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Cloning of Cyclophilin Gene from Sorghum bicolor (L.) Moench

and Gene Expression in Tobacco
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ABSTRACT

Cyclophilins are ubiquitous proteins present in all subcellular compartments, which are
involved in a variety of processes such as immunosuppression and major biotic and abiotic stresses.
The research work has been done at the Biotechnology Research and Development Office,
Department of Agriculture, Pathumthani Province during October 2007 — September 2010. In this
study, full-length genomic DNA sequences of sorghum (Sorghum bicolor (L.) Moench) encoding
cyclophillin (SbCyP) have been isolated from sorghum via PCR — based method. The gene
sequence contains a fragment of 1062 kb, including a 519 bp complete ORF, the 5’UTR of 130 bp,
3’UTR of 413 bp and a polyA signal AATAA motif. Sb.CyP gene encoding the 172 amino acid
polypeptide. Conducted submit CyP genes on GenBank accession no. EU722309. The highly
conserved region of the gene is cyclophilin (CyP) which are also found in Saccharum officinarum L.
(QG246462.1) and Zea mays L. (X68678.1) with 91% and 90% of homology respectively. A 519 bp
fragment of the ShCyP gene was inserted into plant expression vector pPCAMBIA2300 containing
35SCaMV promoter and NOS terminator, nptll as selectable marker with total size of 10 kb for
pCAMBIA2300 — CyP over — expression cassette. Maximum quantity of protein produced from
recombinant plasmid (pEcoli — CyP) was detected after 6 hours of activation induction by IPTG. In
addition, examination by SDS — PAGE displayed the 18.4 kDa of protein size. The expression
cassette was then transformed into Nicotiana tobacum (tobacco) plant by Agrobacterium — mediated
transformation, with kanamycin as a selection antibiotic. Ten transgenic tobacco plants were obtained
using PCR — based method. Investigation of stress to tolerance involved salinity tolerance and drought
tolerance, using NaCl and PEG 6000 respectively. Transgenic tobacco plants displayed higher

tolerance to these stress conditions compare to non — transgenic plants.
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electrophoresis
3.3 msasvaeumstanseanluszavllsauvestu CyP
o 1 a . 9 1 4 == d’ a
mmsarerhnwaalaaeney (pEcoli — CyP) 1iNgiyaatiunnise BL21 (DE3) tWBN1TNan
a, y < o Aa aa 3
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Aaaen Ialalndl insert vo98U Hunanana1aiaaoue 1aels GeneJET' Plasmid Miniprep Kit
Y
a v ) J
(Fermentas, Lithuania) 11aza329aeumsilsinguesdudemaiin PCR (do 2.2) miniuiineaa
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< 1 = =1 9 A
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Tulnsaas dundulwivdeailunal s wii uazuenvu1Aves fusion protein A28 10% SDS —
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& & sy < 4 A
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9111318000 YEP 1151103 200 1105805 Spread plate UH8MITUUS YEP — rifampicin (control)
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v Y
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(reverse) 1A81% Hot Start Taq Master Mix Kit (QIAGEN, USA) (19 1.3) 182A3391A1ZHHA

A28 1.5% agarose gel electrophoresis



42 msawdwingngulagliiveoznsuuniiSen (4grobacterium-mediated gene transfer)
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sucrose 3% (w/v) + gelrite 0.3% (w/v) pH 5.7 Tuanniiouas ooy
= 14 ) 14 @ 4 A A
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1. Mm3laautu CyP 21n3913vha

o L&) [l A Aa 9 1 o aaa

duasiziou CyP Tudruvesduninisuaasesnaing1niie Tasnisiilgnser PCR

. 1 o Aaa 9 a g a . v A a g
(Figure 1a) WU enansoinlfnsen lduoudoueaina ~1 A lad (Figure 1b) AAAONLOUAD LD
ndunszd 1a lUmszdaduionglelng wuduhlatiswuiondTe Inamiiiy 1062 guue
o I o o J = Yo . . 1 .
awnsoudasiadudraun)d Indvedu cyp 1a31u9u 172 amino acid 9gn1011 Open reading
1 o 1 o v W A o v A = d o 1
frame (ORF) 5eHINMUnUIvesdduauai 131 — 649 tazwud1auiling lo Inad iy
polyadenylation signal AATAA motif 9gluaIUYeI 3°UTR FuiloniizWioyaiu@unu
= A o S Y 9 1 =\ A 1 o o ] ~
du CyP Aiduasizn lanndihelinnumieued1aganud e Trpl28 (W128) ¥948U CyP
Y v v
nanuanny luga13 Toa (Liu ez al., 1991) taz@1aunsavezi 1 KSGKPLH @114 48 — 54 9%
~ v A [l . A Y =} a .
UANURNIZITWNVIU CyP Tudruwes cytoplasmic Anuldlunisvarevia (Lippuner et al.,
4 o o w A 2 s [y a = @ 1
1994) (Figure 2.) toihdduiionglonanla lliSeuisunviusiia@elrtnunisieanuly
9 A A Y A (] v A A 9

gudoya GenBank WU dufl latanulousdegenudu Cyp finuludos (Saccharum
officinarum L.) (GQ246462.1) 1ag¥11INA (Zea mays L.) (X68678.1) Taglinanuimiion (%

Max Identity) 111111 91% 182 90% ANAIAY

Table 1. Primer name, Base sequence, Size of primer, Melting temperature (Tm) and GC content

of designing specific primers from Genbank on http://www.ncbi.nim.nih.gov/.

Primer name Base sequence (5" — 3%) Size Tm (°C) GC content
(bp) €))

CyP4(forward) CCG GCT ATT TTA CCG CAC CMG 26 67.7(60) 53.8
TYC TC

CyP4(reverse) GGG CKA TCC ATG CTT GGC AGT 25 68.7(60) 58.0
TCA C

CyPXbal (forward) CAC TCT AGA ATG GCG AAC CCG 36 74.9(60) 58.3
CGC GTC TTC TTC GAC

CyPKpnl(reverse) CAC GGT ACC CTA GCT GAG CTG 37 78.0(60) 64.9
GCC GCA GTC AGC ATC

NOS(forward) GTT TGA ACG ATC GGG GAA ATT 28 67.5(60) 50.0
CGA GCT C

35SCaMV(reverse) CAT TTG GAG AGG ACA CGC TGA 30 70.1(60) 53.3
CAA GCT GAC

CyPSall(forward) CAC GTC GAC ATG GCG AAC CCG 36 77.2(60) 63.9
CGC GTC TTC TTC GAC

CyPHd(reverse) CAC AAG CTT CTA GCT GAG CTG 37 75.8(60) 59.5
GCC GCA GTC AGC GAT C

T7_Upl(forward) CGG CGT AGA GGA TCG AG 17 62.0(60) 64.7

T7_term(reverse) CTA GTT ATT GCT CAG CGG 18  57.6(60) 50.0
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Figure 1. a. Genomic DNA isolated from two sorghum cultivars on 1% agarose gel. Lane M = 1 kb

DNA ladder (Fermentas), lane 1-2 = Genomic DNA from sorghum (UT 1), lane 3-4 =
Genomic DNA from sorghum (SPR 60)

. PCR analysis of cyclophilin gene from 2 cultivars sorghum using specific primer CyP4

(forward) and CyP4 (reverse). Lane M = 1 kb DNA ladder (Fermentas), lane 1 = PCR
product from sorghum (UT 1), lane 2 = PCR product from sorghum (SPR 60)

1 tccggctattttaccgcaccagttctccctccaccagatcagatcagatcacagaacgea

61 acagccgaaggaaaaatttccccccaaccaaaaaccctctctcccaaaccctagctacct

121  tcggatcccgatggcgaacccgegegtettcttcgacatgacggtcggecggecgeggegge

M A NP RV F FDMTV G G A A A

181 ggggcggatcgtgatggagctgtacgcgaacgaggtgcccaagacggccgagaacttccg

G RI1 V MELYANZEVPKTAENTFR

241 cgcgctgtgcacgggcgagaagggcgtggggaagtccgggaagccgctccactacaaggg

AL CTGEIKGV G K S G K P L HY K G

301 ctccaccttccaccgcgtcatcccgcagttcatgtgccagggcggcgacttcaccecgggg

S T FH RV I PQ FMOCOQGGDF TR G

361 caacgggaccggaggcgagtccatctacggcgacaagttccccgacgagaagttegtgceg

NG T G G E S 1 Y G D KF P DEK F VR

421 caaccacacggcccccggggtgctctccatggccaacgccgggcccaacaccaacggcetce

NH TAPGVL SMANAGUZPNTN G S

481 ccagttcttcatctgcaccgtcgataccccctggctcgacggcaagcacgtegtetttgg

Q F F 1 CTVDTW®PWILDGIKHV V FG

541 ccaggtcgtcgagggcatggacgtcgtcaaggccatcgagaaggtcggatcccgcagcgg

Q vv EGMDVVYV KA AI EKV G S R S G

601 atccacctccaaggaggtcaagatcgctgactgcggccagctcagctagatcgttggtct

S T S K EV K 1 A DCGOQL S *

661  ggtctgcccgtccgecctcccteccgtecatcgtccactccgectgegtecccgtecegttt

721 ccggtttgcttcgatctgaataagatgatggtgatctgagtggtggtctgagttgagtcg

781  tttatttatcatgtgcgtctgtctgtgtcgctcgcggtttaatctagcggtgtaggtgtg

841  gatctccgaatcccatggcgcctctgcttacttcgtgtttcatcaccagttatatgttat

901 gagatccaggataatgcattaatgctatgagaactgagattcggtttcatgcttcttgtt

961 ccatgtgccatgtcatgtgcgtcttgttccattgcaagttcggaccccaaaatgattttg
1021 attgtcaatatgttaatgtgaactgccaagcatggatcgccc

Figure 2.

Nucleotide and deduced amino acid sequence of cyclophilin gene. The start (ATG) and
stop (TAG) codons are highlighted. The underline shows the polyadenylation signal
AATAA, the red bold shows the conservative sequence of the plant cytoplasmic

cyclophilin
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dioihdoyan ldudmszd Inseadevesdn TagldTsunsy EMBL - EBI database

(European Bioinformatics Institute, UK) (www.ebi.ac.uk/ena/data/view/EU722309) WU IU CyP

A YA 3 ~ . &£ Y o v A = L 1 A
AAtamYseneuATUNIEY (Figure 3) H915enovudled1dniiang 1o Ind luduniinmsianesn
YR~ a 1 o o
YOIIUAINNTD00ATH AN UNIADZA 11 (Open Reading Frame : ORF) LA 519 guud, 6101
a 4 % 1A @ o
inalelnamedars s> Fa'linerdunisutasialys@u (5° Untranslated region #30
=1 1w 1 9 d! Id' (% Y =
5°UTR)  Huuaminy 130 guud uaznedaiudate 3° a9luneadumsulasiallsdu 3
. A =\ [ 1 A A Y 1A AN Y
Untranslated region %30 3°UTR) Ju1amingy 143 guud oiins1znaoyanyan ou CyP 1143

o v A = S d =X = sy ¥ . Y
aWﬂUu@ﬂﬂIﬂqﬂﬂﬂMﬂUWNﬁnyjﬁm ﬂﬂu’la’lﬂﬂuﬁﬂai@hl‘ﬂﬂﬂulﬂ submit aﬂugm%uﬁmm

GenBank accession no. EU722309. (www.ncbi.nlm.nih.gov/genbank/submit.html) (Appendix 1)

Overview ——Forward strand 1,062 bp Lot
______________ L _______________________________________________________________________________________________________I_____________
Features F——Forward strand 1,062 bp =
F—:—:—:—:—:—:—:—:—:—:—:m
1 hp 1,062 bp

Source “Sorghum hicolor
Cenes
mRMNA

DS

5] Bs]
|§|§|

“Cyp

Figure 3. Structure of cyclophilin gene analyzed by EMBL-EBI database. The 1062 bp fragment of
CyP gene is shown above (yellow bar). Coding sequence (CDS) of this gene is 519 bp (red

arrow)

2. M3A319YA Cassette B1 1AZN3ATIVAOUMSUTINY VDB
o Qy ~ A o Y A 1 A 1 Y o .
UIFUYU CyP AFunT1zH 14 Jvuna 519 UT 1¥DUABIVINY plant expression vector
1 5 ] o . . 4
(pCAMBIA2300) (Figure 4a) VAT 9640 A FINIUNINT double digestion Fretou'lard
v o . { o
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A 4 o 9 A ] = A .
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Yszunal 1 1az 9 nlawwe (Figure 5a) 1agIshnaedfe msnsdvaaualemaiia PCR Tagly lns
4 1 o Aaaa 9 A g ~
1499 NOS (forward) 1182 35SCaMV (reverse) WU mmiamﬂgﬂifn"l,ml,aumaummmﬂu CyP

a a A 4
Yuralszum 0.5 flae (Figure  5b)  Iaslassad wuesnaaiadienauiiinuauy el

(pPCAMBIA2300 — CyP) Huuailseana 10 0 lawe (Figure 6)
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Figure 4. a. Map of plant expression vector ((CAMBIA2300) and position of the cyclophilin (CyP)
gene in plant expression vector
b. DNA of a plant expression vector ()CAMBIA2300) and a cyclophilin (CyP) gene digested
with specific enzyme Xbal and Kpnl. Lane M = 1 kb ladder (Fermentas), lane 1 = Plasmid
DNA of pCAMBIA2300, lane 2 = Plasmid DNA of pCAMBIA2300 digested with specific
enzyme Xbal and Kpnl, Lane 3 = PCR product CyP gene, lane 4 = PCR product CyP gene
digested with specific enzyme Xbal and Kpnl

Ml23456?89-.1011-12131'41516]?51' bp
6000
_ut—uUH“th_UUuﬁuuhE 3000

"R

a. b.

Figure 5. a. Pattern of DNA derived from recombinant plasmid DNA (pCAMBIA2300 — CyP) digested
with specific enzyme HindIIl and Kpnl. Lane M = 1 kb ladder (Fermentas), Lane 1-17 =
pCAMBIA2300 — CyP clone 1 - 17

b. PCR analysis of plasmid DNA (pCAMBIA2300 — CyP) using specific primer NOS (forward)
and 35SCaMV (reverse). Lane M = 1 kb ladder (Fermentas), lane 1-14 = pCAMBIA2300 —
CyP clone 1-5, 7-9, 11 uag 13-17

Sacl_ Kem Smal BomH|

EcaRl \ Xbal Xbal Hindill

NPTH T ]
Pan CAMV35S -«{- NOS -*- Cyclophilin Gene + 2XCAMV3ISS -{—
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~ 10 kb
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e « Kanamycin (R}

Figure 6. Structure of plasmid construct pPCAMBIA2300 — CyP
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) Qy A o o 1 4 1 o . .
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Figure 7.a. Map of protein expression vector (pEcoli) and position of the CyP gene in protein
expression vector

b. DNA of protein expression vector (pEcoli) and CyP gene digested with specific enzyme

Sall and Hindlll. Lane M = 1 kb ladder (Fermentas), lane 1 = Plasmid DNA of pEcoli

vector digested with specific enzyme Sa/l L& Hindlll, Lane 2 = PCR product CyP gene,

lane 3 = PCR product CyP gene digested with specific enzyme Sa/l itae Hindlll



70

55
40

35

25
b <+ 18.4 kDa

15

Figure 8. Expression of pEcoli - SbCyP in E. coli BL21. M, protein marker; Lane 1 = BL21
without induction, Lane 2 = pEcoli - SbCyP without induction; Lane 3 - 6 = pEcoli -

SHCyP induction for 2, 4, 6, and 8h respectively
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5. Msasaeumslinguestuluengy lasmaiin PCR
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NOS (forward) 1182 35SCaMV (reverse) WU HAUFUI MU 10 AU Ramnsorinlfnser lduny

A A
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A weVeIBY CyP vualszinm 0.5 nlawd Fwauinwen laivueassiudui lddeaumnsn
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f9Na (Figure 9a, b)
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Figure 9 a. PCR analysis of tobacco plant using specific primer CyPXbal (forward) and CyPKpnl
(reverse)

b. PCR analysis of tobacco plant using specific primer NOS (forward) and 35sCaMV

(reverse). Lane M = 1 kb ladder (Fermentas), lane 1-2 = no. 1 — 2 control (no gene

transfer had been performed), lane 3-27 = no. 3 — 27 (transgenic model plant)
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Table 2. Fresh weight increment (time) of non — transformed (non — GM) and transformed tobacco

(GM) cultured on various concentrations of NaCl after 4 weeks of culture.

NaCl conc. Fresh weight increment (time) (B)
A —Mean
wiv) (A) Non - GM GM (CyP)

0% 3.08 2.95 3.01 ab
0.5% 3.29 3.88 3.59a
1.0% 2.30 2.56 2430
1.5% 1.37 2.65 2.01 be
2.0% 0.67 1.97 1.32¢
2.5% 0.34 0.76 0.55d
3.0% 0.24 0.73 0.49d

B — Mean 1.64 2.21
% CV 29.6

Means within the same column followed by a common letter are not significantly different

at 5% level of DMRT
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Figure 10. Growth of non — transformed tobacco (C) and transformed tobacco (G) on various

CNacCl 3.0%

concentration of NaCl (0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0% (w/v)) after 4 weeks of culture
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Table 3. Fresh weight increment (time) of non — transformed (non — GM) and transformed tobacco

(GM) cultured on various concentrations of PEG 6000 after 3 weeks of culture.

PEG 6000 conc. Fresh weight increment (time) (B)
A —Mean
wiv) (A) Non - GM GM (CyP)
0% 0.75a 0.71a 0.73
5% 0.60a 0.78a 0.69
10% 0.31b 0.77a 0.54
15% 0.33b 0.79a 0.56
20% 0.21b 0.86a 0.53
B — Mean 0.44 0.78
% CV 23.1

Means within the same column followed by a common letter are not significantly different

at 5% level of DMRT
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Figure 12. Growth of non — transformed tobacco (C) and transformed tobacco (G) on various

concentration of PEG 6000 (0, 5, 10, 15 and 20% (w/v)) after 3 weeks of culture.
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Sorghum bicolor cyclophilin (Cyp) gene, complete cds
GenBank: EU722309.1

Go to:
LOCUS EU722309 1062 bp DNA linear PLN 09-JUN-2008
DEFINITION Sorghum bicolor cyclophilin (Cyp) gene, complete cds.
ACCESSION EU722309
VERSION EU722309.1 GI1:189345345
KEYWORDS -
SOURCE Sorghum bicolor (sorghum)
ORGANISM  Sorghum bicolor
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae; PACMAD
clade; Panicoideae; Andropogoneae; Sorghum.
REFERENCE 1 (bases 1 to 1062)
AUTHORS Suphawadee,N., Payungsak,R., Karsedit,D., Chayanit,D. and
Hathairat,U.
TITLE Cloning of a cyclophilin gene from Sorghum bicolor
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 1062)
AUTHORS Suphawadee,N., Payungsak,R., Karsedit,D., Chayanit,D. and
Hathairat,U.
TITLE Direct Submission
JOURNAL Submitted (14-MAY-2008) Biotechnology Technology Research and
Development Office, Department of Agriculture, Rangsit-Nakhonnayok
Road, Thunyaburi, Pathumthani 12110, Thailand
FEATURES Location/Qualifiers
source 1..1062
/organism=""Sorghum bicolor"
/mol_type=""genomic DNA"
/db_xref=""taxon:4558"
gene <131..>649
/gene=""Cyp"
mRNA <131..>649
/gene=""Cyp"
/product="cyclophilin”
CDS 131..649
/gene=""Cyp"
/note="peptidyl-propyl cis-trans isomerase"
/codon_start=1
/product="cyclophilin”
/protein_id="ACD93011.1"
/db_xref="G1:189345346"
/translation="MANPRVFFDMTVGGAAAGRIVMELYANEVPKTAENFRALCTGEK
GVGKSGKPLHYKGSTFHRV IPQFMCQGGDFTRGNGTGGES 1 YGDKFPDEKFVRNHTAP
GVLSMANAGPNTNGSQFFICTVDTPWLDGKHVVFGQVVEGMDVVKAIEKVGSRSGSTS
KEVKIADCGQLS"
ORIGIN
1 tccggctatt ttaccgcacc agttctccct ccaccagatc agatcagatc acagaacgca
61 acagccgaag gaaaaatttc cccccaacca aaaaccctct ctcccaaacc ctagctacct
121 tcggatcccg atggcgaacc cgcgcgtctt cttcgacatg acggtcggcg gcgcggcgge
181 ggggcggatc gtgatggagc tgtacgcgaa cgaggtgccc aagacggccg agaacttccg
241 cgcgcectgtge acgggcgaga agggcgtggg gaagtccggg aagccgctcc actacaaggg
301 ctccaccttc caccgcgtca tcccgcagtt catgtgccag ggcggcgact tcacccgggg
361 caacgggacc ggaggcgagt ccatctacgg cgacaagttc cccgacgaga agttcgtgcg
421 caaccacacg gcccccgggg tgctctccat ggccaacgcc gggcccaaca ccaacggctc
481 ccagttcttc atctgcaccg tcgatacccc ctggctcgac ggcaagcacg tcgtctttgg
541 ccaggtcgtc gagggcatgg acgtcgtcaa ggccatcgag aaggtcggat cccgcagcgg
601 atccacctcc aaggaggtca agatcgctga ctgcggccag ctcagctaga tcgttggtct
661 ggtctgcccg tccgecctce ctcccgtcat cgtccactcc gectgegtce cgtccegttt
721 ccggtttgct tcgatctgaa taagatgatg gtgatctgag tggtggtctg agttgagtcg
781 tttatttatc atgtgcgtct gtctgtgtcg ctcgcggttt aatctagcgg tgtaggtgtg
841 gatctccgaa tcccatggcg cctctgctta cttcgtgttt catcaccagt tatatgttat
901 gagatccagg ataatgcatt aatgctatga gaactgagat tcggtttcat gcttcttgtt
961 ccatgtgcca tgtcatgtgc gtcttgttcc attgcaagtt cggaccccaa aatgattttg
1021 attgtcaata tgttaatgtg aactgccaag catggatcgc cc

Appendix 1. Sequence of the gene Cyclophillin (CyP) submit

to the database of GenBank

accession no. EU722309. (www.ncbi.nlm.nih.gov/genbank/submit.html)



