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Background: Cucumber mosaic virus (CMV) has isometric particles with a diameter of about 28-29 nm. A useful method to recognize
regions from mutagenesis in the coat protein (CP) gene are important for particle assembly and the expression of viral in CP expression
systems like bacteria such as E.coli or yeast as well as their assembly into virus-like particles (VLP).

Objectives: In this paper, we report the expression and assembly of VLP in cells of E. coli expressing the CMVCP gene.

Materials and Methods: In this study, the CMV-CP gene was released from a previously prepared cloning vector. Then, the CMV-CP was
ligated into the expression vector. Sequencing was done by Marcrogen, Inc. (South Korea). A recombinant plasmid was transferred to E.coli
isolate Rosetta. After inducing by isopropyl thiogalactosides, the molecular weight of the expressed protein was determined by SDS-PAGE.
The extraction of proteins was done by NATURE method to see the possible presence of CMV-like particles.

Results: CMV-CP was detected by Western blotting by a CMV specific polyclonal antibody and conjugate. The protein extracted from the
CP producing clone was studied under a JEOL 100-CXII transmission electron microscope with 100000x magnification at an acceleration
voltage of 100 kV.

Conclusions: The results showed that the CP gene was expressed in the prokaryotic system successfully and was assembled into the CMV-

like particle.
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1. Background

Cucumber mosaic virus (CMV) belongs to the genus
Cucumovirus in the family Bromoviridae. It is plant virus
present worldwide with an extensive host range that in-
fects about 1200 species in almost 85 families of plants
including cereals, fruits, vegetables, and ornamentals (1).
CMV is a multi-component virus consisting of three sin-
gle-stranded genomic RNAs and two subgenomic RNAs
known as sgRNA4 and sgRNA4A (2-4). The CMV CP is trans-
lated from a subgenomic (sg) RNA 4 corresponding to the
3" proximity of the viral RNA 3 (5). Its particles are isomet-
ric with a diameter of about 28-29 nm (4, 6) and the viri-
ons consist of 180 identical copies of the virus-encoded
coat protein (CP) (5). Proteins encoded by RNAs 1 and 2
are needed for viral genome replication while RNA3 en-
code the movement protein (MP) and CP, both of which
are involved in cell-to-cell and long-distance movement
of the virus (4). CMV is transmitted mechanically by sap
and aphids in a non-persistent, stylet-borne manner (7).

A useful way to recognize regions in the CP gene that
are important for particle assembly from mutagenesis is
the expression of viral CPs in the expression systems like
bacteria or yeast as well as their assembly into virus-like

particles (VLP). Assembly of VLP from heterologously ex-
pressed CPs has been studied in detail primarily for the
Johnsongrass mosaic virus, Potato virus Y (8-10), Alfalfa
mosaicvirus (11), and CMV (12). By the molecular assembly
of the capsid and production of recombinant antibodies,
can be obtained by assembly of VLP in plants or bacteria
(13,14).

Cloning and expression of viral genes has been an im-
portant strategy for obtaining large scale recombinant
proteins that may be used in cases such as antibody
production (15-17) given that diagnosis and detection of
plant viruses in a large number of samples is done with
serological methods due to their robustness and low
cost (18,19). The cap protein is highly immunogenic and
reacts strongly with the antibody. Therefore, it is a good
candidate antigen for production recombinant antibody
against CMV and for the development of serologic tests.
Expression of CPs in microbial systems and their assem-
bly into virus-like particles facilitate large-scale produc-
tion of CP in vitro, which represents a pure antigen free
from contaminating plant proteins that can be used to
produce polyclonal antiserum.
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2. Objectives

In this paper, we report the expression and assembly of
VLP in cells of E. coli expressing the CMVCP gene.

3. Materials and Methods

3.1. Cloning, Sequencing and Expression

The CMVCP gene (from strain B13) was cloned into
pTZ57R|T vector and transformed into E. coli strain DH50,
then it was removed from pTZ57CMVCP by digestion
with BamH I and Sac I restriction enzymes. The CMV-CP
was then ligated into the expression vector pET21a, previ-
ously digested with the same enzymes. The recombinant
plasmid pET21aCMVCP was transformed into E. coli strain
Rosetta with a heat shock procedure. Then, the sequenc-
ing was done by Macrogen Inc. (Seoul, South Korea) to
confirm the correct insertion of the CP gene in the vector.

Asingle transformant colony was cultured overnight in
5 mL of LB (1% peptone, 0.5% yeast extract, 1% NaCl) with
ampicillin (final concentration of 50 ug/mL), then 1 mL of
an overnight culture was added to 50 mL fresh LB ampi-
cillin plus. When the culture had reached an OD (optical
density) of 0.6, induced by adding 1 mM isopropyl thioga-
lactosides (IPTG) and shake-incubated at 37°C. Induction
periods of 3-5 hours were applied. Then, cells were har-
vested by centrifugation (5000 rpm, 10 minutes, 4°C) and
stored at-80°C until used.

3.2. SDS-PAGE and Western Blotting

The extracted proteins from the harvested cells (by 160
uL of Laemmli buffer: 125 mM Tris/HCI, pH 6.8, 2% sodium
dodecyl sulphate, 9% glycerol, 0.7 M 2-mercaptoethanol,
0.002% bromophenol blue, and boiled for 2-5 minutes)
were separated by12% sodium dodecyl sulphate polyacryl-
amide gel electrophoresis (SDS-PAGE) for 4 hours at 120 V
(20) and visualized by 0.2% Coomassie Blue R staining so-
lution. Then, the protein bands were electro blotted onto
a Hybond™N nitrocellulose membrane (Amersham, UK)
using a wet transfer system (Akhtarian, Tabriz) at 100 mA
for 1 hour for Western blot analysis. For blocking, we used
of 5% (w/v) BSA powder in the buffer (8 mM Na,HPO,, 1.5
mM KH,PO,, 2.7 mM KCl, 137 mM NacCl, pH 7.3) for 1 hour.
After washing twice with PBST (phosphate buffered sa-
line- tween 20) membranes were incubated in 1:1000
dilution of polyclonal anti-CMV antibodies (Agdia, USA)
for 2 hours at room temperature, followed by washing as
above and incubating in alkaline phosphatase-conjugat-
ed anti-rabbit IgG for 2 hours at room temperature. After
washing three times, the CMV CP specific band was visual-
ized by incubating the membrane in the substrate NBT/
BCIP (nitroblue tetrazolium chloride 5-bromo-4-chloro-
3-indolyl-phosphate, toluidine salt, Roche) solution.

3.3. Transmission Electron Microscopy

The extraction protocol that we used to extract soluble
protein from bacteria was from Folwarczna et al. (21) and

was optimized for our usage. For Transmission electron
microscope (TEM) studies, the bacterial cells that were
harvested by centrifugation, resuspended in 1 mL of TE,
and incubated at 20°C for 5-10 minutes with lysozyme (1
mg/mL). Then for the lysing of bacteria, osmotic shock
was applied by solubilizing in 1 vol of 40% sucrose (wt/
vol), followed by adding 4 vol of TE buffer. DNase and
RNase was added in final concentration 5 Mg/mL and 10
mg/mlL, respectively. Finally, the cell debris was removed
by centrifuge in 12000 rpm and 4°C for 20 minutes, and
then the supernatant were analyzed by TEM.

A drop of the CMVCP recombinant protein extracted
from the bacteria as described above was adsorbed onto
a carbon shadowed formvar coated grid for 2-3 hours at
room temperature and diluted in 0.06 M phosphate buf-
fer, pH 6.5.Then, the grids were dried gently using filter
paper. The grid was negatively stained by 2% uranyl ac-
etate for 30 seconds. It was studied under a JEOL 100-CXII
transmission electron microscope with 100000x magni-
fication at an acceleration voltage of 100 kV.

4. Results

4.1. Preparation of Construct and Expression of
Coat Protein in E. coli

The sequencing confirmed correct insertion after liga-
tion of the CP cDNA into pET2la. The insertion was in frame
and no stop codon was created; however, additional nu-
cleotides were inserted into the CP cDNA because of the
restriction sites used in the cloning. Analysis by SDS-PAGE
of the total protein from bacterial cells carrying pET21aC-
MVCP and induced by IPTG in the range of 0.5-2 mM (final
concentration) for 4 hours showed a higher level expres-
sion of the expected protein of approximately 25 kDa in
size corresponding to the CMV CP (12) (Figure 1 A). Four
independent transformed (clones) were examined for the
expression among which two clones with a desired level of
the expression were selected for further analysis.

Western blotting with a rabbit anti-CMV polyclonal anti-
body confirmed the identity of the recombinant protein
as CMVCP. Accordingly, a protein band with a molecular
weight of 26 kDa (the expected size (based on compari-
son with the protein size marker)) was observed in the
Western blot (Figure 1B).

4.2. In Vitro Assembly of CMVCP

Plant virus CP genes expression in the bacteria can as-
semble into virus like particles. Microscope observation
of the CMVCP protein extracted from induced bacteria
was studied by TEM in a magnification of 100000x. The
results of this study show that formation of CMV-like par-
ticles had been carried in the E. coli bacterial system.

The results of the assembled recombinant CMVCP into
CMV-like particles suggests that CMVCP recombinant
protein expressed in the E. coli system can assemble into
VLPs (Figure 2).
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5. Discussion

E. coli strain Rosetta belongs to so-called “B strains”,
which are deficient in the lon protease and lack the ompT
outer membrane protease. The strains having these pro-
teases can degrade proteins during purification (22).
Therefore, strain Rosetta has been the cell line of choice
for expression of genes of interest (13, 23). Also, this strain
(Rosetta) is optimal when the target gene contains rare
codons or the expressed protein has disulfide bonds (24).
In our study, we tested IPTG concentrations ranging from
0.5-2 mM and found that changes in this range do not af-
fect expression levels. It has been reported that the dura-
tion for expression of the gene of interest at a particular
IPTG concentration may vary according to the gene of in-
terest or other factors. Here, we used induction periods of
3-5 hours and found that an induction period of 4 hours
gave the best result (data not shown).

This research results indicated that the VLPs of the
CMVCP protein were successfully expressed in E. coli and
the CMVCP protein was able to self-assemble into VLPs in
vitro. TEM studies showed that shape and size were simi-
lar to CMV isolated from the cucurbita leaf infected with
CMV. The size of the CMV particles was determined as be-
tween 28 nm (4, 6) and 30 nm (25). Given these results,
the particles seen by TEM studies are probably CMV like
particles.

Accordingly, it has been demonstrated that the coding
sequence of the CMV CP open reading frame (ORF) placed
under the subgenomic promoter of the potato virus X
(PVX) is translated into the CP subunits, which are ca-
pable of assembling into CMV virus-like particles (VLPs)
in the absence of a full-length RNA 3 molecule and CMV
replication machinery associated with RNA1and RNA 2.

Figure 1. SDS-PAGE Analysis and Western Blotting Results
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A) SDS-PAGE analysis of the expressed recombinant protein CMVCP in E.
coli. m: marker a: total protein from bacteria transformed by pET21a with-
out insert. b: total protein from E. coli transformed with pET21aCMVCP
non-induced by IPTG. ¢, d, e, and f: total protein from 4 clones four hours
after inducing by IPTG. B) Western blotting with commercial antibody
against Cucumber mosaic virus. m: bands according to protein marker
in SDS-PAGE. a: total protein extracts from E. coli transformed with the
without insert pET21a. b: total protein extracted from E. coli transformed
with pET21aCMVCP before inducing by IPTG. ¢, d and e: Three clone 4 hours
after inducing by IPTG.

Figure 2. Transmission Electron Microscope of Extracted Protein
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Transmission electron microscope of extracted protein from A: A clone of E. coli without CMV-cp gene (shown no CMV-like particles) and B: A clone of E.
coli with CMV-cp gene (shown CMV-like particles). Magnification of 100000x; Negative stained by uranylacetate 2%.
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The self-assembled empty VLPs have the potential
to be used as inner constrained environments for the
preparation of nano-structured materials that may be
promising as potential drug carriers (26). We showed
that CMV CP ORF placed under the control of T7 promoter
in the bacterial expression vector pET-21a(+) can be
expressed to form virus like particle in the bacterium.
Previous studies reported production of VLPs for carrying
nano-materials, including Cowpea chlorotic mottle
virus, Tomato bushy stunt virus, and Turnip crinkle virus
(27-29).

VLPs mimic the structure of authentic virus particles
and present viral antigens in a more authentic conforma-
tion and biological function. Therefore, they are easily
recognized by the immune system and able to stimulate
B-cell and T-cell immune responses. In particular, many
VLPs are non-infectious, because, although they com-
pletely lack the viral DNA or RNA genome, they are safer
than attenuated or chemically inactivated live viruses.
This striking feature of VLPs will likely contribute to the
effectiveness of its use for production recombinant anti-
body.

This study demonstrated the achievability of expres-
sion of the CP from an Iran isolate of the virus (CMV-B13).
An antibody prepared against an indigenous isolate may
perform efficiently to screen for a virus in the same local-
ity. This is because viruses undergo steady variation and
the virus CP gene is not exceptional. Accordingly, com-
mercial antibodies, which are prepared against a foreign
isolate of a given virus, may not be efficient enough to
detect the virus in another locality.
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