EU113257), and 93% identity with SbP5CS2
(Genebank Accession Number: GQ377720).

The two SoP5CS protein sequences were aligned with
AtP5CS, OsP5CS, and SbP5CS. Multiple sequence
alignment result (Figure 1) showed that both of SoP5CS
protein sequences had conserved regions such as ATP
binding site, glutamate-5-kinase (G5K) domain,
NAD(P)H binding site, putative leucine zipper domain,
and glutamate semialdehyde dehydrogenase (GSA-DH)
domain. The conserved Phe (F) residue also found in
SoP5CS1 (position 141) and SoP5CS2 (position 128)
protein sequence. The residue was functioned in proline
feedback inhibition regulation (Hong et al., 2000).

Phylogenetic tree (Figure 2) was made based on the
P5CS protein sequences in order to study the
evolutionary relationship. It was constructed by ClustalX
and MEGAS5 using NJ method with 1000 bootstraps. It
shows that there were two clusters separating monocots
and dicots of P5CS protein. Two SoP5CS proteins are
located within the monocot cluster. However, these
proteins were in different sub-clusters which divided
monocot P5CS1 and P5CS2. The SoP5CS1 shared
homology with SbP5CS1, ZmP5CS, and OsP5CS2 while
SoP5CS2 is similarto SoP5CS, SaP5CS, and SbP5CS2.

Expression Analysis

Real time quantitative PCR (RT-gPCR) was performed in
order to analyze the expression of SoP5CS171 and
SoP5CS2 genes during drought stress. The expression
of SoP5CS genes on drought treatment plants were
compared to control plant. Both genes were induced by
drought stress. The expression of SoP5CS1 were
increased significantly up to 11 folds at 12-hours drought
treatment then continously increased to achive the
highest ratio, 16 folds, at 24-hours treatment. However,
SoP5CS1 transcript gradually decreased to 13 folds and
10 folds at 48-hours and 72 hours drought treatment
(Figure 3a.).

The expression of SoP5CS2 did not significantly increase
during drought stress. SoP5CS2 transcript was induced
to achieve the highest ratio, 3.3 folds, at 24-hours drought
stress. The expression of SOP5CS2 transcript was down-
regulated to 1.4 folds at 48-hours drought stress. The
gene expression was increased again up to 2.8 folds at
72-hours treatment (Figure 3b.). The expression of
SoP5CS1 was compared to SoP5CS2 of treated plant
during drought condition (Figure 4). Hence, the
expression of SoP5CS17 was significantly higher than
SoP5CS2. The expression pattern of SoP5CS genes
were similarto SbP5CS genes.
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S0P5CS1 MGRGGIGGS AGMTMENADSARAFVKDVKR L T TKVGTAVVTGONGRLAMDRLGS L CEQVKQLNFQGYEVILVTISGAVGVGROR,
SbPSCS1 MGRGGIGGA VGMAMENADSARAFVKDVKR I TRVGTAVVTGONGRLAMGGLGS L CEQVHQLNFQGYEVILVTISGAVGVGROR
DsPSCS2 MGRGAIGGAGLYAAVAKADVENTDSTRGEVEDVKR L I TKVGTAVVTGENGRLAMGRLGAL CEQVKQLNFEGYEVI LVTISGAVGVGRQR
SOPSCS2 = mmmmmmm e mmmmn MATADRTRAFMKDVERY I IXVGTAVVT RHDGALALGRLGAL CEQVKELNALGYEV I IVIISGAVGVGKDR
SbPSCS2 - -—--—--—-—-—-———--MATADRTESFMEDVKRY I IXVGTAVVT RHDGRLALGALGAL CEQVKELNALGYEV I IVIISGAVGVGKOR

QYRKLIHSSFADLONEQMNFDGKACARVGQS 114
QYRKLIHSSEADLONPQMNEDGKACAAVGOS 114
KYEKLVNSSFADLQNEQMDMDGRACAAVGOS 120
KYRKLVNSSFADLOKPQMELDGKACAAVGOS 101
KYRELVNSSFADLOKPOMELDGKACRAVGRS 101

0sP5CS1 MASYDPSRSFVRDVKRVI IKVGTAVVSRODGRLALGRVGAL CEQVKELNSLGYEVILVTSGAVGVGRORLA YRKLVNSSFADLOKPQMELDGKACARVGES 101
AtP5CS1 MEELDRSRAFARDVER IVVEVGTAVVTGKGGALALGRLGAL CEQLAELNSDGFEV I LVSSGAVGLGRORLA YRQLVNSSFADLOKPOTELDGKACAGYGES 101
BtP5C52 MTEIDRS R AR AR DVEE IVVKVGTAVV TG GGRLALGRLGAT CEQLARLNS DAFEV LY S5 GAVGLGRORLR YROLVNSSFADLOKEOMELDGHACAGYGOS 101

ATP Binding Site

JDSWLWLLIMSW‘EGLE’Sé?SDP‘QS KIIHTYVNERK 234
SLAALLAAELNADLLIMLSDVEGLYSGPPSDPQSKTIHTYVNEK 234
DSLARLLAQELX¥ADLLIMLSDVEGLYSGPPSDPQSKITHTYVHEQ 240
{DSLAGLLATELXADLLVLLSDVDGLYNGPPSEPQSKIIHTYIKEK 221
DSLAGLLAIELKADLLVLLSDVDGLYSGRPSEPQSKIIHTYIXEK 221
DSLAGLLALELXADLLILLSDVDGLYSGPESERSSHIIHTYIKEK 221
DSLAALLALELKADLLILLSDVEGLYTGPPSDPNSKLIHTFVKEK 221
DSLAALLSLEL¥ADLLILLSDVEGLYTGPESDSTSKLIATEIXEK 221

Inhibition Leu Zipper Domain
residu

SoP5CS1 GLMAIYDTLFSQLDVISSQLLVTDR
SbPSCS1 GLMAICDTLESQLOVTSSQLLVIDRD
0sPSCS2 VLMAIYDTLFSQLDVTSSQLLVTDRL
SoPSCS2 GLMALYDMLFTQLDVSSSQLLVTDSH
SbPECS2 GLMALYDMLETQLOVSSSQLLVTDS
0sP5CS1 GLMALYDMLENQLDVSSSQLLVTDS
AtP5CS1 SLMAYYETMFDQLDVTARQLLVNDS
AtP5CS2 SIMAYYETMFDQLDVIVAQMLVTDS

PSFGDOLRETVEPLLNLEVIPLENENDAIST RROPYEDSSGIFY
\DPSEGDOLRETVEALLNLEVI PLENENDAIST RROSDEDSSGVED
PSFGNQLRETVNSLLDLEVIFVENENDRIST RRQPYEDSSGIED
{ENFRERLRETVESLLDLKVVPIFNENDAIST REAPYEDSSGIFR
VPNFRERLRETVESLLDLEVVPIFNENDAIST RKAPYEDSSGI
NPKFREQLTETVESLLDLEVIPIFNENDAIST REAPYEDSSGIFW
DKDFRKQLNETVKSMLDLRVIPIFNENDAIST RRAPYQDSSGIFW
KDFRKQLSETVHAMLRMRVI PVENENDAIST RRAPYKDSTGIFW

SoP5CS1 HGHLISFGEMENVGHGGMOAXVAATANARSEK
SbP5CS1 HGHLISFGEHENVGRGEMOAKVARARNAASH
0sP5CS2 HGKLISFGEXPRVGRGGMOAXVARAFTASSHGI
SoP5CS2 HHNEITFGDKSRVGRGGMTAKVKAAFVASNS
5bP5CS2 HHNEITFGDKBRVRRGGMTAXVKAAFVASNSGT
QsP5C51 HOQEITFGDKBRVGRGGMTAKVERAVLASHS
AtP5cS1 HODEITFGDKSRLGRGEMTAXVXARVNARYAGI
AtPSCS2 HQDEITFGE%KZG?.GGHT&.WWM‘I

Glu-5-Kinase Domain

TASGFATDSIIKVLKGEXIGTLEH NEANLWECSKEATAREMAVAARDCSRALGKLSSEERHKILLDIADALEANEDATRSENER 354
TASGFATDSIIMVLEGEXIGTLFH NEANLWECSKEATAREMAVAARDCSRRLOLSPDERKKILLDIADALEANEGAIRSENER 354
TASGFAIDSIIXVMEGEKIGTLFH REANQWGCSKEATAREMAVAARDCSRHLONLSSEERKKILLDIADALEANEDLITSENDR 360
VVITSGFASQSILRVLOGEKIGTLFH KDASLWEPSKDVSAREMAVSARECSRRALONLSSDERKKILLDVADALEENEDLIKTENER 341
ITR-FASQSIVRVLOGEKIGTLFH KDASLWEPSKDV SAREMALGARESSRRLONLSSDERKKILLDVADALEENVDLIRTENET 340
ITSGFENRSILEVLHGEKIGTLFH KNANLWESSKDVSTREMAVAARDCSRHLONLSSEERKKILLDVADALEANEDLIRSENER 341
1ITSGYSAENIDKVLRGLRVGTLFH QDARLWARITDSNARDMAVAARE SSRXLOALSSEDRKKILLDIADALEANVTTIKAENEL 341
IITSGYAAENISKVLRGLRVGTLEH QDAHLRAPVVDTTSROMAVAARE SSRXLOALSSEDRKQILHDIANALEVNEKTIKAENDL 341

SoP5CS1 DVERAQAAGYEKSLVARMILXPGKITNLARSICAIADMEDPISHTLKRTEVAKDLVEEXA YCPLGVLLI IFESRPDALVQIASLAIRSSNGLLIKGGXEAMRSNT ILHKVITGVIFDIVE 474
SbP5CS1 DVERAQGAGYEKSLVARMTLKPGEITNLARSIRAIADMEDPISHTLKRTEVAKDLVFEXA YCPLGVLLIIFESREDALVOIASLAIRYSNGLLLYGGKEAMRSNATILHKVEITGVIEDIVG 474
0sP5C52 DLDLAQDIGYDKSLVARMTIXPGKIKSLAGSIREIADMEDPISHTLXRTEVAKDLVFERT YCPLGVLLIIFESRPDALVQIASLAIRGSNGLLLKGGKEAMRSNT ILHKVITGAIEDVVG 480
SoP5CS2 DVAARQDAGYERSLIARLTLXFGEIASLVKSIRTLAHMEDEINQILKRTEVAEDLVLEKT SCPLGVLLIVFESREDALVQIASLATRYSNGLLLKGGKEAMRSNTVLHKVITGAIPSHVG 461
SbP5C52 DVSAAQEAGYEPSLVARLTLKPGKIASLAKSIRTLAYMEDPINQIIRRTEVAEDLVLEKT SCPLGVLLIVFESRPDALVQIASLAI RYNGLLLKGGKEAMRSNTILHXVITSAIPSNVG 460
0sP5C51 DVARAQVAGYEKELVARLTIKPGKIASLAKSIRTLANMEDPINQILXKTEVADDLVLEKT SCPLGVLLIVFESRPDALVQIASLAIRSNGLLLYGGKERIRSNTILHKVITDAIRENVG 461
AtP5CS1 DVASAQEAGLEESMVARLVMIPGKISSLAASVRXLADMEDPIGRVLKKTEVADGLVLEXT SSPLGVLLIVFESREDALVOIASLATIRYNGLLLEGGKEARRSNAILHKVITDAIPETVE 451
AtPSCS2 DVARAQERGYEESLVARLVMKPGHISSLAASVRQLAEMEDE IGRVLEKTQVADDLILEXT SSPIGVLLIVFESREDALVOIASLATRYGNGLLLEGGKEARRSNATLHEVITDAIRETVG 461

NADI(P]H Binding Site

SoPSCS] KELIGHVTSKDEIADLLALDDVIDLVIPRGSXNLVSQIKATTKIPVLGHADGICHVYIDK SADMDMAKRIVLDAXVDYPARCNAMETLLVHXDLNKGEEGLDDLLVELEXKEGVVIYGGEVA 594
SbPSCS] HELIGHVTSKDEIADLLALDDVIDLVIPRGSKNLVSQIKATTXIFVLGHAGGICHVYIDK SADMIMAKRIVLGAKVDYPARCNAMETLLVHXDLNKBEGLDDLLVELEXEGVVIYGGEVA 594
0sP5CS2 KHLIGLWENKDEIADLLKLDDVIDLVIPRGSNKLVSQIXRATKIPVLGHADGICHVYIDK SADMDMAXRIVLDAKVDYEAARCNAMETLLVAKDLNRITEGLDDLLVELEKEGVVIYGGEVA €00
SoPSCS2 EXLIGLVTSEDEIADLLELDDVIDLVIPRGSNHLVSQIKTSTXIPVLGHADGICHVYIDK SADMNMAKETVMNAKIDYEARCNAMETLLVRKDLIKRPGLEDLLLSLKTEGVTLYGGEVA 581
SbP5C52 EXLIGLNTSRDEIADLLKLDDVIDLVIPRGSNKLVSQIKSSTKIPVLGHADGICHVYIDK SADMNMAKRIVLDAKIDHPAACNAMETLLVHKDLINKPGLDDLLLALKTEGVATYGGEVA 580
03P5CS1 ERLIGLVTTRDEIADLLKLDDVIDLVI PRGSNKLVSQIKASTKIPVLGHADGICHVYIDX SADMDMAXLIVMDAKTDYPAACNAMET LLVAKDIMKEPGLODILVALKTEGVNIYGGPIA 581
AtPSCS1 GELIGLNTSREEIPDLLKLDDVIDLVIPRGSNMLVTQIXNTTKIPVL-—DGICHVYVDK ACDTDMAKRIVSDAKLDYPARCNAMETLLVHKDLECNAVLNELIFALOSNGVTLYGGERR 578
AtPS5CS2 GELIGLNTSREEIPDLLELDDVIDLVIPRGSNKLYSQIXNSTKIPVLGHADGICHVYVDK SGHLDMAKRIVSDAKLDYPAACNAMETLLVHKDLECNGFLDDLIYVLOTHGVTLYGGERA 581

Leu Zipper Domain
SoPSCS1 HVDSFRHEYSSMACTLEFVDDVOSAI DHINRYGSAHTDCI ITTDESAAERFLD QVDSAAVHRNASTRFCDGARFGLGAEVGISTGRIHARGEV! LLTTRCILRGSGQVVN 714
ShP5CS1 KVDSFRHEYSSMACTLEFVDDVQSAIDHINRYGSAHTDCIITTDESARERFLD QWSMﬁ%E::STRFCDSTPFGLGAEVGI STGRIHARGEVGVDELLTTRCILRGSGQVVY 714
0sPSCS2 (L PEVDSFHAEYNSMACTLEFVDOVQSAIDHINRYGSAHTDCI ITTDGKARETFLQ QVDSARS STRFCDGARFGLGAEVGISTGRIHARGEVGVDELLTTRCILRGSGRVVE 720
SoPsCS2 IPKADSFHHEYSSMACT IEFVDDVQSAI DHIRRYGSGHTDCIVITDDKVAETFLR QVDSARVENASTRF SDGARFGLGAEVGI STGRIHARGPVGVESLLT TRWIMAGSGOVVN 701
ShESCs2 IPKADSLHHEY SSMACTIEFVDDVQSAIDHIRRYGSARTDCIVITDDEVAETELR QVDSVAVEYNASTRFSDGARFGLGAEVGISTGRIHARGEVGVELLLTTRAIMRGSGOVVN 700
0sP5CS1 FPKAVSFHHEYSSMACTVEFVDDVQSAIDHIHRYGSARTDCIVTTDDKVAETFLR EVDSAA STRFSDGARFGLGAEVGISTGRIHARGPVGVESLLTTRWILRGRGQVVN T01
ATP5CS1 [FEARSFNHEYCAKACTVEVVEDVYGAIDHIHRHGSAHTDCIVTEDHEVAELFLR QVDSAA STRFSDGFRFGLGAEVGVSTGRIHARGEVGVESLLTTRWIMRGHGOVVD 698
AtESCS2 IPETKSFHHEY SSKACTVEIVEDVYGAIDHIHQHGSARTDCIVTEDSEVAEIFLR QVDSAAVEHNASTRFSDGFRFGLGAEVGI STSRIHARGEVGVESLLTTRWIMRGKGOVVD 701
Gamma-glutamyl phosphate reductase Domain
SoP5CS1 GDHGVVYTHRDLPLO-—---—-—— 728
SbP5CS1 GDHGVVYTHHDLELQ-==-=m==== 128
0sP5CS2 GDEGVVYTHRELPLQ-----—==-- 735
SoP5CS2 GDEDIAYTHENLPLQ-------——— T16
ShP5CS2 GDEDIAYTHENLPLY------—--= 718
0sP5CS1 GDEDVVYTHESLELQ-----=-m—- 716
AtP5CS1 GDNGIVYTHQDIPIQR---—-—--———- 714

AtP5CS2 GDNGIVYTHKDLEVLQRTEAVENGI 726

Figure 1. Multiple sequence alignment between two SoP5CS protein sequence with SoP5CS
(protein id : ABM30223), SbP5CS1 (protein id : ACU65226), SbP5CS2 (protein id : ACU65227), OsP5CS1
(protein id : BAA19916), OsP5CS2 (protein id : BAG94966), AtP5CS1 (protein id : NP_001198715.1),
AtP5CS2 (protein id : NP_191120.2). Boxes ([]) show predicted conserved region.
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Figure 2. Phylogenetic relationship of SOP5CS1 and SoP5CS2 (boxes) with saP5CS (S. arundinaceum
P5CS), soP5CS (S. officinarum P5CS), sbP5CS2 (S. bicolorP5CS1), osP5CS1 (O. sativa P5CS1), taP5CS
(T. aestivum P5CS), OsP5CS2 (O. sativa P5CS2), zmP5CS (Z. mays P5CS), sbP5CS (S. bicolor P5CS1),
vaP5CS (V. aconitifolia P5CS), gmP5CS (G. max P5CS), jcP5CS (J. curcas P5CS), rcP5CS (R. communis
P5CS), atP5CS1 (A. thaliana P5CS1), and atP5CS2 (A. thaliana P5CS2). The phylogenetic tree had two
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Proline Concentration

The proline concentration was measured using the same
samples for expression analysis in order to determine the
corelation between proline accumulation with SoP5CS
genes transcript level. The proline content of treatment

plant was higher than control plant since 12-hours
drought treatment (Figure 5). The proline concentration
was significantly increased at 48-hours treatment then
achieved the highest peak (9.8 umol.gram™) at 72-hours
drought stress.

Proline Content
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Figure 5. Comparison of proline content between treatment and control plant

Discussion

The P5CS enzyme from sugarcane was encoded by two
homologous P5CS genes as observed in other plant
species. Initial, we cloned the SoP5CS2 genes that were
related with SoP5CS and SbP5CS2 genes on database
in NCBI Genebank. We found another P5CS cDNA from
sugarcane using KGENES Search by KEGG (Kyoto
Encyclopedia of Genes and Genome). This data shared
high homology with SbP5CS 1 gene from sweet sorghum.
Both of the isolated SoP5CS genes had complete coding
regions which encode two closely related SoP5CS
proteins.

The SoP5CS proteins shared high similarity with
SbP5CS2 as shown in multiple alignment result. The
SoP5CS1 similar to SbP5CS1, whilst SoP5CS2 had high
homology with SbP5CS2.These proteins had conserved
motif ATP and NAD(P)H binding site, Glu-5-kinase and
gamma-glutamyl phosphatase reductase domain, and
leucine zipper region that were located at the same
position (Su et al., 2011). The result indicated that the
SoP5CS proteins would have the same expression
profile with SbP5CS proteins.

In phylogenetic tree, the P5CS protein from many plant
species were clustered into two groups dividing P5CS on
monocots and dicots. The SoP5CS7 and SoP5CS2
protein were clustered in different sub-groups within
monocots P5CS. This result indicated that sugarcane
P5CS protein was encoded by P5CS gene family.
Turchetto-Zolet (2009) studied the evolutionary
relationship of P5CS protein. In their phylogenetic tree,
monocots and dicots P5CS were clustered separately.
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Further study showed that there were two sub-clusters in
monocots P5CS separating P5CS1 and P5CS2 protein.
This event could result in one or more copies of a gene in
genome which had new function or paralogous gene
(Grassietal., 2008).

There were some previous studies about P5CS gene
from A. thaliana, O. sativa, and S. bicolor that reported
about expression profiles of two homologous P5CS
genes from the plant species under abiotic stresses such
as drought, salt, and cold. Here, we focus on P5CS gene
expression under drought stress. In A. thaliana, AtP5CS1
had a role in abiotic stress response and prolin
accumulation.

This gene expression increased during drought stress.
AtP5CS2 was especially expressed in dividing cell. The
gene was ubiquitously expressed both in normal and
stress condition. However the expression of AtP5CS2
was significantly lower than AfP5CS7 during abiotic
stress such as drought. In O. sativa, the OsP5CS1 was
highly expressed in reproductive and vegetative organs
especially during normal condition. In contrast, the
OsP5CS2 transcript was highly induced by drought
stress.

The SbP5CS genes had similar expression pattern with
AtP5CS and OsP5CS genes. The SbP5CS1 gene was
highly expressed in mature plant during abiotic stress
including drought condition. The SbP5CS2 transcript was
highly detected in dividing cell. The SbP5CS was also
ubiquitously expressed both in normal and drought
condition however the expression of SbP5CS1 was
extremely higher than SbP5CS2. Su et al., (2011)
suggested that SbP5CS 1 had an important role in proline
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accumulation during abiotic stress while SbP5CS2
played a role in regular proline biosynthesis during
normal or unstressed condition. Transcriptional
regulation is a major key in gene expression. Study about
SbP5CS promoters showed that both of SbP5CS genes
had cis-elements such as MYCCONSENSUSAT, WRKY,
and MYBCORE. These elements functioned as binding
site for transcription factors which involved in cold,
wound, and drought stress (Su et al., 2011). Two closely
related S. bicolor P5CS genes had different function in
plant development, growth, and stress response that
might be caused by the different regulation of cis-element
in SbP5CS promoter (Alberts et al., 2008).

Current study reported one type P5CS gene from
sugarcane (Iskandar et al.,2011; Patade et al., 2012).
Iskandar et al. (2011) reported the expression of P5CS in
young and mature culm internodes of sugarcane after 15-
days water deficit treatment. The expression of P5CS
was higher than control, and generally not significantly
different between the young and mature culm internodes.

Expression analysis showed that both of SoP5CS1 and
SoP5CS2 were induced by drought stress. The
SoP5CS1 transcript was significantly increased, when
compared to control, during PEG incubation. However,
the expression of SoP5CS2 was not significantly
increased during drought condition. Our study showed
that SoP5CS1 transcript and proline accumulation had
different pattern. The expression of SoP5CS1 had been
significantly increased at 12-hours drought treatment
then achieved the highest peak at 24-hours drought
treatment. SoP5CS1 transcript level was gradually
decreased after 24-hours treatment. In contrast, proline
was significantly accumulated at 48-hours drought
treatment.The highest proline concentration was
achieved at 72-hours drought treatment. The expression
and activity of P5CS protein might be inhibited by feed-
back inhibition regulation of high proline concentration.
The proline was continously produced after 48-hours,
when SoP5CS1 transcript repressed, might be caused by
proline biosynthesis by ornithine pathway. Study in A.
thaliana showed that ornithine pathways played a role in
proline biosynthesis during drought and salt stress
(Roosens etal., 1998).

Based on the similarity of SoP5CS with SbP5CS genes
and expression analysis data, we suggest that the
SoP5CS1 gene contributes more significantly to the
production of proline during drought stress than
SoP5CS2. The SoP5CS1 could potentially be used as a
marker to screen sugarcane variety for drought tolerance
and may also potentially be useful for the development of
transgenic plants tolerant to drought. Further study about
SoP5CS promoters is needed in order to determine the
SoP5CS1and SoP5CS2gene regulation.

Cloning and Characterization of P5CS1 and P5CS2 Genes from..........

Acknowledgement

This research was supported by Research Colaboration
between Indonesian Biotechnology Research Institute
for Estate Crops (BPBPI), PT. Riset Perkebunan
Nusantara (RPN), and Indonesian Center for Estate
Crops Research and Development (PUSLITBANGBUN)
with funding from DIPAAPBN 2012. The Authors are also
grateful to Dr. Asmini Budiani, Mr. Soekarno Mismana
Putra, Mrs. Niyyah Fitranti, and Mrs. Marini for their
assistance and support during research.

References

Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K.
and Walter, P. (2008). Molecular Biology of the
Cell, Fifth Edition. Garland Science, New York.

Bates, L.S., Waldren, R.P. and Teare, I.D. (1973). Rapid
determination of free proline for water-stress
studies. Plant and soil 39, 205-207.

Fujita, T., Maggio, A., Garcia-Rios, M., Bressan, R.A. and
Csonka, L.N. (1998). Comparative analysis of the
regulation of expression and structures of two
evolutionarily divergent genes for delta-1-
pyrroline-5-carboxylate synthetase from tomato.
Plant Physiology 118,661-674.

De Grassi, A.D., Lanave, C. and Saccone, C. (2008).
Genome duplication and gene-family evolution:
the case of three OXPHOS gene families. Gene
421,1-6.

Hare, P.D. and Cress, W.A. (1997). Metabolic
implications of stress-induced proline
accumulation in plants. Plant Growth Regulation
21,79-102.

Hong, Z., Lakkineni, K., Zhang, Z. and Verma, D.P.S.
(2000). Removal of feedback inhibition of delta-1-
pyrroline-5-carboxylate synthetase results in
increased proline accumulation and protection of
plants from osmotic stress. Plant Physiology 122,
1129-1136.

Hur, J., Jung K.H., Lee, C.H. and An, G. (2004). Stress-
inducible OsP5CS2 gene is essential for salt and
cold tolerance inrice. Plant Science 167,417-426.

Igarashi, Y., Yoshiba, Y., Sanada, Y., Yamaguchi-
Shinozaki, K., Wada, K. and Shinozaki, K. (1997).
Characterization of the gene for delta-1-pyrroline-
5-carboxylate synthetase and correlation between
the expression of the gene and salt tolerance in
Oryza sativa L. Plant Molecular Biology 33, 857-
865.

Iskandar, H.M., Casu, R.E., Fletcher, A.T., Schmidt, S.,
Xu, J., Maclean, D.J., Manners, J.M. and Bonnett,
G.D. (2011). Identification of drought-response

29



Journal of Tropical Crop Science Vol. 1 No. 1, June 2014
WWW.j-tropical-crops.com

genes and a study of their expression during
sucrose accumulation and water deficit in
sugarcane culms. BMC Plant Biology 11, 12.

Kavi Kishor, P.B., Zonglie, H., Miao, G.H., Hu, C.A. and
Verma, D.P.S. (1995). Overexpression of A'-
pyrroline-5-carboxylate synthetase increases
proline production and confers osmotolerance in
transgenic plants. Plant Physiology 108, 1387-
1394

Kavi Kishor, P.B., Sangam, S., Amrutha, R.N., Laxmi,
P.S., Naidu, K.R., Rao, K.R.S.S., Rao, S., Reddy,
K.J., Theriappan, P. and Sreenivasulu, N. (2005).
Regulation of proline biosynthesis, degradation,
uptake and transport in higher plants: Its
implication in plant growth and abiotic stress
tolerance. Current Science 88, 424-438.

Patade, V.Y., Bhargava, S. and Suprasanna, P. (2012).
Transcript expression profiling of stress
responsive genes in response to short-term salt or
PEG stress in sugarcane leaves. Molecular
Biology Reports 39, 3311-3318.

Pfaffl, M.W. (2001). A new mathematical models for
relative quantification in real time RT-PCR. Nucleid
Acids Research 29, e45.

Roosens, N.H., Thu, T.T., Iskandar, H.M. and Jacobs, M.
(1998). Isolation of the ornithine-6-
aminotransferase cDNA and effect of salt stress on
its expression in Arabidopsis thaliana. Plant
Physiology 117, 263-271.

Savouré, A., Jaoua, S., Hua, X.J., Ardiles, W., Van
Montagu, M. and Verbruggen, N. (1995). Isolation,
characterization, and chromosomal location of
gene coding the delta-1-pyrroline-carboxylate

30

synthetase in Arabidopsis thaliana. FEBS Letters
372,13-19.

Silva, R.L.O., Ferreira Neto, J.R.C., Pandolfi, V.,
Chabregas, S.M., Burnquist, W.L., Benko-
Iseppon, A.M. and Kido, E.A. (2011).
Transcriptomic of Sugarcane Osmoprotectant
during Drought Stress /In 'Plants and Environment'
(H. Vasanthaiah, ed.). InTech, DOI:
10.5772/23726. Available from:
http://www.intechopen.com/books/plants-and-
environment/transcriptomics-of-sugarcane-
osmoprotectants-under-drought

Su, M., Li, X.F., Ma, X.Y. Peng, X.J., Zhao, A.G., Cheng,
L.Q., Chen, S.Y. and Liu, G.S. (2011). Cloning two
P5CS genes from bioenergy sorghum and their
expression profiles under abiotic stresses and
MeJAtreatment. Plant Science 181, 652-659.

Taiz, L. and Zeiger, E. (2010). Plant Physiology Fifth
Edition. Sinauer Associates, Inc., New York.

Tuchetto-Zolet, A.C., Margis-Pinheiro, M. and Margis, R.
(2009). The evolution of pyrroline-5-carboxylate
synthase in plants: A key enzyme in proline
synthesis. Molecular Genetics and Genomics 281,
87-97.

Verbruggen, N. and Hermans, C. (2008). Proline
accumulation in plants: a review. Amino Acids 35,
753-759

Zhu, B., Su, J., Chang, M., Verma, D.P.S,, Fan Y.L. and
Wu, R. (1998). Overexpression of a A'-pyrroline-5-
carboxylate synthetase gene and analysis of
tolerance to water-and salt-stress in transgenic
rice. Plant Science 139, 41-48.

Hayati Minarsih Iskandar, Dwiyantari Widyaningrum, Sony Suhandono



