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|. INTRODUCTION

Nature is a finite resource that provides people with food, feed, fibre and all our
requirements. Continuously growing population and the insatiable desire for new sources of
raw materials for daily life and industry has led to high stress on nature. Modern cultivation
practices have resulted in changing insect pest disease scenario. Of late viral diseases are
causing increasing damage to crops. In many research breeding programmes around the
world, increased virus resistance in crop plants is one of the often stated objective.

Conventional breeding programmes have partly succeeded in developing resistance
or tolerance to plant pathogenic viruses. Many higher plants have developed a variety of
defense systems to combat pathogen attack that is essential for their survival. Certain plant
species are known to synthesize proteins with antimicrobial properties (Broekaert et al.,
1997). Some of these proteins belong to a family of ribosome inactivating proteins (RIPs),
which directly inhibit the protein synthesis on ribosomes. RIPs are capable of removing a
single specific adenine residue in a conserved GAGA tetraloop of the major ribosomal RNA
(Barbieri et al, 1993). In addition to plant antiviral activity; RIPs have anti-human
immunodeficiency virus (HIV) (Zarling et al., 1990), anti-tumor (Lee-haung et al., 1995), and
anti-fungal (Wang et al., 1998) activity.

Virus resistance, previously observed in transgenic plants expressing coat protein
genes or the read-through component of the virus replicase gene, have been specific for the
virus from which the genes are derived or to closely related viruses (Beachy et al., 1990;
Golemboski et al., 1990). However, the expression of pokeweed antiviral protein (PAP) in
transgenic plants offers the possibility of developing resistance to a broad spectrum of plant
viruses (Jennifer et al., 1993)

In the light of the above background, this research programme had the following
objectives;

1. Cloning a gene encoding an antiviral peptide/RIP from Bougainvillea spectabilis
2. Cloning a full-length cDNA encoding antiviral peptide/RIP from Boerhaavia diffusa.

3. Analysis of expression of these genes in Escherichia coli.



Il. REVIEW OF LITERATURE

Proteins with selective toxicity have been investigated for varied uses including
increased plant defense against pathogens (Lodge et al., 1993; Logemann et al., 1992; Madin
et al., 2000), cancer therapy (Frankel et al., 1996; Kreitman, 1999; Olsnes and Pihl, 1982;
Paston and Fitzgerald, 1991; Spooner and Lord, 1990; Thorpe et al., 1982), and even as
biological weapons (Christopher et al., 1997; Weiner, 1996). One class of proteins with
selective toxicity, called ribosome-inactivating proteins (RIPs), is found in fungi, bacteria, and
the plant kingdom. RIPs are N-glucosidases that inhibit translation through their activity
against ribosomal RNA.

Due to the selective toxicity of RIPs, a primary focus of research has been to use
them as the toxic agent in immunotherapies (Olsnes and Pihl, 1982). As a result, much of the
RIP literature involves isolation and characterization of RIPs from new plant species and their
use as anticancer agents (Barbieri et al., 1993; Gasperi-Campani et al., 1985; Stirpe et al.,
1992). Many RIPs have high activity against non-plant ribosomes whereas plant ribosomes
are resistant to depurination (Bass et al, 1992; Hartley and Beevers, 1982; Krawetz and
Boston, 2000), These studies have led researchers to propose a role for RIPs in plant
defense. Antiviral activity has also been found in a number of type 1 and 2 RIPs (Barbeiri et
al., 1993; Hartley et al., 1996; Jackman et al., 1999).

2.1  MECHANISM OF RIBOSOME-INACTIVATING ACTIVITY

The N-glycosidation of RIPs involves the removal of a single, specific adenine
corresponding to residue A4324 in rat 28S ribosomal RNA (Endo et al., 1987; Endo and
Tsurugi, 1987). This adenine residue lies within a 14-nucleotide region known as the a- sarcin
loop having a GAGA sequence, with the first adenine being the RIP substrate, at the core of a
putative loop with a short base-paired stem (Correll et al., 1998; Gutell et al., 1993; Orita et
al., 1993). This adenine residue is required for elongation factor (EF)-1 and EF-2 dependent
GTPase activities. Irreversible depurination of the target adenine residue by a RIP blocks the
binding of EF-2, thereby blocking translation (Nilsson et al., 1986). The a-sarcin loop is
evolutionarily conserved in large rRNAs from bacteria to humans (Fig. 1) and the RIP-
targeted adenine residue is absolutely conserved (Mehta and Boston, 1998). Thus, all large
rRNAs could be susceptible to depurination by RIPs. The activity of RIPs depends on both the
source of the RIP and the target ribosome (Hartley et al., 1996). Native RIPs do not affect
ribosomes, while they may inhibit protein synthesis by heterologous plant ribosomes (Maria et
al., 2005). RIPs such as PAP are very active against plant, animal, and bacterial ribosomes,
whereas RIPs from cereals generally have low activity against plant ribosomes. For example,
10° -fold more ricin is required to depurinate wheat ribosomes than to depurinate mammalian
ribosomes (Cawley et al, 1977). Differences in efficiency are also observed between
depurination of ribosomes and free rRNA. Ricin is needed 10* fold more to depurinate
oligonucleotides than to kill mammalian cells (Endo et al., 1991). There have been reports of
interaction between ricin and the ribosomal proteins L9 and PO, which are located in a region
of the ribosome called the acidic stalk (Vater et al., 1995). The acidic stalk is known to be
involved in interactions with elongation factors (Rich and Steitz, 1987; Uchiumi et al., 1987).
Vater and colleagues claim that there is enough sequence divergence in the L9 and PO
proteins to account for lack of prokaryotic recognition by ricin (Vater et al., 1995). Further, an
additional component of the acid stalk, P3, appears to be unique to higher plants and may
contribute to structural differences that affect RIP interactions with plant ribosomes (Bailey-
Serres, 1998; Bailey-Serres et al., 1997).

Thermodynamic studies of the a-sarcin loop suggest that the loop is not very stable
(Szewczak et al., 1991). Thus, the conformation of the a-sarcin loop may change during
translation (Szewczak and Moore, 1995). Studies have shown that ribosomes have different
sensitivities to RIPs, depending on their conformation (Holmberg and Nygard, 1996; Girbes et
al., 1996; Alegre et al., 1996). Differences in RIP tertiary structure could also account for
specificity toward certain ribosomes. X-ray crystallography with RIPs having differing
ribosome specificity have shown that overall tertiary structure is similar (Wang et al., 2000;
Savino et al., 2000; Poyet et al., 1998; Katzin et al., 1991; Zhuo et al., 1994). Amino-terminal,
carboxy-terminal, and central domains of two RIPs with differing ribosome-specificity were
swapped, The mutants produced by swapping domains of pokeweed antiviral protein (PAP),



RIP depurination site

cC—G
C—G
U——A
C—G
GelU
UuegG
=G
-

~——

Fig 1. The open conformation showing a-sarcin loop and depurination site of N-
glycosidase ribosome-inactivating proteins (RIP)

which normally has activity against both prokaryotic and eukaryotic ribosomes, and
ricin, which normally has activity only against eukaryotic ribosomes, only showed activity
against eukaryotic ribosomes in vitro (Chaddock, et al, 1996). When interpreted in terms of
tertiary structure, the swapped domains included surface loop structures between ricin and
PAP. Differences in structure between ricin and Mirabillis antiviral protein (MAP30) also occur
mainly at loops of the two proteins (Wang et al., 2000). Much is still unknown about how the
interaction of RIPs and their target ribosomes affect specificity. These interactions are quite
complex with small variations in both the structure of the RIP and the structure of ribosomal
proteins conferring specificity. However, the specificity of RIPs towards certain ribosomes
appears to involve specific positive or negative interactions between the surface of the RIP
and the surface of the ribosome and not large structural differences between the RIPs.

2.2 STRUCTURE OF RIPs

The three-dimensional (3D) structure for several type 1 and 2 RIPs has been
determined by X-ray diffraction (Rutenber et al., 1991; Monzingo et al., 1993; Husain et al.,
1994; Wang et al., 1999; Savino et al., 2000). Comparison of the structures of these RIPs has
shown certain features that seem to be consistent between these proteins. For example, a
prominent cleft that contains the active site has been observed in all RIPs crystallized to date
(Wang et al., 1999). Ricin was the first RIP whose three-dimensional structure was solved by
X-ray crystallography (Montfort et al., 1987) and refined to 2.5 A° resolution (Rutenber et al.,
1991). The family of RIPs shares only about eight invariant amino acids, and most of this
cluster in the active site. These include Tyr 80, Tyr 123, Glu 177, Arg 180, and Trp 211.
Among these, aromatic Tyr80, Tyr123, and Trp211 are thought to contribute to substrate
binding (Montfort et al., 1987 Rutenber et al., 1991; Watanabe et al., 1992) by intercalating
their aromatic rings between the bases of the ribosomal RNA. The ricin A-chain (RA) has
been characterized for correlations between structure and function. The mutational analysis
identified 32 of the 267 amino acids present in RA that were required for the ribosome-
inactivating activity (Munishkin et al., 1995). These 32 amino acids are congregated in or near
either the putative active site cleft or the hydrophobic core behind it. The largest concentration



of these amino acids is in Helix E and the adjacent unstructured region (Morris et al 1994).
Helix E (residues 161-180) forms one side of the active site cleft and is the longest helix in
RA. Helix E has a distinct bend (residues 177-180) near its carboxyl-terminal end that disrupts
the local hydrogen-bonding pattern and is thought to produce the active site cavity (Munishkin
and Wool, 1995).

Saporin, a type 1 RIP, belongs to a multigene family that encodes several isoforms.
The saporin seed isoform 6 has significantly higher N-glycosidase and cytotoxic activities as
compared to the seed isoform 5. Although the two have identical active sites, the amino acid
changes outside the active sites of these isoforms have been implicated in the catalytic
activity (Paroma et al., 2006).

2.3 CLASSIFICATION OF RIPS

RIPs are defined by their N-glycosidase ribosome-inactivating activity and not by
sequence homology. Three classes of RIPs have been identified based on their physical
properties (Mundy et al., 1994; Nielsen and Boston, 2001). a) Type 1 RIPs; these are
monomeric enzymes with an Mw of about 30,000 and a basic isoelectric point that can
contain a signal peptide and/or C-terminal extensions. The majority of RIPs characterized to
date are type 1 RIPs (Barbieri et al., 1993). b) Type 2 RIPs; these are heterodimeric proteins
with ribosome-inactivating activity and lectin properties on separate polypeptides. A disulfide
bond links the subunits. ¢) Type 3 RIPs; these are produced as inactive single polypeptide
precursors that must be proteolytically processed to produce the active protein (Mundy et al.,
1994). Type 3 RIPs are less prevalent than type 1 or type 2 RIPs. To date, type 3 RIPs have
been characterized only in cereals (Bass et al.,, 1992; Reinbothe et al., 1994a; Reinbothe et
al., 1994b; Walsh et al., 1991). One of the best-characterized type 3 RIPs is a kernel specific
protein from maize, designated proRIP1 (Walsh et al., 1991; Bass et al., 1992). ProRIP1 is an
acidic protein that is cleaved during kernel germination to release 26 internal amino acid
residue as well as residues from both the amino- and carboxy-termini (Bass et al., 1992;
Walsh et al., 1991). This proteolysis converts the proRIP1 from a single peptide of 32 KDa to
two tightly associated subunits with basic isoelectric points and of 16.5 KDa and 8.5 KDa
(Walsh et al., 1991). The two subunits interact to form the enzymatic site for the complex. The
proteolytically activated form, RIP1, has a ribosome-inactivating activity in vitro 1000-fold
higher than that of proRIP1 (Walsh et al., 1991).

2.4 ENTRY OF RIPs INTO CELL

RIPs are localized extracellularily as well as in compartments that vary among
different host cells. Most RIPs appear to have N-terminal signal sequences that target them
for cotranslational entry into the endomembrane system (Hartley and Lord, 1993). The
endomembranes then provide a barrier between the RIP and the orthologous ribosomes.
RIPs, however, can be transported bidirectionally — both forward and reverse through the
endomembrane system. As a result, additional protective steps are necessary to prevent
subsequent retrograde transport of newly synthesized RIPs back to the ribosome-containing
cytosol. One strategy is, to synthesize them as inactive pro-proteins. Phytolacca insularis
antiviral protein (PIP2), saporin, sechiumin, trichoanguin, and tricosanthin are all type 1 RIPs
with short carboxy terminal extensions that are encoded by the corresponding genes but not
found on proteins isolated from plants (Benatti ef al, 1991; Carzaniga et al., 1994; Chow et al.,
1999; Song et al., 2000; Wu et al., 1998). The C-terminal extensions are similar in sequence
to those found on vacuolar proteins and may act as vacuolar targeting signals (Neuhaus and
Rogers, 1998; Vitale and Raikhel, 1999). Recombinant tricosanthin and sechiumin that
contain the C-terminal amino acid peptides have fivefold less enzymatic activity than the
corresponding native proteins (Wu et al, 1998; Zhu et al., 1992). Thus, in addition to
targeting, extensions may prevent these RIPs from becoming active prior to reaching the
storage organelles. The importance of sequential processing and localization of RIPs away
from ribosomes was recently demonstrated by studies to express various ricin constructs in
transgenic tobacco protoplasts and determine their cellular fates (Frigerio et al., 1998). Ricin,
a type 2 RIP, undergoes a complex maturation process. It is produced in castor bean as a
precursor polypeptide (preproricin) that contains a signal peptide as well as the A- and B-
chains joined by a short linker peptide (Butterworth and Lord, 1983; Lamb et al., 1985).
Proricin is generated by cleavage of the N-terminal signal peptide from preproricin and
transported from its site of synthesis at the endoplasmic reticulam (ER) to vacuoles via the



Golgi complex (Lord, 1985). Only after proricin has reached the vacuole is the linker peptide
cleaved to produce the mature active protein. When the ricin A-chain was expressed alone in
transgenic tobacco protoplasts, it could be detected in ER, but its continued expression was
toxic (Frigerio et al., 1998). This toxicity indicates that the active A-chain can most likely be
transported from ER into the cytosol where it would interact with ribosomes. When the native
preproricin construct was assayed, processing, glycosylation, and targeting to the vacuole
occurred normally and no toxicity was seen (Sehnke and Ferl, 1999). Thus, it appears that to
prevent toxicity to the host cell, ricin, and most likely a number of other type 2 RIPs, must be
produced as preproteins and targeted to the vacuole prior to activation by cleavage of the
peptide linker between the A- and B-chains. Besides those RIPs localized in vacuoles, there
are others such as PAP that are secreted to a final destination in the cell wall matrix
(Carzaniga et al., 1994; Ready et al., 1986). Like RIPs localized in vacuoles, these proteins
would be physically separated from orthologous ribosomes. Furthermore, the host cell would
not be a barrier for activity against target cells.

2.5 ANTIVIRAL ACTIVITY OF RIPs

It has been known since the 1920s that crude extracts of pokeweed leaves inhibit
plant virus infection when the extracts and virus were mixed and rubbed onto the surface of a
test plant (Duggar et al., 1925). Later, the active protein component was isolated and named
as pokeweed antiviral protein. Subsequently, purified RIPs from many sources have been
shown to potently inhibit the infection of test plants by diverse plant viruses. All RIPs with
proven antiviral activity toward plant viruses are type 1 RIPs except the type 2 RIP from
Eranthis thyemalis (Barbieri et al., 1993; Hartley et al., 1996; Kumar et al., 1993). Three
possible explanations were put forward for the antiviral activity. First, RIPs may act directly on
the viral nucleic acids through their rRNA N-glycosylase activity (Wang et al., 1999). Second,
RIPs may act directly on the host, selectively killing the infected cells, thus preventing the
virus from replicating and spreading to neighboring cells and finally, RIPs may act indirectly
through inactivation of the plant’s defense system (Zoubenko et al., 1997 and Peumans et al.,
2001).

Several lines of evidence however, suggest that antiviral activity can be separated
from depurination at the a-sarcin loop (Aron et al., 1980 and Zhang et al., 2000). Experiments
with transgenic plants expressing PAP and PAP mutants were able to dissect to some extent
the mechanism of the in planta antiviral activity of RIPs (Nilgun et al., 1997; Wang et al.,
2000). The most definitive demonstration was made by Nilgun et al. (1997) who assayed a
deletion mutant of a PAP gene in transgenic tobacco. Even though the mutant protein was
unable to depurinate the a-sarcin loop, it still conferred viral resistance against Potato virus X,
by depurinating tobacco ribosomes.

There has been a report of novel activity of PAP to selectively depurinate RNAs that
had a 5’ terminal m7GpppG cap (Hudak et al., 2000) which could explain the antiviral activity
of PAP against the Sindbis-like viruses, Tobacco mosaic virus (TMV), Brome mosaic virus
(BMV), and Cucumber mosaic virus (CMV), all of which have 5’ terminal caps (Goldbach et
al., 1986; Strauss et al., 1988)

A PAP mutant with two amino acid substitutions, L20R and Y49H, showing antiviral
activity and toxicity caused a constitutive expression of the acidic form of PR-1 (class Il
pathogenesis related protein PR-1). This acidic PR-1 is normally induced in tobacco by
salicylic acid (SA). However, upon expression of PAP the synthesis of acidic PR-1, acidic PR-
2 and isoform of basic PR-3 occurred independently of SA accumulation (Zoubenko, et al,
2000). Reciprocal grafting experiments concluded that PAP generates, through its enzymatic
activity, a soluble signal that can be translocated to the upper and lower parts of the grafted
plants and induces resistance to virus infection by a mechanism that is not linked to
accumulation of salicylic acid or induction of PR 1 (Smirnov et al., 1997).

2.6 ANTIFUNGAL ACTIVITY OF RIPs

RIPs have intrinsic antifungal activity due to their ability to inactive fungal ribosomes
in vitro and, presumably, in situ. A 30-kDa ribosome-inactivating protein was purified from
barley (Hordeum vulgare L.) seeds which synergistically inhibited the growth of fungi
measured in a microtiter well assay. Northern hybridization analysis showed accumulation of
this protein in starchy endosperm during late seed development (Leah et al, 1991). Two novel



type | RIPs have been isolated from the storage root of the Andean root crop species Mirabilis
expansa. These proteins, named ME1 and ME2, were active against root-rot fungi (Vivanco,
et al., 1999). An abundant maize kernel ribosome-inactivating protein 1 (RIP1) decreased
hypal proliferation of Aspergillus nidulans and Aspergillus flavus, thus protecting seed from
fungal invasion (Nielsen et al., 2001). Both type 1 and type 2 RIPs show broad activity against
a number of plant and human pathogenic fungi (Oda et al., 1997; Rezzonico et al., 1998).
Recent studies with a type 2 RIP showed that the cell-binding B chain (lectin) binds to fungal
cells, forming a channel allowing the N- glycosidase A-chain entry into cells, resulting in RNA
damage (Xia et al., 2000; Zhang et al., 1999). Precisely how type | RIPs, which do not have a
cell-binding chain inhibit fungi, i.e., how are they internalized, is not known.

2.7 INSECTICIDAL ACTIVITY OF RIPs

Insect bioassays with ricin and saporin showed extreme toxicity to larvae of two
Coleopteran species but had no detrimental effect on Lepidoptera (Gatehouse et al., 1990).
However Cinnamomin, a type 2 RIP from seeds of the camphor tree Cinnamomum
camphora, was toxic to larvae of mosquito Culex pipines pallens and cotton bollworm
Helicoverpa armigera (Zhou et al, 2000). In both studies, the capacity of insect gut
homogenates to hydrolyze the RIP was associated with a decrease in effectiveness of the
RIP against insects. Thus, the apparent resistance seen in these studies may simply indicate
that the RIP was degraded before it could be internalized into target cells.

Another demonstration of insect susceptibility came from two type 2 RIPs of Eranthis
hyemalis that were highly toxic (90%—-100% mortality at 1.0 mg/ml) to the southern corn
rootworm Diabrotica undecimpunctata howardii in feeding trials (Kumar et al., 1993). Toxicity
to insects has also been shown for maize proRIP and active RIP, which deterred feeding of
adult beetles of Carpophilus freemani, C. lugubris, Stelidota germinata, and Sitophilus
zeamais in assays in which the insects were given a choice of diets. In contrast, only active
RIP was toxic to caterpillars in no-choice assays (Dowd et al, 1998). Cabbage loopers
(Trichoplusia ni), which do not feed on maize, were most severely affected, whereas Indian
meal moths (Ploidia interpunctella), which commonly feed on stored maize grain, showed no
significant difference from controls. Fall armyworms (Spodoptera frugiperda, preferential leaf
feeders), corn earworms (Helicoverpa zea), and corn borers (Ostrinia nubilalis; preferential
immature seed feeders) had intermediate levels of susceptibility. Thus, differences in
susceptibility of caterpillar species to active RIP varied in apparent accordance to host
adaptation (or lack thereof), but factors contributing to the differential susceptibility or
resistance of these insects have not been identified. Cinnamomin and ricin exhibited a
different toxicity to domestic silkworm (Bombyx mori) larvae by oral feeding bioassay. The
LCs, of ricin to the silkworm larvae at third instar was much lower than that of cinnamomin.
The purified A-chains of both cinnamomin and ricin showed a slightly different RNA N-
glycosidase activity to the domestic silkworm pupal ribosome. It was proposed that the
difference of their toxicity to domestic silkworm larvae was not related to their A-chains but to
the properties of their B-chains (Guo-ging Wei et al., 2004).

2.8 CLONING AND EXPREESION OF RIPs

Ricin was the first of plant RIPs to be cloned (Roberts et al., 1985); both cDNA and
genomic clones of preprocin were isolated. For expression in heterologous system, DNA
encoding individual A or B chains rather than full preproricin precursor was utilized (O’'Hare et
al., 1987), cDNA of Mirabilis antiviral protein (MAP) was cloned by constructing a cDNA
library using AZAP cloning vector and probing with a synthethic MAP gene, the cDNA
consisted of 1066 nucleotides and encoded 278 amino acids. The MAP cDNA was expressed
in E.coli strain JM109 (DE3) based on T7 expression system and the product encoded by the
cDNA was confirmed to be MAP precursor by western blot analysis followed by
immunological analysis (Jiro et al., 1991). Pokeweed (Phytolacco americana) produces three
forms of antiviral proteins (PAPs) viz., PAP, PAP-S and PAP II, a complete cDNA encoding
Pokeweed antiviral protein Il (PAP 1) was cloned and expressed in E.coli. The PAP Il cDNA is
composed of 1187 nucleotides and encoding a mature protein of 285 amino acids, the
predicted amino acid sequence was having 33% similarity to PAP and PAP-S. The PAP II
which was expressed in E.coli, inhibited protein synthesis in a rabbit reticulocyte translation
system (Jean et al., 1994).



The cDNA of Sechiumin has been cloned by RACE approach and expressed using a
PET expression system in E.coli. The Sechiumin cDNA is composed of 951 nucleotides,
encoding a protein with 285 amino acids that has nearly 60% similarity to several type-l RIPs
purified from the Cucurbitaceae family (Tsann-hueiwu et al., 1998). cDNA clones were
isolated from a leaf cDNA library of Chenopodium album using a DNA probe derived from the
N-terminal amino acid sequences giving two full length cDNA clones CAP30 and CAP30B
both containing a putative signal peptide of 25 amino acids and a conserved domain
commonly found in RIPs, transformed E.coli cells expressing pre or mature CAP had greatly
reduced growth rates (Joug-sug et al., 2003). A small cDNA fragment containing a Ribosome-
inactivating site was isolated from a leaf cDNA population of Clesoia cristata by polymerase
chain reaction (PCR) using a degenerate primer designed from the partially conserved
peptide of Ribosome-inactivating/ antiviral proteins, the 150 bp cDNA fragment was
sequenced and expressed in E.coli giving a 57 Kda fused protein and was confirmed by
western blot analysis. The recombinant protein was purified and showed antiviral activity
towards tobacco mosaic virus on host plant leaves, Nicotiana glutinosa (Gholizadeh et al.,
2005).

2.9 TRANSGENICS

Genes encoding RIPs have been analysed for their expression in plants. For the
evaluation of the maize RIP b-32 gene ( pZmcrip3a), as an anti-fungal agent in transgenic
rice, two constructs pARP7 and pBY605RR were made based on plasmid pBY505 (B. Wang
and R. Wu, unpublished), which contains the bar gene expression cassette. R2 plants were
tested for response to fungal pathogens of rice, Rhizoctonia solani and Magnaporthe grisea.
Disease severity caused by infection with the fungal pathogens was not significantly reduced
in the transgenic plants expressing the b-32 gene as compared to control plants, suggesting
that processing of b-32 protein may be required to have antifungal activity in planta. (Ju-Kon
et al., 1999). The antiviral activity of the type-2 ribosome-inactivating protein (RIP) IRAb from
Iris was analyzed by expressing IRAb in tobacco (Nicotiana tabacum L. cv. Samsun NN)
plants and challenging the transgenic plants with tobacco mosaic virus (TMV). Transgenic
tobacco lines expressing IRAb showed enhanced resistance against TMV infection but the
level of protection was markedly lower than in plants expressing IRIP, the type- 1 RIP from
Iris that closely resembles the A-chain of IRAb. Expression of the type-1 and type-2 RIPs from
Iris confers tobacco plants local protection against two unrelated viruses. The antiviral activity
of both RIPs was not accompanied by an induction of pathogenesis-related proteins, so
observed antiviral activity of both Iris RIPs relies on their RNA N-glycohydrolase
(Vandenbussche et al., 2004)

Transgenic tobacco and potato plants that expressed either pokeweed antiviral
protein (PAP) PAP or a double mutant derivative of PAP showed resistance to infection by
different viruses. Resistance was effective against both mechanical and aphid transmission.
Analysis of resistance in transgenic plants suggests that PAP confers viral resistance by
inhibiting an early event in infection. Expression of PAP in transgenic plants offers the
possibility of developing resistance to a broad spectrum of plant viruses by expression of a
single gene (Lodge et al., 1993).

2.10 RIPS IN MEDICINE

Due to the selective toxicity of RIPs, the primary focus of research has been to use
RIPs as the toxic agent in immunotherapies (Olsnes and Pihl, 1982). The target specificity of
monoclonal antibodies induced the development of immunotoxins, which deliver toxins, such
as RIPs, to specific cells. PAP linked to specific antibodies has been shown to prevent the
growth of leukemia cells (Ramakrishnan et al., 1984).

Another relatively successful immunotoxin is TP3-PAP. This antibody (TP3) is
reactive against an antigen on human and canine osteosarcoma. This tumor-associated
antigen is expressed at very high levels on the surface membrane of human osteosarcoma
cells (Bruland et al., 1988). Furthermore, RIP gelanin was also shown to be effective on
malarial parasites when linked to human transferin (Surolia et al., 1996). Curcin had a
powerful inhibitory action upon protein synthesis in reticulocyte lysate with an ICsy (95 %
confidence limits) value of 0.19 (0.11-0.27) nmol/L. The ICs, (95 % confidence limits) of curcin
on SGC-7901 (gastric cancer cell line), Sp2/0 (mouse myeloma cell line), and human



hepatoma was 0.23 (0.15-0.32) mg/L, 0.66 (0.35-0.97) mg/L, 3.16 (2.74-3.58) mg/L,
respectively. Curcin was not found to be toxic to HelLa cells and normal cells (human embryo
lung diploid cell line) (Lin et al, 2003). These studies indicate that RIPs could be very
effective drugs when linked to proper targeting antibodies, and could thus be used as
antitumor drugs.



l1l. MATERIALS AND METHODS

The present study was undertaken to clone and express, RIP genes from
Bougainvillea spectabilis and Boerhaavia diffusa belonging to family Nyctaginaceae. Matured
leaves from both the plants were used in this study.

3.1 RNAISOLATION FROM LEAVES

The total RNA was extracted from leaves of Bougainvillea spectabilis and Boerhaavia
diffusa using Eppendorf Perfect RNA™, Eukaryotic Mini RNA lIsolation kit.
Diethylpyrocarbonate (DEPC) 0.1%, beta merceptoethanol (14.3M), Absolute ethanol (96-
100%) was from Himedia. All the solutions and glassware were treated with 0.1% DEPC
water and used after sterilization.

RNA isolation and RT-PCR reaction was done as per the manufacturer’s instructions.
One gram of the samples was ground in liquid nitrogen and approximately 100 mg ground
material was taken in a tube containing 350ul lysis solution and homogenized. It was
transferred to a 1.5 ml microcentifuge tube and centrifuged at 13000rpm for 1 minute. The
supernatant was transferred to a fresh 1.5 ml microcentrifuge tube, to which 350 ul 70 %
ethanol was added and mixed by gentle inversions. Later, 200 ul of Perfect Binding Matrix
Solution was added and mixed gently. The lysate/ Binding Matrix mixture was pipetted out
into a Perfect RNA Binding Matrix Spin Column and centrifuged at 13000rpm for 30 seconds.
Two successive washes with 700l wash solution 1 and 500 pl wash solution 2 were given by
centrifugation for 30 seconds at 13000 rpm, before eluting RNA from the column with RNase
free water. About 50 pl of RNA preparation was collected and stored in -20°C.

3.2 REVERSE TRANSCRIPTION

cMaster RTplus PCR System and cMaster RT Kit (Eppendorf) were used for cDNA
synthesis. 4pl of total RNA was taken in a sterile 0.5-ml microcentrifuge tube, 3ul RNase-free
water, 1ul Oligo (dT) primer (10mM) and 2ul dNTPs (10mM) each were added to it. The
contents in the tube were spun briefly and incubated at 65°C in a thermal cycler for 5 min. it
was later cooled on ice for 2 minutes and 5ul RNase-free water, 4ul RTplusPCR Buffer, 1pl
cMaster RT Enzyme were added, gently vortexed, briefly centrifuged and incubated at 42°C
for 1.5 hours in a thermal cycler. The reaction was stopped by heating the sample at 85°C for
5 minutes. The cDNA obtained was stored at -20°C.

3.2.1 Amplification of full length bouganin cDNA (bgn)
Primers Specific for the full length bgn

The cDNA specific primers for full-length Bougainvillea antiviral peptide of
Bougainvillea spectabilis were designed and synthesized based on the sequences available
in the database using the GENETOOL software. The primer sequences were;

Primers for Bouganin gene with Xbal and BamH]I sites

BSXF 5 GCTCTAGACATGGGTTGGTGGGCTATCA 3

BSBAMR 5 CGGATCCAGGCGATGAAAGGTGATTAGGC &

3.2.2 Standardization of primer concentration

Primer concentrations viz., 5 pM, 10 pM, 20 pM, 30 pM, 40 pM, 50 pM were used to
optimize amplification. Based on the results, 10 pM of bgn primers, which gave single intense
amplicon, were used for large scale amplification.

3.2.3 Reaction mix

The master mix required for all samples were prepared afresh to avoid handling
errors. The master mix (20 pl) (Appendix 1) was distributed to the tubes and 5l of template
DNA added to make the total reaction volume to 25 pl.




3.2.4 PCR amplification
PCR amplification was done with the following PCR conditions;

A) Condition for PCR amplification of Bouganin

Stage Step Tem(p%r)a ture Dl(Jr:ﬁE;m No. of cycles
I Initial denaturation 94 5 1
Il Denaturation 94 1
Annealing 51 1 39
Extension 72 1
Il Final extension 72 20 1
Hold 4 - -

3.3 SEPARATION OF AMPLIFIED PRODUCTS BY AGAROSE
GEL ELECTROPHORESIS

About 10 pl of amplified products from each tube along with 2 pl of loading dye
(Appendix IIA) were separated on 1 percent agarose gel (Appendix 1IB) using 1X TAE buffer
prepared from 50X TAE (Appendix IIC) along with Hindlll / EcoR! double digest as DNA
molecular weight marker. The image of the gel was documented using gel documentation
system (UVitec, Cambridge, England).

3.4 CLONING OF BOUGAINVILLEA ANTIVIRAL PEPTIDE
GENES

PCR based cloning was attempted starting from elution of PCR fragment from
agarose gel to the confirmation of clones.

3.4.1 Gel elution of PCR fragment

The intense band of ~938bp PCR fragment obtained using the specific primers were
excised from low melting agarose gel with a sharp sterile scalpel blade under low intensity
(70%) UV transilluminator. The agarose gel piece containg the fragment was collected in a
sterile pre-weighed micro-centrifuge tube. The DNA from the excised gel was eluted using
Qiagen gel extraction kit following the method described in the user's manual. The purified
PCR product was quantified by ethidium bromide spotting method as described by Sambrook
and Russel (2001).

3.4.2 Cloning of pcr product

Purified PCR products of 938bp (50ng/ul) were ligated to pTZ57R/T vector (2886bp)
as described in InsT/A clone™ PCR product cloning kit (#k1214) from MBI Fermentas, USA.
For ligation, optimal molar ratio of ends of 1:3 of vector: insert was calculated as per the table
given in (Appendix Ill). The components of ligation mixture was mixed into a 0.5 ml
microcentrifuge tube and incubated at 16°C overnight in a thermal cycler. A control ligation
reaction was performed using control PCR fragment provided in the kit by adding components
described in (Appendix lIC). E.coli DH5a was transformed with this recombinant.




3.5 TRANSFORMATION
3.5.1 Preparation of competent cells

The competent cells of E. coli DH5a were prepared following the protocol mentioned
by Sambrook and Russell (2001) with minor modification as described below.

An isolated colony from E. coli DH5 o plate was inoculated in 5 ml Luria broth and
incubated at 37°C overnight at 200 rpm. The next day, the culture was diluted to 1:100 using
Luria broth i.e., 0.5 ml of culture was added to 50 ml of Luria broth and incubated for 2 to 3
hours till it attained 0.3-0.4 at ODgq,. The culture was chilled in ice for 30 min and 25 ml of
culture was dispensed into two 50 ml centrifuge tubes. The cells were pelleted at 6000 rpm
for 5 min. The supernatant was discarded and pellet was resuspended in 12.5 ml of ice-cold
0.1 M CaCl,. The centrifuge tubes were again kept in ice for 45 min and later centrifuged at
4000 rpm for 10 min. The pellet was dispensed in 1 ml of 0.1M CaCl, and to this 88 pl of
dimethyl sulfoxide (DMSO), a cryoprotectant was added.

3.5.2 Transformation of E. coli DH5 o

About 100 ul of freshly prepared competent cells were taken in a chilled centrifuge
tube and 10 pl of ligated mixture was added into the tube and mixed gently. The mixture was
chilled in ice for 45 min. Later, heat shock was given by shifting the chilled mixture to
preheated 42°C water bath for exactly 2 min. Immediately, it was transferred onto ice and
chilled for 5 minutes. To this 800 ul of Luria broth was added and incubated at 37°C at 200
rpm for 45 minutes to allow bacteria to recover and express the antibiotic marker encoded by
plasmid. The culture was centrifuged at 13,000 rpm for 1 min and about 700 ul of supernatant
was discarded and the pellet was resuspended in remaining supernatant and spread on the
plates having Luria agar (Appendix [ID) with Ampiq0, X-gal, IPTG and incubated overnight at
37°C.

The recombinant clones were identified by blue/white colony assay. After overnight
incubation, only white colonies, having recombinant vectors were picked up and streaked on
plates having Luria agar with Amp;q9, X-gal, IPTG and incubated at 37 °C overnight for further
multiplication.

3.5.3 Confirmation of recombinant clones

The confirmation for the presence of desired DNA fragment in cloning vector was
done by specific PCR and by restriction analysis as follows. For PCR confirmation of clones
the template DNA from plasmids was isolated following the alkaline lysis protocol of Brimbion
and Dolly (1979).

White colonies were inoculated to 10 ml Luria broth with ampicillin (100ug/ml)
overnight at 37°C over shaker at 175 rpm. Overnight grown culture was centrifuged at 5000
rpm for 2 min at 4°C in 2.0 ml microcentrifuge tubes. The supernatant was removed and pellet
was washed with STET (Appendix 1V) (0.25 volume of original culture). It was centrifuged at
5000 rpm for 2 min. The pellet was resuspended in 200 pl of ice-cold alkaline lysis solution |
(Appendix 1V). by vigorous vortexing. Later, 400 pl of freshly prepared alkaline lysis solution Il
(Appendix 1V) was added to each tube and the contents were mixed by inverting the tubes 4
to 5 times and kept in ice for about 5 min. To this suspension, 300 pl of alkaline lysis solution
Il (Appendix 1V) was added and again mixed thoroughly by gently inverting the tubes 4-5
times. The tubes were stored on ice for 5 minutes and centrifuged at 13,000 for 8 min. The
supernatant was transferred to fresh tubes and equal volume of phenol: chloroform isoamyl
alcohol (25:24:1) was added to precipitate proteins and was mixed well. It was centrifuged at
13,000 rpm for 10 min at 4°C. The aqueous layer was transferred to a fresh tube and two
volumes of isopropanol was added. The contents were mixed and allowed to stand for 2
minutes at room temperature. The solution was later centrifuged at 13,000 rpm for 5 min. The
supernatant was discarded and pellet was washed with 70 per cent ethanol and spun for 1
min at 13,000 rpm to recover the plasmid. The supernatant was discarded, pellet was dried
completely and dispensed into 25 ul of T1¢E; (pH=8.0) containing 3 wl of RNase A (10 mg/ml).
The solution was kept at 50°C for 15 min and then stored at -20°C. The plasmid DNA was
visualized on 0.8 per cent agarose gel as described, using Hindlll/EcoR! double digest, as
DNA marker



The confirmation of the presence of cloned fragment in pSKK was done by PCR
amplification of clones with primers. The total DNA and cloning vector were used as positive
and negative controls in the PCR.

The confirmation was also done through comparative restriction analysis of selected
clones and the control vector to detect the presence of the desired insert with BamHI and
Xbal for bgn gene.

3.5.4 Sequencing of clones

The full length bgn amplicon cloned in pTZ57R/T was sequenced using M13 primers,
at Bangalore Genei Private Ltd., Bangalore. The sequences were subjected to analysis using
BLAST algorithm available at http://www.ncbi.nim.nih.gov.

3.6 SUB CLONING OF BOUGANIN cDNA INTO A
PROKARYOTIC EXPRESSION VECTOR

3.6.1 Vector and clone isolation

The bgn gene was subcloned into pET28a (+), prokaryotic expression vector. The
alkaline lysis protocol of Brimbiom and Doly (1979 and 1983) with certain modifications was
used for isolation of the plasmids as described earlier (3.5.3).

3.6.2 Elution of linearized vector pET28a (+)

Single digestion of pET28a (+) was done with restriction enzyme—BamHI|. The
linearized vector was eluted. The eluted sample was extracted using gel extraction kit
(Eppendorf, Germany) and the purified as per the protocol given in the user’s manual.

3.6.3 Elution of inserts and ligation

The inserts were obtained by digesting pSKK3680 clone with BamHI. The inserts
were eluted as described earlier. The purified vector DNA and inserts were quantified using
spectrophotometer. The ligation reaction was carried out with an optimal molar ratio of 1:3
vector: insert in a 0.5 ml micro centrifuge tube and incubated at 16°C for 16 hours. A control
ligation reaction was performed using vector with cohesive ends, adding components as
described in (Appendix -VI).

3.6.4 Competent cell preparation

Competent cells of E. coli BL21 (pLysS) were prepared following the protocol of
Sambrook and Russel (2001) with minor modifications as described earlier (3.5.1).

3.6.5 Transformation of E. coli BL21

Transformation of competent E. coli BL21 (pLysS) cells was transformed as
described earlier (3.5.2).

3.6.6 Confirmation of clones

The confirmation of the clones was done by PCR amplification using bgn specific
primers on recombinant plasmids. PCR amplification on total DNA and the control pET28a (+)
vector were used as positive and negative controls respectively.

Further confirmation was done by the comparative restriction analysis of the
recombinant plasmid of selected clones and control vector with BamH1.

3.7 EXPRESSION OF bgn cDNA IN E. coli

The expression analysis was done using procedure outlined in Sambrook and Russell
(2001).

3.7.1 Protein extraction

About 5 ml of Luria broth with kanamycin (50 pug/ml) was inoculated with 50 pl of
overnight culture and incubated at 37°C with shaking. One ml culture was taken and was



induced by adding 1mM IPTG. It was again incubated for 3 to 4 hours at 37°C over a shaker.
After induction, the protein was extracted and analyzed by SDS-PAGE.

For extraction of proteins, the cell culture was centrifuged at 13,000 rpm for 1 min at room
temperature. The pellet was resuspended in 100 pl of T1,E; and 100 ul of 2x SDS gel loading
buffer added to it. The mixture was heated at 95°C for 10 minutes and centrifuged at 5000
rpm for 5 minutes at room temperature. About 60 ul of each such suspension was loaded on
10 per cent polyacrylamide gel. The protein extract from cells containing vector alone was
used as control. The gels were stained by the procedure described in Sambrook and Russell
(2001) and visualized under transilluminator (Appendix V).

3.8 CLONING FULL LENGTH cDNA OF Boerhaavia diffusa
RIBOSOME INACTIVATING PROTEIN.

The total RNA was extracted from leaves of Boerhaavia diffusa using Eppendorf
Perfect RNA™, Eukaryotic Mini RNA Isolation kit. Accordingly, one gram samples was ground
in liquid nitrogen and then about 100 mg ground material was taken in a tube containing
350ul lysis solution and homogenized, and rest of the procedure followed was as described in
section 3.1.

3.9 DEGENERATE PRIMER FOR RAPID AMPLICATION OF
cDNA ENDS BY PCR (RACE-PCR)

In silico analysis of 12 RIPs was done before designing degenerate primer to identify
the gene-encoding novel RIP gene from Boerhaavia diffusa. The protein and nucleotide
sequences of different RIPs were downloaded from the NCBI database
(http://www.ncbi.nim.nih.gov). The protein sequences were aligned using Bioedit software
(www.mbio-ncsu.edu/bioedit/bioedit.html).

As per the requirements of the SMART RACE PCR kit (Clontech, TakaraBio Japan),
30bp long primer with an annealing temperature of 72°C was designed manually is given
below.

Sequence of Degenerate primer for 3° RACE-PCR

3’RACE-PCR BDDEG 5 'ATYCAATGRYKKCNKARGCAGCATT 3’

3.9.1 Standardization of primer concentration

Primer concentration viz., 5.0 pM, 10 pM, 15 pM, 20 pM and 25 pM, were used to
optimize amplification. Based on the results, 10 pM of primer was used further.

3.10 3’'RACE-PCR

3.10.1 First strand cDNA synthesis for 3' RACE- ready cDNA

SMART RACE (Rapid Amplification of cDNA Ends) cDNA Amplification kit (Clontech,
TakaraBio Japan) was used for cDNA synthesis. 4 pl of total RNA was taken in a sterile 0.5-
ml microcentrifuge tube and 1 pl 3'-CDS primer (10uM) was added to it. The contents in the
tube were spun briefly and incubated at 70°C in a thermal cycler for 2 min and cooled on ice
for 2 minutes. Later it was briefly centrifuged and 2ul of 5X First-Strand Buffer, 1ul of dNTP
Mix (10 mM each), 1 pl DTT (20mM) and 1 pl of PowerScript Reverse Transcriptase was
added. The tubes were then gently vortexed, briefly centrifuged and incubated at 42°C for 1.5
hr in an incubator. The cDNA obtained was further diluted to 40ul using Tricine-EDTA buffer
and incubated at 72°C for 7 minutes. Diluted sample was stored at -20°C.

3.10.1.1 Preparation of PCR master mix

The master mix was prepared by adding the following components in a sterile 0.5 ml
tube.



Reagent for 3 RACE-PCR Volume
Sterile water 69.0ul
10X Advantage 2 PCR buffer 10.0ul
dNTP mix (10mM) 2.0ul
3’RACE Ready cDNA 5.0ul
50X Advantage 2 polymerase mix 2.0ul
Total volume 88.0pl

The components were mixed by brief centrifugation and 44ul of master mix was
distributed to two 0.5 ml PCR tubes. 1 ul of BDDEG primer and 5 ul of universal primer mix
(UPM) were added to both the tubes and thermal cycling was commenced immediately.

PCR ampilification: Following Touch down PCR programme was used for amplification.

Steps Stage Temp. (°C) Duration ';l:(':h gtfaggydes in

1 I 94°C 30 sec

2 72°C 3.0 min °

3 I 94°C 30 sec

4 70°C 30 sec 5

5 72°C 3.0 min

6 1] 94°C 30 sec

7 68°C 30 sec 35

8 72°C 3.0 min

9 WY 72°C 30 min 1

The products obtained after the PCR reaction were kept at 4°C till they were used for
further analysis.

3.10.1.2 Separation of amplified 3'RACE products, elution and quantification

The PCR products in 5 pl from each tube along with 2 pl of loading dye (Appendix I1A)
were separated on 2% per cent agarose gel along with 100 bp DNA ladders as markers. The
gels were observed under a mid range UV trans-illuminator and documented using a gel
documentation system (UVtech, Cambridge, England). Remaining 95ul RACE-PCR product
was electrophoresed and the major amplification fragment corresponding to 450bp region
was excised from the 0.8 per cent low melting agarose gel and eluted and quantified as
described earlier

3.10.2 Construction of recombinant vector

Eluted and purified PCR fragments of size 450bp were ligated to pTZ57R/T vector
(pTZ57R/T is a 2,868bp cloning vector) as described in InsT/A clone™ PCR product cloning



kit (MBI Fermants) (Fig. 2). Protocols used for ligation, transformation of competent E.coli
cells and confirmation of the recombinant vectors was as described earlier in section 3.4 and
3.5.

3.10.2.1 Sequencing of clones

The insert in p3’ bd1 clone with 450bp amplicon cloned in pTZ57R/T was sequenced
using M13 primers by employing primer walking technique at Bangalore Genei Private Ltd.,
Bangalore. After removal of vector sequences, the sequence homology search was done
using BLAST algorithm available at http://www.ncbi.nlm.nih.gov.

3.10.3 5’ RAPID amplification of cDNA ends (5-RACE-PCR)
3.10.3.1 Construction of Gene Specific Antisense Primer

After deducing the 3’ sequence information and confirming it to be the 3’ region of
RIP genes, by using BLAST algorithm available at http://www.ncbi.nlm.nih.gov. A gene
specific antisense primer was designed which is as follows

Sequence information of specific primer for 5’ RACE-PCR

5’RACE-PCR SR2 5’GCCGTGGTGGAGGTCTTGGATTGAT &

3.10.3.2 First strand cDNA synthesis for 5’-RACE- ready cDNA

Similar to 3-RACE ready cDNA synthesis, SMART RACE kit (Clontech, TakaraBio
Japan) was used for 5’-RACE-ready cDNA synthesis. 3 ul of Poly A+ RNA was taken in a
sterile 0.5-ml microcentrifuge tube, 1 pl 5°-CDS primer (10 uM) and 1 ul SMART Il A oligo
primer was added to it. The contents of the tube were treated as in 3.9.1

3.10.3.3 PCR amplification: Preparation of PCR master mix

As in case of 3.4.2 for 5-RACE in place of 3-RACE ready cDNA, 5-RACE ready
cDNA was added. The components were mixed by brief centrifugation and 44ul of master mix
was distributed to two 0.5 ml PCR tubes. 1 ul of SR2 primer and 5 pl of universal primer mix
(UPM) (Clontech, TakaraBio Japan) were added to both the tubes and the thermal cycling
was commenced immediately.

PCR amplification: Following Touch down PCR programme was used for amplification in
thermal cycler.

Steps Stage Temp (°C) Duration No. of c;/tcellzz in each
1 [ 94°C 30sec
2 72°C 3.0 min °
3 Il 94°C 30sec
4 70°C 30sec 5
5 72°C 2.0 min
6 Il 94°C 30sec
7 68°C 30sec 35
8 72°C 2.0 min
9 \Y 72°C 30 min 1




The product obtained after the PCR were kept at 4°C till they are used for further
analysis. Separation of amplified products was done on 1.2% gel electrophoresis as
described earlier.

3.10.3.4 Cloning of the 5’RACE-PCR product

The procedure for gel elution of expected 650bp 5’ RACE-PCR product, quantification
of the elute, cloning of PCR product into pTZ57R/T cloning vector, ligation reaction and
transformation were same as that followed for 3’ RACE-PCR.

Blue-white assay was employed for selection of recombinant clones and recombinant
clones were confirmed by plasmid isolation, restriction analysis and by PCR using nested
universal (NUP) and gene specific primer SR2. Few random clones which passed all the
confirmation tests for a recombinant were picked and sent for sequencing.

3.10.3.5 Sequence analysis

Computer aided similarity searches of nucleotide sequences available in the public
database were carried out using the BLAST algorithm (Altschul et al., 1990, 1997). Multiple
sequence alignments of nucleic acid sequences were carried out with CLUSTAL W software.

3.11 GENERATION OF FULL-LENGTH cDNA SEQUENCE

By comparing and aligning the sequences of 3’ and 5° RACE products, the full-length
cDNA sequence of bdavp gene homologue was deduced using the VECTOR NTI 10.0
SOFTWARE and then complete CDS was obtained through RT PCR reaction using new set
of primers UPM and BDFR, Sequence of the primer is listed here.

BDFR 5-TCAGTAACATAAGATGCACCATATAAC -3

PCR was carried out using the SMART RACE (rapid amplification of cDNA ends)
cDNA Amplification kit (Clontech, TakaraBio Japan) in a total volume of 20ul following PCR
conditions were used to amplify full-length CDS

Steps Stage Temp (°C) Duration No. of c;/tc:ellgiaa in each

1 [ 94°C 30 sec

2 72°C 3.0 min °

3 [ 94°C 30 sec

4 70°C 30 sec 5

5 72°C 2.0 min

6 Il 94°C 30 sec

7 68°C 30 sec 35

8 72°C 2.0 min

9 \Y; 72°C 30 min 1

The procedure for gel elution of PCR product, ligation with pTZ57R/T vector,
transformation of DH5a and sequencing were described earlier.




3.11.1 In silico analysis of sequence

Complete sequence of the cDNA was subjected to homology search in the BLAST
algoritm and restriction analysis was done in BTI software GENETOOL. Using the GENSCAN
software in silico translation of cDNA was performed and general features of the protein
(molecular weight and amino acid composition) were assessed using Prot. Param tool.
Further, for the purpose of alignment, predicted protein sequence of Boerhaavin and known
RIP proteins of other crops were aligned using CLUSTAL W (Thompson et al., 1994) with
default option.

3.12 SUB CLONING OF Bdavp cDNA INTO A PROKARYOTIC
EXPRESSION VECTOR

3.12.1 Vector and Clone isolation

The bdavp gene was subcloned into pET28a (+), prokaryotic expression vector. The
alkaline lysis protocol of Brinbiom and Doly (1979 and 1983) with certain modifications was
used for isolation of the plasmids as described earlier (3.5.3).

3.12.2 Elution of linearized vector pET28a (+)

Double digestion of pET28a (+) was done with restriction enzyme—Sacl and Hindlll.
The linearized vector was eluted. The eluted sample was extracted using gel extraction kit
(Eppendorf, Germany) and purified as per the protocol given in the user’'s manual.

3.12.3 Elution of inserts and ligation

The inserts were obtained by digesting pbdavp clone with Sacl and Hindlll. The
inserts were eluted as described earlier. The purified vector DNA and inserts were quantified
using spectrophotometer. The ligation reaction was carried out with an optimal molar ratio of
1:3 vector: insert in a 0.5 ml micro centrifuge tube and incubated at 16°C for 16 hours. A
control ligation reaction was performed using vector with cohesive ends, adding components
as described in (Appendix VI).

3.12.4 Competent cell preparation

Competent cells of E. coli BL21 (pLysS) were prepared following the protocol of
Sambrook and Russel (2001) with minor modifications as described earlier (3.5.1).

3.12.5 Transformation of E. coli BL21

Transformation of competent E. coli BL21 (pLysS) cells were transformed as
described earlier (3.5.2).

3.12.6 Confirmation of clones

The confirmation of the clones was done by PCR amplification using T7 promoter
primer and BDFR primers from recombinant plasmids. Further confirmation was done by the
comparative restriction analysis of recombinant Plasmid of selected clones and control vector
with Sacl and HindlIl.

3.13 EXPRESSION OF Bdavp cDNA IN E. Coli

The expression analysis of bdavp was done using the procedure outlined in
Sambrook and Russel (2001) with minor modifications as described earlier (3.7.1).



V. EXPERIMENTAL RESULTS

The present study was conducted to clone and express full length cDNA encoding
Ribosome inactivating protein from Bougainvillea spectabilis and Boerhaavia diffusa. The
results of the experiments conducted towards achieving the objectives are presented herein.

4.1 RNA ISOLATION

cDNA of Bougainvillea spectabilis synthesised from total RNA was used for further
amplification.

4.2 AMPLIFICATION AND CLONING OF FULL LENGTH
BOUGANIN GENE (BGN) FROM Bougainvillea spectabilis

Different concentrations of primers were used in the PCR amplification to find out
optimum primer concentration. The primer concentrations used were 5, 10, 20, 30, 40 and 50
pM/ul. Though amplification of desired length was observed in all the cases, at 10pM/ul a
unique band was observed without leaving primer dimers, which was used routinely for further
PCR amplification. Keeping all the other components such as dNTPs, primers, Taq DNA
polymerase and template DNA constant, the reaction volume of PCR mixture was adjusted
with sterile water to 20 or 25 pl. A sharp unique band was observed with 20ul reaction volume
and it was used routinely.

4.2.1 Cloning of bgn cDNA
4.2.1.1 Isolation of the Amplicons

The large-scale amplification of full length gene encoding Bouganin (bgn)(938bp)
from Bougainvillea spectabilis was achieved using Bouganin (bgn) specific primers. The
products of PCR were separated in a low melting 1% agarose gel along with 100 bp DNA
marker as a standard DNA marker. A very sharp amplicon of expected size (0.9kb) was
obtained (Plate 1) and it was eluted from the preparative gel.

4.2.2 Ligation and confirmation of recombinants

The eluted fragments were ligated to pTZ57R/T cloning vector. The
recombinant product pTZ57R/T : : 938bp bgn gene were transferred to E.coli DH5a.

The transformed white colonies were picked up streaked on LA+Amp+X-gal+IPTG for
selection of clones. The recombinant cells were selected based on LA+Amp+X-gal+IPTG. In
case of clones of bsavp gene, out of 20 transformants, 11 were white. All showed the
presence of 938 bp insert, clones were confirmed through PCR and restriction analysis (Plate
2 and 3) and clones were named pSKK3680 (Fig.2).

4.2.3 Sequence Analysis

Using M13 primers one of bgn clones was sequenced. The complete sequence of
nucleotide and amino acids of bgn are presented in (Fig. 4). The available
sequence information from cloned fragments was analysed further using BLAST algorithm
available at http://www.ncbi.nlm.nih.gov. The nucleotide sequence of bgn showed 97 per
cent homology to published Bougainvillea spectabilis (RIP) gene (DQ98945.1) (Table.1), The
translated BLAST results also showed 97 per cent amino acid homology with it (Fig. 5). The
conserved domains of the sequence analyzed using NCBI CDD search database (Fig. 6)
showed conserved domain of the Ribosome inactivating proteins.

The sequences were subjected to further analysis in BTI software of GENETOOL for
finding restriction sites and open reading frame (Fig. 7, 8). Bouganin sequence did not have
any internal restriction sites for BamH1, Xbal, Notl and Hindlll.

4.3 SUB CLONING IN PROKARYOTIC EXPRESSION VECTOR

Following restriction, the gene in pSKK3680 (Bouganin) was cloned into BamH/ sites
of the expression vector pET28a (+) and introduced into E. coli BL 21 (plysS) cells. The
transformants with bsavp were picked and streaked on Luria agar plates containing 50 pl/ml



Plate 1: Large scale amplification of Bouganin (bgn) gene
M : 100 bp DNA ladder

Lane 1-2 : Large scale amplification of Bouganin (bgn) gene

Plate 2: PCR Confirmation of pSKK3680 clones
M : A Hind Ill/EcoRI double digest DNA marker
Lane 1-2 : pSKK clones
3 : Negative Control

4 : 1 kb DNA ladder
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Plate 1: Large scale amplification of Bouganin (bgn) gene
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Fig 2. Restriction map of Construct of pSKK3680 containing full length bgn gene in
pTZ57R/T
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kanamycin. The pSKK3690 (pET28a+ : : Bouganin) (Fig. 3) clones were PCR
checked using specific primers. The recombinants gave a 938 bp amplicons. These clones
were further confirmed by digestion with Bam Hl for the release of 938 bp insert following
electrophoresis (Plate 4).

4.4 EXPRESSION STUDIES

To check the expression of the cloned bsavp gene in pET28a (+) in E. coli BL 21,
with pET28a (+) and BL21 with recombinant construct was subjected to SDS-PAGE. The gel
showed differential banding pattern in all Bouganin recombinants except pSKK3690E when
compared with controls. The protein band corresponding to approximately 27 kDa (Plate 5)
indicated the bgn gene expression in E.coli.

4.5 BIOASSAY FOR ANTIFUNGAL ACTIVITY

Cell free extract from culture of E.coli BL-21 harbouring recombinants of pET28a+
bgn gene upon induction with IPTG was used to assess the toxicity of the recombinant protein
against Sclerotium rolfsi. The results showed that the transformed E.coli produced a
biologically active fungicidal protein, which was toxic to the fungal pathogens. After
three days, there was reduction in the growth of Sclerotium rolfsi exposed to Bouganin (3.2
cm dia) compared to control (9 cm dia) (Plate 6).

In another set of experiments an attempt was made to clone full length cDNA of
Ribosome inactivating protein from Boerhaavia diffusa by performing 5’ & 3 RACE PCR.

4.6 RNAISOLATION
Total RNA from leaves of Boerhaavia diffusa was used for further experiments.
4.6.1 Primer synthesis and Tm standardization

A new set of primers were designed and custom synthesized as per the
recommendations made in the RACE PCR Kit. Annealing temperatures of the primers were



COMPLETE NUCLEOTIDE SEQUENCE

ATGGGTTGGTGGGCTATCATAGTT GAGATAGT GCTTGCAAAGCCAT CAATAATAACCACCAAA
GAAACAGCCTCACTTGGTTACAAAACCGTGTCTTTTAACCTTGGAGAGGCC GAAGAGTACTCC
ACTGTTATACAAGAATTGCGCAATGCATTGGCTAATGGTGCACCAGTATGTTATTTTCCAGTGA
CAGCAAAAAC CATAGCCAAT GATAAGAGATTTGTTCTAGTTGATCTCACTAC GACCTC GATGAA
AACTATTACGCTTGCTATAGATGTGACGAATGTGTACGTGGTGGGETTATCGC GACCTATACAA
TAACAAAGATCGAGCCGTTTTCCTTGCCGAGGTTCCTACTGTTGCAATCGATGATCTTTTCCCA
GGGGTGACAAATC GTGAAATGTTAACATTTTCTGGACACTATCAAAAACTT CAAGAGGCTGCC
ARAGT GAATAGAGAGAAT CTCCAACTGGGGGTTAACAAATTGGGATTTGCCATTGAATCTATCT
ATGGTAGTAAAACGCTAAAT GGTAAAGACATAGC CAGGTTCTTTCTTATTGCAAT CCAAAT GAT
GTCAGAGGCAGCACGGTTTAAGTATATTGAGAAT GAGGTGTCTAATAACGGATTATATGGATC
ATTCACACCCAACCCCAAAGTATTGAACTT GGAGAACAATTGGGGTGACATCTCTGATGCCAT
TCACAAATCATCCCCTAAATGTACCACTATTAAGCCAGCACTTCAGTTGAAAACCCCCTCAAAT
GACCCATGGGTTGTGCATGAAGTAAGTGAAATCCGTCCTGATTTGGGTATCCTCAAGTTTAAA
AGCTCCAAATTAACTCAGTTTATTACAATAATAAGGTCTATTGTGGTT GAAGAGTTAGATGGTG
GTGAACTTCGARATACTAGAGCCAAACATTGCCTAATCAGAATTCCGA

COMPLETE AMINO ACID SEQUENCE

MGWWAIIVEIVLAKPSIITTKETASLGYKTWSFNLGEAEEYSTWVIQELRNAL ANGAPVCYFPVYTAKTIA
NDKRFVLVDLTTTSMKTITLAIDYTNVYWGYRDL YNNKDRAVFLAEVPTVAIDDLFPGVTNREMLT
FSGHYQKLQEAAKVNRENLELGWYNKLGFAIESIYGSKTLNGKDIARFFLIAIQMMSEAARFKYIENEY
SNNGLYGSFTPNPKVLNLENNWGDISDAIHKSSPKCTTIKPALQL KT PSNDPW\WWHEVSEIRPDLGI
LKFKSSKLTQFITIIRSMWYEELDGGELEILEPNIA

Fig 4. Complete nucleotide and amino acid sequence of bgn gene in pSKK3680

Plate 3: Restriction confirmation of pSKK3680 clones
M : 1kb ladder
Lane 1-2: pSKK clones

M : 100 bp DNA ladder

Plate 4: Restriction confirmation of pSKK3690 clones
M: 1 kb DNA ladder
Lane 1-2: pSKK Clones

M: 100 bp DNA ladder
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Table 1: Nucleotide-Nucleotide blast (BLASTn) result of cloned antiviral protein gene
from Bougainvillea spectabilis (pSKK3680)

Accession Description Max | Total Query E .M
score | score | coverage | value | ident
DQ989495.1 | Bougainvillea spectabilis | 1613 | 1613 100% 0.0 97%
ribosome inactivating protein
(RIP) gene, complete cds
AF445416.1 | Bougainvillea spectabilis | 942 942 99% 0.0 85%
bouganin mRNA, complete
cds
AY437531.1 | Bougainvillea spectabilis | 931 931 99% 0.0 85%
antiviral protein (Ap1) mRNA,
complete cds

optimized by gradient PCR. Primers showed amplification between annealing temperatures of
68-72° C, facilitating the use of touchdown PCR programme.

4.6.2 RACE PCR

For 3 RACE, cDNA synthesis was performed with the 3° RACE system. Essentialy an
aliquot of isolated Total RNA (100 ng) was reverse transcribed with 3°CDS primer. The
3’'RACE PCR was carried out in a 50 pl volume, as per manufacturer’s instructions. The
desired amplicons of 450bp, along with a few minor bands were seen when 5ul of 3 RACE
product was examined on 1% agarose gel. The remaining 95ul of RACE product from two
reactions was loaded on 1% agarose gel and the expected fragment corresponding to 450 bp
was excised from the gel and eluted (Plate 7)

Similarly, the 5° RACE system was used for 5° cDNA cloning. RT & PCR amplification
was conducted as described for the Kit. After gel electrophoresis, the target DNA bands
corresponding to 650 bp (Plate 8), was purified using gel extaction Kit.

4.6.3 Ligation and Confirmation of Recombinants

The eluted fragments were ligated into pTZ57R/T cloning vector and E.coli DH5a was
transformed with the recombinant plasmids. White colonies were picked up,
streaked on LA+Amp+X-gal+IPTG for selection of clones. In case of clones of 5° RACE, out of
10 putative transforments, 8 were white and of them six showed the presence of 650 bp
insert. This was confirmed by PCR amplification and restriction analysis with BamHI| and Sacl.
While 12 clones were obtained from 3'RACE-PCR product, eight showed presence of the
insert (Plate: 10, 9, 11). The clones were named as p5BD1, p5BD2 and p5BD3 in case of
5’RACE and p3BD1, p3BD8 and p3BD11 in case of 3 RACE (Fig 9, 10)

4.6.4 Sequencing and generation of full-length cDNA

Partial sequencing of three clones p3BD1, p3BD8 and p3BD11 of 3' RACE and three
clones of 5’RACE-PCR viz, p5BD1, p5BD2, and p5BD3 were done using M13 forward and
reverse primers. Sequencing of more than one clone was necessary for 5 RACE in order to
elucidate maximum possible sequence at 5’end. When the sequences from the clones were
subjected to analysis using the BLAST algorithm available at http://www.ncbi.nim.nih.gov,
they showed homology with few reported RIP genes sequences. Among the sequenced
clones, a maximum of 650bp sequence, excluding the universal primer sequences was
obtained from clone p5bd1 of 5’RACE. While, clone p3BD1 of 3' RACE contained 450bp long
cDNA fragment.

Further, by comparing and aligning sequences of 3’ and 5 RACE products, which
had an overlapping region of 100bp, a composite 1167bp sequence of Boevrhaavia diffusa




Plate 5: SDS-PAGE for expression of bgn gene
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Plate 7: bdavp 3’'RACE amplicons
M: 100bp DNA ladder

Lane 1-2: 450 bp bdavp 3’'RACE amplicons

Plate 8: bdavp 5’RACE amplicons
M: 100 bp DNA ladder

Lane 1-2: 650 bp amplification

200 bp

200 bp
200 bp

100 bp

450 bp

Plate 7: bdavp 3’'RACE amplicons



1 kb

400 bp 650 bp

Plate 8: bdavp 5’RACE amplicons

Plate 9: PCR confirmation of 3’RACE clones
M: 100 bp DNA ladder
Lane 1-8: 3’ Bdavp clones
Plate 10: PCR confirmation of 5’RACE clones
M: 100 bp DNA ladder
Lane 1-3: 5 Bdavp clones
Plate 11: Restriction confirmation of 5’RACE and 3’RACE clones
M:100 bp DNA ladder
Lane 1-4: 5’ Bdavp clones

Lane 5-8: 3’ Bdavp clones
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Fig 10. Construct map of p5BD1 containing 5’bdavp gene in pTZ57R/T




ribosome-inactivating protein gene (bdavp) was deduced using VECTOR NTI suite
10.0 software. UPM as forward and a new primer BDHR as reverse primer were used to
amplify and clone full- length cDNA by carrying out RACE —PCR. pBDAVP clones containing
full length cDNA were confirmed through PCR and restriction analysis (Plate 12,13). Further
these clones were verified by sequencing. Sequencing information of full- length cDNA and
construct map are given respectively (Fig.12, 11).

4.6.5 Structure of bdavp gene

The full-length (1146bp) cDNA was annotated using GENSCAN software. The full-
length cDNA contained 1023 bp open reading frame (ORF) with 5’ untanslated region (UTR)
94bp upstream from start codon and 30bp 3° UTR down stream of the stop codon. The 5’
UTR had moderate G+C content (41.9 per cent), while, 3' UTR region had low G+C content
(36.7 per cent). The start codon (ATG) and stop codon (TAG) were positioned at 94 and 1116
respectively.

Homology search for the complete cDNA sequence and in silico analysis was carried
out using BLASTn search. The search results indicated, extensive low similarity to the
Ribosome inactivating protein gene homologues reported from other plant species, the cloned
gene was designated as bdavp. Low similarity of bdavp was noticed with Mirabilis jalapa
antiviral protein (D10227) and gleonin mRNA (L12243) (Fig.13) Further the sequences were
subjected to further analysis in BTI software of GENETOOL for finding restriction sites. bdavp
sequence did not have any internal restriction sites for, Xba1, Not1 and Hindlll (Fig. 14)

4.6.6 Characterization of predicted Bohervia Ribosome-inactivating protein

The encoded amino acid sequence of bdavp was deduced using the GENETOOL
software. bdavp gene contains a 1023bp ORF with a possible initiation codon at position 94 of
the deduced nucleotide sequence (Fig.15). Translation starting from the ATG codon yields a
protein of 340 amino acids, with a calculated molecular weight of 37.8 kDa.

Sequence comparison of the deduced Boerhaavin (Bdavp) polypeptide by performing
BLASTp search in GenBank base data revealed that, Boerhaavin (Bdavp) had moderate
homology to over hundered reported Ribosome-inactivating proteins (Fig. 16).

4.6.7 Multiple alignment and motif analysis

Multiple alignment of Bdavp polypeptide sequence with known Ribosome-inactivating
proteins was done using Clustal W software. Alignment of Bdavp showed 48 per cent identity
with the Mirabilis expansa antiviral protein (AAN65450). While it had 40 and 30 per cent
identity with Mirabilis jalapa (BAA01079) and Bougainvillea spectabilis antiviral protein
(AAR9737), respectively. Bdavp shared 24 per cent identity with PAP (AAL15442), while
Gleonin (AAA16312) and Momardin (AAV68558) showed 21 per cent similarity (Table 2).
Bdavp contained 21 conserved amino acid residues, including the amino acid residues at the
proposed active site (Glu #*° and Arg %) (Fig.19).

The analysis of the deduced amino acid sequence from bdavp cDNA using SignalP
3.0 software, showed that the N-terminal of bdavp cDNA encodes a signal peptide of 26 amio
acid residues composing mostly hydrophobic amino acids, a feature common to the signal
peptides of both eukaryotes and prokaryotes.

Bdavp protein was subjected to motif analysis using Quasi MotiFinder software. The
protein harbored region of similarity to the Shiga/ricin ribosomal inactivating toxins active site
signature VXMVXEAARFTxISxxI (Fig. 17). ScanProsite results also indicated the presences of
Proline-rich region profile sequence PrrppppprappppP (29-43) in addition to Shiga/ricin
ribosomal inactivating toxins active site signature VQMVsEAARFTyISdkI (215-231) (Fig. 18).

4.7 SUB CLONING IN PROKARYOTIC EXPRESSION VECTOR

Following restriction, the gene in pBDAVP (Bdavp) was cloned into Sacl and Hindlll
sites of the expression vector pET28a (+) and introduced into E. coli BL 21 (plysS) cells. The
transformants with bdavp were picked and streaked on Luria agar plates containing 50 ul/ml
kanamycin. The pSKK12 (pET28a+ : : bdavp) (Fig. 20) clones were PCR checked using T7
promoter and BDFR primers. The recombinants gave a ~ 1200 bp amplicons (Plate 14).



Plate 12: PCR confirmation of full length bdavp gene
M: 100 bp DNA ladder
Lane 1-8: Bdavp clones
Plate 13: .Restriction confirmation of full length bdavp clones
M : 1 kb ladder
Lane 1-6 : Bdavp clones
Plate 14: PCR confirmation of pSKK12 clones
M : 1 kb ladder
1 -2 : pSKK12 clones

3 : Positive control pbdavp clone
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Plate 12: PCR confirmation of full length bdavp gene
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Fig 11. Construct map of pBDAVP containing full bdavp gene in pTZ57R/T

These clones were further confirmed by digestion with Sacl and Hindlll for the
release of ~1200 bp insert following electrophoresis .

4.8 EXPRESSION STUDIES

To check the expression of the cloned bdavp gene in pET28a (+) in E. coli BL21, with
pET28a (+) and BL21 with recombinant construct was subjected to SDS-PAGE. The gel
showed differential banding pattern in all Bdavp recombinants when compared with controls.
The protein band corresponding to approximately 27 kDa (Plate 15) indicated that bdavp
gene expressed in E.coli.



COMPLETE NUCLEOTIDE SEQUENCE

GCGGGEGAAATCTTCAATCCTTAAAATT GCAAATAGATTTTTAGAGCTGCCACCATTTGTTGACC
GAAAACAAGACTTGACCCTGCTGATAGGCATGGGAACTATGAAATCATATTTTCTCTTGCTGAC
AATATGTATCCATTGGATGGCCATTGCCAATCCTGTATCGGCTCAGGCACCTCGTCGGCCTCC
ACCACCGCCAAGGGCACCACCACCACCACCATC GATCCAAAAGACATCAACTTTAGACCTGAA
TCAACCTACCACATATC GCACATTTATCACAGAT GTACGAAATAAATTAGCAGAAAAAGAC AGT
ARAGGAAATTATATATT GAAATGTACCATGCAAAAAAT ALGTAAAGT GGTCCCAC CAGAGGGAT
TTATGTATGTGGAACTCATAGCCTCCTCAT CASAGACAATTACGATAGCATTGGATCTACCGAA
TGCCTATGTGATTGGGCTATCGCGCAAAGT TAAALAT AAAAGATCGTGCTTTCTTCTTCAAAGA
GTATTATGCAAMACCAAAT GTTATAT CAAAT GTGTTCCTGAT GCAACCGGTAAAGAAMAC CGAC
TTGATTTGGGATTTACCGGAAGATACCAAGATCTT GAGAAGTAT GGTGATAGAAGAAGCACTC
CATTAGGAATCTCTAAGC TACAAAGCAGCATAACGGACAT CTATGGGAAAAAT ATAAAGGATAT
TCAGAAGGGGCAGCGTAAGTTTCTTCTCAGTGCAGT GCAGATGGTGTCTGAGGCAGCTCGAT
TCACATATATTTCTGATAAGATTCCGCAAGATGCACACGACACTTTGACAGTCGATGCCAAAGT
GCTTGCTTTAGAAAACGGAT GGGATCCATTGTCAACAGCAGTTTATAAATCTAAGACCTCCACC
ACGGCCACTAAGTGTGCATTGACAGGGCCCGTATCATTAACTTTAGATCAAGGCAAACAATGG
ACCTTCAACACAGT GCAGGATATAAAGCAAGTCATAGGCATTCTCAAGGCCGAGGGECACCAC
TTTGTTTACTGGCAATGATGTTGAATTT GGTAAAACT GCTAATAATATAGGACCATAT GGTAATT
TAATAACTTGCAATAAGGAGTGGTTGTATTATTGAAAGTTAGGAAGGTGCATCTTATGTTACTG
ARAAAAAAAAA

COMPLETE AMINO ACID SEQUENCE

MGTMKSYFLLLTICIHWMAIANPVSAQAPRRPPPPPRAPPPPPSIQKTSTLDLNQPTTYRTFITDVR
NKLAEKD SKGNYILKCTMQKI SKWVWFPEGFMYVELIASSSKTITIALDL PNAYVIGLSRKVKNKRSCF
LLQRVLCKTKCYIKCVPDATGKENRLDLGFTGRYQDLEKYGDRRSTPLGISKL QSSITDIYGKNIKDI
QKGQRKFLLSAVQMVSEAARFTYISDKIPQDAHDTLTVDAKYVLALENGWDPLSTAVYKSKTSTTAT
KCALTGPVSLTLDQGKQWTFNTVEDIKQWGILKAEGTTLFTGNDVEFGKTANNIGPYGNLITCNKE
WLYY

Fig 12. Complete nucleotide and amino acid sequence of bdavp gene in pBDAVP clone



Mirabzlis Zalapa MARF =R

cda
bits (21), Expect = 4.4
39/45 (B6%), Gaps = 0/45 (0%)
620
618

Fig 13. Nucleotide Blast result of bdavp gene with NCBI database

:ﬂmHl 848/

PN CR TR T N Y TR TR T SN T A AT TR AN TN A VU G O T TN VAN T VAT WY N S [N A U TN YO AN F AR (A1 N [N YN TR AT M TN T VA T T N SN T VY T T B |

%

00 400 600 800 1.0k 1151

Fig 14. Restriction map of bdavp gene in pBDAVP

—_— . -
e vveop sy v goora 1 o paa w popn o Loy o encen g o} oo o poen g o0 Ba g v oo cona | vy PR
1 200 400 600 800 1.0k 151

Fig 15. Open reading frame of bdavp gene in pBDAVP



Sagquences producing significant alignmenctas:

gi12325951ap IP2LIS26 I RIFPF MIROA Antiviral proatein MAF precuzass...
n;__;__ﬂ_ﬁ_._ﬁh_}ﬁlk__._h"" 24 1078.31 MAP precursor [Mirabilis jalapa)

53 231 A il riboscme-iRACTAiVATInG protelin MEL (Mi
g;.-ag-.‘.gg [-1-1] aaﬂ“‘zz',!.; x.\znu...\o antiviral procein
. . ribopome inactivating protein [Bouga
n;tiu=§3$53|qb:i§5§7!‘:.1: anciviral protein {[Bougainviliea apec
QALATISRZ0IOR IASLII,LIANE4R4L8 L PEougenin (Bougsinvilles spe
gi 3543845 EEE'EEHE‘E Chain A, Crystal Structure Of The Typae L
T - 2

i ZiBCSORe-LAACTAVATANG proteln [Spina
g; -4’521' omh c;;ssasz.-. Bectavulgin [Bata vulgaris aubap. wulg

LB il :1!‘»5&1! AnaSTAvaTAng protein BEZT...

LiT7ES L~k | IRZBA ASTAYAIral protein alpha pPrecur...

-1 Lid Cha:h . K Far Sructuse Of A Fokewesd A.ee

1 - 2 riboscrme=-inactivating protel

giI62342092 g IAAY29222,21 entiviral protein 1 [Bougainvilles X

gi |=u-g;uz- ggl.-..Bllgzag:.- RILIS/PAFP fusion protein [SYRCReEtis

1385 3 gynostemmin [Cynostermma pentaphyllum]

e"' | aativiral protein (FPhytolacca america

a:. 4"“5“:9 l-.f.s"u: Pi_FHYAM AnTiviral profain I precuracy ...

2 d-F L] J08304,31 ribosCcHE-iNACGiVATANG Provein QYhOssa
LM_‘I_M 747 111 pokeweed antiviral prosein

QLIZSS48028 ) gn-'m";;srg,.u anti-virus protein [Physolacecs amaric
L o &3 : L =ribcooome-inacTivating protein [Beta
anci=viral prozein PAP [Phytolacca ac

)Dg' 1132585 1spIF21326 | RIBF MIRJR Antivizal protein MAF precursor (MAP-

-

F ) t' A N-gly :cs n'.‘ut]l

anziviral pretein [Mirabilis jalapa]

'.er.g:..-z i

TALUe
2a-57
de=353
2e-54
Se-52
Sa-26&
2e=-25
fe=23
Tea-25
le-Z:

o 3e=21
—AR2 S=-20
28.90 de-19
28.7 2e-18
4.7 éda=-18
29.5 fe-
54.0 ie-17
83,2 ie-17
22.0  4e-17
52.0 4a-17
o1.% fm-

] Se-17
0.8 fe-17
50.9 8e=-17

0.9

Scoze = 223 bits (569), Expect = %9e-57, MNethod: Composition-based stats.

Idenzities = 144/307 (46%), Pesizives = 191/307 (62%), Gaps = 34/307 (2

%)

Query 1 HE Sy P L LI T IC IR A IANFVEAQAFRRFFFFFARFFFFRSIQUTSTIDINCFITIR €0

Sbjet 2 L.t V. ... TH.T. Y. V. .0.RA. s mmmmmmmmmncnns TLETIAS....N....L &7
Query €1 ITFITDVRANKLAZXDSREIYILKCTMQRISKVVPFEGIMYVELIASSSKIITIRIDLENAY 120

Sbjet 48 S...MI.TN.D.TEQ======,.l.....TF?-QRYS.ID..V..TQK. . L. I.MADL.

Guezy 121 VIGLSRAVIRERSCELIOAVICXTXCYINCVPDATGKENRIDIGFTGRYQDIEXVGD-RR 179
Sbjer 101 .L.Y.DIAMN..GRA.FFRD.--TEAVAMNPF.G...T-..IR.T7...5.6....0.6L.K 157

Guezy SIPLGISRIQSSITDIYGENIXDIQRGORRFLLSAVOMVSEARRFTYISDLXIFQDARDIL 239
Shjet PH....TR.EN. W....-AG.VR.—.A..F.L.l.cuaie i SERYBEY 215
Query 240 TVDAXVIALENGWDPLSTAVYHXSATS-TTATRCAL-TGPVSLILDQGAQWTEWIVEDIRG 297
Shjet 216 ... BYHT....M.AR......H.oPuTeoieu ool S, . TISwmmas P.1.K...B..L 270

Query 29% VIGILAA 304
Shjer 27! .M.L..§8 277

Fig 16. Blast result of Bdavp protein with NCBI database

5) (Ribosome-insct

ivatin




Prosite motif: VXMVXEAARFTXISXXI

Query sequence: OMVSEAARFH R =8I

PROSITE code: PS00275

Motif description: Shigajticin ribosomal inactivating toxins active
: site signature.

Function: Toxins

Conservation score: -0.623299

1 10

_EEIIJEEI m

PRRPPPPPRAPP P 15 (: 4 E:1 1

21 &0

LDLNQPIIT Tﬂ)ﬁwkkmsmuvmmmmzﬁwﬂ

T .0 . -
EMAsssk TP NATZIG ISR

WITRTTTH QR cKT cHIKE

151 160 170 180 190

7PD A1G FENRLD G FTGRYQD T YED IR siip Teh sk I SshiD IvGKNT

Wy pvs.aypy.... I
V.MV.EAARFT.IS..I
WPMVSIYPAAR
MV, yiyapp
201 210 220 230 240
KDIQKG QX AL LSA =TT YISDKIPQDAHD TLT JDAKVLETE]
251 270 280 290
GWEM&
301 310
GTTLFTGNDVEFGKTANNIGPYGNLITCNKEwLY
Legend:

The conservation scale

Bl23 456 7688

Veariable  Average Conserved

Fig 17. Quasi Motifinder domain analysis of Bdavp protein



PRO_RICH Proiine-rich region profile.

_§

PrrppppprappppP (29-43) (340 aa)

SHIGA_RICIN Shigaficin ribosomal inactivaling toxins active sife signature:

-
VgMVSEAARFTYyISdkI  (215-231) (340 aa)

Fig 18. ScanProsite domain analysis of Bdavp protein



BOUGNNIN
MAP

MAP E

BDAP

PAP

GLEONIN
TRICOSANTHIN
Consensus

BOUGNNIN
MAP

MAP E

BDAP

PAP

GLEONIN
TRICOSANTHIN
Consensus

BOUGNNIN
MAP

MAP E

BDAP

PAP

GLEONIN
TRICOSANTHIN
Consensus
Consensus

BOUGNNIN
MAP

MAP E

BDAP

PAP

GLEONIN
TRICOSANTHIN
Consensus

BOUGNNIN
MAP

MAP E

BDAP

PAP

GLEONIN
TRICOSANTHIN
Consensus

10 20 30 40 50
sl sl s Pesves Daseals saulaarellons ol ssaelaeagl

260 270 280 290 300
R IR IR EEFEIR EER e B IS BRI I I |
TEVVDRGLYGSFKPNFKVLNLENNWGDISDAIHKS—==———=— SPQCTTINP
DKIPSEK-YEEVTVGEYMTALENNWAKLSTAVYNSKPSTTTATKCQLATS
DKIPTERDYDTLKVDNHMIALENGWDLLSTAIYNAKSSTTKPTKCELLKT
DKIPODA-HDTLTVDAKVLALENGWDPLSTAVYKSKTSTT-ATKCALTG-

GRAIVIT————APNNYKIVSLETNWCALSKGIRNAVK———————— KVINP
NQIRNNF—QORIRPANNTISLENKWGKLSFQIRTSGAN——————— GMF SE
QOVSSHI-SSNFYPNQAVISLENKWGALSKQIQIANRT Gmm—m—m— HGQFEN
LE W s
310 320 230 340 350

seseleseeleceelecialeceelacealenialocealecanleaanl
ALQLISPSNDPWVVN——KVSQISPDMGILKFKSSKLTQFATMIRSAIAED
PVTIS=====PWIFK--TVEEIKLVMGLLKSS~
PVSLIWLGONEWNFN-—-SVEEIAKVVGLLKAKGKKLSTNNDDDN———~—— N
PVSLTLDQGKQWTFN——TVEDIKQVIGILKAEGTTLF TGNDVEFGKTANN
PITLOQYPDCGKTWIVT——QVSDVKNDMGLLKYVK
AVELERANGKKYYVT—--AVDOQVKPKIALLKFVDKDPKTSLAAELIIQNYE
PVELYNPDGTRFSVTNTSAGVVKGNIKLLLYYKASVGSEYDIPTTILHPG

L
360 270
s w0 ) s s Naewe o Inewasce B vme a ke
LDGDELEILEPNIA————————————
GDDCGSVVVASS
IGPYGNLITCNKEWLY YKLGRCILCY
SLVGED
AMGMLHNQNGNYVTMem == e e e
A Y
160 170 180 190 200

vivien favewm |ses e wlllavsa] wmeoses saulas sar]wsaes | s
AVFLD TVA-—-TSKLFPGVTNR---VTLTFDGSYOKLVNAAKVDRKD
AFFFKDVTEAV-—-—-ANNFFPGATGT-NRIKLTFTGSYGDLEKNG—GLRKD
AAFFKDVYDD—---AKDLFPDAKGK-NRIKLSYGSQYTTL———--—GDRTK
CFLLORVLCKTK-CYIKCVPDATGKENRLDLGFTGRYQDLEKY—-—GDRRS
GHYFKNLGISTIDKAKKVFPNVQDF===INITYGESYNQIETNAGTNRLS
SYFFKDAPDAA-——YEGLFKNTIKT-——-—-RLHFGGSYPSLEGEK-AYRET

SYFFEDTPAEA---FKLIFAGTKTV----KLPYSGNYDKLQSVVGKQORDM
Y R
210 220 230 240 250
srealecesliseelesanleneeleanelonaalessalenealenanl
LELGVYKLEFSIEAIHGKTIN-——-GQEIAKFFLITIQOMVSEAARFKYIE

NPLGIFRLENSIVNIYGKAG---DCKKQAK-FFLLAIQMVSEAARFKYIS
VPLGIKSLRISITAIYGEAAGT-DLDKNRREFFLLALOMVAEATRFKYIS
TPLGISKLQSSITDIYGKNIK--DIQKGQRKFLLSAVOMVSEAARFTYIS
FPLGFDNLKTF TNKVYGMDTKAGNY TQTEARFLLIAIOMVAEAARFKYIQ
TDLGIEPLRIGIKKLDENAIDN-YKPTEIASSLLVVIQMVSEAARFTFIE
IELGIPALSSAITNMVYYDYQS====== TAAALLVLIQCTAEAARYKYIE

e % £t Q@ BR 1

Fig 19. Alignment of amino acid of Bdavp with other known RIPs



Table 2: Similarity Matrix of Boevrhaavin with other known RIPs

Boevrhaavin ME MAP BOUGNIN PAP GLEONIN MOMARDIN TRICOSANTHIN JATROPA RICIN
Boevrhaavin 48 40 30 24 21 21 18 21 20
ME (E) 50 32 29 24 22 23 22 24
MAP (J) 29 26 21 25 22 22 22
BOUGANIN 26 26 28 25 27 28
PAP 24 27 25 24 26
GLEONIN 33 30 30 29
MOMARDIN 55 30 31
TRICOSANTHIN 32 31
JATROPA 32

RICIN
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Plate 15: Expression of bdavp in E. coli BL21
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Plate 15: Expression of bdavp in E. coli BL21



V. DISCUSSION

A vast number of plant pathogens cause diseases in our crops. Their effect ranges
from mild symptoms to catastrophes in which large areas planted to food crops are destroyed.
Plant pathogens are difficult to control because their populations are highly variable in time,
space and the genotype they colonize. About 10 per cent of global food production is lost to
plant diseases.

Genes for resistance to diseases are available in primary, secondary and tertiary
germplasm for many diseases. Recent development in recombinant DNA technology has let
the entire biological resources be considered as one gene pool, permitting transfer of genes
across organisms. During the last decade, many genes, whose products are capable of
interacting with invading pathogens have been identified and cloned (Takken et al., 2000)

Ribosome-inactivating proteins (RIPs) are proteins having an N-glycosidase domain,
which can inhibit polypeptide chain elongation by inactivating the ribosomes (Stripe et al.,
1992). Cloning and characterization of RIP genes has facilitated our understanding on the
mode of action of RIPs, their medical and therapeutical applications and their use as antiviral
compounds in plant protection.

Bouganin is a type-l RIP that was recently purified from leaves of Bougainvillea
spectabilis Wild by Bolognesi et al. (1997). A cDNA coding for bouganin was cloned and
expressed by Marcel et al. (2002). In the present study, attempts were made to isolate and
characterize a RIP Bougainvillea spectabilis (RIP) gene, encoding Ribosome-inactivating
protein. Using the sequence information available in database, specific primers were
designed for bouganin. About 934bp amplicon was picked up and cloned into pTZ57R/T and
transformants having recombinants were isolated through blue-white assay. The white
colonies were confirmed as recombinants by gene specific PCR and through restriction
analysis. The insert in clone pSKK3680 were sequenced which yielded 934bp.

The comparative analysis showed that the nucleotide sequence of cloned bgn gene
has 97 per cent homology with published B. spectabilis (RIP) gene (DQ98945.1), and in silico
translated BLAST results also showed 97 per cent amino acid homology with it.

The Bgn amino acid sequence had conserved domain similar to a RIP domain. 934
bp clone having a ORF of 927 bp in pTZ57R subcloned into a prokaryotic expression vector
pET28a (+), to study its expression in E. coli BL 21 (PlysS). The confirmed E. coli containing
pSKK3690 were subjected to SDS-PAGE. A 27 KDa protein band corresponding to Bsavp
was observed, indicating expression of the cloned gene. Supernatant of pSKK3690 clone
inhibited the mycilial growth of plant pathogenic Sclerotium rolfsii

Further, in this study an attempt was have been made to clone a novel RIP through
the RACE PCR approach from Boevrhaavia diffusa. Majority RIPs have been shown to
contain conserved amino acid sequences at the active site, which offer opportunities to isolate
RIP genes in plant species. RACE-PCR was considered to be most suitable strategy to get at
the 5 and 3’ ends of the gene starting from the conserved sequences. Using total RNA
isolated from leaves of Boerhaavia diffusa, 3 RACE was conducted using the degenerate
primer designed to conserved amino acid sequences, giving an amplicon of 450bp as
expected from blast analysis. This 3 RACE amplicons was cloned into pTZ57R/T and
transformants having recombinants were isolated through blue-white assay, confirmed the
recombinants by gene specific PCR before sequencing them. In case of 5’RACE, a specific
primer was designed using the sequence information from 3’ RACE, more than one clone was
sequenced to elucidate maximum possible 5’UTR sequence. A 5 segment (650bp) and
3’'segment (450bp) of bdavp were obtained from RACE-PCR. Subsequently, a new reverse
primer designed specifically for 3’'end of cDNA, which along with UPM primer could amplify
the full-length cDNA of bdavp. The cloned bdavp gene has 93 bp 5’untranslated region, an
open reading frame of 1023 bp, encoding a predicted polypeptide of 340 amino acid residues
and a 30 bp 3’ untranslated region. The ORF contains initiation codon at position 94 and the
ORF is predicted to encode a complete RIP. Sequence comparision indicated that the Bdavp
protein is structurally related to type | RIPs from other species, Bdavp has 26 amino acid
residues consisting mostly of hydrophobic amino acids at its N -terminal. Computational
analysis revealed it as a signal peptide. It has been suggested that the signal peptide is



important for compartmentalization of RIPs (Hartley and Lord, 1993). The database sequence
VgMVsEAARFTyISdkl (215-231) of Bdavp protein matches the relativel)/ well conserved
region assigned to be the active site of RIPs and the two amino acids Glu ' and Arg '*° (Kim
and Robertus, 19922, which are responsible for activity of ricin are also found to be conserved
(Glu #° and Arg #®) in the sequence under investigation. The analysis also revealed the
presences of Proline-Rich region (29-43). Which is characteristically different from the other
reported RIPs, and which might be responsible for bringing proteins together in such a
confirmation that favour enhanced antiviral activity (Michael, 1994).

Thus in this study we have isolated a novel RIP gene from Boerhaavia diffusa.
~1200bp clone having a ORF of 1023 bp in pTZ57R subcloned into a prokaryotic expression
vector pET28a (+), to study its expression in E. coli BL 21 (PlysS). The confirmed E. coli
containing pSKK12 were subjected to SDS-PAGE. 27 KDa protein band corresponding to
Bdavp was observed, indicating expression of the cloned gene. However there is a need to
study the activity of Bdavp protein against the viruses through in vitro assays and following
plant transformation.



VI. SUMMARY

Several Ribosome inactivating proteins (RIPs) have been extensively studied for their

antiviral and antitumor activity. RIPs have attracted considerable interest for their possible use
in virus resistant transgenic crops and their use in the constuction of immunotoxins. In the
present study an attempt was made to clone full length cDNA encoding Ribosome inactivating
protein from Bougainvillea spectabilis and Boevrhaavia diffusa and to study their expression
in E.coli. The results obtained are summarized below.

1.

2.

The bgn gene was amplified from B.spectabilis using specific primers and the
amplicon was cloned in pTZ57R/T vector and transferred to E.coli DH5a.

Recombinant plasmid pSKK3680 had a full length bgn 938 bp.

Sequence analysis of bgn showed 97 per cent homology with published bgn
sequence and showed the presence of a RIP domain.

bgn amplicon from pSKK3680 was cloned into pET 28 (a+), a prokaryotic expression
vector, and the resulting clones were named as pSKK3690. SDS-PAGE analysis of
the recombinant clones pSKK3690 showed the expression of ~27-kDa protein.

To clone a novel full length cDNA encoding Ribosome inactivating protein from
Boevrhaavia diffusa, RACE-PCR was employed.

3’ RACE-PCR with Universal Primer Mix and a degenerate primer designed for the
study generated a 450 bp 3’ end fragment of the cDNA encoding Bdavp, which was
then cloned in pTZ57R/T vector, transferred to E.coli DH5a and sequenced the
recombinant clone p3bd1 showed homology with known RIPs for this region.

A specific antisense primer designed for 3’ end, along with Universal Primer Mix in
PCR yielded a 650 bp 5 end of the bdavp cDNA. The amplicon was cloned in
pTZ57R/T vector and transferred to E.coli DH5a, and the recombinant clone p5bd1
was sequenced which showed homology with known RIPs.

By aligning the sequences of 3 and 5° RACE products, a composite 1167 bp cDNA
sequence of bdavp was deduced. Further, the complete 1167 bp CDS was obtained
using Universal Primer Mix and a sequence specific reverse primer. Full length bdavp
CDS was cloned in pTZ57R/T vector and transferred to E.coli DH5a. Sequencing of
recombinant pbdavp, revealed a 1023 bp open reading frame (ORF), 94 bp 5 UTR
upstream from start codon and 30 bp 3’ UTR down stream of the stop codon.

bdavp showed vary low similarity to known RIPs at nucleotide level but at protein
level it showed a moderate similarity. Using Quasi MotiFinder software and
ScanProsite, major motif of RIP was identified. bdavp amplicon from pbdavp was
cloned into pET 28 (a+), a prokaryotic expression vector, and the resulting clones
were named as pSKK12. SDS-PAGE analysis of the recombinant clones pSKK12
showed the expression of ~27-kDa protein. There is a need to functionally validate
the role of bdavp gene by in vitro assay and after plant transformation.
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APPENDIX 1. Master mix for bgn amplification

Components Concentration Volume (ul)
dNTPs 2.5 mM/ pl 1.0
Taq assay buffer 1X/ pl 2.5
Forward primer 40 pM/ ul 1.0
Reverse primer 40 pM/ ul 1.0
Taq DNA polymerase 1U 0.33
RT product cDNA 1 pg/ul 5.0
RNAse free water - 13.5

Total

25.0




APPENDIX Il. Agarose gel electrophoresis

A ) Loading dye composition(6X)
0.25% Bromophenol blue (BPB)
0.25% xylene cyanol (optional)

30% glycerol in water

B) Recipe for 1 per cent Agarose gel (40 ml)

Agarose 400 mg
1x TAE 40 ml
EtBr (10 mg/ml) 2 ul

C) 50x TAE composition
Tris base 242 ¢
Glacial acetic acid 57.1 ml
0.5 M EDTA (pH 8.0) 100 ml

Total volume 1000 ml with double distilled water.

D) Luria agar

Ingredients Concentration (g/l)
Tryptone 10.0

Yeast extract 5.0

Sodium chloride 5.0

Agar 18.0

pH 7.2




APPENDIX Ill. Ligation recipes

A) Conversion table for the amount of a PCR fragment required per ligation

reaction
Length of DNA picomoles of Quantity of PCR fragments for ligation
fragment (bp) ends per 1 ug of reacting in pg (0.54 pmol ends)
DNA
100 30.0 0.018
300 10.0 0.054
500 6.0 0.090
1000 3.0 0.180
2000 1.5 0.360
3000 1.0 0.540

B) Ligation reaction recipe

Plasmid vector pTZ57R/T DNA (0.165 g, 0.18
pmol ends)

Purified PCR fragment, (Approx. 0.54 pmol ends)
10x ligation buffer

PEG 4000 solution

Deionized water

T4 DNA ligase, 5U

Total

3.0 ul

10.0 pl
3.0 ul
3.0 ul
10.0 pl
1.0 ul

30 pl

C) Control ligation reaction recipe



PTZ57R/T DNA (0.165 ug, 0.18 pmol ends)

Purified PCR fragment (Approx. 0.54 pmol
ends)

10x ligation buffer
PEG 4000 solution
Deionized water upto
T4 DNA ligase, 5 U

Total

3.0 ul

12.3 Wl

3.0 ul
3.0 ul
29 pl
1.0

30 l



APPENDIX IV. Reagents for plasmid isolation

STET buffer
Tris-Cl (pH 8.0) 10 mm
NaCl 0.1 M
EDTA (pH 8.0) 1.0 mM

Autoclaved and stored at 4°C

Alkaline lysis solution |

Glucose 50 mM
Tris-Cl (pH 8.0) 25 mM
EDTA (pH 8.0) 25 mM

Autoclaved and stored at 4°C

Alkaline lysis solution Il
NaOH 0.2N
SDS 1% (W/v)

(Prepared fresh and used at room temperature)

Alkaline lysis solution Il

5 M potassium acetate 60 ml
Glacial acetic acid 11.5ml
Double distilled water 28.5 ml

Autoclaved and stored at 4°C




APPENDIX V. Sodium Dodecyl Polyacrylamide Gel Electrophoresis (SDS
PAGE)

A) Acrylamide solution (30 per cent)

Acrylamide 2949
Bis acrylamide 19

Made up the volume to 100 ml using the distilled water and stored at 4°C ( Do

not autoclave).

B) 4X resolving gel buffer (pH 8.8)

Tris Cl (1.5 M) 182.0 g of Tris base was dissolved in little amount of
water and pH was adjusted to 8.8 using 1M HCI and
final volume was made up to 1000ml.

C) 4X stacking gel buffer (pH 6.8)
Tris Cl (1.5 M) 182.0 g of Tris base was dissolved in little amount of

water and pH was adjusted to 6.8 using 1M HCI and
final volume was made up to 1000ml.

D) Ammonium per sulphate (APS) 10%
(Add the preparation) It has to be prepared fresh, Don't autoclave.

E) Tank Buffer
Tris Base 25 mM
Glycin pH 8.3 250 m M
SDS 0.1 per cent




F) SDS PAGE Gel

Resolving gel Stacking Gel
12 % 5%
Water 13.2 ml 6.8 ml
30 % Acrylamide mix 16.0 ml 1.7 ml
1.5 M Tris (pH 8.8) 10.0 ml 1.25 ml
10% SDS 0.4 ml 0.1 ml
10 % APS 0.4 ml 0.1 ml
TEMED 0.016 ml 0.01 ml
Total 40 ml 10 mi
G) Sample loading dye for SDS PAGE (for 2 ml)
Tris-Cl (100mM, pH 6.8) 200 pl
DTT (200mM) 100 pl
Glycerol (20 %) 400 pl
Bromo Phenol Blue 4 mg
SDS (4 %) 800 pl
Deionized water Made up to 2 ml
H) Staining solution (For one liter)
Commasine Brilliant blue 2.5mg
Methenol 500 ml
Acetic acid 100 ml
Distilled water 400 ml
1) Destainig solution (for one liter)
Methenol 300 ml
Acetic acid 100 ml

Distilled water 600 ml




APPENDIX VI

Ligation of bgn insert and pET28 (a+)

bgn insert 6 pl
Plasmid DNA pET28 2 ul
T4 DNA Ligase Enzyme (10U) 1l
Buffer (10X) 1yl
Sterile H,O 10 pl
TOTAL 20 pl

Control Ligation of pET28

Plasmid DNA pET28 2 ul
T4 DNA Ligase Enzyme (10U) 1 ul
Buffer (10X) 1 ul
Sterile H,O 16 ul
TOTAL 20 ul




CLONING AND EXPRESSION OF cDNA ENCODING
RIBOSOME INACTIVATING PROTEINS

SALAR ABBAS 2007 Dr.P.U. KRISHNARAJ
Major Advisor
ABSTRACT

Ribosome Inactivating Proteins (RIPs) play a role in plant defence and hence can be
exploited in plant protection. The focus of the present study was to clone and express full
length cDNA encoding RIP from Bougainvillea spectabilis and Boevrhaavia diffusa. A 938 bp
amplicon obtained on PCR amplification using bgn specific primers was cloned into
pTZ57R/T. The recombinant clones pSKK3680 obtained were positive for specific
amplification of bgn. Sequence analysis of bgn showed 97 per cent homology with published
bgn sequence. Further, the bgn was sub cloned into prokaryotic expression vector pET28a
(+) and expressed in E. coli BL21 plysS. The recombinant clone’s pSKK3690 showed
expression of ~27 KDa protein, the protein expressed inhibited mycilial growth of Sclerotium
rolfsi. Based on short sequence information, a degenerate primer was designed using which a
450 bp 3’region amplicon was amplified by 3’ Rapid Amplification of cDNA Ends (RACE)
technique and 650 bp 5’ region amplicon was amplified using 5’RACE.

A complete 1167 bp CDS of bdavp was cloned in pTZ57R/T. Sequencing of
recombinant pbdavp, revealed a 1023 bp Open Reading Frame (ORF), 94 bp 5UTR
upstream from start codon and 30bp 3' UTR downstream of the stop codon. bdavp showed
low and moderate similarity at nucleotide and protein level respectively. The bdavp amplicon
was sub cloned into prokaryotic expression vector pET28a (+) and expressed in E.coli BL21
plysS. Recombinant clones pSKK12 showed the expression of ~27KDa protein.



