$h=53}8k3l A ) 38H A 135(1995)
Agricultural Chemistry and Biotechnology
Vol. 38, No. 1, pp. 49~54(1995)

Immunological Detection of Garlic Latent Virus

Jin Nam Choi?, Jong Tae Song? Sang lk Song? Ji Hoon Ahn',
Yang Do Choi? and Jong Seob Lee'*

Department of Molecular Biology and “Department of Agricultural Chemistry
Seoul National University, Korea

Abstract : To understand the molecular structure and pathogenesis mechanism of Korean garlic viruses, we have
isolated ¢cDNA clones for garlic viruses. The partial nucleotide sequences of 24 cDNA clones were determined and
those of five clones containing poly(A) tail were compared with sequences of other plant viruses. One of these clones,
V9, has a primary structure similar to the carlavirus group, suggesting that the clone V9 derived from a part of
garlic latent virus (GLV). Northern blot analysis with the clone V9 as a probe demonstrated that GLV genome is
85 knt long and has a poly(A) tail. The clone V9 encodes coat protein (CP) of 33 kDa and nucleic acid binding
protein of 10 kDa in different reading frame. The hexanucleotide motif, 5-ACCUAA, which is conserved in the 3
noncoding region and was proposed to be a cis-acting element involved in the production of negative strand genomic
RNA was noticed. Complementary sequence to the hexanucleotide motif, 5-TTAGGT, is also found in the positive
strand of V9 RNA. The putative CP gene was cloned into the pRSET-A expression vector and expressed in E.
coli BL21. The expressed recombinant VICP protein was purified by Ni2*-NTA affinity chromatography. The anti-
VICP antibody recognizes 34 kDa polypeptide which could be CP of GLV in infected garlic leaf extract. Immunoblot
and Northern blot analysis of various cultivars shows wide occurrence of GLV in Korean garlic plants(Received January

5, 1995; accepted February 7, 1995).

Introduction

Garlic (Allium sativum L) is an important vegetable
crop and has long been cultivated extensively in Korea.
Based on the microscopic observation and the symptoms
produced in infected garlic plants, two sap-transmissible
filamentous viruses were previously described : garlic la-
tent virus (GLV) and garlic mosaic virus (GMV).?

Garlic plants inoculated with GLV produce no visible
symptoms in early phase of infection, whereas infected
broad beans produce systemic necrotic spots. Chenopo-
dium amaranticolor, C. quinoa, and Tetragonia expansa
infected with GLV produce local necrotic and chlorotic
lesions. Particles of GLV are flexuous rods, 650~700 nm
long, and exist either randomly or as small aggregates
in the cytoplasm of the infected plant cells as is most
of the carlaviruses.”

Carlavirus is slightly flexuous filaments, often appea-
ring curved to one side, normally 610~700 nm long
and 12~15 nm in diameter. It sediments at 147~176
S. The particles are composed of approximately 1,600~2,
000 subunits of a single protein species whose Mr are
usually 31,000~34,000. Coat proteins are arranged as
a helix (pitch 3.3~345 nm) enclosing the genome which
is a single molecule of single-stranded RNA (Mr 2.3~3.0
X 10%. Genomic RNA constitutes normally 5~7% of the

particle weight. Infections in natural hosts are often la-
tent, but sometimes mosaic symptoms are produced.?

Present data indicate that most, if not all, of unselec-
ted commercial garlic cultivars contain a complex of two
or more viruses.*® The identification of the individual
viruses contained in garlic plant is however variable, pa-
rticularly in materials from diverse geographical loca-
tions. Due to the absence of molecular characterization,
electronmicroscopic examination and immunological
cross-reactivity were the methods of choice available. In
this paper we have isolated a cDNA clone for the coat
protein (CP) of GLV. It was overexpressed in E. coli
and a polyclonal antibody was raised against the recom-
binant CP. The nascent CP of GLV from garlic leaf ext-
ract or garlic virus preparation was identified with the
antibody and the occurrence of GLV in field-grown garlic
is examined.

Materials and Methods

Virus preparation

Virus particles were isolated from garlic leaves sho-
wing yellow streak of virus symptom by the procedure
described previously.®

Construction of GV cDNA library
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cDNA library was constructed into pUC18 plasmid ve-
ctor by the method of Gubler and Hoffman” with minor
modifications as described in Choi ef al®

Nucleotide sequencing and recombinant DNA techni-
ques

Nucleotide sequencing was carried out in plasmid pUC
18? by the dideoxynucleotide chain-termination method
of Sanger et al? Universal M13 primers for reverse and
forward reactions were used and the reaction products
were analyzed by 6 M urea-polyacrylamide gel electro-
phoresis. Northern blot analysis was performed by the
procedure of Kroczek and Siebert.® Purification and
manipulation of DNA were carried out according to the
standard protocol of Sambrook et aliV

Overexpression and purification of recombinant CP

Overexpression and purification of recombinant CP
was carried out according to the protocol provided by
Qiagen. The E. coli transformants were grown at 37C
in LB medium containing 50 ug/m/ of ampicillin. At ODgy
0.7~0.9 IPTG was added to a final concentration of 1
mM and cells were incubated for additional 4 hrs. Cells
were collected by centrifugation at 4,000 g for 5 min
and resuspended in 5 m//g of lysis buffer A (6 M guani-
dine hydrochloride, 0.1 M NaH,PO,, 001 M Tris, 0.02
M 2-mercaptoethanol, pH 8.0). The lysate was sonicated
and collected by centrifugation at 10,000 rpm for 15 min
at 4C. The supernatant was applied on 0.6 m/ of nickel-
NTA-agarose affinity resin (Qiagen protocol), previously
equilibrated in buffer A, washed with 10 column volumes
of buffer A, 5 column volumes of buffer B (8 M urea,
0.1 M NaH;PO,, 0.01 M Tris, 0.02 M 2-mercaptoethanol,
PH 8.0) and 6 column volumes of buffer C (same compo-
sition as buffer B except pH 6.3). The recombinant pro-
tein was eluted with 10 column volumes of buffer D
(same composition as buffer B except pH 5.9), followed
by 5 column volumes of buffer E (same composition
as buffer B except pH 4.5). The proteins in each fraction
were analyzed by 125% SDS-PAGE.

Preparation of antibody

Preparation of antibody was carried out by the proce-
dure of Sambrook et al.' Purified recombinant CP was
mixed with equal volume of Freund’s adjuvant and inje-
cted into rabbit (NewZealand White) 3 times at the inte-
rval of 2 weeks. Serum was processed by standard me-
thod after bleeding.?

Immunoblot analysis

Protein samples were analyzed by SDS-polyacrylamide
gel electrophoresis.® Blotting of proteins from SDS-
PAGE gels onto nitrocellulose paper was carried out by

electrotransfer at 0.15 A for 4hrs in 50 mM Tris-glycine,
pH 9.1, containing 20% methanol. The nitrocellulose blot
was treated essentially according to Burnette™® except
that 5% nonfat dry milk was used instead of BSA as
a blocking reagent. The nitrocellulose blot was incubated
first with GLV antibody (1:250 dilution) and then with
goat anti-rabbit second antibody labelled with peroxidase.
ECL detection reagents 1 and 2 (Amersham Co.) were
used as substrate for peroxidase.

Results and Discussion

Multiple species of cDNA clones for garlic virus were
isolated

To isolate a cDNA clone for GLV, a cDNA library
for garlic virus was constructed.® Oligo(dT) was emplo-
yed as a primer because carlavirus and potyvirus of
600~800 nm long usually was known to have poly(A)*
tail at the 3’ end of their genomes.'¥ Different 24 cDNA
clones were chosen and their nucleotide sequences were
determined. Five out of 24 different clones contained
poly(A) tracts of 15~57 nucleotides at their 3' end sug-
gesting that they are ¢cDNA clones from the 3’ end of
the virus. The insert size of these clones was 2.0 kb
(G7), 14 kb (V9), 1.5 kb (S83), 1.0 kb (S81) and 055
kb (S64). Northern blot analysis revealed that 5 clones
strongly bind to the garlic virus RNA isolated from field-
grown garlic leaves and to the poly(A)* RNA purified
from total garlic virus RNA by oligo(dT)-cellulose chro-
matography (data not shown). Therefore, we confirmed
that five clones are ¢cDNAs for garlic virus containing
poly(A)* tail. The complete nucleotide sequences of G7,
V9, S83, S81 and S64 were determined. These clones
have no sequence similarity each other. These results
further confirm that there are at least five different ki-
nds of viruses in garlic as expected from previous
SDS-PAGE analysis.5®® Alternatively GLV may contain
at least five different pieces of genomic RNA or subge-
nomic RNA, which is not the case obviously.

The clone V9 encodes the CP of GLV, a carlavirus

The complete nucleotide sequence of the clone V9
was determined (Fig. 1). Its primary structure is similar
to the carlavirus group such as lily symptomless virus
(LSV) and potato virus S (PVS). The clone V9 consists
of two open reading frame(ORF)s. The first ORF located
at nucleotides 55~945 encodes CP of Mr 33,000. In case
of carlavirus and potyvirus, the average Mr of CP is
known to be 31,000~34,000.2® The second ORF located
at nucleotides 942~1232 encodes a protein of Mr 10,000.
The deduced 10 kDa protein, like the analogous proteins
of other carlaviruses, contains a highly conserved region
which contains a basic arginine-rich domain and a puta-
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i agcaagcaaaaccnnggttcactmatacagcgctctaaat!ga\attATGGCTAACGAAGAA 69
M A NEE

70 GAAGAACTCAATAACGTTCAGAATTTGCCGACTCGCGACCCTGGGACTATCCCAGAGCATGAGCAGACG 138
EELNNVYGNLPTRODPGT P EHETOT 28

139 AAAGCAGTGAATGATGTCGGCGTTATGGAGCGTGAGGGTTTCGAAGCCGTGC TACGAAGGACGGAAAAC 207
K AV NDVGVYMERETGTFEAYVY

29 RRTEN 5t
208  AGATTCAACAAACTTAAGGAAAAGTGCATGTCCGAAT TATCCAGCGTGAATGTCACGAATTGCGGGTGG 276
52 RFNKLIKEKCMSELSSVYNVTITNCGYW 4

277  GAGTCTGGACGCCCAAAAGCACAACTAGCTGACAGTCTCAAAGGTGACGCTTCTAATATTTTCACCCGC 345
5 ESGRPKAQGLADSLKGDASNIFTR 97
346  CCTTCTATGGATGCCCTCCTTGYTCGGAATTACGCACCTGAAAGTAACAACATGGCCACTGCTGAGGAA 414
98 PSMDALLVRNYAPESNNMATATEETE 120
415 TTGGCAARAATCTCCGCTAAGGTGCAGGCTCTTGGTGCCCCTGAAGAATGTT TAGCTGAAGTGTTCTGG 483
121 L AKIJSAKYGALGAPEECLAEVFW 143
484  GATATATGCATGTATTGCACCACTGCTGGAAGTTCTCCAAATGTAAATCCTAAAGGAACTATCTCTGTT 852
144 D1 CMYCTTAGSSPNVYNPKGTI SV 166
553  GGTGGCAAGGTCGTTACTAGAGACATGGTTGTAGCTGTCATCAAAGAGTACTCCACATTACGCCAGGTC 621
167 G GKVYVJIRDMY VYAV IKEYSTLRGOGYV 189
622  TGCCGCTGCTACGCGCCTGTGGTCTGGAACTACATGTTATTGAATGAGCAACCACCAGCCAATTGGGAC 690
190 CRCY APV VY NYMLLNEOQPPANVY¥D 212
691  GCAAAAGGTTTTACTGAGAACACTAAATATGCTGCCTTTGACACTTTTGATGCTGTCACGAATAAAGCT 759
2i3 AKGFTENTKYAAFDTFDAVTNKA 235
760  GCAATTCAACCTCTTGAGGGCCTGATTAGGGCCCCCACTGATGCAGAACGAATTGCCTTTGCAACGCAT 828
236 Al @PLEGLIRAPTDAERIAFATH 258
829  AMAAAGTTGGCTCTAACCAAAAATTCTCAGAATGCTCGTTACGCCAATACTTCTGCTGATGTTACTGGA 897
259 KKLALTEKNSOGOGNARYANTSADVTG 281
898  GGTTTCTTCGGCTGTTTTCCAAAAAATAATTTCAGAGAGAATCGATGTTGATCAAACAGAGAACTTACC 966
282 G FF GCFPKNNFRENREC -« 298
1 ML) KORTY 8
967 GTAGGCTACTGCGTGTTATATTTAAATTACATACTAATAAGAATTGTGTGGATCTGATAAATATAATCG 1035
9 RRLLRVY I FKLHTNKNCYV LI NI 31
1036  TGAGTAAAATAGTGTGTGAAAGTGCGGGTGCTTCGAATGCTCGAGCTCGTAGGGCTAAGAGCATAGGCA 1104
322 VS K I VCESAGASNARARRAKSIG 54
1105 GGTGOCCTCGCTGTTTTCGGTGTTCACCTGGTTTTTATTTCACTAAAMACTGTGACACGAAAARTTGTT 1173
5 R CPRCFRCSPGFYFTEKNCDTKNSC K
1174 CCGCAGGTATTAACTATAATGCAAAAGTCAAGGATTTTATAGTTGATGGTGTAACAATGTGARacccta 1242
7 S A G I NYNAKVYKDFI VDGV t M~ 98

1243  ctacaaaccttgdctagttgeccatasaACCTAAgtaatgcataagtgggaacgtataaaataatitgt 131
1312 1ittadaatatillcgtasaaaaasaaaasadaaa 1346

Fig. 1. Nucleotide sequence and deduced amino acid sequence
of the clone for garlic latent virus. CP gene corresponds to the
first open reading frame from the nucleotide 55-945. The se-
cond open reading frame encodes the 10 kDa protein. The hexa-
nucleotide sequence, ACCTAA, a cis-acting element for viral RNA
replication, is underlined and TTAGGT complementary to ACCTAA
is in reverse.

tive zinc finger motif.!” Analogous ‘finger’ structures
are found in other plant virus-specific proteins® and
interestingly in case of potato virus M and chrysanthe-
mum virus B, they bind to nucleic acids in vitro.!®
In carlavirus a hexanucleotide motif (5-ACUUAA) is
conserved in the 3 noncoding region. This sequence
was proposed to be involved in the production of nega-
tive strand genomic RNA by functioning as a cis-acting
element involved in replicase recognition of the template.
® The similar sequence (5-ACCUAA) is found in the
3 noncoding region of the clone V9. This variant seque-
nce motif was also noticed in other carlaviruses, Hele-
nium virus S (HelVS) and LSV.*® The same hexanucleo-
tide motif (5-ACCUAA), containing a highly conserved
C at position 3, is also present in the negative strand
of carlavirus RNAs in regions where 5 termini of subge-
nomic RNAs for the 25 kDa product (ORF2) and CP
(ORF5) of carlaviruses are predicted to map®® Comple-
mentary sequence, 5-TTAGGT, was also found in the
positive strand of V9 RNA. The presence of the hexanu-
cleotide motif in regions where viral RNA synthesis is
believed to initiate provides additional support that the

V9o
Fig. 2. Northern blot analysis of garlic virus RNA. RNA was sepa-
rated by 0.8% formaldehyde agarose gel electrophoresis and trans-
ferred onto nylon membrane. The filter was probed with random
primer-extended clone V9. Lane M, A/HindlIl size marker; lane
1, garlic virus RNA from field-grown garlic leaves; lane 2, poly(A)*
RNA purified from garlic virus RNA by oligo(dT)-cellulose chroma-
tography

motif plays a functional role in viral RNA replication®”
To look for the RNA transcript corresponding to the
isolated cDNA clone, V9, Northern blot analysis was car-
ried out with the clone V9 as a molecular probe (Fig.
2). Garlic virus was isolated from field-grown garlic lea-
ves showing yellow streak. Garlic virus RNA containing
poly(A)* tail was purified by oligo(dT)-cellulose chroma-
tography. From garlic virus RNA about 44% of poly(A)”
garlic virus RNA was recovered in oligo(dT)-cellulose
chromatography. Virus RNA and poly(A)® RNA from ga-
rlic virus RNA preparation show strong signal at the
position of 85 knt and 15 knt. Another band of 2.6
knt was also detected but with variable intensity. The
strong signal at the position of 85 knt corresponds to
GLV genome, but about 15 knt long transcript seems
to be a subgenomic RNA encoding CP. It is known that
GLV particles are flexuous rods, 660~700 nm long as
is most of the carlavirus.” The genome size of carlaviru-
ses are approximately 7.5 knt.?? The size of the detected
genomic and subgenomic RNA were 7.5 knt, 2.5 knt
and 1.3 knt in the case of PVS® and 74 knt, 3.3 knt
and 1.5 knt in the case of HelVS® In addition to the
major population of virus particle of approximately 660
nm in length, two smaller secondary peaks were often
evident in PVS and HelVS.2® The presence of smaller
particles suggest that subgenomic RNA may be encapsi-
dated in these smaller particles® Qur results also de-
monstrated that the virus genome corresponding to the
clone V9 has a poly (A) tail like in most of other single-
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Fig. 3. SDS-PAGE analysis of GLV CP expressed in £ coli BL21.
The expressed CP was purified by Ni?*-NTA affinity chromatogra-
phy. Lane 1, Cell lyzate of E. coli with vector only; lane 2, IPTG-
induced E. coli transformed with the pRAT12; lane 3, Ni*-
NTA-purified recombinant CP; lane 4, garlic virus preparation from
garlic leaves showing yellow streak

stranded RNA virus in plants.¥

Taken together, we conclude that the clone V9 enco-
des the CP of GLV, a carlavirus. These results are con-
sistent with Nagakubo et al? A partial cDNA clone, GV1,
shows 93% homology in amino acid sequence with the
clone V9. But there is a sequence entry in EMBL Data-
Base which shows 93% homology with the clone V9.
It was named GMV® even though the rationale is not
clear.

Identification of the CP for GLV

To identify the CP of GLV, cDNA fragment (nucleoti-
des 227~1346) was cloned into the pRSET-A expression
vector and expressed in E. coli. The pRSET vector al-
lows high level expression of foreign gene in E. coli
by the T7 promoter. The recombinant construct pRAT12
was transformed into E. coli BL21 and T7 RNA polyme-
rase was induced by IPTG. The expressed recombinant
CP of GLV was purified by Ni**-NTA affinity chromato-
graphy by the help of an N-terminal metal binding do-
main on the fusion peptide provided by the pRSET vec-
tor. The expressed protein was analyzed by 12.5% SDS-
PAGE. The IPTG-induced E. coli transformed with the

Fig. 4. Immunoblot analysis of CP. Protein samples were separa-
ted on 12.5% SDS-PAGE, transferred onto nitrocellulose paper and
probed with anti-CP antibody for GLV. Arrowhead indicates the
nascent CP of GLV. Lane 1, garlic leaf extract; lane 2, garlic virus
preparations from cultivar Danyang; lane 3, affinity-purified recom-
binant CP; lane 4, affinity-purified 10 kDa protein

PRATI12 expressed the expected 30 kDa polypeptide of
recombinant protein. The recombinant CP was purified

to homogeneity (Fig. 3).

Polyclonal antibody was raised against the purified
protein

To find out the specificity of anti-V9 antibody, immu-
noblot analysis was carried out (Fig. 4). The anti-V9 anti-
body recognizes a band of Mr 34,000 from infected garlic
leaf extract (Fig. 4, lane 1) demonstrating the specificity
of the antibody. It also recognizes recombinant V9 anti-
gen (Fig. 4, lane 3). With garlic virus preparation from
garlic cultivar Danyang three additional bands of Mr 32,
000, 26,000 and 24,000 were detected. It is possible that
the lower bands are be degradation products of 34 kDa
CP. The lengthy purification procedure may allow degra-
dation of the CP by proteolytic enzymes. To test this
possibility, garlic leaf extract was incubated at 37C in
SDS-sample buffer for various length of time and each
fraction - was - analyzed by immunoblotting (data not
shown). The decrease of the intensity of 34 kDa band
and the increase of those of lower bands of 32, 26 and
24 kDa support that they are proteolytic cleavage produ-
cts of GLV CP. The proteins of some carlaviruses can
become partially degraded in the assembled particles.?
It is also known that the N- and C-termini of CP of
potyvirus are degraded during purification and storage
by enzymes of plant origin which cosediment with the
virus particles.® Storage of a purified preparation of to-
bacco etch virus at 4C resulted in the conversion of
CP from Mr 32,000 to 26,0002
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Fig. 5. Immunoblot analysis of CP from various cultivars of garlic.
Protein samples were separated on 15% SDS-PAGE, transferred
onto nitrocellulose paper and probed with anti-CP antibody for GLV.
Each sample is garlic leaf extract of tissue-cultured garlic(lane 1,
15 mg), field-grown garlic(lane 2, 0.75 mg), Usung(lane 3, 0.5 mg),
Danyang 1(lane 4, 05 mg), Danyang 2(fane 5 0.5 mg), Danyang
3 (lane 6, 1.5 mg), Wonju(lane 7, 1.0 mg), Seosan(lane 8, 1.5 mg),
Namhae(lane 9, 1.5 mg), elephant garlic(lane 10, 0.4 mg), Oswego-
white(lane 11, 1.0 mg) and Namdo(lane 12, 15 mg).

Fig. 6. Northern blot analysis of garlic virus RNA from various
cultivars of garlic. RNA was separated by 0.8% formaldehyde aga-
rose gel electrophoresis and transferred onto nylon membrane. The
filter was probed with random primer-extended clone V9. Each
sample is garlic virus RNA of Eosangcheon (lane 1), Daegang (lane
2), Wonju (lane 3), Euiseong 1 (lane 4) and Euiseong 2 (lane 5).

Occurrence of GLV in Korean garlic plants was exami-
ned

To understand the occurrence of GLV in various culti-
vars of Korean garlic, immunoblot analysis was emplo-
yed. Garlic leaf extract was prepared from each cultivar
of garlic. Protein samples were separated on 15% SDS-
PAGE, transferred onto nitrocellulose paper and probed
with anti-CP antibody for GLV (Fig. 5).

As shown in Fig. 5 GLV CP was variable in size from
32 to 34 kDa among different cultivars and strains. The
lower bands in lane 2 and 10 of Fig. 5 could be proteol-
ytic cleavage products of GLV CP as mentioned above.
Molecular weight of carlavirus CP is known to be in
the range of 31~34 kDa®. The GLV CP is also variable
in quantity among different cultivars. Very weak signal,
if any, was detected from the tissue-cultured garlic (lane
1) as expected. In case of cultivar Danyang 3, Seosan
and Namhae, the signals were also very weak. Conside-
ring that the amount of sample analyzed, the elephant
garlic has the highest signal to the CP antibody for GLV.
From these results, we conclude that GLV is variable
both in size and in the degree of infection among culti-
vars and strains. These results are consistent with Nor-
thern blot analysis (Fig. 6). Intensity of the GLV band
from various cultivars is rather variable. From the above
results, we suggest that GLV is a major virus infecting
garlic cultivated in Korea.
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