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ABSTRACT

Bougainvillea antiviral protein (BAP) is one among a class of the ribosomal inactivating
proteins isolated from Bougainvillea spectabilis willd. Truncated version of the BAP gene
was cloned and expressed in a prokaryotic vector to abolish its cytotoxicity. RNA was
spectabilis Willd., isolated from mat_ure leaves c_)f Bougainvillea and the _fuII length cDNA was amplified by
Q5 Polymerase, reverse transcription-PCR using template mRNA. This full length cDNA of size 756 bp
IPTG was amplified using the proofreading polymerase (Q5 polymerase) and end to end gene
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specific primers for removal of C-terminal, the amplicon was cloned in pJET1.2] vector by

Article Info blunt end cloning method. Restriction digestion was performed to release the fragment
[ which. was further Iigate_d into prgkaryotic_ expres§ion vector pET29a. The recombinant
20 May 2019 plasmid was transferred into E.coli expression strain BL21 (DE3) and the truncated-BAP
erilbienkine: gene was expressed by isopropyl B-D thiogalactopyranoside (IPTG) induction.
10 June 2019 Transformed colonies expressed recombinant fusion Bougainvillea antiviral protein of

molecular weight ~14.6 kDa, the size expected for the truncated BAP gene.

Introduction

Many of higher plants extracts reported to
possess the antiviral properties shows the
presence  of certain  substances  of
proteinaceous nature called as Antiviral
proteins (AVPs). These AVPs have the
property of inhibiting viral protein synthesis
by inactivating the ribosomes. As a result,
virus replication is inhibited. One such AVP,
namely Bougainvillea Antiviral protein

(BAP) with ribosome inactivating property
had been isolated from Bougainvillea
spectabilis Willd. and characterized in our
laboratory, previously. These antiviral
proteins are categorized under ribosome
inactivating proteins (RIPs). The genes
encoding various AVPs have been isolated
from many plants (Habuka et al., 1989, Wu et
al., 1998, Cho et al., 2000). These genes have
been successfully introduced in plants and the
transgenic plants expressing AVPs have also
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been reported (Chen et al., 2002, Wallalwar
and Balasaraswathi, 2017).

Bougainvillea spectabiliswilld. is a flowering
shrub  classified under the  family
Nyctaginaceae. Earlier studies in our lab
revealed that the crude extract was able to
inhibit several tospoviruses viz., Tomato
Spotted Wilt Virus (TSWV), Tobacco Mosaic
Virus (TMV) and Cucumber Mosaic Virus
(CMV) (Sadasivam et al., 1991). The virus
inhibiting factor was determined to be a
protein termed, Bougainvillea Antiviral
Protein (BAP). The protein was purified and
characterized from Bougainvillea spectabilis
roots (Balasaraswathi et al., 1998).
RIPs/AVPs can offer broad resistance against
various virus species and may be a promising
strategy to develop resistance against viruses
(Wang and Tumer 1999, Zoubenko et al.,
2000, Wang and Hudak 2003, VVandenbussche
et al., 2004). The present study was aimed to
check the effect of C-terminal truncated BAP
gene on cytotoxicity towards the expressing
host cell.

Materials and Methods
Plant material

Fresh, tender leaves samples from
Bougainvillea spectabilis (Non host plants)
was collected from Botanical Garden, Tamil
Nadu Agricultural University, Coimbatore.
Various strains of E. coli like DH5a and BL21
(DE3) were used for cloning and gene
expression, respectively.

Isolation and cloning of truncated BAP-
cDNA

Total RNA was extracted from fresh, tender
(100 mg) leaves of Bougainvillea spectabilis
Willd. using total RNA isolation kit (Sigma
Aldrich). cDNA synthesis was carried out by
using a commercial kit (Revert Aid First

Strand cDNA Kit, Vilnius, Thermo-
Fermantas  -Lithuania). The truncated
Bougainvillea antiviral protein gene was
isolated by PCR amplification. The gene
specific primers were designed for the
amplification of full-length bouganin gene
based on registered sequences in GenBank
(GenBank access number AF445416) using
Vector NTI Software. The following PCR
cycle was used to amplify the truncated BAP
gene: denaturation at 98 °C for 3 min,
followed by 35 cycles of 98°C for 30 Sec,
annealing at 57 °C for 45 sec and an extension
of 72 °C for 40 sec, with a final extension of
72 °C for 5 min. A 20 pL of PCR mixture

contained; 1 pL of each primer (100
pm(AJ784781.10l), 10 pL of 2X Q5
polymerase (High Fidelity Polymerase)

master mix (NEB, England), 1 pL of cDNA,
and 7 puL of DNase free water. The amplified
DNA was electrophoresed in 1% agarose gel
and the remaining product was purified using
a PCR clean-up kit (Biobasic Canada Inc. Kit)
and directly used for blunt end cloning in
pJET1.2 vector having ampicillin resistance
as a selectable marker (pJET Cloning Kit,
Thermoscientific). E. coli DHSa competent
cells were used to transform the clone and
recombinant colonies were checked by using
colony PCR and restriction digestion (Fig. 1)
and the confirmation of positive clone was
done by sequencing at Agrigenome Pvt. Ltd.,
Bengaluru.

Nucleotide sequences were deduced into
Amino acid sequences using translate tool in
the EXPASYy (Expert Protein Analysis System)
server. Sequence alignment was carried out
using BioEdit software tool(Hall 1999) with
amino acid sequences of other
antiviral/ribosome inactivating protein
producing plants. MEGA X software tool was
used to construct the phylogenetic tree by
neighbour-joining method (Kumar et al.,,
2018).
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Construction of vector for inducible in vitro
expression of truncated BAP gene

The eluted product was cloned into the
expression vector pET29a between Xbal and
Xhol restriction sites located at multiple
cloning site of pJET1.2 vector. The digestion
reaction mixture (50ul) contained; 12ul 0f300
ng pJET1.2 vector containing truncated BAP
gene, 2 ul Cutsmart buffer, 1ul of each Xbal
and Xhol and 34pul of nuclease free water and
kept for incubation at 37°C for 1 hour. The
digested product was electrophoresed in 1%
agarose gel. DNA bands were purified using a
gel extraction kit (Biobasic Canada Inc. Kit)
andusing ligation kit, eluted gene was cloned
into the pET29a expression vector (Sambrook
et al., 1989). E. coli DH5a competent cells
were used to transform the clone and
recombinant colonies were checked by colony
PCR and restriction digestion (Fig. 2) and the
confirmation of positive clone was done by
sequencing at Agrigenome Pvt. Ltd,,
Bengaluru.

Expression and purification of
recombinant  truncated  Bougainvillea
antiviral protein pET29-BAP-C

The plasmid from the positive clone was used
for transformation of expression strain BL21
(DE3) cells for protein expression through
IPTG induction. Xbal and Xhol sites of
PET29a vector containing 6X His Tag coding
sequence were used to produce the
recombinant plasmid. Then, recombinant
plasmids harbouring the truncated BAP gene
were transformed into competent cells of E.
coli BL21(DE3) using heat shock method.
Luria-Bertani  (LB)  broth  containing
kanamycin was used to grow transformed
cells at 37°Covernight. Truncated BAP gene
bearing clones were determined by colony-
PCR and by restriction digestion. Positive
clone identified was grown on LB broth to
OD 400 0.6. With a consistent shaking for

overnight at 37°C, the bacterial growth was
stimulated by adding 10 mM IPTG at
different time intervals. The growth media
was centrifuged and the bacterial cells were
pelleted and resuspended with lysate buffer,
suspension was sonicated five times (5s) with
gap of 5s in ice then kept the mixture for
incubation on ice for 35 min. After that
protein extract was spin at 10,000 rpm for 15
min (4°C). The pellet was resuspended in
10% SDS and denatured at 80°C for 3min.
and the protein profile was analyzed by SDS-
PAGE.

Results and Discussion

Cloning of truncated
antiviral protein gene

Bougainvillea

The RT-PCR result revealed that only one
specific DNA band of ~750 bp in length, was
visualized in agarose gel electrophoresis.
After cloning in pJET1.2 vector, the gene was
sub-cloned in pET29a expression vector. The
purified recombinant plasmids were then
sequenced bidirectionally to verify the
authenticity of the amplicon. The sequencing
report showed that truncated BAP gene of
size 756 bp shared84.75 % identity with other
isoforms of BAP  sequences  from
Bougainvillea species. The truncated BAP
gene was translated into amino acid sequence
and has an initiation amino acid methionine
(ATG), and terminated by histidine amino
acid (CAC).The truncated BAP gene
contained a complete open reading frame and
had no introns.

In-silico analysis of cDNA
truncated BAP gene

encoding

The nucleotide composition of the cDNA as
analyzed by the Bio Edit software was found
to be: 207 Adenine (27%), 231 Thymine
(32%), 172 Cytosine (22%), 146 Guanine
(19%) and the total G + C and A + T content
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was 59% and 41 % respectively. Thus, based
on the nucleotide composition the isolated
cDNA was found to be AT rich. A BLAST N
search did not show any significant homology
of the truncated BAP- cDNA with other
known sequences of RIPs/ AVPs from other
plants, except 84.75% and 82.99% homology
with cDNA encoding the AVP of roots (Apl)

and leaves (Bouganin) of Bougainvillea
spectabilis, respectively (Altschul et al.,
1997). However, Clustal W alignment with
different RIPs/AVPs showed a strong
homology with the nucleotide sequences of
antiviral/ribosome-inactivating protein AAP1
(AY354205.1) and p-1 gene (AJ784781.1)
(results not shown).

~ 750 bp

Fig.1 Restriction digestion of pJET-BAP-C
(Lane L: 1kb Ladder, Lane 1: Uncut pET29a-BAP-C, Lane 2: Single digestion with Xbal, Lane
3: Single digestion with Xhol, Lane 4: Double digestion with Xbal and Xhol)

~ 750 bp

Fig.2 Restriction digestion of pET29a-BAP-C
(Lane L: 1kb Ladder, Lane 1: Uncut pET29a-BAP-C, Lane 2: Single digestion with Xbal, Lane
3: Single digestion with Xhol, Lane 4: Double digestion with Xbal and Xhol)
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CCP mmmeeeee MRRLGVFLSLWLISQGADIS - - FNLETAQGF IMIITVNLYNLIQSKDCYVF a9
PAP  -m---e MKVMLVVVVTLIAWLIAA- == === ===~ PT ---STCAINTITF 30
Gelonin MKGNMKVYWIKIAVATWFCCTTIVLGSTARIFSLPTNDEEETS - -KTLGLDTVSF 53
Saporin 30
Dianthin 6
ME1 a1
Amaranthin 25
Ricin A chain ;:
Bouganin °
BAP-C
ccp VYLIKQINTQSADDKN 104
PAP - -ATINKYATFMESLRNQAKDPKLKCYGIPM- - - - - LPDTN----- 68
Gelonin ATYITYVNFLNELRVKLKPEG-NSHGIPLLR---KKCDD 92
Saporin - -PTAGQYSSFVDKIRNNVKDPNLKYGGTDIAV- - - IGPPS- - -~ - 70
Dianthin - -PSASQYSSFLDQIRNNVRDTSLIYGGTOVAV- - - IGAPS - -~~~ 46
ME1 TAAANYPPFITNMRNVLSEKDKNGKOVLLCTMKKISTTV, 82
A aranthin NSPNGYANFLRRLRSAVSGPTRACN-LNI--T--QSNPP 64
Ricii A:chain - -ATVQSYTNFIRAVRGRLTTGADVRHEIPV- - LPNRVGLP- - - - - 52
Bouganin --GEAYEYPTFIQDLRNELAKGTPVCQ-LPV--T--LQTIA----- 68
BAP-C o
ccp FRNRIWFPPYVYVRADESDTQYVGGN- - -MABY[L RYSIFAFLCQPLEEKFLRD- - 159
PAP -STPKYLLVKLQGANLKTITLMLRRNNLYVMGYFDPFNGNKC - -RYHIFN-- 115
Gelonin -PGKCFVLVALSNDNGQLAETATOVTS\YIVGYS 135
Saporin - -- - -KDKFLRINFQ-SSRGTVSLGLKRONLYWVAY| 116
Dianthin - ---TTDKFLRLNFQ-GPRGTVSLGLRRENLYIVAY| 93
ME1 ~PSPRYAYVDIKASATQTVTLAIDRTNTYVLGY] 129
Amaranthin - IDREYVYIRLQFSDTQWVVLGMAAKDMYIWGY] 115
Ricin A chain - INQRFILVELSNHAELSVTLALDVTNAYIVGYRAGH 97
Bouganin -DDKRFVLVDITTTSKKTVKVAIDVTDVYIVGYS 114
BAP.C = mteemmmemmeeemee- MKTITLAIDVTD\YIVGY| 32
* *
ccp - - -SRNRPELRESVG-HSMGGNTRPDLWGPTRDGGRKREKC T4ih- 209
PAP DITSTERTDVENTLCSSSSSRVAMSINYNSLYPTMEKKAEV QILES 171
Gelonin -APDAAYEGL - - - -FKNT - - - IKTRLHFGGSYPSLEGEKA - - - - - - ERLRI 181
Saporin -FPEATTANQKALEYTEDYQSIEKNAQI TQGDKSRKELGUGEDULLT 172
Dianthin - FPEVVVANQKQLEYGEDYQAIEKNAKITTGDQSRKELGYGENLLIT 149
ME1 -FPDAKGKNRIKLSYGSQYTTLG --DRTKVPUGEKYLRI 173
Rt -FPGS--N-RRITDYGGNYNSLQQRAQR NRONVPUG| TSLDPG 163
Ricin A chain -FTDV--QNRYTFAFGGNYDRLEQLAGN- - - - - LRENIEGNGRLEE 146
Botiganin -FPGV- - TNRVTLTFDGSYQKLVNAAKV- - - - -DRKDLEUGYYKLEF 163
BAP-C EVPSVAIDDL - - - - FPGV- - TNREMLTFSGHYQKLQEAAKV - - - - NRENLELGYNHLGF 81
i 3 : .
ccP ALKQL------ NTNDGNQDAR- FPLLIM$SEAVRFRHYSAIRGILARPP - -NQQNLAST 260
PAP DIGKISGVDSF- - -PVKTEAFFLLVAIQMYSEAARFHYIENQUKTN- - FNRAFYPDPKVI 226
Gelonin GIKKLDENAIDNYK -PTEIASSLLVVIRQMYSEAARFTFIENQIRNN- -FQQRIRPANNTI 238
Saporin FMEAVNKKARV- - - -VKNEARFLLIATQMTAEVARFRYIQNLVTKN - - FPNKFDSDNKVI 226
Dianthin MIDGVNKKVRV- - - -VKDEARFLLIAIQMTAEAARFAYIQNLVTKN- -FPNKFDSENKVI 203
ME1 SITAIYGEAAGTOL-DKNRREFFLLALQMYAEATRIFRYISDKIPTERDYDT - LKVONHMI 231
Amaranthin - ALKSVYGKSTSQLNEGNAEARFFLTAIQMYAEAARFKYIERGISAPPA= - - -~ NFRQNMI 218
RicinA chain  ATSALYYYSTGGTQ-LPTLARSFIICIQM]SEAAHFQYIEGEMRTRIRYNRRSAPDPSVI 205
Bouganin SIEATHGKTINGQ- - - -EIAKFFLIVIQMYSEAARFKYIETEVVDRGLYGS - FKPNFKVL 218
BAP-C AIESIVGKALNGK----DIARFFLIAIﬂSEA\A YIENEVSNNGLYGS-FT------ 130
. . R .
ccp ALKDNWARMHFAATVGKKQLGYN= = = == == == = = === === m e mmm oo 283
PAP NLEEKWGKISEATHNAKNG- - ALPKPLELVDAKGTKWIVLRVDEIN-RDVALL 276
Gelonin SLENKWGKLSFQIRTSGAN-G MFSEAVELERANGKKYYVTAVDQVK-PKIALL 289
Saporin QFEVSWRKISTAIYGDAKN-G KDYDFGFGKVRQVKDLQMGLL 270
Dianthin QFQVSWSKISTAIFGDCKN-G- - KDYDFGFGKVRQAKDLQMGLL 247
ME1 & ALENGWDLLSTATYNAKSS - TTKPTKCELLKTPVSLIWLGQNEWNFNSVEEIA-KVVGLL 289
Amaranthin AFQNGWARISTLIHNAEGA- - - - TPKCQAFPQPLRIGT -~ -~ - LTYGNVNEIR-NEIGII 268
RicinA chain 1 eNslIGRLSTAIQESN- -QGAFA- - SPTQLQRRNGSKFSVYDVSILI-PIIALM 255
gxg?é“'" NLENNWGDISDAIHKSS- - - - - - - PQCTTINPALQLISPSNDPWVVNKVSQIS - PDMGIL 270
------------------------------------------------------------ 130
ggg KYVNGTCQTTYQNAMFSQUIISTYYNYMSNLGDLFEGF -
Sl KFVDKDPKTSLAAELTIQNY-E------ SLVGFD---------
Saporin MYLGKPKSSNEANSTAYATTVL - -
Dianthin KYLGRPKS
ME1 KAKGKKLSTNND

Amaranthin {3 (e et
Ricin Achain  VYRCAPPPSSQF
Bouganin KFKSSK--LTQFATMIRSAIVE- DLDGDELEILEPNIA 305
BAP-C 130

Fig.3 Amino acid sequence alignment of different RIPs like Saprin (CAA41948.1), Bouganin
(AAL35962.1), PAP (CAA66702.1), ME1 (AAN65450.1), Amaranthin (AAD09240.1), Ricin
(10BT), Gelonin (sp|P33186.2), Dianthin (1RL0), CCP (CAH04896.1) compare to deduced
amino acid sequence of BAP-C
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0.6
— Amaranthin

0.6
1 0.1~ ME2

0.3
0.1 — Bouganin

0.0
— BAP-C

Ricin

Gelonin

ccp

1.4

Fig.4 Phylogenetic relationship of BAP-C to different RIPs. The deduced amino acid sequence
of BAP-C, Saprin (CAA41948.1), Bouganin (AAL35962.1), PAP (CAA66702.1), ME1
(AAN65450.1), Amaranthin (AAD09240.1), Ricin (1OBT), Gelonin (sp|P33186.2), Dianthin
(1RLO), CCP (CAHO04896.1)

M 1 2 3. 4

~14.6 kDa

Fig.5 Expression pET-BAP-C in E. coli BL21 (DE3) expression system
The figures shows samples from host cells BL21 uninduced (Lane 1), pET-BAP-C uninduced
(Lane 2), BL21 induced (Lane 3) and pET-BAP-C induced ~ 14.6 kDa truncated BAP (Lane 4).
Markers are given in lane M. (Molecular masses in kDa)
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The truncated BAP-cDNA was translated
(www.expasy.com) and deduced amino acids
are presented in (Fig. 3). It was found that the
ORF of 756 bp encodes 130 amino acid
residues. The amino acid composition was
checked using the ProtParam tool and shows
that the protein is rich in Alanine and Leucine
(9.2%), followed by Valine (8.5%) and
Asparagine (7.7%). The molecular weight of
the protein was predicted to be 14.6 kDa. The
BLASTP ORF-encoded amino acid sequence
of BAP showed an identity with different
RIPS/AVPs, being maximum with both
Bougainvillea antiviral protein and bouganin.
Conserved domains were searched with CDD
search tool as well as the ClustalW alignment
and it was found that the truncated protein
showing strong homology with RIP
superfamily (cl08249) and amino acid
sequences of other RIPs respectively (Fig. 3).
The phylogenetic relationship of deduced
amino acid sequence of truncated BAP with
ten other RIPS/AVPs constructed on the basis
of ClustalW alignment is shown in (Fig. 4).
The truncated BAP-C and bouganin proteins
could be grouped into one cluster with highest
bootstrap values. This may be due to the fact
that all these AVPs are from two species of
Bougainvillea only. The truncated BAP-C
cluster was also related to other clusters of
AVPs (ME1 and Amaranthin). This may be
due to the fact that BAP and ME1 except
Amaranthin belong to the same family
Nyctaginaceae. While with PAP, Dianthin,
Saporin observed a distant relationship of the
BAP cluster and there was no relation found
with Ricin, Gelonin and CCP.

SDS- PAGE analysis of
truncated-BAP

recombinant

The pET29a/BAP-C transformed into E.coli
BL21 (DE3) strain, the recombinant protein
expressed was induced by IPTG at fixed time
intervals. After induction, cells were lysed
and the expression profiles of protein

compared by SDS-PAGE. Purity of eluted
fractions was pertinent and showed a
prominent band of ~ 14.6 kDa to that of fused
truncated BAP in case of pET-BAP, whereas
there was no distinct band of that size in
pPET29a control and change in expression of
recombinant protein increases after the
induction with IPTG (Fig. 5).

Ribosome-inactivating proteins (RIP) have
been sharing the property of depurinating the
ribosomes irreversibly by catalytic i.e.
enzymatic manner (Stirpe 2004). Although
diverse studies in ribosomal inactivating
proteins were carried out, to know the
antiviral  mechanism  but the actual
biochemical function is yet to be understood.
Expression levels of RIPs in various plants is
enhanced due to infection, other abiotic
stresses like salinity, cold and post treatment
like jasmonic acids, abscisic acid and
mechanical wounding (Reinbothe et al., 1994,
Girbes et al., 1996, Rippmann et al., 1997,
Song et al.,, 2000, Iglesias et al., 2008,
Tartarini et al., 2010). The gene encoding for
BAP was isolated cloned and sequenced
(Vipul, 2003). But the E.coli cells grew
slowly and putative transformants generated
were becoming necrotic even during the
callus stage. This may be due to its
cytotoxicity to host ribosomes. The
cytotoxicity of pokeweed antiviral protein
(PAP) was reduced by engineering the
corresponding gene by removal of few base
pairs from C-terminal (Tumer et al., 1997).
Hence, by truncating the BAP-cDNA, the
cytotoxicity to the host could be reduced/
removed while the antiviral activity is
retained. So to reduce the cytotoxicity, the
gene truncated at the C-terminal was cloned
and normal growth of transgenic calli and
transformants was observed. For the cloning
and expression of recombinant proteins
produced by the target gene in E. coli, pET
expression system is the most powerful
system. In this system, strong bacteriophage
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T7 signals with transcriptional/translational
control drives the target genes cloned; by
providing T7 RNA polymerase source in the
host cell which induces gene expression so
that when there is full induction and
conversion of almost all of the cell’s
resources to target gene expression and within
a few hours after induction the desired
product accounts for about more than 50%of
the total cell protein (Novagen 2002). A 756
bp of truncated BAP-C gene cloned and
expressed in pET29a/ BL21 (DE3) system
and has shown truncated BAP of mass~ 14.6
kDa.

Truncated BAP gene was overexpressed in
tomato plants to produce resistance against
tospoviruses (Wallalwar and Balasaraswathi
2017). Antioxidant activity CCP and BAP
was reported (Gholizadeh et al., 2004, Bhatia
et al., 2004). The results can be utilized for
expressing the truncated BAP in transgenic
plants for evolving virus resistance. The
overexpression of these antiviral/RIP genes in
transgenic studies could be interesting and
will be effective in better understanding of the
physiological functions of different stress-
related defense genes.
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