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ABSTRACT KEYWORDS
Cucumber mosaic cucumovirus (CMV) was isolated from naturally infected Cucumber mosaic
cucumber plants serologically depending on indirect enzyme-linked cucumovirus;
immunosorbant assay (I-ELISA) and biologically by mechanica inoculated Isolation;
on Chenopodium amaranticolor as a local lesions host and maintained on Coat protein gene;
Nicotianatabacum cv. (White Burley). Infected tobacco plant tissue used to Cloning;
perform immunocapture reverse transcriptase polymerase chain reaction (IC- Protein expression;
RT-PCR) to isolate the viral coat protein gene (cp). The agarose gl analysis of Coat protein purification;

the PCR product indicated a single band with 657 bplength, which is the
expected size for the CMV cp. Theisolated CMV cp gene has been ligated into
the PinPoint™ Xa-1 T-Vector depending on the T-A cloning principle. The
new plasmids were transformed into competent Escherichia coli cdls, further
the gene integration success and orientation were screened by isolation of
plasmids from transformed bacteria and treatment with Bglll and BamHI
restriction enzymes. It was found that total plasmid length was 3331 bp without
insert, while fragment separated after restriction digestion was approximately
660 bp. The PCR product of the minipreparation indicated a single band with
657bp which isthe expected size for the CMV cp gene. After induction of CMV
coat protein (CP) expression using Isopropyl B-D-1-thiogalactopyranoside
(IPTG), transformed bacteria lysate analyzed using SDS-PAGE reveded aband
with amolecular weight of 25K Da (the expected of CMV CP molecular weight).
Western blotting anaysis was carried out and confirmed that all the bands
expected for viral CP react positively with CMV antiserum. The induced vira
CP was purified from E. coli transformed cells using regenerated SoftLink™
Soft Release Avidin Resin yielding about 11 mg per 1 liter culture. Polyclona
antiserum produced in a New Zedand white rabbit by injecting of the produced
fusion protein and Immunoglobulins G (1gGs) were purified from the collected
antiserum. IgGs titration was performed using I-ELISA, the highest titers were
1:512 & 1:256 for antisera produced using fusion protein and purified virus,
respectively. It was clearly observed that purified antiserum of E. coli vira
fusion protein was more reactive and specific as it did not have any cross
reactions with healthy tobacco plant sap. © 2014 Trade Science Inc. -
INDIA
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INTRODUCTION

Cucumber Mosaic virus (CMV, genus:
Cucumovirus, family: Bromoviridae) isgeographically
wide spread and hasbeenreportedin Austraia, North
America, New Zeadland, Europeand Africad®*34, It has
four functional piecesof single stranded RNASs, pack-
aged inicosahedral protein particleswith molecular
weight of 25 KDa, about 30 nm in diameter’®, The
virusistransmitted by numerous speciesof gphidina
non-persistent manner>%, Thevirushasan extremely
widehost rangeandit induces severe symptoms® listed
775 plant speci esrepresenting 365 generaand 85 fami-
liesthat are susceptibleto CMV infection. In Egypt
CMV infectscucurbit and solanaceous crops, banana
and sugar beet causing remarkableyield losg?.

Serologica methods especially the enzymelinked
immunosorbant assay (ELISA) arewidely usedinthe
detection of vira infections®. They arerdatively sen-
gtive, inexpensive, s mpleand suitablefor thetesting of
many samplessimultaneoud y9. Additionally, morepe-
cificantibodiesareaprerequisitefor theapplication of
theextremdy senditivetechniqueimmunocapturereverse
transcriptase polymerase chain reaction (IC-RT-
pCR)[20,35]_

Generdly, molecular methodssuch asRT-PCR are
not suitableasroutinetestsfor indexing large numbers
of samplesdueto costsand therel ative complexity of
execution. Asaconsequence, serology hastradition-
aly beenthemost used method of plant virusdiagnosis
inalargenumber of samples, using ELISA asthemethod
of choice12238],

Recently, advancesin recombinant DNA technol-
ogy, coupled withitseaseto manipulateand itsrapid
growingratein alessexpensivemediahad established
E. coli asaleading host organismto produce high pro-
tein quantitiesof scientific interest’?, Many of the ex-
pression systems have advantages and limitations but
E. coli asaprokaryotic system was used widely be-
cause of itshigh expression levelsof many heterolo-
gous proteins, low cogt, efficient generationtime, and
fast high density cultivation®,

Viruspurification isusualy alabor-intensive pro-
cedurewith varying, occasiona ly unsatisfactory results
concerning purity and concentration of thefind prepa-
ration®, The production of high quality virus-specitic

antiserum suitablefor large scale of virusdetectionand
based on viruspuritcation procedures faces substan-
tial drawbacks, i.e., including complex virusinfections,
low yiddsof virus particles, contamination of antigens
with plant proteins, presence of inhibitory com-
pounds*®3l, Ontheother hand, it wasfound that the
production of virus-specific antiserausing recombinant
proteinsfrom cloned virusgenes expressed in E. coli
“which can overcome such difficulties’ has been ap-
pliedto produceanumber of polyclond antiseraagainst
coat protein (CP) of several plant viruses, i.e.,Bean
yellow mosaic potyvirus®®, Plum pox potyvirus?,
Soybean mosaic potyvirug?®, Cucumber mosaic
cucumovirugss,

Theamof thisstudy isto expressCMYV coat pro-
teinin E. coli, whichwasthen used for the production
of specific polyclonal antibodies. Asantibodieswith
higher specificity areacrucia reagentsin carrying out
serological testsfor screening against virusesin plant
materia such as seedsand other propagation material
andasofor field plantstesting.

MATERIALAND METHODS

Virusisolation

Fifty samplesof naturally infected cucumber plants
(Collected fromthe openfield of Faculty of Agricul-
ture, Ain Shams University, Cairo, Egypt) showing
mosai ¢, mottling and ma formation wereused for virus
isolation. According to™ |-ELISA was performed on
samples using polyclonal antibodies specific for
CMV (Agdialnc., USA). SamplesgivingCMV posi-
tiveresultsweremechanicaly inocul ated on Chenopo-
dium amaranticolor. Local lesions produced were
used asasource of singlelesionisolation, and finally
the virus was maintained in Nicotiana tabacum cv.
White Burley under greenhouse conditions (28°C +2).

I solation CMVcp geneusing | C-RT-PCR

Immunocapturing,theisolation of CMV RNA and
cDNA synthesisusing IC-RT-PCR was performed us-
ing infected tobacco leaf collected 15 dayspost CMV
inoculation according tol?” asfollows: thewe lsof an
ELISA plate were coated by adding 200 ul of IgGs
(diluted to 10-1 using coating carbonate buffer (pH 9.6))
andincubated 4 hrsat 37°c, after that, plate was washed
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3 times with PBST, 5 min each. Plant tissues were
ground insamplebuffer (1gm: 5ml), then centrifuged
at 3000 rpm/10 minat 4°c, 200 ul of the supernatant
were added to each pre-coated wells and incubated
overnight at 4°c, then platewaswashed 3times, 5min
eachwith PBST.

Twenty five of pre-heated transfer buffer (10
mMTris-HCI (pH 8.0) containing 1% Triton X-100)
were added to each well and kept at 65°c for 5 min.
Aliquotsof 5 ul from the resulting released RNA solu-
tionswereimmediately transferred to microcentrifuge
tube. To each tubethefollowing componentswereadded
andincubated at 42°c /2 hfor cDNA synthess: 1 pug of
reversecoat protein geneprimer, 4 ul of 5X first strand
buffer (250 MM Tris-HCI (pH 8.3), 375 mMKCl, 15
mM MgCI2), 3 ul of 0.1M dith-iothreitol (DTT), 5 ul
of 0.3M 2-ME, 2.5 pl of 10 mM of each
deoxynucleotidetriphosphate (ANTPS), 1 1l RNasin
(40 unit) and 1 pl of Molny Murine Leukemia Virus
(M-MLV) (200 unit). Find product was used immedi-
ately for PCR reaction.

Thefollowing primers(Invitrogen Corp., USA) de-
signed dependingon CMV ¢p gene sequences collected
from GenBank web site (http://mww.ncbi.nim.nih.gov)
wereused for theamplification of CMV cp genewere:
o 5’ ATGGACAAATCTGAATCAAC3'(Sense)

e 5’TCAAACTGGGAGCACCCCAG3'

(Antisense).

PCR was performed as described by*3 using
PerkinElmer Cetus Thermal Cycler PE 9700
(PerkinElmer Inc., USA). Fivepul from resulting cDNA
weretransferred to tube containing 45 pul PCR reaction
mixture. PCR program was 94°c initial melting for 3
minfollowed by 35 cyclesof 94°c/1 min,55°¢/1 min,
72°c/2 minand 72°c/ 10 minfina extension.

For PCR product analysis, 1.5% agarosegel was
used and el ectrophoresiswas carried out in Sub-Cell
DNA apparatus (Bio-Rad® Lab., USA) at 80V. The
amplified genebandwasvisudizedonan UV Transllu-
minator and photographed by Gal Documentation Sys-
tem (Alphalmager® TM 1220, Documentation and
Anadysissystem, Canada).

Cloning of CMV cp gene

Theviruscp gene (PCR product) wasligated with
the PinPoint™ Xa-1 T-Vector (Promega Corp., USA)
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depending onthe T-A cloning principl€€ and accord-
ing to manufacturer ingtructionsmanua . Thegenewas
cloned with the vector in-framewith the fragment of
biotin-binding protein (BBP) asmentioned by Abou Zeid
et al.lv,

Therecombinant plasmidsweretransferredinto
competent E.colistrain BL21cd lsand successfully trans-
formed bacteriawere salected depending on blue/white
coloniesscreening. Transformation and selection were
carried out asdescribed by Hanahan*4.

Minipreparation and restriction enzymedigestion

Therecombinant plasmidwasisolated from E. coli
transformed cell s according the miniprep procedure
described by Sambrook et al .'*3. The preparation was
subj ected to restriction andysi sto confirm cp geneori-
entation prior to protein expression. Asdescribed by
Sambrook et al .= with somemodifications, 15 ul of
Therecombinant plasmidwasmixedwith 2 ul from both
Bglll and BamH|I restriction enzymes (PromegaCorp.,
USA), thetotal volumewasraised to 30 ul by deion-
ized water. Thereaction wasincubated at 37°c for 2 h,
and then 20 ul of the digested product was mixed with
6 ul agarose gel loading buffer and electrophorised on
1% agarosegel.

PinPoint™ Xa-1 original plasmids (without the
CMV cp gene) and recombinant plasmids with the
CMV cp gene in addition to PCR product of the
minipreparation using viral cp gene specific primers
werel oaded to the same gel ascontrols.

Induction of cp gene expression and detection of
theexpressed protein

Asrecommended by manufacture (Promega) in-
structions, cultureof E. coli carrying the PinPoint™
Xa1lexpressonfusonwasstarted by inoculating S ml
of LB medium containing 100 pg/ml ampicillin with a
24 h colony and culturewasincubated overnight at 37
°C on shaker. Overnight culture was diluted to 1:100
by adding 50 ul of culture to 5 ml of LB medium con-
taining 2 uM biotin, 100 pg/ml ampicillin and incubated
for L hat 37 °C on shaker. For protein expression in-
duction, 100 uM isopropyl p-D- thiogal acto-pyrano-
side (IPTG) wasadded to culture, incubated for 4 h at
37 °C with shaking. Bacterial cells were then collected
by centrifugation and further subjected to subsequent
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freezing/thawing, sonication and centrifugation treat-
mentsfor protein extraction™. The proteinswerethen
separated by 12 % SDS polyacrylamide gel € ectro-
phoresis (SDS-PAGE)!?Y, el ectro-blotted to nitrocel -
lulose membranes and assayed by Western blotting
immunoassay using polyclonal CMV coat protein spe-
cificantibodies'”.

Protein purification

For the purification of large protein quantities, one
liter of transformed bacteriaculturein LB broth con-
taining 2 uM biotin and 100 pg/ml ampicillin was pre-
pared. Theprotein expression wasinduced by adding
100 uM IPTG to the bacterial culture and incubated 4
hat 37 °C on shaker. The cells were disrupted by soni-
cation according to®*¥ and centrifuged at 8000 rpm for
10minat 4 °C and the fusion protein was then purified
using 3 ml regenerated SoftLink™Soft Release
AvidinResin according to Promegainstructions. The
eluted fusion protein was quantified by the Bradford
assay'¥l at A_,. nm using spectrophotometer. The pro-
tein wasthen analyzed and separated by el ectrophore-
sisin 12 % SDS-PAGE and detected using Western
blotting immunoassay. Asacontrol apurified CMV
preparation wasalso loaded to gel.

Antiseraproduction and evaluation

Depending on the method described by?®
polyclonal antiserum produced in aNew Zealand
whiterabbit by injecting of the produced fusion pro-
tein and a purified CMV preparation as a control
(purified as described by?4 (1 mg of virus with
Freund’s incomplete adjuvant, 1 : 1) intramuscularly
six timesat 10 daysinterva. Theanima wasbled 15
days after the | ast injection and the anti serum was
collected.

Immunoglobulins G (IgGs) purification was car-
ried out as mentioned by!”. Final dialyzed proteins
wereloaded on 10 ml of diethylaminoethyl (DEAE)
cellulose column (Whatman Inc., USA), eluted using
half strength phosphate buffer saline (PBS) and col-
lected in microtube. Absorption of fractionswasmea:
sured at 280 nm and concentration of IgGswas ad-
justed to 1 mg/ml (OD,,,,=1.46) using half strength
PBS, then stored at 4°C. IgGs dilution end points were
determined using I-ELISA against clarified infected

tobacco sap and healthy tobacco sap was used as a
control.
RESULTS

Isolation of CMV virus

CMV wasisolated from naturaly infected cucum-
ber plants showing mosaic, mottling and maformation.
Samplesgave positivel-ELISA resultsranging from
0.897 to 1.095 were mechanically inoculated on
Ch.Amaranticolor leavesand gavechloroticlocal le-
sions. Lesions were extracted and inoculated on
N.tabacumcv. White Burley for maintenance.

I solationof CMV cp geneusing | C-RT-PCR tech-
nique

Infected tobacco plant tissues were used to per-
form IC-RT-PCR toisolatetheviral cp gene. Theaga
rosegel e ectrophoresis of the PCR product indicated

Mbp) 1 2

Figurel: 1C-RT-PCR resultsfor theisolation of CMV cp
gene(Lanel1-2). M: DNA Ladder (Promega, USA).

asingleband sized657bp, whichisthe expected size
fortheCMV cp gene(Figurel).

Cloningof CMV cp gene

The PCRisolated CMV cp gene hasbeen ligated
into the PinPoint™ Xa-1 T-Vectordepending on the T-
A cloning principle. The new recombinant plasmid
vectorwastransformed into competent E. coli cells, fur-
ther the geneintegration success and orientation were
proved by isolating the recombinant PinPoi nt™ Xa-1
T-Vectorfrom transformed bacteriaand treating it with
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Bglll and BamH|I restriction enzymes, which restricted
to certain Stesthrough the polylinker region of theplas-
mid vector. It wasfound that total plasmid length was
3331 bp without theinsert, whilethe fragment sepa-
rated after restriction digestion was approximately
660pbin length (gene length plus some added nucle-
otides after the enzymes cutting sites)compared to the
PCR product using the recombinant PinPoint™ Xa- 1
T-Vectoras atemplate, which givesasingleband with
657bplength, the expected sizefor the CMV cp gene
(Figure2).

33kb 39kb 33kb

660 bp

Figure 2 : Restrection analysis to chek for the right
integration of thecp geneinto PinPoint™ Xa-1 T-Vector:
The emptyPinPoint™ Xa-1 plasmid vector (Lane 1), the
recombinantPinPoint™ Xa-1 T-Vector (containing CMV cp
gene)(Lane 2), therecombinantPinPoint™ Xa-1 T-Vector
cut with Bglll and BamHI restriction enzymes(Lane3 & 4)
and PCR product for CMV cp geneusing therecombinant
PinPoint™ Xa-1 T-Vectorasatemplate (Lane5). M: DNA
Ladder (Promega, USA).

Expression, detection and purification of theCMV
coatprotein transformed E. coli cells

Transformed bacterialysate analyzed using SDS-
PAGE reveded a band with a molecular weight of
25K Da(Figure 3A) after induction of protein expres-
sonusngIPTG

zlogec'Aﬂofo_@ Ce—

To producelargeamount of thefusion protein, large
scal e culturefrom transformed E. coli was prepared
and protein was purified depending on affinity
purificationusing SoftLink™ Soft Release Avidin Resin.
About 11 mg of expressed protein waspurified from 1
liter of becterid culture. Thepurified protein gaveaband
with molecular weight of 25K Da, whichisexpectedto
CMV coat protein (Figure 3A).

M 1 2 3

KDa |

25p - 4 25 KDa

Figure3: (A) SDS-PAGE analysisforthelysate of E. coli
cells: Transfor medE. coli lysate (Lane 1), untransformed E.
coli lysateasacontrol (Lane?2),Purified fuson protein (Lane
3) M: Protein marker (Promega, USA). (B) Western blotting
analysis showing positive reaction with the viral protein
bandsobtained fromthetransformed E. coli lysate.

Result was confirmed by transferring gel bandsto
nitrocel lulose membranefor Western blotting analys's,
and al thebandsexpected for vird CP (25 KDa) react
strongly with CMV specific antiserum (Figure 3B).

Antiseraproduction and evaluation

IgGstitrationresultswereillustrated in TABLE 1,
the highest titerswere 1:512 & 1:256 for antiserapro-
duced using fusion protein or purified virus prepara
tion, respectively. It wasclearly observed that purified
antiserum of viral fusion protein produced from bacte-
rid cellswasmorereactiveasit gave higher I-ELISA
vauesand more specific for not giving any crossreac-
tionswith heal thy tobacco plant sap.
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TABLE 1: Titration and evaluation of CMV IgGsproduced
fromfusion protein and purified vir usprepar ation against

infected and healthy tobacco sap
I-ELISA values at 405 nm*
Dilution 1gGs; 19Gs,
I R H R | R H R
Crude 0914 + 0122 - 0.820 + 0404 +
11 0.825 + 0.100 - 0.801 + 0.311 -
1.2 0.810 + 0.099 - 0.766 + 0.209 -
1.4 0.805 + 0.091 - 0.677 + 0259 -
1.8 0.787 + 0.088 - 0.660 + 0.199 -
1:16 0.731 + 0069 - 0.611 + 0.091 -
1:32 0.711 + 0065 - 0589 + 0.100 -
1.64 0.677 + 0.062 - 0579 + 0.095 -
1:128 0.649 + 0.059 - 0490 + 0.086 -
1:256 0550 + 0.060 - 0441 + 0.084 -
1:512 0504 + 0.059 - 0.064 - 0.069 -
1:1024 0.200 - 0.049 - 0.061 - 0.065 -
Purified** 1  1.353 + 1.077 +
2 1042 + 0.924 +

*Each ELISA result (R) wasthe average of threereadings; **
Reaction of CP fusion protein (1) and crude purified virus (2)
with crudeantiserum; Note: Reaction of infected (1) and healthy
(H) tobacco leaves sap with antisera produced by rabbit
immunization with CP fusion protein (1gGs) and from purified
virus preparation (1gGs,).

DISCUSSION

Cucumber mosaic cucumovirus (CMV), one of
themost commonvirusinfecting someeconomica plants
in Egypt, thevirusinfectsimportant cropslike sugar
beet, bananaand cucurbits causing significant lossin
yield qudity and quantity®9,

Suchvirusisdifficult to diagnose dueto the peri-
odic changesin symptomsand a so for theneed of high
quantity of antiserumwith higher specificity to perform
routine serological testsfor indexing large numbersof
samplesinfied®,

TheCMYV cp wasisolated depending on IC-RT-
PCR techniqueand then thisgene hasbeen ligatedinto
the PinPoint™ Xa-1 T-Vector depending on the T-A
cloning principle. Theobtained recombinant PinPoint™
Xa1T-Vectorwastransformed into competent E. coli
cells, further the cpgeneintegration was proved by re-
striction enzymes analysis. The PCR product of the
isolatedrecombinant PinPoint™ Xa-1 T-Vector from

thetransformed E. coli cell sproduced a single band
with 657bp, whichisthe expected sizefor the CMV
cp gene. Therearenumerousreportsof theexpression
of plant virusesCPin E. col (1518232634

Transformed bacterialysate analyzed using SDS-
PAGE revealed aband of CMV CPwith amolecular
weight of 25K Da. Western blotting analysiswas car-
ried out and confirmed that all the bands expected for
viral CPreact positively with CMV antiserum. Such
work agreed with that performed by Khan et al. and
Sokhandan-Bashir et al 11834,

Theinduced vird CPwaspurified fromE. coli trans-
formed cdllsusing regenerated SoftLink™ Soft Release
Avidin ResinyieldingAbout 11 mg of protein from 1
liter of bacterid culture. Thisresultisapromising result
when compared with that obtained by Khan et al.*®!
who produced atotal yield of about 8 mg CMV CP
per 1liter of cdll culture.

Polyclonal antiserum produced by rabbit immuni-
zation and IgGswere purified from the coll ected anti-
serum. Dependingon I-ELISA it wasclearly observed
that purified antiserum of E. coli vird fusion protein has
higher dilutionend point, having moreresctivity for giv-
ing higher I-ELISA values, and specificity asit did not
giveany crossreactionswith healthy tobacco plant sap
which canimprovethe performance of theantiserum.

Barbieriet al. (2004) and Sokhandan-Bashir et
al.*4 concluded, based on observations with \ater -
melon mosaic potyvirus and Cucumber mosaic
cucumovirus, respectively that antibodies produced
against expressed CPsin E. coli tend to be more spe-
cific, reducing the occurrence of unexpected heterolo-
gousreactions.

Theuseof fuson CPsasanimmunogento develop
antibodies hasbeen of great valueparticularly for vi-
rusesthat aredifficult to purify!® andfor thosethat are
subject to degradation during the purification process®.

REFERENCES

[1] A.A.AbouZeid, A.Barakat, H.A.Amin; Expression
and Purification of the Coat Protein Gene (P25) of
Citrus tristeza virus in E.coli. Al-Azhar
J.Microbiology, 58, 1-9 (2002).

[2] A.Ashoub, M.M.Mervat El-Far, M.l.Salama; Ex-
pression of Sweet potato feathery mottle virus coat

s LBioTechnology

Au Tudian Yourual



458

Expression of Cucumber mosaic cucumovirus coat protein in Escherichia coli

BTAIJ, 9(11) 2014

FULL PAPER o

protein and production of specific antiserum for di-
agnostic aspects. Egypt.J.Genet.Cytal ., 38, 119-126
(2009).

M.R.Barbieri, M.G.Carvalho, E.M.Zambolim,

F.M.Zerbini; ExpresaoemEcherichia coli da

proteinacapsidal do watermelonmosaic virus e

producao de anti-soro. Fitopatol Bras, 29, 215-219

(2003).

M.N.Bradford; A rapid and sensitive method for

guantification of microgram quantities of protein

utilizing the principle of protein-dye binding, Anal

Biochem., 72, 248-254 (1976).

A.Brunt, K.Crabtree, M.Dallwitz, A.Gibbs,

L .Watson; Viruses of Plants.Description and Lists

from the VIDE Database, CAB International

Wallingford, UK, 477-483 (1996).

M.F.Clark; Immunosorbent assaysin plant pathol-

ogy. Annual Review of Phytopathology, 19, 83-106

(1981).

M.F.Clark, N.E.Adams, Characteristics of the

microtiter plate method of enzyme-linkedimmunoas-

say (ELISA), for the detection of plant viruses.

J.Gen.Virol., 37, 475-483 (1977).

L.Douine, J.B.Quiot, GMarchoux, P.Archange;

Recensement des especesvegetal essensibles au

virus de la mosaique du concombre.Etude

bibliographique. Annales de Phytopathologie, 11,

439-475 (1979).

El-Afifi, I.Sohair, A.M.EI-Borollosy,

S.Y.M.Mahmoud; Tobacco callus culture as a

propagating medium for Cucumber mosaic

cucumovirus. Inter.J.Virology., 3, 73-79 (2007).

[10] A.M.EI-Borollosy, Mona M.Oraby; Induced sys-
temic resistance against Cucumber mosaic
cucumovirus and promotion of cucumber growth
bysome plant growth-promoting rhizobacteria.
Ann.of Agric.Sci., 57, 91-97 (2012).

[11] T.V.M.Fgardo, D.R.Barros, O.Nickel, GB.Kuhn,
F.M.Zerbini; Expression of Grapevine leafroll-as-
sociated virus 3 coat protein gene in Escherichia
coli and production of polyclonal antibodies.
FitopatologiaBrasileira, 32, 496-500 (2007).

[12] S.B.Ghosh, L.H.S.Nagi, T.R.Ganapathi, S.M.Paul
Khurana, V.A.Bapat; Cloning and sequencing of
Potato virus Y coat protein gene from an Indian
isolate and devel opment of transgenic tobacco for
PVY resistance. Current Science, 82, 7-10 (2002).

[13] F.E.Gildow, D.A.Shah, W.M.Sackett; Transmission
efficiency of Cucumber mosaic virusby aphids as-
sociated with virus epidemicsin snap bean. Phyto-

[3]

[4]

[5]

(6]

[7]

(8]

[9]

pathology, 98, 1233-1241 (2008).

[14] D.Hanahan; Techniques for transformation of
E.coli.In DNA cloning: A Practical Approach,
D.M.Glover, (Ed); IRL Press, Oxford, UK, 1, 109-
135 (1985).

[15] J.Hammond, R.W.Hammond; Molecular cloning,
sequencing and expression in Escherichia coli of
the Bean Yellow Mosaic Virus coat protein
gene.J.Gen.Virol., 70, 1961-1974 (1989).

[16] T.A.Holton, M.W.Graham; A simple and efficient
method for direct cloning of PCR products using
ddT-tailed vectors. Nucleic Acids Res., 19, 1156
(1991).

[17] M.M.Iracheta-Cardenas, |.H.Almeyda-L eon,
K.L.Manjunath; Molecular cloning and expression
of the p25 gene of two Mexican isolates of Citrus
tristeza virus. Rev MexFitopato, 120,174-181
(2002).

[18] S.Khan, A.T.Jan, B.Mandal, Q.M.R.Haq;
Immunodiagnostics of cucumber mosaic virus us-
ing antisera developed against recombinant coat
protein, Archives of Phytopathology and Plant Pro-
tection 45, 561-569 (2012).

[19] R.C.Koenig; Indirect ELISA methods for broad
specificity detection of plant viruses. J.Gen.Viral .55,
53-62 (1981).

[20] B.Komorowska, T.Malinowski; The attempts to
produce antiserum agai nst Apple stem pitting virus
coat protein (ASPV CP) obtained in prokaryatic
and eukaryotic expression systems.Journal of Fruit
and Ornamental Plant Research, 17, 21-30 (2009).

[21] U.K.Laemmli; Cleavage of structural proteinsdur-
ing the assembly of the head of bacteriophage
T,.Nature, 227, 280-285 (1970).

[22] K.S.Ling, H.Y.Zhu, Z.Y.Jiang, D.Gonsal ves; Effec-
tive application of DAS-ELISA for detection of
grapevineleafroll associated closterovirus-3 using
apolyclond antiserum devel oped from recombinant
coat protein.European Journal of Plant Pathology,
106, 301-309 (2000).

[23] J.Liu., X.Peng, L.Li, K.Mang; Cloning of coat pro-
tein of Soybean mosaic virus and its expressionin
Escherichia coli.Chin.J.Biotechnol., 9, 143-149
(1993).

[24] H.Lot, GJonard, K.E.Richards; Cucumber mosaic
virus RNA 5.Partial characterization and evidence
for no large sequence homologies with genomic
RNAs. FEBS Letters, 80, 395-400 (1977).

[25] R.Madhubala, V.Bhadramurthy, A.l.Bhat,
P.S.Hareesh, S.T.Retheesh, R.S.Bhai; Occurrence

BioTechnology —

Hn Tudian Jounual



BTAIJ, 9(11) 2014

Ali. M.EI-Borollosy et al.

459

————, FyurrL PAPER

of Cucumber mosaic virus on vanilla (Vanilla
planifoliaAndrews) in India. J.Biosci., 30, 339-350
(2005).

[26] D.Mattanovich, GHimmler, M.Laimer, E.Maiss,
F.Regner, A.Da Camara Machado, V.Hanzer,
R.Casper, H.W.Katinger; Expression of the Plum
pox viruscoat protein regioninEscherichiacoli. Virus
Genes, 2, 119-127 (1989).

[27] A.Minafera A.Hadidi; Sensitivedetection of Grape-
vine virus A, B or leafroll associated |11 from
viruliferousmealybugs and infected tissues by
cDNA amplification. J.Virol.Methods, 47, 175-188
(1994).

[28] S.Nouri, B.W.Falk, R.L.Groves;, A new satellite
RNA is associated with natural infections of cu-
cumber mosaic virus in succulent snap
bean.Arch.Viral., 157, 375-377 (2012).

[29] N.Petrovic, B.Meng, M.Ravnikar, I.Mavric,
D.Gonsalves; First detection of Rupestrisstem pit-
ting associated virus particlesby antibody to recom-
binant coat protein, Plant Disease, 87, 510-514
(2003).

[30] T.Porstmann, S.T.Kiessig; Enzymeimmunoassays
techniques. An overview. Journa of Immunologi-
cal Methods, 150, 5-21 (1992).

[31] PRadaelli, T.V.M.Fgjardo, O.Nickel, M.Eiras,
GPio-Ribeiro; Production of polyclonal antiseraus-
ing recombinant coat proteins of Grapevineleafroll-
associated virus 2 and Grapevine virus
B.Pesqg.agropec.bras., 43, 1405-1411 (2008).

[32] M.J.Roossinck; Cucumoviruses (Bromoviridae)-
general features, In: Encyclopediaof Virology, 2™
Edition, L.Granoof, R.GWebster, (Eds); Academic
Press, SanDiego, USA, 315-320 (1999).

[33] J.Sambrook, E.F.Fritsch, T.Maniatis; Molecular
Cloning. Cold Spring Harbor Lab., Press, USA,
(2089).

[34] N.Sokhandan-Bashir, A.Rostami, D.Koolivand;
Towards Preparation of Recombinant Antibody to
Cucumber Mosaic Virus: Expression of the Coat
Protein in Escherichia Coli. 2" Inter.Conf., on Ad-
vances in Biotech.and Pharmaceutical Sci., June
30 July 1, Bali, Indonesia, (2012).

[35] T.Wetzel, T.Candresse, G.Macquaire,
M.Ravelonandro, J.Dunez; A highly sensitive
immunocapture polymerase chain reaction method
for plum pox potyvirus detection, Journal of Viro-
logical Methods, 39, 27-37 (1992).

[36] D.Zimmermann, PBass, R.Legin, B.Walter; Char-
acterization and serological detection of four
closterovirus-like particles associated with leafrol|
disease on grapevine. Journa of Phytopathology
130, 205-218 (1990).

BioTechnology

Au Tudian Yourual

——



