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TABLE 3. Detection of NLVs by real-time quantitative RT-PCR
against NLV EM-negative stool specimens

Detection by TugMan (no.

Outbreak no. ives
Juthre positive/no. tested)”

Genogroup

B (72

9 2/3 i GH
14 3/3 GH
16 11 Gl
19 7/8 GIH
27 272 Gll
28 1/3 GlI
33 2/3 GlI
34 12 Gl
37" 11 Gl + Gl
Total 20728

< All stool specimens were NLV negative by EM.
" From an oyster-related outbreak (February 1999) not included in Table 1.
' Stool code SzU.

KU 19, and KU36) from five EM-positive outbreaks (outbreaks
9, 26, 30, 33, and 35) contained a mixture of both NLV GI and
GII (Table 1). )

The detection limits of NLV GI and GIT RNA had Ct values
of 36.6 and 35.3, respectively, corresponding to 10 copies per
reaction tube. These Ct values corresponded to more than 2.0
X 10% copies of NLV RNA per g of stool specimen. For each
gram of stool specimen in EM-positive specimens, Ct values of
17.7 10 30 and 14.1 t0 23.8 corresponded to 1.4 X 10" 10 3.2 %
10% and 6.3 X 10" 10 9.2 X 107 copies/g of NLV GI and GII
RNAs, respectively.

We also used our method to test EM-negative stool speci-
mens {from nine EM-positive outbreaks (outbreaks no. §, 9, 14,
16, 19, 27, 28, 33 and 34) and one oyster-related but EM-
negative outbreak (outbreak 37). Of 28 samples tested, 20 were
NLV RNA positive by our method (Table 3). Ct values were
31.9 (9.6 X 10° copies/g) for NLV GI (SzU) and 21.0 to 33.3
(6.1 x 10% 10 1.5 X 10" copies/g) for NLV GIL

Since the real-time quantitative RT-PCR method was de-
signed to distinguish NLV GT and GI1, we confirmied the geno-
group by sequencing the capsid N/S region of the PCR prod-
ucts from the 70 stool specimens. Using these sequence data,
we constructed the phylogenetic dendrogram and found that
the genogroups resulting from the phylogenetic analysis
matched completely with the results from the real-time RT-
PCR mecthod (the dendrograms for the majority of the strains
sequenced were shown in our previous studies [19, 217).

In this real-time quantitative RT-PCR, we observed no
cross-reactions in stool specimens containing other enteric vi-
ruses, such as rotavirus, enterovirus, adenovirus, and poliovi-
rus. or enteropathogenic bacteria, such as Escherichia coli,
Staphylococcus aureus, Campylobacter jejuni, and Vibrio paral-
aemolyvticus (data not shown).

DISCUSSION

We have established a sensitive and broadly reactive NLV
RNA dctection system that uses real-time quantitative RT-
PCR. The primers were based on the ORFI-ORF2 junction
region, perhaps the most conserved region of the virus ge-
nome. Similarity plots (Fig. 1) and multiple alignment analysis
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of sequences in this region (Fig. 2) indicated a high degree of
conservation in all isolates sequenced. Thus, it seemed an ideal
site for designing primers for an RT-PCR-based amplification
assay. The system does not require any other detection proce-
dures, such as electrophoresis, Southern hybridization, nested
PCR, or sequence analysis. Moreover, to prevent false-posi-
tives from carryover contamination, we treated all pre-PCR
samples with UNG to destroy any dUTP-containing PCR
products (24, 25, 29).

Because our method uses the TagMan system, we could
quantitatively detect NLV cDNA. Linearity was obtained by
use of serially diluted standard DNA plasmids (107 copies to
10" copies) containing the ORFI-ORF2 junction sequence of
cach genogroup (Fig. 3). With serially diluted standard DNA
plasmids, we found a detection limit of 10 copies of cDNA per
reaction tube with a cutoff value of 35 to 37 cycles, indicating
that our method is highly sensitive. For example, the slopes of
the curves of threshold cycle (Ct) values versus serial 10-fold
dilutions (range of 10" to 10%) for KU4 (GI), KU115 (GI),
KU98 (GII), and U201 (GII) suspended stool specimen were
—3.381, —3.411, —3.422, and —3.412 cycles/log,, unit, respec-
tively. These slopes correlated well with the slopes of the
curves of Ct versus serially diluted NLV GI (—3.4075 cycles/
log,,, unit) and GII (—3.4166 cycles/log,, unit) standard DNA
plasmid (P < (0.01). We cstimated the number of copies of
NLV RNA in the original sample. Ct values of 17.0 (GI) and
15.3 (G11) are equivalent to 1 X 107 copies of standard plasmid
in the reaction tube and correspond to about 2.0 X 10'" copies
of NLV RNA per g of stool specimen. Ct values for stool codes

J2, KU44, KUIU9, and KUI1T of 20.1, 14.1, 16.7, and 23.8
corresponded 1o about 1.1 x 10, 6.3 X 10", 1.1 X 10", and
9.2 X 107copies of NLV RNA per g of stool specimen, respec-
tively.

The numbers of copics of NLV RNA in positive stool spec-
imens determined by the real-time quantitative RT-PCR were
considerably higher than previous estimates of 10° to 10° cop-
ies by EM (17). The higher titers are probably due to the ability
of RT-PCR to detect NLV RNAs from additional sources
(e.g., from complete and incomplete virus particles and from
amplifiable RNA inside the infected intestinal epithelial cells).
Our findings arc also consistent with those of others who found
higher numbers of NLV RNA by PCR methods (2, 13) than by
EM.

Given the greater sensitivity of our assay, we wanted to
examinc more carefully EM-negative samples from gastroen-
teritis subjects within the same NLV-positive outbreaks. Of 28
EM-negative specimens, 20 were positive for NLV RNA (Ta-
ble 3). In our assay, EM-negative, RT-PCR-positive stool spec-
imens contained 3 to 30% as much NLV RNA as the EM-
positive stool specimens.

The one outlier in this analysis was stool code U32 (outbreak
10), which was positive by EM (i.e., showed an image resem-
bling that of an NLV particle) but negative by all RT-PCR
methods. We speculate that the reason might be the presence
of an unidentified small round virus that is morphologically
similar to NLVs by EM. Conventional RT-PCR methods did
not detect other RNA viruses, such as hepatitis A virus, hep-
atitis E virus. poliovirus, Sapporo-like viruses, and Astro virus
(data not shown). Further investigation is needed to explain
the results for this sample.
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Interestingly, 10 stool specimens from five EM-positive out-
breaks (outbreaks 9, 26, 30, 33, and 35) (Table 1), and one
stool specimen {rom outbreak 37 that was negative by EM but
positive in our assay (Table 3), showed NLV GI and GIH
strains. All of these outbreaks occurred in restaurants, and we
suspect that they have resulted from ingesting contaminated
foods. Four outbreaks (outbreaks 26, 33, 35 and 37) were
shellfish refated. Similar results of coinfection have been re-
ported previously (36). Opysters, cockles, and mussels have
been implicated in food-borne outbreaks. Shellfish arc filter-
feeding organisms and can concentrate NLV particles from a
contaminated habitat. Therefore, coinfection by multiple
strains is possible in shellfish-related NLV outbreaks.

The high sensitivity of our method allowed us to detect
NLVs that were undetectable by EM or other PCR methods.
Our method may have applications in the detection of NLV
pathogens in foods, such as oysters, as well as in the monitoring
of the levels and seasonal differences of NLV contamination in
sewage, river water, and seawater. Furthermore, our primer
and probe sequences may be used in other detection methods
such as the Light Cycler PCR technique. We believe that this
method will be useful for routine diagnosis as well as for
clarifying the epidemiology of NLV infections and thus for the
public health control of this disease in the future.
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Abstract: In February 2001, an outbreak of acute gastroenteritis due to Norovirus (NV) occurred among
employees of 11 companies in Aichi Prefecture. The illness was strongly associated with eating a delivered
box-lunch. The use of magnetic beads coated with the antibody to the baculovirus-expressed recombinant
capsid proteins of the Chiba virus (rCV) facilitated capture of NV from the foed items implicated in the out-
break. Following immunomagnetic capture, NV bound to the beads was detected by reverse transcription-
polymerase chain reaction (RT-PCR). Of the nine food items tested, two were positive for a genogroup 1 NV.
Sequence analysis of RT-PCR products indicated that the nucleotide sequences of NV strains from foods were
almost identical to those of NV strains detected in stool samples of ill patients. As the immunocapture RT-
PCR method is simple and easy to perform, this technique should be useful for the detection of NV from out-

break-implicated foods.

Key words: Norovirus, Inmunomagnetic beads, RT-PCR

Norovirus (NV), previously called as “Norwalk-like
virus,” is a genetically diverse group of viruses that

belong to the family Caliciviridae (4, 11). NV has been

recognized as a major cause of outbreaks of acute non-
bacterial gastroenteritis (2, 12, 14, 15). NV-associated
gastroenteritis is transmitted by fecally contaminated
water, food and person-to-person contact (8). In Japan,
NV outbreaks resulting from consumption of raw oysters
are common, but large-scale foodborne outbreaks are fre-
quently caused by school lunches and catered meals
served at schools, banquet halls and hospitals (6). As
there is no tissue culture system for NVs, reverse tran-
scription-polymerase chain reaction (RT-PCR) has been
developed for specific and sensitive detection of NV (1,
7). RT-PCR has been successfully used for the detection
of NV in clinical samples, but the detection of NV in
contaminated foods other than oysters has been difficult
due to the low levels of viral contamination (3, 5, 13).
Several steps for the purification and the concentration of
the virus from food samples are usually required to
obtain a suitable volume for RT-PCR. However, the
possibilities of viral loss and cross-contamination among
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tory of Virology, Aichi Prefectural Institute of Public Health,
7-6 Nagare, Tsujimachi, Kita-ku, Nagoya, Aichi 462-8576,
Japan. Fax: 81-52-913-3641. E-mail: shinkoba@he.mirai.ne.jp
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samples are increased with multiple processing steps.

In this study, immunomagnetic beads was used to
capture and concentrate the virus from the contaminated
foods prior to RT-PCR for the detection of NV. This
method was applied to detect NV from foods implicated
in a non-oyster associated foodborne outbreak. In Feb-
ruary 2001, an outbreak of acute gastroenteritis occurred
among employees of 11 companies in Aichi Prefecture.
Overall, 52 (7.1%) of 736 company employees developed
gastrointestinal illness 20 to 58 hr (median=42 hr) after
eating a delivered box-lunch on February 7. The main
symptoms reported by the 52 patients were abdominal
pain (71.2%), diarrhea (51.9%), fever (40.4%), nauseca
(30.8%), and vomiting (26.9%). Stool samples were
obtained from nine ill employees, then tested for NV by
RT-PCR and antigen ELISA.

Viral RNA was extracted from the samples with TRI-
zol reagent (Invitrogen) and the RNA was converted to
complementary DNA using a random primer, oligo (dT)
primer and reverse transcriptase, as described previous-
ly (10). PCR was performed using 2 primer sets,

Abbreviations: ELISA, enzyme-linked immunosorbent assay;
NV, Norovirus; PBS-BSA, phosphate buffered saline containing
0.1% bovine serum albumin; rCV, recombinant capsid proteins of
Chiba virus; RT-PCR, reverse transcription-polymerase chain
reaction.
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GIF1/GIR] and G2F1/G2R1, which preferentially
amplify partial capsid genes of genogroup | and
genogroup 2 NV strains, respectively (10). PCR was run
for 35 cycles of 94 C (30 sec), 62 C (30 sec) and 72 C
(30 sec), with a final elongation at 72 C for 7 min.

The stool samples were assayed for the presence of
Chiba virus antigen using ELISA according to the pre-
vious method (9). Rabbit antibody to the baculovirus-
expressed recombinant capsid proteins of Chiba virus
(rCV) was used as the capture, and guinea pig anti-
serum to rCV was used as the detector. Two wells were
used for each sample, one coated with rabbit pre-immune
serum (N) and the other with rabbit post-immune serum
(P). The reaction was visualized using horseradish per-
oxidase-conjugated rabbit anti-guinea pig antibody, o-
phenylenediamine and H.O,. P/N>1.89 (Absorbance
with rabbit post-immune serum/Absorbance with rabbit
pre-immune serum) and P—N>0.10 was considered to
be positive.

Epidemiological investigation showed that a box-
lunch catered by a delivery company was likely the
common source of the outbreak. Nine leftover food
items implicated in the outbreak were collected from the
delivery company. Food samples were processed for
recovery of NV by the immunomagnetic capture method.
Rabbit antibody to rCV was prepared as described pre-
viously (9). Magnetic beads M-280 (Dynal, Oslo, Nor-
way) were coated with rabbit antibody to rCV according
to the manufacturer’s instructions. Five mg of anti-
Chiba virus antibody was used to coat 10’ beads for 2 hr
at room temperature. Coated beads were washed four
times with phosphate buffered saline (PBS) pH 7.2 con-
taining 0.1% bovine serum albumin (PBS-BSA), and
the beads were suspended at a concentration of 1 mg/ml
in PBS-BSA. Eight ml of PBS was added to about 15 g
of each individual food item and mixed well. After
centrifugation at 5,000 rpm for 10 min, the supernatant
was retained. The obtained solution was treated with 4
ml of Freon and centrifuged at 5,000 rpm for 10 min.
The aqueous phase was collected. Fifty pl of immu-
nomagnetic beads were added to the food extract solution
and incubated on a roller at 37 C for 1 hr. After mag-
netizing the beads, the supernatant was removed. The
beads were washed three times with PBS-BSA and the
washed beads were suspended in 100 pl of distilled
water. RNA extraction from the beads and the subse-
quent RT-PCR were performed in the same way as from
the stool samples (see above). Second-round amplifi-
cation was performed using 0.5 pl of the first-round
amplicon and the 2 primer sets, G1F2/G1R1 and
G2F2/G2R1, for genogroup | and genogroup 2 viruses,
respectively (10). PCR was run for 30 cycles of 94 C (30
sec), 55 C (30 sec) and 72 C (1 min), with a final elon-

Table 1. Detection of Norovirus in stool samples from patients
by RT-PCR and ELISA

Patient No. PCR
GIF1/R1

ELISA

G2F1/R1

O 00 ~1 O BN -
+ o+
|
+ o+

2 345 6 7 8 910 11

Fig. 1. Detection of Norovirus from foods implicated in a food-
borne outbreak by immunomagnetic capture RT-PCR. M, 100 bp
ladder marker; 1, fried tofu; 2, rolled cabbage; 3, macaroni; 4, dev-
iI’s-tongue jelly; 5, baked tofu; 6, cabbage; 7, cooked bamboo
shoot; 8, cucumber; 9, cooked radish; 10, negative control; 11,
positive control.

gation at 72 C for 7 min. The nucleotide sequences of
RT-PCR amplified products were analyzed according
to the previous method (9).

The stool samples collected from gastroenteritic
patients were assayed for NV by RT-PCR and antigen
ELISA (Table 1). Six of the nine stool samples were
positive for NV by RT-PCR, and all the detected NV
belonged to genogroup |. These six PCR-positive sam-
ples were also positive according to serotype-specific
ELISA for Chiba virus. All stool samples were negative
for pathogenic bacteria such as Salmonella, Shigella,
Campylobacter, Vibrio, Listeria, Yersinia, Escherichia
coli, Bacillus cereus, and Staphylococcus aureus.

Since NV strains from patients reacted with the anti-
body to rCV, immunobeads coated with the antibody
to rCV were prepared to recover NV from the leftover
food items implicated in the outbreak. After washing the
food samples with PBS, the immunobeads were added to
the extracted PBS solution of foods to capture NV. NV
bound to the beads was detected by nested RT-PCR.
Of the nine food items examined, two samples were
positive for NV by RT-PCR (Fig. I).

In our preliminary experiments, the two immunocap-
ture RT-PCR-positive food samples were also positive
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MSV
SMV
HWA

‘:1(;%(}\17-25
LTv

Genogroup 2

Patient No.9
Food (rolled cabbage)
Patient No.5
Patient No.7
s Patient No.3
Food (macaroni)
| Patient No.6
Patient No.2
b Chiba
== S0V
== KY89
DSV

Genogroup 1

0. 05

Fig. 2. Phylogenetic relationship of the outbreak strains and ref-
erence strains based on the partial capsid gene. Nucleotide
sequences were aligned using Genetyx, and a phylogenetic tree
was constructed by unweighted pair-group with arithmetic mean
method. GenBank accession numbers of the reference strains
were as follows: DSV, Desert Shield virus, U04538; NV, Norwalk
virus, M87661; KY89, 1.23827; SOV, Southampton virus,
L070418; Chiba, AB022679; LV, Lordsdale virus, X86557;
CWYV, Camberwell virus, U46500; TV, Toronto virus, U02030;
OTH-25, L23830; MXV, Mexico virus, U22498; HWA, Hawaii
virus, U07611; SMV, Snow Mountain virus, U70059; and MSV,
Melksham virus, X81879. The bar indicates the evolutionary
distance.

according to the conventional NV detection method
including ultracentrifuge concentration and subsequent
RT-PCR, but the conventional method produced many
extra bends (data not shown). The immunomagnetic
capture method has several advantages over the con-
ventional methods: Manipulations are simple, special
equipment is not required, the processing time is short-
er, RT-PCR interfering substances are reduced, and test-
ing of many food samples is possible.

The amplified products were cloned and sequenced.
The sequences of the NV strains from foods were com-
pared with those obtained from NV strains in stool sam-
ples. The nucleotide sequences of NV strains from the
two food items and the nine ill patients were closely
related to each other (96 to 99% nucleotide sequence
identities). The phylogenetic analysis classified the NV
strains from food items and patients into the Chiba virus
cluster of genogroup ! (Fig. 2).

We could not test for NV infection of food handlers in
the delivery company. It is unclear whether food items

‘

were contaminated through an NV-infected food handler
during the preparation of box-lunch.

In this study, we were able to identify the cause and
source of illness using immunomagnetic capture RT-
PCR and sequencing of NV strains in food items and in
stool samples. The immunomagnetic capture RT-PCR is
thus shown to be a rapid and simple method for recovery
of NV from foods and identification of NV. This method
will give useful information about the mode of food
contamination and NV transmission in foodborne out-
breaks.
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Picornavirus positive-strand RNAs are selectively encapsidated despite the coexistence of viral negative-
strand RNAs and cellular RNAs in infected cells. However, the precise mechanism of the RNA encapsidation
process in picornaviruses remains unclear. Here we report the first identification of an RNA element critical
for encapsidation in picornaviruses. The 5’ end of the genome of Aichi virus, a member of the family
Picornaviridae, folds into three stem-loop structures (SL-A, SL-B, and SL-C, from the most 5’ end). In the
previous study, we constructed a mutant, termed mut6, by exchanging the seven-nucleotide stretches of the
middle part of the stem in SL-A with each other to maintain the base pairings of the stem. mur6 exhibited
efficient RNA replication and translation but formed no plagues. The present study showed that in cells
transfected with mur6 RNA, empty capsids were accumulated, but few virions containing RNA were formed.
This means that mut6 has a severe defect in RNA encapsidation. Site-directed mutational analysis indicated
that as the mutated region was narrowed, the encapsidation was improved. As a result, the mutation of the 7
bp of the middle part of the stem in SL-A was required for abolishing the plaque-forming ability. Thus, the

5'-end sequence of the Aichi virus genome was shown to play an important role in encapsidation.

Picornaviruses, including human pathogens such as poliovi-
rus, rhinoviruses. and hepatitis A virus (HAV), are small non-
enveloped, icosahedral viruses. Their genomes are single-
stranded, positive-sense RNAs of 7,200 to 8,500 nucleotides,
and each encodes a single long polyprotein (22). After virus
cell entry, the genomic RNA released into the cytoplasm serves
as a mRNA for the synthesis of polyproteins that are processed
to functional proteins by virus-encoded proteases. The
genomic RNA also acts as a template for negative-strand
RNASs which, in turn, are transcribed into positive strands. The
synthesized positive-strand RNAs are encapsidated to form
virions.

Picornavirus positive-strand RNAs are selectively encapsi-
dated despite the coexistence of viral negative-strand RNAs
and cellular RNAs in infected cells. The mechanism of the
RNA encapsidation process is not well understood. The RNA
sequence essential for encapsidation or for interaction with
capsid proteins during encapsidation has not been identified in
picornaviruses. However, studies on poliovirus have provided
some clues for the identification of determinants of specific
encapsidation. Poliovirus RNA in which the capsid-coding re-
gion is replaced with a foreign gene can be cncapsidated by
capsid proteins that are provided in rrans by a helper virus (4,
5, 20). Tn addition, chimeric polioviruses harboring a different
picornaviral 3’ untranslated region (5'-UTR) or 2A protein-
coding region are viable (16, 26). These observations suggest
that neither the poliovirus 5'-UTR, the capsid-coding region
nor the 2A-coding region contains a signal essential for specific
encapsidation. Based on the finding that only newly synthe-
sized positive-strand RNAs are encapsidated, it is proposed

* Corresponding author. Mailing address: Department of Virology
and Parasitology, Fujita Health University School of Medicine,
Toyoake, Aichi 470-1192, Japan. Phone: 81-562-93-2486, Fax: 81-562-
93-4008. E-mail: jsasaki(@ fujita-hu.acjp.

that viral RNA replication and encapsidation are functionally
coupled to each other and that the specific interaction between
the RNA replication complex and the assembling capsids de-
termines the specificity of poliovirus RNA encapsidation (17).

Aichi virus, which is associated with acute gastroenteritis in
humans (27), is a new member of the family Picornaviridac
(28). Computer-based secondary-structure prediction sug-
gested the presence of three stem-loop structures (SL-A, SL-B,
and SL-C) within the 5"-end 120 nucleotides of the Aichi virus
genome (Fig. 1A). In the previous study, we investigated the
function of the most 5'-end stem-loop structure (SL-A) by
using various site-directed mutants derived from an infectious
¢DNA clone, and we showed that SL-A is an element required
for viral RNA replication (24). One (muw6) of the mutants
showed an interesting property. In muu6, the 7-nucleotide
stretches of the middle part of the stem were exchanged with
each other 1o maintain the basc pairings of the stem (Fig. 1B).
mut6 exhibited efficient RNA replication ability in transfected
cells but formed no plaques (24). This finding suggested two
possibilities; one is that mur6 RNA is not encapsidated, and the
other is that mu6 RNA can be encapsidated, but the mutant
has a defect in a certain early step of the infection cycle.

In the present study, we showed that mut6 has a severe
defect in encapsidation, and we precisely mapped the region in
SL-A relevant to encapsidation by characterizing several more
mutants bearing changes in the middle part of SL-A. As a
result, it was indicated that the 7 bp of the middle part of the
stem of SL-A at the 5" end of the Aichi virus genome are
critical for viral RNA encapsidation. This is the first report of
the identification of an RNA element critical for encapsidation
in picornaviruses.

MATERIALS AND METHODS

Cell cufture and viruses, Vero cells were grown in Eagle minimal essential
medium (MEM) containing 37¢ fetal calf serum (growth medivm) at 37°C. As
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FIG. 1. (A) Schematic diagram of the Aichi virus genome and the predicted secondary structure of the 5'-end 120 nucleotides of the genome.
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for viral proteinase. The three stem-loop structures are termed SL-A, SL-B, and SL-C. (B) Diagrams of SL-A of AV-FL. mur6, and the stem-loop
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wild-type Aichi virus. we used viruses derived from Vero cells transfected with in
vitro transeripts synthesized from a full-length cDNA clone, pAV-FL (24). Po-
liovirus Sabin 1, as a reference virus, was propagited in Vero cells,

Mutants of pAV-FL. nua6 was constructed in the previous study (24). Other
mutiants were created hy PCR-based site-directed mutagenesis as described pre-
viously (24). The sequences of the primers used were as follows: for 11-15/34-38,
5 -CGGCCCCCTGTGGOGTCTTTTCCGGTGGTCT and 5'-AGGCCCCCCGT
GGGCCTTTTCAAACCTATAGTGA: for 12-14/35-37, 5'-CGGCCCCCTCTG
GCICTTIICCGGTGGTCT and 5"-AGGCCCCCCCTGGCCCTTTICAAAC
CTATAGTGA: for 11-16/33-38, 5-CGGCCCCCGGTGGOGTCTTTTCCOGTG
GTCT and 3'-AGGCCCCCAGTGGGCCTTTTCAAACCTATAGTGA; and
for 10-15/34-39, 8'-CGGCCCCCTGTGGGGCTITICCGGTGGTCT and 5°-A
GGCCCCCCGTGGOGACTTTTCAAACCTATAGTGA.

In vitre transcription, pAV-FL and its mutants were linearized by digestion
with HindL and RNA trunseripts were synthesized with T7 RNA polymerase as
described previously (24).

Electroporation. RNA transcripts (20 pg) were electroporated into 107 Vero
cells by using o Gene Pulser (Bio-Rad) as described previously (24),

Preparation of radiotabeled viruses and sucrose gradient analysis. A Vero cell
monoluyer in a 100-mm plate was incubated with viruses at a multiplicity of
infection of 310 10 for 1 hat 37°C. The inoculum was removed, and the cells were
incubated in growth medium for an additional 2 h. For preparation of **$-labeled
viruses from RNA transeripts, Vero cells were transtected with RNAs hy ‘clec-
troporation, and then the cells were incubated with growth medium in a 100-mm
plate for 2 h. The cells were then washed with phosphate-butlered saline (PBS)
two times, and 3.7 MBq of £-[*S]methionine (Amersham Pharmacia) in 2 ml of
MEM without methionine was added. After incubation for 4 h, the cells were
lvsed with Nonidet P-40 and sodium deoxycholate at final concentrations ol 16
(volvol) and 0.5397 (wtivol), respectively. Cell debris was pelleted, and the su-
pernatant was centrifuged through a 30 sucrose cushion at 30,000 rpm for 3 h
o PAOST rotor (Hitachi). The pelleted viral particles were resuspended in PBS
and sedimented through o 10 to 3077 sucrose gradient at 39,000 vpm for 80 min
ina PAOST rotor. The gradients were fractionated. and the radioactivity in each
Iraction was counted with a liguid scintillation counter. .

For preparation of “H-labeled viruses, @ Vero cell monolaver in a 100-mm
plate was treated with 1.25 pg of actinomycin Dimit tor 30 min before infection.

end of the HAV genome. Mutated nucleotides in mur6 are boxed.

Virus infection was performed as deseribed above, followed by incubation in
growth medium containing 1.25 pg of actinomycin D/ml for 2 h. After incuba-
tion, the medium was replaced with 0.5 ml of growth medium containing 1.25 pg
of actinomycin D/ml and 3.7 MBq of [5.6-*H]uridine (Amersham Pharmacia).
After additional incubation for 4 h. the cells were lysed, and *H-labeled viruses
were prepared by sucrose gradient centrifugation as described ibove.

Immunofluorescence staining. Three sets of serial difutions of 4 lysate of cells
harvested at 6 b after electroporation with AV-FL or mit6 RNAs were prepared.
For one set of serial dilutions. RNase A was added at the concentration of 20
pg/ml. For the other two sets of sevial diluwtions, either guinea pig antiserum
raised against purificd Aichi virus particles or preimmune serum at a dilution of
1730 and RNase A were added. These lysates were incubated at 37°C for | h. The
treated lysates were added into Vero cells and. after incubation at 37°C for 1 b,
the cells were washed with MEM two times and then cubtured in growth medium.
At 6 and 24 h after infection, the medium was discarded, and the cells were fixed
with cold {(=80°C) methanol for 10 min. After removal of the methanol, the cells
were incubated with guinea pig antiserum raised against purificd Aichi virus
particles for | h at 37°C. The cells were washed with PBS and then incubated with
fluorescein isothiocyanate-conjugated goat anti-guinea pig immunoglobulin G
for 1 hat 37°C. The cells were washed with PBS und then viewed under a
fluorescence microscope.

Dot blot hybridization. RNA transcripts were transfected into Vero cells by
clectroporation. Total RNA was extracted from the transfected cells by using
Trizol reagent (Life Technologies, Tnc.) at 306, 9. 120 and 24 h after electropo-
ration. Dot blot hybridization was carried out to detect plus-strund viral RNA as
deseribed in a previous study (2:4).

Western blotting. Vero cells electroporated with RNAs were lysed ut 3and 9 h
after electroporation, and then the lysates were subjected to sodium dodecyl
sulfate (SDS)-polvacrylamide gel electrophoresis. The proteins were transferred
onto « polyvinylidene diffuoride membrine, und then immunoblot analysis with
antiserum against virus particles was performed as deseribed previously (24).

Titration of viable viruses in cells transfected with RNA transcripts. Vero
cells clectroporated with RNAs were frozen at 3, 6,9, 12, and 24 h postelectro-
poration. The cells were disrupted by three consecutive freeze-thaw cycles. and
the fvsates were used for the plague assay, The number of plaques was deter-
mined at 72 h after infection.
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RESULTS

mut6 has a defect in encapsidation. We previously examined
the function of SL-A by using various site-directed mutants
derived from an infectious cDNA clone of Aichi virus, pAV-
FL. mut6 was constructed by exchanging the seven-nucleotide
stretches (nucleotide numbers 10 to 16 and 33 to 39) of the
middle part of the stem of SL-A with each other to maintain
the base pairings of the stem (Fig.. 1B). It was found that mu6
exhibited efficient RNA replication ability in transfected cells
but had lost the plaque-forming ability (24). We assumed two
possible causes of the inability of mut6 to form plaques; one is
that mur6 RNA is not encapsidated, and the other is that mu6
RNA can be encapsidated but the resultant viral particles have
a defect in a certain early step of the infection cycle, e.g., the
adsorption or uncoating step.

To determine whether nuur6 RNA is encapsidated, we car-
ried out sedimentation analysis of virus particles. We per-
formed a preliminary experiment to compare the sedimenta-
tion profile ol Aichi virus with that of poliovirus Sabin 1, whose
sedimentation profile has been well analyzed. Analysis of
[**S]methionine- and [*Hluridine-labeled viral and subviral
particles showed that the sedimentation profiles of virions and
empty capsids of Aichi virus were similar to those of poliovirus
{data not shown).

We next analyzed the sedimentation profile of mut6. Vero
cells were electroporated with mu6 and AV-FL. RNAs, and
then [*°S]methionine-labeled viral and subviral particles were
prepared and sedimented through sucrose gradients. For AV-
FL, well-separated peaks of virions and empty capsids were
found, as expected (Fig. 2). In contrast, in mu16, empty capsids
were accumulated, whereas few virions were formed, demon-
strating that mu(6 has a severe defect in encapsidation. Thus, a
defect at the stage of encapsidation would be a primary cause
of the inability of mut6 10 form plaques.

mut6 virions are infectious. Although mur6 has a severe
defect in encapsidation, a small portion of mur6 RNA ap-
peared to be encapsidated (Fig. 2, fractions 18 and 19). This
suggests that infectious puu6 virus particles are generated at
very low efficiency.

To confirm this possibility, Vero cells were infected with
serial dilutions of the lysates of the cells electroporated with
AV-FL and nmut6 RNAs, and then capsid proteins synthesized
in the infected cells were detected at 6 and 24 h after infection
by means of an immunofluorescence assay with antiserum
raised against purified virions (Fig. 3). The cell lysates used for
infection were pretreated with RNase A to rule out the possi-
bility of infection by naked viral RNAs. At 6 h after infection,
synthesis of capsid proteins was observed in cells infected with
mut6, although the namber of cells synthesizing capsid proteins
was much lower than that of cclls infected with AV-FL (Fig. 3).
Infection of mui6, as well as AV-FL, was inhibited by incuba-
tion of the cell lysates with guinea pig antiserum against puri-
fied virions prior to infection; the number of the AV-FL-
infected cells decreased to <1%, and infection by mut6 was
almost perfectly blocked, whereas preimmune guinca pig se-
rum exhibited no inhibitory effect (Fig. 3). These results indi-
cate that infectious nuu6 virions are produced at very low
efficiericy in mur6 RNA-transfected cells. At 24 h after infec-
tion, AV-FL viruses spread cell to cell and formed fluorescent
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FIG. 2. mui6 has a defect in RNA encapsidation. Vero cells were
electroporated with the AV-FL and mut6 RNAs, and then labeled with
[**S]methionine. At 6 h after electroporation, [*Sjmethionine-labeled
viral and subviral particles were collected and centrifuged through a 10
to 30% sucrose gradient. The gradient was fractionated, and the ra-
dioactivity in cach fraction was counted with a liquid scintillation
counter.

focuses, whereas mur6 viruses hardly did so (Fig. 3). This is
consistent with the observation that nuit6 formed no plaques in
the plaque assay (24). The encapsidation efficiency of mu/6
RNA would be 100 low for the formation of plaques.
Further mapping of the region important for encapsidation.
To further define the region important for cncapsidation, we
constructed several mutants in which the mutated region is
reduced compared with mur6 (Fig. 4A). Vero cells were elec-
troporated with the mutant RNAs, and then the accumulation
of plus-strand viral RNA, synthesis of capsid proteins, and
yield of viable viruses in the transfected cclls were examined.
11-15/34-38 and 12-14/35-37 were constructed by exchanging
the five- and three-nucleotide streches of the middlc part of
the stem, respectively, with each other to maintain the base
pairings of the stem (Fig. 4A). Both mutant RNAs replicated
and expressed capsid proteins as efficiently as AV-FL (Fig. 4B
and C). In the plaque assay, 11-15/34-38 formed approximately
10-fold fewer plaques than AV-FL. and 12-14/35-37 produced
a similar amount of viruses compared to the wild type (Fig.
4D). This indicates that as the mutated region is narrowed, the
encapsidation efficicney is improved. Interestingly. only reduc-
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FIG. 3. mur6 virions are infectious. Serial dilutions of the lysates of cells harvested at 6 h after electroporation with the AV-FL and mut6 RNAs
were prepared and then treated with RNase A alone or with RNase A and guinea pig antiserum raised against purified virus particles (RNase A
+ anti-virion) or preimmune guinea pig serum (RNase A + preimmune). Vero cells were infected with the treated lysates. At 6 and 24 h after
infection, an immunofluoreseence assay was performed with antiserum against purified virions. The dilution factor of the cell lysate is shown in

each panel.

ing the mutated regions from 7 to 5 bp recovered the yield of
viruses up to ca. 10% of that of wild type (Fig. 4D, compare
mut6 and 11-15/34-38). To investigate which of the changes of
the G,-U,, and the G,,-U,; pairs affects the encapsidation
efficiency more severely, we constructed two more mutants,
11-16/33-38 and 10-15/34-39 (Fig. 4A). These mutants also
exhibited efficient RNA replication and translation abilities
(Fig. 4B and C). 11-16/33-38 produced infectious viruses at
almost the same efficiency as 11-15/34-38 (Fig. 4D), whereas
10-15/34-39 generated approximately 10-fold fewer viruses
than 11-15/34-38 (Fig. 4D) and formed pinpoint plaques (data
not shown). Thus, mutation of the G,,;-U,, pair affected the
encapsidation efficiency more severely than did mutation of the
G,,-Us; pair. However, mutation of the 7 bp was responsible
for abolishing the plaque-forming ability.

DISCUSSION

In the present study, we showed that the RNA sequence at
the 5" end of the Aichi virus genome, which folds into a stem-
loop structure (SL-A), contains an clement important for viral
RNA encapsidation. The mutation introduced into both the
seven-nucleotide stretches (nucleotides 10 to 16 and 33 to 39)
in the middle part of the stem remarkably reduced the effi-

ciency of RNA encapsidation (Fig. 2). As the mutated region
is narrowed, the encapsidation efficiency was improved (Fig.
4). As a result, the mutation of the 7 bp was found to be
required to abolish the plaque-forming ability.

This is the first detailed identification of a cis-acting element
critical for encapsidation in picornaviruses. Chimeric poliovi-
rus in which the internal ribosome entry site (IRES) within the
5'-UTR is replaced by the encephalomyocarditis virus
(EMCV) IRES is viable, but the yield of the chimeric virus is
slightly decreased compared to that of the wild-type virus (1,
23, 26). Johansen and Morrow (14) performed a trans-encap-
sidation assay using poliovirus replicons in which the capsid-
coding region is replaced with a luciferase gene and a recom-
binant vaccinia virus expressing poliovirus capsid proteins.
They showed that when the IRES of the replicon is replaced by
the EMCV IRES, the efficiency of encapsidation is reduced.
However, further mapping of the region within the poliovirus
IRES responsible for encapsidation efficiency has not been
carried oul.

The 5'-end 90 nucleotides of the poliovirus genome fold into
a cloverleaf-like structure, and this structure is known 10 be a
cis-acting element important for viral RNA replication (3, 6,
12). Many site-directed mutants of the 5 cloverleaf structure
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viruses. (A) Diagram of SL-A of AV-FL and mutants. Mutated nucleotides in the mutants arc boxed. (B) RNA replication of AV-FL and its
mutants. Vero cells were electroporated with the AV-FL and mutant RNAs, and total RNAs were extracted from the cells at the indicated times
after electroporation, The total RNA samples were dotted and probed with digoxigenin-labeled negative-sense viral RNA. As controls, 10-, 1-, and
0.1-ng portions of the AV-FL transcripts were dotted. (C) Accumulation of capsid proteins in the transfected cells. At the indicated times after
electroporation, cell lysates were prepared and subjected to SDS-10% polyacrylamide gel electrophoresis, and capsid proteins were detected by
Western blotting with antiserum raised against purified virus particles. As a control, the proteins of purified virions were analyzed. The position
of each capsid protein is indicated on the left. (D) Virus yields in cells electroporated with the AV-FL and mutant RNAs. At the indicated times
after electroporation, cells were harvested, and the virus titer was determined by a plaque assay. The number of plaques was determined at 72 h
after infection.

in poliovirus have been constructed and characterized (2, 3, 18, is formed at the 5' end of the genome (7. 8, 11, 15). The
26), but there has been no report showing that the structure function of the stem-loop structure of these viruses has not
acts as a packaging signal. In some picornaviruses, including been sufficiently analyzed. The Aichi virus genome also has a
cardioviruses, parechoviruses, and HAV, a stem-loop structure stem-loop structure at the 5" end. We have previously shown
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that SL-A is a structural element required for viral RNA rep-
lication (24). In addition, we elucidated in the present study
that SL-A is critical for RNA encapsidation. Thus, SL-A has
been shown to be bifunctional. It would be significant to in-
vestigate whether the 5 end of other picornaviral genomes is
involved in the encapsidation process because, in other groups
of viruses, the location of the packaging signal on the genome
is not necessarily conserved among related viruses. The region
containing the packaging signal is different between two alpha-
viruses, Sindbis virus and Ross River virus (10).

The 5’ end of the HAV genome folds into three stem-loop
structures. The most 5'-end stem-loop (stem-loop 1) consists of
41 nucleotides including a 4-nucleotide loop and a single un-
paircd U residue in the middle part of the stem (7) (Fig. 1B).
On the whole, SL-A is similar to HAV stem-loop T in size and
shape. although its primary sequence is different. In a previous
study (24), we characterized a mutant in which SL-A was
replaced with the stem-loop T of HAV. The mutant had a
severe defect in RNA replication but yielded viable viruses,
albeit with low efficicncy. This suggests that only SL-A is not
sufficient for determining the specificity of encapsidation. Nu-
gent et al. (17) showed the coupling of poliovirus RNA encap-
sidation 10 RNA replication and proposed a mode! for encap-
sidation. According to this model, specific interactions occur
between capsid proteins and proteins in the viral RNA rephi-
cation complex, and a newly synthesized positive-strand RNA
emerging from the replication complex is encapsidated
through interaction between capsid proteins and the viral
RNA. The specificity of encapsidation has thus been proposed
10 be determined by specific interactions between capsid pro-
teins and proteins constituting the RNA replication complex.
This model may be applied to Aichi virus. Aichi virus SL-A
may serve as a binding site for capsid proteins. Alternatively, it
is possible that another region, in addition to SL-A, is required
for determining the specificity of encapsidation. Further stud-
ies are needed 1o clarify the role of SL-A in encapsidation and
the requirement for the specificity of encapsidation.

In various viruses, including Sindbis virus (25), a nodavirus
(flock house virus) (29), a coronavirus (mouse hepatitis virus)
(9), a tombusvirus (turnip crinkle virus) (21), a hepadnavirus
(HBV) (19). and retroviruses (13), it has been reported that
the region containing the RNA encapsidation signal folds into
one or more stem-loop structures. In Aichi virus, the nucleo-
tide sequence of the middle part of the stem of SL-A was
shown to be critical for encapsidation. Tt remains to be eluci-
dated whether the secondary structure of SL-A in addition 1o
the primary sequence is important for encapsidation, although
it is currently difficult to resolve this question. Since disruption
of the secondary structure of SL-A abolished RNA replication
(24), the site-directed mutations to be introduced into SL-A
should be restricted to those that maintain the secondary struc-
ture. An assay system by which encapsidation can be evaluated
independently of RNA replication is needed. For example, if
encapsidation of mur6 RNA is restored by insertion of wild-
type SL-A into another region of the RNA, the resultant mu-
tant would be useful. We are trying to develop such a system.

This and the previous studies (24) showed that the 5" end of
the Aichi virus genome is involved in both viral RNA replica-
tion and encapsidation. The phenotypic property of mur6 in-
dicales that the requirements in SL-A for viral RNA encapsi-
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dation and RNA replication are distinct. We presume that the
5" end of the genome would interact with different factors
during RNA replication and encapsidation. The 5" end of the
Aichi virus genome may play a role in determining which
process the newly synthesized positive-strand RNAs are used
for: RNA replication or encapsidation.
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The G and P type specificity of the human rotavirus strain T-152 (G12P[9]) isolated in Thailand was
serologically confirmed with G12-specific monoclonal antibodies prepared in this study by using a reference
(12 strain, L26, as an immunizing antigen and a P[9]-specific monoclonal antibody, respectively. The genomic
relationship of strain T-152 with representative human rotavirus strains was examined by means of Northern
blot analysis. The resulis showed that T152 is closely related to strain AU-1 (G3P[9]). Gene 5 (NSP1 gene) of
T152, which did not hybridize with those of any other strains examined, was characterized by sequence
determination. The T152 NSP1 gene is 1,652 nucleotides in length, encodes 493 amino acids, and exhibits low
identity to those of representative human and animal rotaviruses.

Rotavirus, a member of the Reoviridae family, is the most
common agent of severe, dehydrating gastroenteritis in infants
and young children and in the young of most mammalian
species (12). In developing countries, rotavirus infection re-
sults in high mortality, and an annual death rate of 500,000 to
600.000 persons has been estimated. Furthermore, in devel-
oped countries, rotavirus infection is a causc of high morbidity.
Vaccination is thought to be the best way to reduce this sig-
nificant mortality and morbidity worldwide.

Two rotavirus outer capsid proteins, a glycoprotein VP7 and
a protease-sensitive VP4, have independent serotype specific-
ities. G (VP7) serotype and P (VP4) serotype, respectively. and
rotaviruses are classified by a binary system as are used for
influenza viruses. For P typing, sequence analysis has been
adopted due 1o the lack of readily available typing sera. A total
of 15 G serotypes have been reported. Among them, 10 G
serotypes have been detected in humans. Gl to G4 are the
major G serotypes, with G5, G6, G8 to G10, and G12 being
minor or unusual ones (5, 9, 12). In contrast, 22 P types have
been recognized, with at least 10 P genotypes having been
detected in humans (3, §, 9, 12). Recently a number of human
rotavirus strains with unusual G or P types and rare combina-
tions of G and P types have been detected worldwide (1-9,
15-17, 20, 21, 27-29). For example, G5 was detected in almost
half of the rotavirus-positive samples in Brazil (7). GY is in-
creasing rapidly (3. 17) and has become more common than
G4 in many locations. Human G8 strains have been detected in
Africa at a high frequency (1, 2, 4). P[8] is the most common,
followed by P[4] and P[9]. Recently, P[6], which was first de-
tected as an asymptomatic infection in neonates, has been
increasing (1, 4, 9).

Since G12 was first detected in stool specimens collected
from diarrheic children under 2 years of age between Decem-
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ber 1987 and February 1988 in the Philippines (24, 28). no
further report on the detection of G12 in humans or animals
has appeared, although extensive surveys on the distribution of
the G serotype worldwide have been conducted. In a previous
study, however, members of our group detected a human
G12P[Y9] rotavirus, T152, in Thailand and characterized it by
means of reverse transcription-PCR and sequence determina-
tion (18). Also, in the United States, Griffin et al. (9) found a
G12 strain with P[6] specificity. These results imply that the
prevalence of G12 strains is expanding. In this study, we ana-
lyzed the Thai G12 strain T152 serologically using neutralizing
monoclonal antibodies specific to G12 and P[9]. In addition,
genomic relatedness between the T152 strain and representa-
tive human rotavirus strains was examined by Northern blot
hybridization. Furthermore, we found the uniqueness of the
NSP1 gene of strain T152.

TABLE 1. Reactivity patterns of monoclonal antibodies to human
and animal rotaviruses

Neutralizing titer of monoclonal antibody

Strain G, P type
1G11 3BS 3GY 4E7
KU GI1P[8] <100 <100 100 <100
K8 GIP[9] <100 <100 <100 <100
S2 G2P[4] <100 <100 <100 <100
YO G3P|&] <100 <100 <10 <100
AU-1 G3P[9] <100 <100 <100 <100
Hosokawa G4P|8] 100 <100 <100 100
[ON1Y) G3P|7] <100 <100 <100 100
NCDV GoP|1] <100 400 200 200
Ty-1 G7P[17] <100 <100 200 <100
69M GSP[10] <100 400 <100 <100
WIi-61 GYP|8] 200 100 <100 200
B223 GIOP[11} <100 200 <100 <100
YM G11P]7) <100 100 <100 <100
L26 G12P[4] 3.200 162,400 51,200 102,400
L27 G12P[4] 3.200 102,400 51.200 25.600
T152 G12P[Y} 3,200 102,400 12.800 12.800
L338 GIIP[18] <100 100 <100 <100
FI-23 GHP[12] <100 100 <100 <100
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FIG. 1. Northern blot hybridization analysis of strain T152. (A) RNA profiles on PAGE. Lanes: 1, strain KU; 2, strain S2; 3, strain AU-1; 4,
Cstrain T152; 5, strain 1.26. (B) Northern blot analysis using the T152 probe. (C) Northern blot analysis using the KU probe. (D) Northern blot
analysis using the AU-1 probe. (E) Northern blot analysis using the £.26 probe. (F) RNA profiles on PAGE. Lanes: 1, strain KU; 2, strain 82; 3,
strain AU-1; 4, strain L26: 3, strain T152. (G) Northern blot analysis using the S2 probe. Northern blot analyses in panels B to E and G were
performed using the blot transferred from the polyacrylamide gel shown in panels A and F. respectively.

The following representative human and animal rotavirus
strains were cmployed: KU (human, GIP{8}), K8 (human,
GIP[Y]), 82 (human, G2P[4]), YO (human, G3P[8]), AU-1
(human, G3P[9]), Hosokawa (human, G4P[8]), OSU (porcine,
GSP[7]), NCDV (bovine, G6P[1]), Ty-1 (turkey, G7P[17]), 69
M (G8P[10]), WI-61 (human, GOYP[8])., B223 (bovine,
G10P[11]), YM (porcine, G11P[7]), L26 (human, G12P[4]),
127 (human, G12P[4]), T152 (human, GI12P[9]), L3338
(G13P[18]), and FI-23 (equine, G14P[12}). Each rotavirus
strain was pretreated with 10 pg of trypsin (type IX, from
porcine pancreas and crystallized; Sigma) per ml, inoculated
onto MA-104 cells in the presence of trypsin (1 pg/ml), and
then harvested 1 to 3 days after infection.

The purified L26 strain was used as an immunizing antigen.
P3-X63-Ag8.653 mouse myeloma cells were fused with spleen
cells from mice immunized intraperitoneally with L26 as de-
scribed previously (23). To obtain ascitic fluid. 107 hybridoma

cells were inoculated intraperitoneally into Pristane-primed
BALB/c mice. »

A 1.5 dilution (for hybridoma screening) of culture fluid or
twofold serial dilutions (for determination of neutralizing an-
tibody titers) of ascitic fluid was reacted with a virus suspension
containing about 500 fluorescent cell-forming units/0.025 ml
for 1 h. At 18 to 24 h postinfection, the infected cells were
washed with phosphate-buffered saline, fixed with cold
(—80°C) ethanol, and then reacted with a 1:30 dilution of
anti-human rotavirus rabbit serum for 1 h. After an additional
1-h reaction with a 1:50 dilution of fluorescein isothiocyanate-
conjugated anti-rabbit immunoglobulin G goat serum (Scika-
gaku Kogyo, Tokyo, Japan), the number of fluorescent cells
was determined by vertically illuminated fluorescence micros-
copy. The neutralization titer was expressed as the reciprocal
of the highest serum dilution that reduced the fluorescent-cell
count by more than 60%.



5766 NOTES

TABLE 2. Nucleotide and amino acid sequence homologies of
NSP1 gene and protein from strain T132 with NSP1 genes and
proteins from representative human and animal rotavirus strains

Homology (“#}

- G type _

Strain and };‘ll_\'pc Species Nucleotide Amino

' acid

KU GIP[8] Human 61.5 50.4
DSt G2P[4] Human 62.0 Sit
K8 GI1P[9] Human 62.5 515
6YM GEP[10] Human 61.7 49.5
L26 G12P[9] Human 61.3 51.6
A4 G10P{11] Cow 63.5 55.8

AS--10 G8P[1] Cow 60.8 #
A5-13 G8P[1] Cow 635 53.0
UK G6P[5] Cow 63.2 55.0
Gottfried G4Pj6] Pig 62.1 50.1
Osu G5P|7] Pig - 62.0 52.8
YM G11P[7] Pig 61.5 50.5
FI-14 G3P[12] Horse 56.9 40.3
12 G3P{12] Horse 57.0 40.9
L.338 G13P}18] Horse 56.4 38.0
SAT! G3P|2] Monkey 57.9 42.5
RRV G3P[3] Monkey 55.9 39.8
EW G3P[16] Mouse 53.6 39.9
PO-13 G7P[17] Pigeon 46.8 17.5

“x_ Since NSPt of strain AS-10 is 40 amino acids in length due to the presence
of 1 nonsense codon at nucleotides 153 to 135, the homology could not be
determined,

An enzyme-linked immunosorbent assay with monoclonal
antibodies was carricd out as described previously (25). The
following monoclonal antibodies were used: group A-common
YO-156 (directed to VP6), subgroup I-specific §2-37 (VP6),
subgroup 1l-specific YO-5 (VP6), Gli-specific KU-4 {VP7),
G2-specific $2-2G10 (VPT), G3-specific YO-1E2 (VP7), G4-
specific ST-2G7 (VP7), and a group A-common YO-2C2
(VP4).

Rotavirus double-stranded RNA was extracted from stools
and culture fluid with a disruption solution comprising 1%
sodium dodecy! sulfate, 0.1% 2-mercaptoethanol, and 50 mM
EDTA and then with phenol and chloroform. The RNA was
electrophoresed in 10% acrylamide gels (2 mm thick) for 16 h
at 20 mA at room temperature, RNA segments were visualized
by silver staining.

Full-length ¢DNA of the NSP1 gene of culture-adapted
strain T152 was prepared by reverse transcription-PCR. PCR-
amplified ¢cDNA was ligated into the pCR1I vector with a TA
cloning kit (Invitrogen Corp). The PCR products and three
¢DNA clones were sequenced with the ABI PRISM BigDye
terminator cycle sequencing ready reaction kits (PE Biosys-
tems, Chiba, Japan) and an automated sequencer, the ABI
PRISM 310 genctic analyzer (PE Applied Biosystems. Foster
City. Calif.). Nucleotide sequences were analyzed for construc-
tion of a phylogenetic tree using the Neighbor-Joining method.

Northern blot hybridization was carried out as previously
described (19). Briefly, after polyacrylamide gel electrophore-
sis (PAGE) analysis, double-stranded RNA was denatured by
soaking the gel in 0.1 N NaOH and 0.25 M NaCl for 20 min
and was then neutralized in 4% Tris-acetate-EDTA for 20 min
iwice and in 1% Tris-acetate-EDTA for 20 min. Electrotrans-
fer of rotavirus RNA to Hybond N+ (Amersham) was con-
ducted at 0.2 mA overnight at 4°C. Hybridization was per-
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formed with an enhanced chemiluminescence direct nucleic
acid labeling and detection system (Amersham) according to
the instructions of the manuflacturer. Stringency was regulated
by changing the concentration of the SSC solution (1X §SC is
0.15 M NaCl plus 0.015 M sodium citrate) for primary and
secondary wash buffers.

For serological characterization of strain T152, we prepared
neutralizing monoclonal antibodies specific to G12 rotaviruscs.
Four hybridoma clones were established in two fusion experi-
ments, using strain L26 (G12P{4]) as an immunizing antigen.
In neutralization tests involving various human and animal
rotavirus strains, the four monoclonal antibodies all reacted
specifically with the Philippine G12 strains L26 and L27 (Table
1). The antibodies also neutralized strain T152 with similar
efficiency (Table 1).

PY-specific K8-2C12 monoclonal antibody prepared previ-
ously (13) neutralized strain T152 as well as strains K8 and
AU-1 with P[9] specificity (data not shown). Thus, we con-
firmed serologically that the G and P type specificity of strain
T152 was G12P[9].

The overall genomic relatedness determined through RNA-
RNA hybridization assays has revealed that there are three
distinct human-specific genogroups that are almost not related
1o one another at all: the Wa, DS-1, and AU-1 genogroups. In
this study, we performed Northern blot hybridization to exam-
ine the overall genomic relatedness of strain T152 with strains
KU, S2, and AU-1, representing the Wa, DS-1, and AU-1
genogroups, respectively, since this assay can reveal the relat-
edness in a segment-to-segment manner and can permit the
reusc of the blot with different probes.

The T152 probe reacted with nine RNA segments of strain
AU-1, although the probe showed no reaction or only a faint
reaction with a few RNA segments in the genome of strain KU,
S2, or L26 (Fig. 1). A reciprocal assay with the AU-1 probe
also showed the high relatedness between strains T152 and
AU-1. In the assay with the L26 probe, the probe reacted only
with RNA segment 7, which may be the VP7 gene, and seg-
ment 11 of T152 (Fig. 1). As described previously (14), L26 was
found to be partly related to strains S2 and KU, members of
the DS-1 genogroup and Wa genogroup, respectively. In con-
trast, the KU and $2 probes did not exhibit any significant
relationship with T152 (Fig. 1). Thus, T152 was shown to be
highly related to strain AU-1, except in genes 5 and 7.

With Northern blot hybridization, gene 5 of strain T152 did
not react with any of the probes employed and vice versa. This
finding prompted us to characterize the T152 gene 5 (the NSPI
gene) by sequencing. The NSP1 gene of strain T152 was found
10 be 1,652 nucleotides in length and to encode 493 amino
acids. Comparison of its sequence with the published NSPI
sequences revealed the uniqueness of the T152 NSP1 gene: the
nucleotide scquence identity ranged from 46.8 to 63.5% (Table
2). Phylogenetic analysis of the NSP1 genes showed the species
relatedness, and the T152 NSP1 gene was found (o be related
to those of bovine rotaviruses (Fig. 2).

Although no reports have appeared on the detection of G12
rotaviruses since the detection of human G12 rotaviruses (pro-
totype strain 1.26) in the Philippines in 1990 (24, 28), two
human G12 strains, T152 and Se385. were very recently de-
tected in Thailand and in the United States, respectively (9,
18). On comparison of the VP7 genes of strains L26, T152, and
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FIG. 2. Phylogenetic tree for the nucleotide sequences of the NSP1 genes of strain T152 and other representative human and animal
rotaviruses. The bootstrap confidence levels obtained by 1,000 replicates arc shown. The bar indicates the variation scale.

$e585, higher identity (97.8 and 98.5%, nucleotide and amino
acid, respectively) was found between T152 and Se585 than
that (90.2 or 91.0% and 92.9 or 94.2%, respectively) between
L.26 and TI152 or Se585. The VP7 genc of strain L26 has
accumulated point mutations, and the present G12 strains
(strains T152 and Se585) with the VP7 gene may have evolved.
However, the genome constellation of the two strains is quite

different. Seven and 10 genes, respectively, of Se385 hybridized
to those of strains L26 and US1205 of the DS-1 genogroup (9).
Few or no hybrids were formed between the genomes of 5¢585
and Wa or AU-1 (9). Thus, strain Se585 was considered to be
a natural single-gene reassortant between strain L26 and strain
US1205 or a similar one of the DS1 genogroup. In contrast, the
genes of T152 hybridized to nine genes of strain AU-1. The

__.57 —_



5768 NOTES

VP7 gene is related to L26, and the origin of the NSP1 gene of
T152 is unknown. This is a striking contrast with the finding
that RNA scgments of Se585 did not react to any of the genes
ol strain AU-1 (14). These results imply that T152 is also a
natural reassortant between L26 and a strain in the AU-1
genogroup. A second reassortment step might have occurred
for acquisition of the unusual NSP1 gene {rom an unknown
third strain. To begin with, strain L26 is thought to be a reas-
sortant. In our previous study involving RNA-RNA hybridiza-
tion assaying, it was found that two or thrce genes were from
the Wa genogroup and five or six were from the DS-1 geno-
group (14). Thus, the reassortment of rotaviruses may occur
through multiple steps between two reassortants or between a
reassortant and a nonreassortant virus, such as strain Wa,
DS-1, or AU-1, reference strains of the Wa, DS-1. and AU-1
genogroups, respectively.

In this study, we first prepared Gl2-specific neutralizing
monoclonal antibodies. The G12-specific monoclonal antibod-
ics were potent in neutralization tests and enzyme-linked im-
munosorbent assays. Although the protein specificity (VP7 or
VP4) of the antibodies could not be determined, they may be
directed to VP7, since they did not react with any strains of
P[4]. which is the P type of strain L26 employed as an immu-
nizing antigen for hybridoma production. The use of reassor-
tants or the preparation of mutants resistant to the antibodics
is necessary for a final conclusion. These antibodics will be
quite useful for large-scale epidemiological surveys for the
detection of G12 rotaviruses.

In order to determine the overall genomic relatedness of
rotavirus strains, Northern blot assays were performed in this
study. Compared to the liquid RNA-RNA hybridization assays
used more commonly, Northern blot assays have some advan-
tages: the relatedness in a segment-to-segment manner can be
determined, the reuse of blots for a different probe is possible,
and there is no necessity for radioisotopes for the preparation
of probes. However, depending on the lengths of RNA seg-
ments, the cutoff levels might be different; short RNA seg-
ments, such as segments 10 and 11, tend to react more readily
with cach other than longer RNA segments exhibiting the
same homology. As a whole, segment-to-segment comparison
is very useful. Indeed, we could detect the uniqueness of gene
5 of strain T152,

The gene 5 equivalent to the NSP1 gene (1,652 nucleotides)
of T152 is much longer than those of other rotaviruses except
for that (1,870 nucleotides) of pigcon strain PO-13 (11). It has
been shown that NSP1 genes among rotaviruses exhibit great
diversity (10, 26). Among the 11 genes, the NSP1 gene exhibits
the least identity. In addition, several truncated NSP1 proteins
have been reported for the rearranged NSP1 genes (1). Fur-
thermore, we previously found strains (AS5-10 and A5-16) with
NSP1 proteins of only 40 or 50 amino acids (22). Some clones
of these strains produced very large plaques and induced di-
arrhea in suckling mice as efficiently as the strains with the
normal NSP1 genes (Taniguchi et al, unpublished data). Fur-
ther characterization of a unique NSP1 gene of strain T152 in
vitro and in vivo will provide more useful data.

Although G1 to G4 and P{8] or P[4] rotaviruses are common
worldwide, strains with unusual properties appear to prevail
more {requently than before. In particular, G9 strains are in-
creasing (3, 17), and we also detected GY strains at an ex-

J. CLIN. MICROBIOL.

tremely high frequency in a district in Japan (Taniguchi et al,,
unpublished data). The detection of G12 strains in Thailand
and the United States implies expansion of the distribution of
the G12 strains. For the development of an effective rotavirus
vaccine and for the examination of rotavirus ecology, it is still
necessary to continue to survey the G and P type distributions
worldwide.

Nucleotide sequence accession numbers. The nucleotide se-
quence data reported in this paper for the NSP1 gene of strain
T152 have been deposited with the DDBJ/EMBL/GenBank
data libraries under accession no. AB()Y7459.

This study was supported in part by a Grant-in-Aid from the Min-
istry of Education and Science, Japan, and the U.S.-Japan Cooperative
Medical Science Program.
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