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We treated a male patient with Crimean-Congo hemorrhagic fever (CCHF). The diagnosis of CCHF was
confirmed by reverse transcription-PCR and recombinant nucleoprotein (rNP)-based immunoglobulin G (IgG)
and IgM capture enzyme-linked immunosorbent assays of serially collected serum samples. The paticat was
treated with intravenous ribavirin and recovercd with no consequences. The study indicates that rNP-based
CCHF virus antibody detection systems are useful for confirming CCHF virus infections. This case also
suggests that intravenous ribavirin therapy may be promising for the treatment of CCHF patients.

Case report. We treated a patient with Crimean-Congo
hemorrhagic fever (CCHF), The diagnosis of CCHF was con-
firmed by reverse transcription-PCR (RT-PCR) and a recom-
binant CCHF virus (CCHFV) nucleoprotein (rNFP)-based en-
zyme-linked immunosorbent assay (ELISA) for detection of
immunoglobulin G (1gG) to CCHFV (6). Furthermore, an
IgM capture ELISA using the CCHFY rNP was used as a
serclogical tool for the diagnosis of this patient. This patient
was successfully treated by iniravenous administration of riba-
virin.

The patient was a 28-year-old male shepherd who lived in an
area of the western part of the Xinjiang Uygur Autonomous
Region, People’s Republic of China, where CCHF is endemic.
Taking the day on which the fever first appeared as day 1, he
visited a local clinic on day 1. He spent 3 nights at home but
deteriorated abruptly. He was transferred to our hospital and
hospitalized on day 4. He did not know whether he had been
bitten by a tick, one of the main reservoirs of CCHFV. He
presented on admission with low-grade fever, unconsciousncss,
and severe hemorrhage from the nostrils, gingiva, skin, and
gastrointestinal tract. He had ancmia, and the erythrocyte
count and hemoglobin level were 3.41 x 102 cells/liter (nor-
mal range, 4.5 X 102 (o 5.9 X 102 cellg/liter) and 10.0 g/dl
{normal range, 13.5 to 17.5 g/dl), respectively. Thrombocyto-
penia was noticed, with a platelet count of 8 X 10%liter
(normal tange, 150 X 10° to 400 x 10%liter). The alanine
transaminase, aspartate aminotransferase, and lactate dehy-
drogenase levels were 173 U/liter {normal range, 5 to 40 U/li-
ter), 216 Ufliter (normal range, 5 to 40 Ufliter), and 268 Ulliter
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(normal range, 114 to 240 Ulliter), respectively, suggesting
liver dysfunction. Mild hyperbilirubinemia, hypoproteinemia,
and hypoalbuminemia were ailso present. Renal function was
preserved. The patient was intravenously administered ribavi-
rin (0.6 gfdose twice a day, 2-h drip infusion} from day 4 to 1L
The symptoms improved gradually, and the patient recovered
with no consequences.

Blood samples were drawn for diagnostic tests on days 1, 5,
and 9. The blood sample drawn on day 1 was collected at the
initial clinic visit and was brought to our hospital. Serum was
separated and kept at —20°C until use. A nested RT-PCR was
pecformed for amplification of the viral genome. Viral RNA
was extracted from 200 pl of serum with a High Pure Viral
RNA Kit {(Roche Diagnostics GmbH, Mannheim, Germany) in
accordance with the manufacturer’s instructions. The primers
were modified from those reported by other investigators {(4) in
accordance with the nucleotide sequence of Chinese CCHFV
isolate 8402 (GenBank accession no. AJ010649). Five micro-
liters of purified RNA was added to the Ready to Go RT-PCR
mixture (0.5-ml tubes; Amersham Pharmacia Biotech Inc.. Pis-
cataway, N.J.) as a template, and then the primer set of 50
pmot each of CCHF/F2C (3'-TGGATACTTTCACAAACTC-
3"y and CCHF/R3 (5'-GACAAATTCCCTGCACCA-3') and
an appropriate amount of water were added to the tube. The
RT-PCR was performed in accordance with the manufactur-
er's instructions. The tube was kept at 42°C for 30 min for the
RT reaction. The reverse {ranscriptase was then heat inacti-
vated at 95°C for 5 min. The PCR conditions were as follows:
35 cycles of denaturation at 95°C for 30 s, annealing at 52°C for
30 s, and elongation at 72°C for 30 s, followed by an additional
elongation at 72°C for 5 min. For the nested PCR, 1 pl of the
first-round PCR product was added to a 0.5-ml Ready to Go
PCR tube (Amersham Pharmacia Bictech Inc.) as a template
and then 50 pmol each of primers CCHF/F3C (5'-GAGTGT
GCCTGGGTTAGCTC-3") and CCHF/R2C (5'-GACATTAC

— 116 -



490 NOTES

100

FIG. 1. Results of the nested RT-PCR assay of serum samples
serially collected from the patient. Lanes: M, 100-bp markers; 1, 2, 3,
and 4, day 1, 5, and 9 scrum and negative control samples, respectively.
A PCR product of the expected size (262 bp) was amplified only from
the day 1 serum sample.

AATTTCGCCAGG-3") and an appropriale amount of water
were added to the PCR tube. The second-round PCR was
performed under the same conditions as described above. The
PCR product was separated by electrophoresis in a 29 agarose
gel and visualized by staining with ethidium bromide. The
expected size of the PCR product was 262 bp.

1gG antibodies to CCHFV were detected by a CCHFV 1NP-
based IgG ELISA (6). IgM antibodies to CCHFV were de-
tected by an IgM capture ELISA with the same antigen. The
ELISA plate was coated with goat anti-human IgM antibody
{p. chain specific; Zymed Laborateries Inc., South San Fran-
cisco, Calif.) at an approximate concentration of 100 ng/well at
4°C overnight. After the plate was washed with phosphate-
buffered saline solution containing 0.05% Tween 20 (T-PBS),
it was treated with the blocking reagent, 200 ul of T-PBS
containing 5% skim milk (T-PBS-M) per well, at 37°C for L h,
The plate was washed with T-PBS, and the top four and bot-
tom four wells of the plate were inoculated with heat-inacti-
vated test serum samples (100 pliwell), which were diluted
twofold from 1:50 to 1:400 with T-PBS-M. The plate was in-
cubated at 37°C for 1 h. After being washed with T-PBS, the
top four wells of the plate were inoculated with the purified
CCHFV NP in T-PBS-M (100 pl/well) at a concentration of 1
pg/ml while the bottom four wells were aiso inoculated with
T-PBS-M as a negative control. After being washed with T-
PBS, all of the wells were inoculated with anti-CCHFV NP
rabbit serum at a dilution of 1:1,000 (6). After being washed
with T-PRS, the plate was inoculated with goat anti-rabbit IgG
antibody labeled with horseradish peroxidase (Zymed Labora-
tories Inc.) at a dilution of 1:1,000. The plate was washed with
T-PBS, 2.2"-azino-di[3-ethylbenzthiazolin sulfate (6)} (ABTS)
solution (Roche Diagnostics GmbH) was added to each well,
and the plate was incubated at 37°C for 30 min. The optical
density at 405 nm {OD,,s) was measured with a reference of
490 nm. The OD,; was adjusted by subtracting the OD,5 of
the non-antigen-inoculated well from that of the correspond-
ing antigen-inoculated well. The cutoff value for the IgG
ELISA at a dilution of 1:400 was defined as reported previ-
ously (6). The cutoff value that determined IgM positivity or
negativity was calculated as the average plus 3 standard devi-
ations of serum samples collected from 48 subjects with no
history of CCHFV infection. .

The viral genome was detected by nested RT-PCR in the day
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TABLE L. IgG and 1gM antibodies to CCHFV detected by
ELISAs in serum samples drawn sequentially

o H A
Class of antibodies OD 5 of samples and antibody

- 5
and ditution Dav 1 Day 5 Dav 9 Cutoff
IsM
1:5G 0.000 2.692 2.709 NI¥
1:100 0.020 2.672 2711 0.205
1:200 0.044 2.528 2.767 ND
1:400 0.04¢ 1.606 2.001 ND
IgG
1:100 0.075 0.924 1.882 ND
1:400 0.031 0.486 0.972 0.213
1:1.600 (.000 0.152 (.384 ND
1:6,400) (LOO0 0.045 0.132 ND

*The OD,,s values shown here were adjusted as described in the text.

® Cutoff values for 1gM and I1gG responses were defined at dilutions of 1:100
and 1:400, respectively. as described in the text. According to these cutoff values.
both the IgM and IgG responses were demonstrated in the serum samples drawn
on days 5 and 9 but not in the day 1 sample.

< ND. not determinel.

1 serum sample but not in those from days 5 and 9 (Fig. 1).
Neither TgM nor IgG antibodies to CCHFV were detected in
the day 1 serum sample. On the other hand, IgM and IgG were
both detected in the serum samples collected on days 5 and 9
(Table 1). The titers were higher on day 9 than on day 5.

The virological and immunological status of CCHFV infec-
tion was closely followed by nested RT-PCR and the ELISAs.
We previously reported the CCHFV rNP-based antibody de-
tection systems (5, 6). In the present study, we used a CCHFV
tNP-based IgM capture ELISA along with an 1gG ELISA. We
applied these assays to the serum samples serially collected
from the patient. The results suggest that both the CCHFV
NP-based IgG ELISA and the IgM capture ELISA are useful
for the diagnosis of CCHF. We believe that this is the first case
of CCHEF serologically diagnosed by CCHFV rNP-based anti-
body detection systems.

Ribavirin, an anti-RNA virus agent, has been reported to
have an inhibitory effect on the replication of CCHFV in vitro
and in vivo (2, 7, 9). There have been several reports on
ribavirin therapy for CCHF (1, 3, 8). However, the efficacy of
ribavirin for CCHF has not yet been proved. Oral ribavirin was
used for postexposure prophylaxis of CCHFV infection with
promising results, but its efficacy was not formally assessed (8).
The patient in the present study was treated by intravenous
administration of ribavirin. To our knowledge, this is the first
case report of a CCHF patient treated with intravenous riba-
virin therapy. The previous reports, along with the present
study, suggest that ribavirin is a promising drug for the treat-
ment of CCHF.
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Antigen capture enzyme-linked immunosorbent assay (ELISA) is one of the most useful methods to detect
Ebola virus rapidly, We previously developed an antigen capture ELISA using 2 monoclenal antibody (MAb),
3-3D, which reacted not only to the nucleoprotein (NP) of Zaire Ebola virus (EBO-Z) but also to the NPs of
Sudan (EBO-S) and Reston Ebola (EBO-R) viruses. In this study, we developed antigen capture ELISAs using
two novel MAbs, Res2-6C8 and Res2-1D8, specific to the NP of EBO-R. Res2-6C8 and Res2-1D8 recognized
cpitopes consisting of 4 and 8 amino acid residues, respectively, near the C-terminal region of the EBO-R NP.
The antigen capture ELISAs using these two MAbs detected the EBO-R NP in the tissues from EBO-R-infected
cynomolgus macaques. The antigen capture ELISAs using Res2-6C8 and Res2-1D8 are useful for the rapid
detection of the NP in EBO-R-infected cynomolgus macaques.

The family Filoviridae includes the genera Marburgvirus and
Ebolavirus. The genus Ebolavirus has four species: Zaire Ebola
virus (EBO-Z), Sudan Ebola virus (EBO-8), Céte-d’lvoire
Ebola virus (EBO-CI), and Reston Ebola virus (EBO-R) (6, 11,
13, 27, 34). Ebola virus has a negative-stranded RNA genome
that encodes nucleoprotein (NP), P protein (VP35). matrix
protein (VP40), glycoprotein (GP), an NP thal influences the
synthesis of viral mRNA (VP30), a protein associated with the
membrane (VP24), and RNA-dependent RNA polymerase (1.)
(6, 26, 27, 34).

Cynomolgus macaques infected with EBO-R, which is
thought to be endemic in the Philippines, were exported to the
United States and Italy (2-4, 12, 16, 25, 30, 38). As with other
species of Ebola virus, EBO-R causes fatal illness in nonhuman
primates (7, 17), while symptomatic EBO-R infection has not
been reported in humans (3, 4. 25, 38).

The origin in nature of Ebola virus remains a mystery; how-
ever, humans can be infected by close contact with patients (34,
36, 37). Rapid laboratory diagnosis of Ebola hemorrhagic fever
is important for preventing the expansion of infection. Virus
isolation (19, 23, 34), transmission electron microscopy (19, 23,
34), immunohistochemistry (39), reverse transcription-PCR
(RT-PCR) (2, 21, 35), the fluorogenic 5' nuclease assay (10),
and antigen capture enzyme-linked immunosorbent assay
(ELISA) (18, 29) have been used for the laboratory diagnosis
of Ebola virus infection. Since the viral load in the blood

* Corresponding author, Mailing address: Special Pathogens Labo-
ratory, Department of Virelogy 1, National Institute of Infectious
Diseases, 4-7-1 Gakuen. Musashimurayama, Tokye 208-6011, Japan.
Phone: 81-42-561-0771, ext. 791. Fax: 81-42-561-2039. E-mail: morikawa
@nth.go.jp.

T Present address: USDA-ARS Avian Disease and Oncology Labo-
ratory, East Lansing, M1 48823,

552

reaches extremely high levels in Ebola virus infections (5, 7. 17,
31), the detection of Ebola antigens by antigen capture ELISA
is suitable as a method of laboratory diagnosis (18, 29).
Monoclonal antibodies (MAbs) that discriminate Ebola vi-
rus species have been reported (28). However. an antigen
capture ELISA that discriminates Ebela virus species has not
been reported. In the present study, we developed antigen
capture ELISAs using two novel MAbs to the NP specific to
EBO-R. The ELISAs will be a useful tool for rapid discrimi-
nation of EBO-R infection from those by other Ebola virus
species, especially in monkey quarantine ot field studies.

MATERJALS AND METHODS

Cell culture, P3/Ag568 was used as the parental cell line for hybridomas. The
cells were maintained in RPMI 1640 {Gibco BRL, Rockville, Md.) supplemented
with 105 fetal hovine serum and antibiotics (streptomycin and penicillin; Gibeo
BRL). Hypoxanthine-aminopterin-thymidine supplement {HAT) (Gibco BRL})
was added to the medium for the selection of hybridomas accerding to the
manufacturer’s instructions. Hypoxanthine-thymidine supplement (HT) (Gibeo
BRL) was added to the medium to switch the medium from HAT to RPMI 1640.

Clinical specimens. Livers (monkey no, 2882 and 2877), spleens {monkey no.
2877, 2882. and 2885). snd scra (monkey no. 2866 and 2612). which were
collected from EBQ-R-infected cynomolgus macagues during the EBO-R out-
break in the Philippines in 1996 {14, 25) and kept frozen at —80C, were used in
the study. EBQ-R-NP antigens or genomic RNA were detected in these samples
by antigen capture ELISA using 3-3D (29). immunchistochemistry (14). or RT-
PCR using primers RES-Nf2 (5'-TGAGCTCCGGAAGAAGGACGGTGT-3")
and RES-Nr2 (5'-ACCATCATGTGTCCAACTGATTGC-3'). Five liver speci-
mens and 79 serum specimens from EBO-R-noninfected cynomolgus macaques
were used as the negative controls, Liver and spleen tissues were homogenized
at approximately 10% (wuvol} in phosphate-buffered saline (PBS) containing
0.05% Tween 20. 1% Triton X-100. and 5% nonfat milk (Triton-milk-PBS-T}.
After centrifugation at 15.800 X g for 10 min, the supernatants were used in the
experiments. Sera were diluted with Triton-milk-PBS-T and used in the exper-
iments,

Preparation of histidine-tagged Ebola virus rNPs (His-EBO-R-NP and His-
EBO-Z-NP) for antigen capture EL1SA. Recombinant NPs (rNP) of EBO-R
{His-EBQ-R-NP) and EBO-Z (His-EBO-Z-NP) were prepared to be the anti-
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TABLE 1. Primers wsed for epitope mapping recognized by Res2-6C8 and Res2-1D8

Primer Sequence (3" to 'Y Template of reaction
R635E CAAGGATCCGAAGACCCTGATATC PGEX-ANP; . 930
R636f TTGGGATCCGACCCTGATATCGG TCAATC cDNA of EBO-R
R6371 TTGAATGGATCCCCTGATATCGGT POEX-ANP;, 539
R638f AATGAAGGATCCGATATCGGTCAA PGEX-ANP31.730
Mu639f TGAAGACCCTGATIAAGGTCAATCAAAGT pGEX-ANPg, 73
Mu639r ACITTGATTGACCTTAATCAGGGTCTTCA PGEX-ANP g, 729
Mu640{ AGACCCTGATATCTAACAATCAAAGTCTA PGEX-ANPg3 1730
Mus40r TAGACTTTGATTGTTAGATATCAGGGTTCT PGEX-ANP 31 736
Mu6dif CCCTGATATCGGTTAATCAAAGTCTATGC pGEX-ANP,3 730
Muddly GCATAGACTTTGATTAACCGATATCAGGG PGEX-ANP, | 10
Mu6a2[ TGATATCGGTCAATAAAAGTCTATGCAAA PGEX-ANP;, 750
Mug42r TTTGCATAGACTTTTATTGACCGATATCA PGEX-ANP;,. 750
Mu643f TATCGGTCAATCATAATCTATGCAAAAAT PGEX-ANP; 740
Muéé43r ATTTTIGCATAGATTATGATTGACCGATA PGEX-ANP gy 730
Mutddf CGGTCAATCAAAGTAAATGCAAAAATTAG PGEX-ANP 3 759
Mu6ddr CTAATTTITGCATTTACTTTGATTGACCG PGEX-ANP ) 72

2 BamHI restriction site is underlined. Introduced stop ¢odon is in boldface.

gens in antigen capture ELISA. The recombinant haculoviruses, which expressed
His-EBQO-R-NP (referred to as Ac [Autographa culifornica)-His-EBO-R-NP} or
His-EBO-Z-NP (referred to as Ac-His-EBQ-2-NP), were produced as described
previously (15, 33), Ac-His-EBO-R-NP or Ac-His-EBQ-Z-NP was grown in Tns
insect cells as reported previcusly {24). Tn5 cells infected with the recombinant
baculoviruses were washed twice with PBS after 3 days of culture at 26°C and
then incubated for 13 min in PBS containing 1% NP-40. After sonication for }
min. the lysates were used in the experiments.

Preparation of MAbs, MAbs were prepared as described previously (29).
Briefly, BALB/c mice were subcutaneously immunized with His-EB(Q-R-NP to-
gether with Freund complete adjuvant (Becton Dickinsor, Franklin Lakes, N.J.)
and boested subcutaneousiy three times with IMIECT-ALUM (Pierce. Rock-
ford, I1L.) at 2-week infervals. Three days after the last immunization, the spleens
were removed, and the spleen cells were fused with P3/Ag368 cells by using
polyethylene glycol 4000 (catalog no. 4030-035: Gibeo BRLY according to the
manufacturer’s instructions. The supernatants of the hybridoma cells were
screened in an immunoglobulin G (1gG) ELISA (29) with His-EBO-R-NP as an
antigen. Crude hybridomas were isolated from ELISA-positive wells, and the
hybridoma clones were established by the fimiting dilution method. MAbs were
purified from the culture supernatants with a MAb Trap GII antibody purifica-
tion kit (Amersham Pharmacia Biotech, Little Chaifont, United Kingdom) ac-
cording to the manufacturer’s instructions. The isotypes of the MAbs were
determined with 2 mouse MAD isotyping kit from Gibeo BRL.

Preparation of pelyclenal antibodies. Rabbit antisera to the glutathione -
transferase (GST)-tagged EBO-R NP C-terminal half {amino acids [aa] 360 to
739) (GST-EBO-R-ANP) (15} and to His-EBO-Z-NP (32, 33) were prepared as
described previousty. Briefty, rabbits were immunized four times subcutaneously
with GST-EBO-R-ANP or His-EBO-Z-NP together with [MIECT-ALUM
(Pierce). Serum was obtained 7 days after the fast immunization.

IFA. Indirect immuncfluorescence assays (IFAs) using HeLa ceils expressing
the entire NPs of EBO-R or EBO-Z were performed as described previously {15,
32). IFA slides coated with Vero Ef cells infected with EBO-S and gamma
irradiated were Kindiy supplied by the Centers for Disease Controf and Preven-
tien, Atlanta, Ga, The well of the slide was spotted with 20 pl of cach MAD at
a concentration of 100 ng/ul, and the slides were incubated under humidified
conditions at 37°C for | h. After being washed with PBS, the slides were reacted
with flworescein isothiocyanate-conjugated goat anti-mousc IgG (I1+L) anti-
serum (catzlog no, 62-6511; Zymed Laboratorigs, Inc.. South San Francisco.
Calif.} at a dilution of 1:100. The slides were washed with PBS and examined for
the staining pattern under a fluorescent microscope.

Epitope mapping with GST-truncated EBO-R rNP fusions. A series of trun-
cated EBO-R rNPs were prepared to determine the epitopes recognized by
Res2-6C8 and Res2-1D8. Table 1 shows the primers used for the construction of
the peptides. A truncated EBO-R NP corresponding to aa 631 to 739 was
prepared as follows. PCR using the primers RES-N8F and RES-NSR (29) was
performed to amplify the corresponding region of EBO-R ¢DNA. The PCR
fragment was subcloned into a pGEX-2T vector (Amersham Pharmacia Biotech)
10 construct pGEX-ANPg;) 059, The insert sequences were confirmed to be
identicsl to the originals. Then the GST-tagged truncated EBO-R NP was ex-
pressed in Escherichia coli (BE-21 strain) and purified by glutathione Sepharose

4B column chromatography according to the manufacturer’s instructions (Am-
etsham Pharmacia Biotech). PCR was also performed with the forward primers
R633f, R630f, R637f, and R638f and a reverse primer. RES-N8R. As described
ahove, each of the truncated EBQ-R NPs corresponding to aa 635 t 739, 636 to
739, 637 to 739, and 638 to 739 was expressed and purified. The plasmids to
express the truncated EBO-R NP corresponding 1o aa 631 1o 638, 631 10 639, 631
to 640, 631 to 641, 631 to 642, and 631 to 643 were constructed by replacing a
corresponding codon with a stop codon by site-directed mutagenesis of pGEX-
ANPgs; 750 using the primer pairs Mub39f/Mu639r, Mub40fMus4lr. Mub41£;
Mu641r, Mu642{/Mu642r. Mu643f/Mub43r, and Mubddf/Mubddr secording to
the manufactuzer’s instructions (QuikChange site-directed mutagenesis kit;
Stratagene, La Jolla, Calil.). Each of the truncated EBO-R NPs was expressed
and purified as described above. Then, the reactivity of Res2-6C8 and Res2-1D8
to truncated EBO-R rNPs was examined by IgG ELISA.

Antigen capture ELISA. Antigen capture ELISA was performed as described
previously (29). Bricfly, a microtiter plate (Becton Dickinson) was coated with
purified MAbs (100 ng per well in 100 pl of PBS) overnight st 4°C. The three
MAbs Res2-6C8, Res2-1D8, and 3-3D were used as the capture antibodies in the
assay. MAb 3-3D was prepared against EBO-Z NP and was previously reported
to detect the NPs of EBO-Z, EBO-R, and probably EBO-S in the antigen
capture ELISA (29). After washing the plates three times with PBS containing
0.05% Tween 20 (PBS-T). 200 wl of PBS-T containing 5% nonfat milk (milk-
PBS-T} was added to the wells for blocking for 1 h az 37°C. The milk—PBS-T was
then removed, and 10G pl of the samples was added to the wells, which were then
incubated for 1 h at 37°C. Triton-milk-PBS-T was used as the dilution buffer for
the samples, After being washed three times with PBS-T, anti-GST-EBQ-R-ANP
rabbit serum and anti-His-EBO-Z-rNP rabbit serum at a dilution of 1:1.000 were
added to the wells of the plates coated with the Res2-6C8 or Res2-t D8 and 3-31,
respectively. The plates were incubated for | h at 37°C and washed three times
with PBS-T, Then. horseradish peroxidase-conjugated goat anti-rabbit 1gG
(H+L) antiserum {catalog no. 62-6120; Zymed Laberatories. Inc.) was added to
the wells at a ditution of 1:1,000, and the plates were incubated for 1 h at 37°C.
Adfter being washed three times with PBS-T. 2.2'-azinohis[3-ethylbenziazoline-6-
sulfonic acid] (ABTS) substrate (ABTS tablet and buffer; Roche Diagnostics,
Mannheim. Germany) was added to the wells. The plates were then incubated
for 30 min at room temperature, and the optical density at 405 nm {OD) was
recorded.

In the antigen capture ELISAs using Res2-6C8, Res2-1D8. and 3-3D, the
meun + 3 standard deviations (SDs) of OD of 79 sera from EBO-R-uninfected
macaques were 0.11. 0.07, and 0,11, respectively, and those of 5 livers from
EBOC-R-uninfected macaques were (.13, 0.08, and 0.15, respectively. Therefore.
we defined the cutoff value as 0.2 in the assay.

RESULTS

Development of two MAbs specific to the EBO-R NP, Thirty-
wo hybridoma clones secreting MAbs to EBO-R rNP were
established, and the reactivitics of these MAbs to His-EBO-
R-NP were examined in the antigen capture ELISA format

— 120 —



554 IKEGAMI ET AL.

Res2-6CS8

L
e

Res2-1D8

CLIN. DiacN. LAB. IMMUNOL,
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FIG. 1. IFA using HeLa cells expressing NP of EBO-R (A to C) or EBO-Z (D-F) and using Vero cells infected with EBO-S (G to I). The
reactivities of Res2-6C8 (A, D, and G), Res2-1D8 (B, E, and H), and 3-3D (C, F, and I) to NP of EBO-R, EBO-Z, and EBQ-S are shown. Res2-6C8
and Res?-1D8 reacted 1o EBO-R NP, but not to the NPs of EBQO-Z and EBO-S. The MAb 3-3D reacts to the NPs of all three Ebola virus species.

{data not shown}. Two MAbs, Res2-6C8 and Res2-1D8, were
reactive in the antigen capture ELISA format and were used in
the present study. The isotypes of Res2-6C8 and Res2-1D8
were lgG2b and [gGl, respectively. Ebola virus species speci-
ficity of Res2-6C8 and Res2-1D8 was examined by IFA with
HeLa cells that expressed the rNP of EBO-R or EBO-Z or by
using Vero E6 cells infected with EBO-S, These two MAbs
reacted to EBO-R NP (Fig. 1A and B}, but not to EBO-Z NP
(Fig. 1D and E) or EBO-8 NP (Fig. 1G and H).

Epitopes recognized by Res2-6C8 and Res2-1D8. The
epitopes recognized by Res2-6C8 and Res2-1D8 were deter-
mined by IgG ELISAs using the truncated EBO-R rNPs (Fig.
2). Res2-6C8 and Res2-1D8 recognized the amino acid resi-
dues between aa 631 and 739. and the minimum epitopes were
further determined. Res2-6C8 reacted to the truncated
EBO-R rNPs corresponding to aa 636 to 739 and 631 to 639,
but not to aa 637 to 739 and 631 to 638. On the other hand,
Res2-1D8 reacted Lo the truncated EBO-R NP corresponding
o aa 636 Lo 739 and 631 to 643, hut not to aa 637 to 739 and
631 1o 642. These results showed that the epitopes recognized
by Res2-6C8 and Res2-1D8 were aa 636 to 639 (4 aa residues,
63sDPDLeag) and aa 636 to 643 (8 aa residues. 4,,DPDIGQ
SK4s) of EBO-R NP, respectively. The amino acid sequences
of the epitopes were aligned to that of EBO-R Pennsylvania

isolate in 1989 1o 1990, EBO-Z, and EBO-S. The 8 aa residues
were identical to those of the EBO-R Pennsylvania isolate in
1989 to 1990 (Table 2). The amine acid sequences of EBO-Z
and EBO-S NPs corresponding to the amino acids of EBO-R,
62 DPDIGQSK o5, were NQDSDNTQ and EALPINSK, re-
spectively (Table 2).

Development of the antigen capture ELISAs using these
novel MAbs, The sensitivity of the antigen capture ELISAs
prepared with these two MAbs was tested. As shown in Fig.
3A, Res2-6C8 and Res2-1D8 detected His-EBO-R-NP up to
dilutions of 1:128,000 and 1:64,000 in the antigen capture
ELISA, respectively, The ELISA prepared with 3-3D detected
His-EBO-R-NP up to the diluticn of 1:32.000. As expected,
Res2-6C8 and Res2-1D8 did not detect His-EBO-Z-NP in the
antigen capture ELISA. (Fig. 3B).

Detection of EBO-R NP in the specimens from EBO-R-
infected monkeys. Serum, liver. and spleen specimens from
EBO-R-infected macaques were examined for the presence of
EBQ-R NP by antigen capture ELISAs using Res2-6C8, Res2-
1D8, and 3-3D. Res2-6C8 and Res2-1D8 detected the EBO-R
NP antigens in the sera, livers, and spleens (Table 3). Res2-6C8
detected the NP in all of the samples, while Res2-1D8 and
3-3D detected the NP in six of seven and five of seven sampics,
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7 Reaction (mean OD value + SD)
Truncated EBO-R NPs Res2-6C8 Res2-1D8
]
638 739 - (0x0) - (00
|
637 739 - 0z0) - (0x0)
I
636 ; ‘ 739 + (126 £0.11) + (1224009
]
635 ] 739 + (299 £004) + (1.86£0.16)
1 _ 739 + (259 £0.14) + (1.7820.12)
_; : 643 + (195005 + (1.51+004)
T——— 642 + (1.10£0.03) - (01520)
M— e + (116:004) - (01620)
e + (1.102002) - (0130
ﬂ 639 + (0.95£002) - (007x0)
_§ i 638 (0.03 £0) - ©=0)
i
636 E_ 639
IDPDI
636 b 643
DPDIGQSK

FIG. 2. Reactivities of Res2-6C8 and Res2-1D8 to the truncated EBO-R rNPs in IgG ELISA. Res2-6C8 recognizes the aminy acid residues
between aa 636 and 639 (sequence, DPDI). Res2-1D8 recognizes the amino acid residues between aa 636 and 643 (sequence, DPDIGOSK). The

mean OD value = SD in the [gG ELISA is shown.

respectively. The endpoint titers were higher in the ELISAs
using Res2-6C8 and Res2-1DD8 than in the ELISA using 3-3D.

DISCUSSION

We previously established an antigen capture ELISA using
the MAb 3-3D, which reacted to the NPs of EBO-Z. EBO-5,
and EBO-R (29). The minimum epitope recognized by MAb
3-3D was mapped on 26 aa residues between aa 648 and 673 at
the C-terminal region of the EBO-Z NP (29), and the amino
acid residues between aa 631 and 739 and aa 633 and 738 were
required for the cross-reaction to EBO-R NP and EBO-S NP,
respectively (29). In the present study, we developed two novel
MADbs to EBO-R NP, Res2-6C8 and Res2-1D8, which detected
EBO-R NP with high sensitivity and specificity in the antigen
capture ELISA format. The minimum epitopes recognized by
Res2-6C8 and Res2-ID8 were found to be 3sDPDgs0 and
a3 DPDIGQSK 5. respectively (Fig. 2). The amino acid se-

TABLE 2. Comparison of the ¢pitopes of Res2-6C8 and Res2-1D8

Amino acids corresponding to epitope oft

Ehola virus species®

Res2-6C8 Res2-1D8
EBO-R, 199 s3sDP Do 63sDPDIGOSK g5
EBO-R, 1989/1990 36DPDl o 63s DPDIGQSK g4
EBO-Z, 1976 £3sNQDS,30 e NQDSDNT Qs
EBQ-S, 1976 sasEALP g0 036 EALPINSK 44

2 GenBank accession no.: EBO-R, 1996, AB030936;, EBO-R, 1989/1990,
AF522874; EBO-Z, 1976, AF086833; and EBO-5, 1976. AF173836.

OD 4, '

:r4

9

(13
¥T0l
80T

40
35
30 |
25 .
OD 20 -

Antigen dilution  {10%)

FIG. 3. Reactivity of MAbs Res2-6C8 ([0), Res2-1D8 (&), and
3-3D {#) to the tiNPs of EBO-R and EBO-Z in the antigen caplure
ELISA. His-EBO-R-NP (A) and His-EBO-Z-NP (B) were used as
antigens. The mean * SD of four assays is shown.
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TABLE 3. Detection of EBO-R NP from clinical specimens

Monkey  Titer by antigen capture ELISA” Result by:
Sample 4
no- Res2-6C8  Res2-1D§ 33D RT-PCR®  1HCY
Serum 2612 160 40 20 + +
2866 320 320 160 + ND
Liver 2877 40 <i0 10 ND* ND
2882 160 40 40 + +
Spleen 2877 320 160 80 ND ND
2882 S0 20 <10 ND +
2885 160 40 <14 + ND

“ Antigen titer in the specimens. The antigen titer in the ELISA was deter-
mined as the reciprecal of the highest dilution shaowing a positive reaction, The
titer was determined by a single test. The cutoft OD value was (.2

” Ebola virus species cross-reactive MAb (29).

¢ RT-PCR with primers RES-NI2Z and RES-Nr2.

4 IHC, immunohistachemistry for the detection of Ebola virus NP (14).

¢ ND, not dene.,

quence of EBO-R NP, ,.DPDIGQSK,,. was different from
those of EBO-Z and EBO-5 NP (Table 2). This is consistent
with the result in which the two MAbs did not react to the NP
of EBO-Z and EBO-S in the IFA (Fig. 1D, E, G, and H). The
amino acid sequences of the epitopes recognized by the two
MADbs were identical to those of EBO-R Pennsylvania isolate
in 1989 to 1990 (Tabie 2) (11, 13). Considering the genetic
stability among EBG-R isolates (11, 13), it is expecied that
antigen capture ELISA systems using Res2-6C8 and Res2-1D8
detect either EBO-R strain.

We determined the cutoff value in the anligen capture
ELISA based on the mean OD value + 3 SDs of 79 sera and
5 liver specimens from EBO-R-uninfected cynomolgus ma-
caques. Since the mean OD value + 3 SDs was lower than 0.2
in any specimen, the cutoff value was determined to be 0.2 in
the present study. The sensitivity of the antigen capture ELISA
using either Res2-6C8 or Res2-1D8 for His-EBO-R-NP was
similar to that using 3-3D (Fig. 3A). On the other hand, His-
EBO-Z-NP was not detected in the antigen capture ELISAs
using Res2-6C8 and Res2-1D8 (Fig. 3B), as expected from the
resulis in the IFA and the epitope sequences. demonstrating
that the antigen capture ELISAs using Res2-6C8 and Res2-
1D8 were specific to EBO-R.

Authentic EBO-R NP in the serum, liver, and spleen spec-
imens from the macaques naturally infected with EBO-R was
detected by the antigen capture ELISAs using the Res2-6C8,
Res2-1D8. and 3-3D MAbs (Table 3). The sensitivity of the
ELISA in detecting the authentic EBO-R NP was higher with
Res2-6C8 and Res2-1D8 than with 3-3D. Since the clinical
specimens used in this study were stored for 6 years, it is
possible that the EBO-R NP was somewhat degraded and was
detected with higher sensitivity by Res2-6C8, which recognizes
4 aa of the NP, than by 3-3D, which recognizes 109 aa. The
results, nevertheless, indicated that both Res2-6C8 and Res2-
1D8 were highly sensitive in detecting EBO-R NP in clinical
specimens.

An outbreak of EBO-CI cecurred among a troop of chim-
panzees in the Tal National Park, Ivory Coast, in 1994 (20). It
was also reported that Ebola hemorrhagic fever paticnts had
been infected with Ebola virus while butchering dead chim-

CLiN. DiagN. Lag. IMMUNOL.

panzees in the first outbreak in Gabon during 1996 (1, §, 9).
Fatal infection with EBO-Z, EBO-S, EBO-CI, and EBO-R was
also demonstrated in cynomolgus macaques (7). EBO-R
caused outbreaks among cynomolgus macaques in the Philip-
pines (2-4, 12, 16, 25, 30, 38) and is most likely to cause
epizootics among Asian macaques. Since EBO-R has never
caused symptomatic infeclion in humans (3, 4, 25, 38), rapid
differentiation of the species of Ebola virus is crucial, especially
when samples from nonhuman primates are tested. Although
RT-PCR has higher sensitivity to Ebola virus than the antigen
capture ELISA, the sequencing of the PCR products is essen-
tial for confirming Ebola virus infection (21-23, 30, 34, 35).
The viral load in the blood and other organs has been shown to
reach extremely high levels in Ebola virus-infected animals (5,
7, 17, 31). Thus, the newly developed antigen capture ELISAs
using Res2-6C8 and Res2-1D8 might be a promising tool for
the diagnosis of EBO-R infection, especially in monkey quar-
antine and field studies. :
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Small ubiquitin-iike modifier-i (SUMO-1) conjugating enzyme 9 {Ubc9) conjugates SUMO-1 to target proteins and
modulates cellular processes such as signal transduction, transcription regulation, and cell growth regulation, We demon-
strated here that the nucleocapsid protein (NP) of Hantaan virus {HTNV) was associated with Ubc9 and SUMO-1 in vivo.
Analysis of the interaction between the truncated NPs and UbcS revealed that the amino acid residues at the positions
between 101 and 238 in the NP were responsible for the interaction, Furthermore, a consensus binding motif of Ubc® and
SUMO-1, MKAE, within this region, especially the second amino acid of the matif, K residue, was crucial for the interaction,
and the interaction was essential for the NP to be localized in the perinuclear region. These results indicate that the assembly
of the HTNV-NP is regulated by the interaction between the NP and Ubc9. This is the first report to demonstrate the

interaction of Ubc9 with a structural protein of negative-strand RNA viruses.
Key Words: HTNV; NP; Ubcg; SUMO-1; localization of the NP

INTRODUCTION

Hantaviruses are associated with two severe diseases
in humans; hemorrhagic fever with renal syndrome
(HFRS8) and hantavirus pulmonary syndrome {HPS) (7 8,
21). Hantaan virus {HTNV} belongs to the genus Hanta-
virus, the family Bunyaviridae {29), and is an enveloped
virus with a diameter of 120 nm possessing tripartite-
segmented, single-stranded, negative sense RNA ge-
nomes {40). The small {S)-RNA encodes a viral nucleo-
capsid protein (NP) (47), The middle {M}-RNA encodes
two glycoproteins (G1 and G2) {42), and the large (L}FRNA
encodes an RNA-dependent RNA polymerase {39).

The NP of hantavirus, a protein with a molecular
weight of approximately 50 kDa, makes a viral ribo-
nucleacapsid {RNP) complex and directs viral RNA syn-
thesis. The NP localizes at the perinuclear region in
infected or NP-expressing cells (37). The NP of hantavi-
rus has been shown to form a multimer both in vive and
in vitro (2) and its carboxyl (C)-terminal half and amino
{N}terminal 40-amino acid (aa) residues are responsible
for the oligomerization of the NP (Fig. 1) {2). The N-
terminal 40-aa residues, in particular, may form trimeric
coiled-cails and contribute to NP trimerization. The NP-
trimers are thought to be intermediates in the assembly
of the RNP of hantavirus. After the fermation of the
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NP-trimers and viral genomic RNA complexes, the NP-
trimers gradually assemble into long multimers together
with the RNAs. |n addition, the viral RNAs bind directly to
the NP in vivo and in vitro (12, 17, 30, 35, 44, 45). Even
though a great deal of experimental data containing viral
replication and assembly has been recently reported, it
is still unclear how the virus assembles itself from the
various constituent viral structural proteins and viral
genomic RNAs, and what kinds of host proteins are
involved in the viral assembly or replication.

To address the host factors involved in the assembly of
the RNP and replication of HTNV, it is crucial to define
the cellular proteins interacting with the NP. In this study,
we focused on small ubiquitin-like modifier-1 (SUMO-1)
conjugating enzyme 9 (Ubc9) (27}, which strongly inter-
acts with the NP in a yeast two-hybrid system. We
showed that Ubc8 interacted with the HTNV-NP and
identified the region within the HTNV-NP responsible for
binding to Ubc9. Furthermore, our present data indicated
that the interaction of the NP with Ubc8 determined the
localization of the NP at the perinuciear region where
viral replication and assembly should occur.

RESULTS

Interaction between the NP and the Ubc9
in yeast cells

In many viruses, the NPs play crucial roles in viral RNP
assembly and replication (19, 20, 22). It might also be
possible that some cellular proteins are invelved in these
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FIG. 1. A schematic representation of the functional demains in the NP of hantaviruses. According to published reports, the functional domains
(shown as black bars) in the NP are as followes: 1) the NP trimerization signal {Alfadhli, et al, 2001) (2), 2) the perinuclear targeting signal (Ravkov,
et al, 2001) {31), 3} the nonspecific RNA binding region (Gott, et af, 1993) {12}, 4) the specific RNA binding region {Xu, et a, 2002) (50), 6] the actin
microfilament binding region (Ravkov, et al, 1998) (32), 6} the Daxx binding site (Li et a/, 2002) {23}, and 7) the Ubc9/SUMO-1 binding region (in this

study).

events. 3uch cellular proteins should function through
the interaction with the NP. We have employed a yeast
two-hybrid system to define the cellular proteins that
interact with the NP of HTNV, using the cDNA library
derived from Hela cells as a target. From 1 X 10°
independent ¢cDNA clones, we obtained 11 cDNA clones
that strongly interacted with the HTNV-NP in yeast cells.
The nucleotide sequences of 2 of these 11 ¢lones were
identical to that of Ubc9 (49) {data not shown). We mea-
sured B-Gal activity in the yeast cells cotransformed with
the bait-NF protein expression vector, pAS2—1-HTN-NP,
and the prey-Ubc8 protein expression vector, pACT2-
Ubc9. B-Galactosidase (8-Gal) activity in the yeast cells
transformed with both vectors was around 3400 times
higher than those in the yeast cells transformed with
pAS2-1-HTN-NP and pACT2 or pAS2-1 and pACT?2-
Ubc9, and around 30 times higher than that in pAS2-1
and pACT2. This result indicates that the HTNV-NP in-
teracted with Ubc9 in the yeast cells.

Interaction between the NP and Ubc9
in mammalian cells

We also examined the interaction between the NP of
HTNV and the Ubc8 in mammalian cells. We transfected
293T cells with vectors for a mammalian two-hybrid sys-
tem, pBIND-HTNV-NP and pACT-Ubc9, and with pG&/uc.

The luciferase activity in 293T cells transfected with
pBIND-HTN-NP and pACT-Ubc8 was higher than that in
the 2937 cells transfected with pBIND-HTN-NP and
PACT, pEIND and pACT-Ubc9, or pBIND and pACT (Fig.
2A). Similar results were obtained in the experiment
using Vero E6 cells {data not shown). The results strongly
suggest that the HTNV-NP actually interacted with Ubc9
in mammalian cells.

To examine the subcellylar localization of the NP and
Ubc9 in mammalian cells, enhanced green fluorescent
protein (EGFP)-tagged Ubc8 was transiently expressed
in HTNV-infected Vero E6 cells by transfection with
PEGFP-Ct-Ubc8. As shown in Fig. 2B, EGFP-tagged
Ubc8 was mainly localized in the perinuclear region and
was colocalized with the NP of HTNV, The EGFP-tagged
Ubc8 and the NP were also colocalized in the cytoplasm
when these two proteing were both transiently ex-
pressed using the expression vectors {data not shown).

Mapping of the Ubc9-binding region within the
NP of HTNV

To determine the Ubc9-binding region within the NP,
we first introduced a series of delstions into the NP gene
of the yeast vector, pAS2-1-HTN-NP (Fig. 3), and co-
transformed Y190 yeast cells with the pAS2-1-HTN-NP
containing the deletions in the HTN-NP and pACT2-
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FIG. 2. Interaction between the NP of HTNV and Ubc9 in the mammalian cells. {A) Mammalian two-hybrid assay for examining the interaction
between the NP and Ubcd in 293T celis. Mammalian two-hybrid vectors, pBIND vector and pACT vector, were cotransfected with pG5 /ue into 293T
celis (a). pBIND and pACT-Ubc9 (b), pBIND-HTN-NP and pACT (c), and pBIND-HTN-NF and pACT Ubcd {d) were also cotransfected with pG5 Juc.
Luciferase activities were measured at 48 h.n.t. as described in the text. The bait domain {BD), the NP, the prey domain {AD) and Ubc9 are illustrated.
The relative luciferase activities, the ratic of Firefry luciferase to Reniffa luciferase, are shown as luciferase activities in the 293T cells transfected with
each set of illustrated vectors {(a, b, ¢, and d) divided by that in the 293T cells transfected with pBIND, pACT and pG5 /uc {a). (B) Colocalization of the
NP of HTNV and Ubcg in 293T cells. The pEGFP-Ubc9 was transfected into HTNV-infected Vero EB cells. At 48 h.p.t., cells were fixed and stained with
anti-HTN-NP MAb {561). The arrow shows the colocalization signal of EGFP-Ubc8 and HTNV-NF.

Ubc8. The 3-Gal activity of each transformant was mea-
sured to estimate the binding hetween the NP and Ubc8
(Fig. 3). The yeast cells cotransformed with pACT2-Ubc
and pAS2-1-HTN-NPA1-33, -A1-100, -A401-429, -A334-
429, or -A239-429 expressed B-Gal at levels comparable
to that expressed in the cells cotransformed with the
pPAS2-1-HTN-NP {wild-type (wi}-NP) and pACT2-UbcS
{Fig. 3). On the other hand, the yeast cells co-trans-
formed with pACT2-Ubc9 and pAS2-1-HTNV-NPA1-
133, -A1-166, -A1-199, or -A169-429 expressed signifi-
cantly lower levels of B-Gal (Fig. 3). Therefore, the aa resi-
dues at the aa positions betwaen 101 and 238 of the NP are
thought to be necessary for the interaction with UbcS.

Interaction between the NP of HTNV and SUMO-1 in
yeast cells .

UbcS is an enzyme that covalently conjugates SUMO-1
at the K residue of the target proteins within the consen-
sus binding motif “(¥)-lysine (K)-X-glutamic acid (E)" (38).
Therefore, we examined the binding of SUMO-1 with the
NP. Recently, Sampson ef al, {38) reported that the bind-
ing consensus sequence motif for Ubcd and SUMO-1

was ‘(WIKXE," where ¥ was any highly hydrophobic aa,
and X was any aa, respectively. We searched this con-
sensus sequence motif within the NP and found such a
motif “methionine {m)-K-alanine {A)-E" at the aa positions
between 188 and 191. Other strains of hantaviruses (4, 9,
46, 48) also have one or twa binding motifs for Ubc9 and
SUMO-1 within the NP (Fig. 3B). This may indicate that
the binding of the NP with the Ubc9 and SUMO-1 is a
common feature for hantaviruses. We expected the
SUMO-1 modification {sumoylation) of the NP of HTNV,
because the NP interacts with Ubcg at the aa positions
between 101 and 238, which contains the consensus
binding sequence. We constructed the prey vector,
pACT2-SUMO-1, as a counterpart of pAS2-1-HTN-NP in
the yeast two-hybrids interaction assay to examine the
binding between SUMO-1 and the NP. Y190 yeast cells
were cotransformed with beth vectors and 8-Gal activity
in the cotransformed cells was measured. As expected,
the NP interacted with SUMO-1 in the yeast cells (Fig. 4).
However, B-Gal activity in the yeast ¢ells cotransformed
with both vectors was lower than that in the cells co-
transformed with pAS2-1-HTN-NP and pACT2-Ubc9.
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FIG. 3. Mapping of the Ubc9 binding sites in the NP of HTNV. (A} A series of deletion mutants of the NP was expressed in yeast cells to determine
the Ubc9 binding sites in the NP. The wi-NP consisting of 429-aa is shown at the top. The NPs containing N-terminal deletions; NPA1-33, NPA1-100,
NPA1-133, NPA1-168 and NPA1-199, and the NPs containing C-terminal deletions; NPA401-429, NPA334-429, NPA239-429, NPA169-429 are
shown in the figure. a) Color reactions were performed by yeast filter assays. When Ubc@ interacts with the mutant NPs, the color of the yeast colonies
changes from white to blue as described in the text. b) B-Gal activities were measured by $-Gal assay. The relative 3-Gal activities are shown as
the B-Gal activity in the yeast expressing the mutant NPs and Ubc8 divided by that in the yeast expressing wt-NP and Ubc9. aa 101-238 of the NP
{shown by a thick black bar at bottom) was important for the binding with Ubcg. This region contains the MKAE segquence (aa 188-191) that is one
of the common congensus binding motifs ((YIKXE) for SUMO-1 and its conjugating enzyme, Ubc9 (see text). (B} The consensus binding matif in the
NP of hantaviruses for Ube and SUMO-1. The consensus sequences in the NP of HTNV (Schumaljohn, C.8., et a/, 1986) (41), Topografov virus {TOPVY)
{Vapalahti, O., et &/, 1999) {48), Puumala virus {(PUUV) (Escutenaire, 8., et a/, 2001) (2}, Prospect Hill (PHV} {Huang, C., et 2/, 1996} (15), and Sin Nombre
virus (SNV) (Spircpoulou, C.F, et af, 1994) {47) for the interactions with Ubc8 or SUMO-1 are shown in the table. The aa paositions of the sequences
are shown at the right.

Identification of the interaction site of the NP with cotransformed with pAS2-1-HTN-NP and pACT2-Ubc9
Ubc9 or SUMO-1 (Table 2). This result indicates that Ubc9 binds to the NP
To define the interaction site of the NP with Ubc9 or at the consensus binding motif "MKAE" at aa 188-191.

SUMO-1, we introduced substitutions at aa 189 (referred The substitution of K to R in the motif of the NP (NP-
to as NP-K189arginine (R} and NP-K189A), at aa 191 K189R) did not abolish the interaction with Ubc9 in vivo.

(NP-E191A and NP-E191aspartic acid (D)), and at both aa NP-K189R also interacted with SUMO-1 in the yeast sys-
189 and 191 (NP-K189A/E191A). We also deleted the tem (Table 1), even though the interaction between these

entire consensus motif (referred to as NPA188-191) (Ta- two proteins was weaker than that between the wi-NP
ble 1). As expected, B-Gal activity in the yeast cells and SUMO-1. There was a weak interaction between
cotransformed  with  pAS2-1-HTN-NPA188-191 and NP-K189A and Ubc8 {Table 1). The substitution of E to D
pACT2-Ubce9 was much lower than that in the yeast cells at aa 191 in the NP had no effect cn the interaction with
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FIG. 4. Interaction between the NP of HTNV and SUMO-1 in yeast
cells. Y190 yeast cells were cotransformed with pAS2-1 {control bait
vector) and pAGT2 {control prey vector) {a), pAS2-1 and pACT2-SUMO-1
{b). pAS2-1-HTN-NP and pACTZ (c), or pAS2-1-HTN-NP and pACT2-
SUMO-1 (d). Interactions were measured by B-Gal assay. The bhait
domain {DB), the NP, the prey domain (AD), and the SUMO-1 are
illustrated. The relative B-Gal activities are shown as the #-Gal activity
in the yeast cells cotransformed with each of the illustrated vectors
divided by that in the yeast cotransformed with pAS2-1 and pACT2 (a).

Ubc8 and SUMO-1 (Table 1). In the case of substitutions
of Kto A at aa 189 and E to A at aa 191, the interaction
between the mutated NPs and Ubc9 were significantly
lower than that between the wi-NP and UbcS {Table 1).
These results indicate that the region from aa 188-131 in
the NP of HTNV is responsible for the interaction with
Ubc9 and that K residue at aa189 of the NP is crucial for
the interaction.

We next examined the subcellular localization of mu-
tant NPs in mammalian cells. Red fluorescent protein
(RFP)-tagged wit-NF, NP-K189A, NP-E191A, NP-K188A/
E191A, NP-K189R, NP-E191D and NPA188-191 were tran-
siently expressed in 293T cells (Fig. 5} or Vero E§ cells
{data not shown) by transfection with pDsRed2-HTN-NP,
pDsRed2-HTN-NP-K189A, pDsRed2-HTN-NP-E191A, pD-
sRed2-HTN-NP-K189A/E191A, pDsRed2-HTN-NP-K189R,
pDsRed2-HTN-NP-E191D, and pDsRed2-HTN-NPA188-
191. We found that wt-NP, NP-K188A, NP-E191A, NP-
K189A/E191A, NP-K189R, and NP-E191D localized at the
perinuclear region, while NPA188-191 dispersed into the
cyioplasm (Fig. 5, g-2). The mutant-NPs were similarly
stable in the transfected cells as estimated by Western
blot analysis (data not shown). These results indicate
that the difference in subcellular localization of NPA188—
191 is not dus to differences in the stability of the protein,
but rather due to the absence of the interaction with
SUMO-1.

DISCUSSION

During viral infection, many viral proteins are post-
translationally modified by viral or cellular enzymes,
through processes such as acetylation {43), methylation
{34), phosphorylation {3, 18, 33), glycosylation {71, 24, 36),
ubiquitination (5, 70, 713) and sumoylation (7, 74, 28).

These modifications may lead to protein-folding or un-
folding, viral assembly or disassembly, transportation of
the proteins in the infected cells, protein degradation,
and protein deaggregation.

Ubc9 covalently conjugates SUMO-1 to the substrates
at their internal K residues {sumoylation} (27). Sumoyla-
tion of the proteins alters the subcellular localization (27,

Phase-constrast + -

RFP-signal + +

wt

K189A |

E191A |

K189/ [
E191A §
K189R

E191D |

A188-191

FIG. 5. Subcellular localization of the-mutant NPs in living cells.
wt-NP (a-1 and a-2), NP-K189A (K189A) (b-1 and b-2), NF-E131A {c-1 and
c-2), NP-K189A/E191A (K189A/E181A) (d-1 and d-2) NP-K189R {K189R)
{e-1 and e-2), NP-E181D (E191D) (-1 and f-2), and NPA188-191 (A188—
191) {g-1 and g-2) were expressed as RFP-conjugating forms in 293T
cells. pDsRed2-HTN-NP, pDsRed2-HTN-NP-K189A, pDsRed2-HTN-NP-
K189A/E191A, pDsRed2-HTN-NP-K189R, pDsRed2-HTN-NP-E191D, and
pDsRedZ-HTN-NPA188-191 were transfected into 283T cells. At
48 h.p.t., the expressed NPs were observed under a immunofluores-
cence microscopy at with (left panels) (a-1, b-1, ¢4, d-1, e-1,f-1 and g-1)
or without (right panels) {a-2, b-2, ¢-2, d-2, -2, -2, and g-2) phase-
difference condensation, 1o see the subcellular localization of the NPs
and the red-fluorescence signals (RFP-signals), respectively.
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TABLE 1

The Interaction of the NPs with Ubc9 and SUMO-1
in the Yeast Cells

HTNV NPs Binding with”

NPs Sequences® Ubco SUMO-1
Conirol® - : _e C e
wt-NP e AQSSMKAEETT--- +++ +++
NP-K189A - AQSSMAAEETT -~ + +
NP-E191A e AQSSMKAAETT - +++ ++
NP-KIBSA/E191IA - AQSSMAAAEIT .- + ++
NP-K188R e AQSSMRAEEIT ---- +++ ++
NP-E191D e AQSSMKADEIT *+  ++4+ ++4+
NP-A189-191 - AQSS EIT - - -

* The amino acid sequence corresponding to 184—194 of the wt-NP of
HTNV was shown,

* B-Gal activities of cotransformed yeast cells with pAS2-1 NPs and
pACTZ Ubc9 or pACT2 SUMO-1 were measured by B-Gal assays as
described in the text.

°The empty vector, pAS2-1, was used as a negative control,

? The interactions were scored according to the rate of the negative
control (Control) as follows: >30, ++ +: =20, ++; =10, +; =1; &; <1;

* The interactions were scored according to the rate of the negative
control {Control} as follows: 12, 44 4,8, ++, >4, +; >1; . <1; —.

28} and the stability of the protein in cells (6), as well as
DNA replication and repair {25, 26).

The present results indicate that the aa 101-238 re-
gion in the NP of HTNV is necessary and sufficient for
Ubc8-binding. Li et al {23) have recently reported the
interaction between the NP of Puumala virus {PUUV) and
SUMO-1; however, they did not define the region respon-
sible for the interaction nor discuss the significance of
the sumoylation of the NP in the PUUV-infected cells.
Other hantaviruses alse have a consensus Ubc9 and
SUMO-1 binding motif in the NP (Fig. 3, B), 50 the inter-
action of the NP with Ubc? and SUMO-1 may be a
common feature in hantaviruses.

To define the actual interaction region of the NP with
Ubc9 and SUMO-1, the binding consensus motif, MKAE,
at aa 188191 in the NP of HTNV was deleted (NPA188~
191). As expected, the interaction between the NP and
Ubc8 or SUMO-1 was completely abolished (Table 1)
Therefore, these 4 amino acids at aa 188—-191 appear to
be crucial for the interaction between the NP and Ubcg
or SUMQ-1. We then constructed several substitution
mutants of the NP, A substitution of K to R at aa 189 in the
HNTV-NP did not affect the interaction of NP with the
Ubc9 but reduced that with SUMO-1. A substitution of K
10 A at aa 189, however, strongly affected the interaction
of the NP with both Ubc9® and SUMO-1. These results
suggest that the second amino acid in the metif is basic
for binding with Ubc9. Since sumoylation is occurs at the
K residue in general, SUMO-1 may indirectly bind the
mutant NPs such as NP-K189R and -K188A by binding

with the Ubc9 homolog of the yeast cells. Sampson et af,
(38) reported that the substitution of K to A residue within
the binding motif of the RanGAP1 abolished the interac-
tion with both Ubc9 and SUMO-1, while the substitution
of K to R abolished the interaction with SUMO-1 but not
with Ubc9 in an in witro binding assay system. The
discrepancy between their observations and ours may
be due to differences in and the sensitivity of the assay
system employed or differences in the target proteins
analyzed. They also showed that the E residue in the
motif of the RanGAP1 is also important. In the present
study, the substitution of E to A and E to D at aa 191 of the
NP (NP-E191A and NP-E191D, respectively) did not affect
the interaction with either Ubc® or SUMO-1, indicating
that the fourth amino acid in the motif is not crucial for
the interaction. However, we could not rule out the pos-
sibility that E residue at aa 192, the next amino acid
residue of the motif, compensated the function of E
residue at aa 191 in these mutant NPs.

In the present study, the interaction of the HTNV-NP
with Ubc8 or SUMO-1 was not associated with the pro-
teolysis of the NP since the steady-state leveis of the
mutant NPs in mammalian celis estimated by Western
blot analysis were nearly the same as that of the wt-NP.
Rather, the differences in the localization patterns among
the mutant NPs in the cytoplasm were correlated with
the degree of interaction of the NP with Ubc9 or SUMO-1.
Thus, the interaction of the NP with Ubc9 or SUMO-1 is
likely to be necessary for the proper subcellular local-
ization of the NP. In the case of Black Creek Canal virus
(BCCV) (Fig. 1) (37), the C-terminal 141-aa residues of the
NP have been shown 10 target the green fluorescent
protein to the perinuclear region in the cells. The inter-
action of the NP with Ubc9 or SUMO-1 might alter the
conformation of the NP resulting in exposure of the
C-terminal perinuclear targeting sequence.

The C-terminal 93-aa residues of the NP of HTNV and
PUUV are reported to be imporant for the nonspecific
RNA binding of the NP (Fig. 1) (72). Severson et al (44)
reported that the HTNV-NP preferentially binds to full-
length S-RNA. More recently, Xu et al (60} showed that
the aa 197-218 region of the HTNV-NP contains the
major RNA binding determinants and that the aa 175-196
region contributes to the specificity of viral RNA recog-
nition {Fig. 1). Interestingly, this region ovenaps with the
binding site of Ubcd and SUMO-1. It would be of interest
1o elucidate if the interaction of the NP with Ubc9 or
SUMO-1 affects the specificity of viral RNA recognition
by the NP.

Using a yeast two-hybrid screening system, Li et a/.
(23) found that the PUUV-NP interacts with the Fas-
mediated apoptosis enhancer, Daxx, at the C-terminal
57-aa residues in the NF (Fig. 1). They hypothesized that
the interaction of the PUUV-NP with Daxx regulated the
localization of the NP and was involved in the apoptotic
process of the infected cells (23). Interestingly, Daxx in-
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TABLE 2

Oligonucleotides Used in This Study

Restriction
No. Primer name Sequence Binding site {protein) Polarity enzymes
#1 HTN NP1Acol GGCCATGGCAACTATGGAGGAATTAC 1-22 (NP} +  Neo
#2 HTN-NP12808g/llr GAGATCTTAGAGTTTCAAAGGCTCTTGEG 12685-1290 (NP} - Balll
#3 UBC-r477 GCGGATCCTTATGAGGGCGCAAACTTCTTG 456-477 {Ubc9) - BamH|
#4  SUMO-1Br CGGATCCTAAACTGTIGAATGACCCCCCG 274-306 {SUMO-1) + BamHI
#5  UBC-f1 GGGATCCGAATGTCGGGGATCGCCCTCAGC 1-21 {Ubc9) + BamH!
#6 SUMO-1Bf GGGATCCACATGTCTGACCAGGAGGCAAAA i-21 {SUMO-1) + BamH|
#7 N-100 GCCATGGATCCAGATGAGTTGAACAAG 103-123 (NP} +  Ncol
#8 N-300 GGCCATGGTGCTGGATTTAAACCATITGG 301-322 (NP) + Ncol
#3  N-400 GCCATGGCTCTGTATATGTTGACAACAAGG 409-432 (NP) + Ncol
#10 N-500 GGCCATGGATGTTAACGGTATCCGGAAAC 499-529 (NF) +  Ncal
#11 N-600 GGCCATGGCAGTCTGTGGGCTCTACCCTGC 601-623 (NP} + Neal
#12 C-100 GGAGATCTATCCCCTAAGTGGAAGTTGTC 1180-1200 (NP) - Bgitl
#13 C-400 GGAGATCTAATATCTTCAATCATGCTACAG 876-897 (NP} - Bgill
#14 C-600 GGAGATCTACTCCAGTCCTTTGCTAATGC 879-699 (NP} - Bgil
#15 HTN NP425f AACAAGGGGGAGGCAAACTACC 426-447 (NP) +
#16 dB8s-91r CTATATCTACCAGGTGTAATCTC GCTTGACTGTGCATTTGGCAAG  540-561,574-596 {NF) -
#17 ¢88-91f CTTGCCAAATGCACAGTCAAGC GAGATTACACCTGGTAGATATAG  540-561,574-596 {NP) +
#18 HTN NP747r GTATCTGGAAGAAGCTTGCAAG 728-749 (NP) -
#19 X189Rr GTAATCTCTTCTGCCICITCATGCTTGACTG 543571 {NP) -
#20 K189R( CAGTCAAGCATGA [GLIGCAGAAGAGATTAC §543-671 (NP) +
#21 K183Ar GTAATCTCTTCTGCCGCCATGCTTGACTG 543-571 (NP} -
#22 K189Af CAGTCAAGCATEGUGGCAGAAGAGATTAG 543-571 {NP} +
#23 E1910r GTAATCTCIEITCTGCCTTCATGCTTGACTG 543-571 {NP} -
#24 E191Df CAGTCAAGCATGAAGGCAGACIGAGATTAC 543-571 (NP} +
#25 E191Ar GTAATCTCTIGCTGCCTTCATGCTTGACTG 543-571 (NP) -
#26 C193Af CAGTCAAGCATGAAGGCAG [CIAGAGATTAC 543-571 (NP} +
#27 K189A/E191Ar GTAATCTCTGICTGCIGCCATGCTTGACTG §43-571 (NP} -
#28 K189A/E191Af CAGTCAAGTAIGGCAG [CIAGCAGAGATTAC 543-571 {NP) +
#29 HTN-NP1-Xbal CCTCTAGAATGGCAACTATGGAGGAATTAC 1-22 (NP) + Xbal
#30 HTN-NP1290-Kpnl CCGGTACCTTAGAGTTTCAAAGGCTCTTG 12661290 (NP) - Kpnl
#31 UBCOf1-BamHI| CCGGATCCATGTCGGGGATCGCCCTCAGE 1-21 {Ubc9) +  BamHI

*: The sequence, TTCTGCCTTCAT, was deleted from the anti-sense sequence of the NP at 540 to 596-nt.
¥, The sequence, ATGAAGGCAGAA, was deleted from the sense sequence of the NP at 540 to 596-nt.

£3: Mutations were introduced in the boxed sequences.

teracts with Ubc9 and is covalently conjugated with
SUMO-1 in 293T cells (16, 37). Thus, it might be possible
that the complex of NP-Ubc3-SUMO-1-Daxx regulates
the subcellular localization of the HTNV-NP. Another re-
port indicated that the actin microfitament plays an im-
portant role in viral assembily in the BCCV-infected cells
(Fig. 1)(32). It is necessary to clarify how these cellular
factors are involved in the assembly of the NP and
whether these factors affect independently or coopera-
tively in the assembly process. ’

MATERIALS AND METHODS
Virus and cells

The 76—118 strain of HTNV {47} was used in the study.
Virus propagation and titration in Vero E6 cells were
carried out as described previously (41). Vero E6 and
293T cells were grown in Doulbeco's modified minimum
essentiat medium (DMEM, GIBCO BRL) containing 5%
fetal calf serum (FCS) and 60 mg/ml of kanamycin.

Primers

The primers used for a polymerase chain reaction
(PCR) are listed in Table 2.

Yeast two-hybrid screening and interaction assay

The yeast two-hybrid bait plasmid, pAS2-1 (CLON-
TECH, Lab., Inc.), containing a ¢cDNA of the open reading
frame (ORF) of the NP (referred to as pAS2-1-HTN-NP)
was constructed as foliows. PCR was performed with
pGEM1-HTN-S (41) as a template and primers #1 and #2
using & High-fidelity PCR Kit (Roche). The PCR product
was cloned into the pGEMTeasy vector (Promega, re-
ferred to as pGEM-HTN-NP) and the sequence of the
insert was confirmed to be identical to the original se-
quence. pGEM-HTN-NP was digested with restriction
enzymes Neol and Bg/ll, and the digested DNA fragment
containing the ORF of the NP was inserted into the Necol
and BamHI sites of pAS2-1 (pAS2—-1-HTN-NP),

We used a cDNA library of Hela cells cloned into
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pACT2, pACT2-HelLa-cDNA library (CLONTECH, Lab.,
Inc), consisting of 1 X 10° independent clones of the
screening targets against the NP. We used the yeast
two-hybrid Kit (CLONTECH, Lab., Inc.) to screen the [i-
brary according to the manufacturer's instructions.
Briefly, we cotransformed yeast Y190 cells with pAS2-1-
HTN-NP and pACT2-HelLa-cDNA library and then se-
lected the transformants on the yeast growing plates
depleted by three nutritions: tryptophan and leucine as
the selectable markers of the transformants of pAS2—1
and pACTZ vectors, respectively, and histidine as the
interaction marker. To estimate the protein-protein inter-
actions in the yeast cells, we employed a filter lift assay,
a standard protocol to detect lacZ-expression using
b-bromo-4-chloro-3-indolyt-B-D-galactopyranaside {(X-Gal),
or a B-Gal assay (Galacto-Light, TROPIX, M.A, U.S.A) 1o
guantify the B-Gal activity. For the B-Gal assay, the yeast
cells (2 X 10° cells) were frozen and thawed, and mixed
with a reaction buffer containing Galacton as a substrate.
The reaction mixture was incubated at room temperature
for one hour and then the acceleration solution was added
to the mixture. Light Units {LU)} per & sec (s) were counted
by a luminometer (Microtech NITI-ON, Inc., Japan). All the
media and reagents for yeast culture were purchased from
CLONTECH, Lab., Inc.

Analysis of the interaction between HTNV-NF and
Ubc9 or SUMO-1 in yeast cells.

The ¢DNAs of Ubc® and SUMO-1 were synthesized
from mRNAs extracted from Hela cells by reverse tran-
scription reaction using primers #3 and #4, respectively.
The cDNAs were amplified by PCR using primers #5 and
#3, #6 and #4, respectively. The PCR products were
digested with a restricticn enzyme, BamHI, and cloned
into the BamH| site of a prey vecter, pACT2, for a sense
direction (referred to as pACT2-UbcS and pACT2-
SUMO-1, respectively).

A series of deletion mutations were introduced into the
NP gene by the PCR-based procedure. PCRs were per-
formed using pGEM-HTN-NP as a template and each of
the following sets of primers; #7 and #2 for pAS2-1-HTN-
NPA1-30, #8 and #2 for pAS2-1-HTN-NPA1-100Q, #9 and
#2 for pAS2-1-HTN-NPA1-133, #10 and #2 for pAS2-1-
HTN-NPA1-1686, #11 and #2 for pAS2-1-HTN-NPA1-198,
#1 and #12 for pAS2-1-HTN-NPA401-429, #1 and #13 for
pAS2-1-HTN-NPA334-429, and #1 and #14 for pAS2-i1-
HTN-NPA239-429. Each PCR product was digested with
restriction enzymes, Ncol and Bglll, and cloned into the
MNecei and BamHl sites of pAS2—-1. To construct the HTN-
NPA169-429 expression vector, pAS2-1-HTN-NPA169-
429, the PCR fragment amplified with primers #1 and #2
was digested with restriction enzymes, Necol and Hpal,
and than the small DNA fragment was cloned into the
Ncol and Smal site of pAS2-1.

To introduce a 4-aa deletion, MKAE, at the aa position

between 188 and 191, recombinant PCRs were per-
formed. First PCRs were performed using primers #15
and #16, #17 and #18 and pGEM-HTN-NP as a template.
Subsequent PCRs were carried out using primers #15
and #18 as primers, and #15/#16 and #17/#18 products
as templates. The PCR product was digested with re-
striction enzymes, Hpal and Hindlll, and then used to
replace the same region of the pGEM-HTN-NP at the
Hpal and Hindlll sites {referred to as pGEM-HTN-
NPA188-191). The mutated HTNV-NP fragment was sep-
arated from pGEM-HTN-NPA188-191 by digestion with
restriction enzymes, Ncol and Bgltl, and cloned inta the
Ncol and BamH! sites of pAS2-1 10 construct pAS2-1-
HTN-NPA188-191. pGEM-HTN-NP and pAS2-1-HTN-NP
containing a substitution mutation, K to R at aa 189
(referred to as pGEM-HTN-NP-K189R and pAS2-1-HTN-
NP-K189R), K to A at aa 189 (referred to as pGEM-HTN~
NP-K189A and pAS2-1-HTN-NP-K189A}, E to D at aa 191
(referred to as pGEM-HTN-NP-E181D and pAS2-1-HTN-
NP-E191D), E to A at aa 191 (referred 10 as pGEM-HTN-
NP-E191A and pAS2-1-HTN-NP-E191A), and K to A at aa
189/E to A at aa 191 (referred to as pGEM-HTN-NP-
K189A/E191A and pAS2-1-HTN-NP-K189A/E191A) were
similarly constructed using primers #15, #19, #20 and
#18; #15, #21, #22 and #18; # 15, #23, #24 and #18; # 15,
#25, #26 and #18; and; # 15, #27, #28 and #18, respec-
tively, in recombinant PCRs.

Mammalian two-hybrid interaction assay

To demonstrate the interaction between the HTNV-NP
and UbcS in mammalian cells, mammalian two-hybrid
plasmids were constructed. To construct a bait vector,
pBIND-HTN-NF, the PCR product of the NP amplified
using primers #29 and #30, was digested with restriction
enzymes, Xbal and Kpnl, and inserted into the Xbal and
Kpnl site of a bait plasmid, pBIND {Promega). To con-
struct a prey vector, pACT-Ubc9, the PCR product of Ubc9
amplified using primers #3 and #5 was digested with
BamH! and then inserted into the BamH| site of a prey
plasmid, pACT {Promega), for a sense direction {referred
to as pACT-Ubc9).

To examine the protein-protein interactions in mam-
malian cells, 293T or Vero E& cells were transiently
transfected with 3 mammalian two-hybrid vectors, a
pBIND censtruct, a pACT construct and pG5luc vectors
{CheckMate Mammalian Two-Hybrid System, Promega)
using FUGENES transfection reagent (Roche). When two
proteins expressed from the pBIND and pACT constructs
interact with each other, the Firefry luciferase encoded in
pGbiuc should be expressed through the activation of its
promoter. Additionally, we examined transfection effi-
ciency by monitoring the expression of Renilla luciferase
as an internal marker, which is encoded in the pBIND
vector and is expressed under the control of a human
cytomegalovirus immediate-early {CMV-IE) promoter in
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the transfected cells. We normalized the protein-protein
interactions in mammalian cells by the formula: Interac-
tion units (ratio) = LU obtained from Firefry luciferase/LU
obtained from Renifla luciferase Luciferase activities
were measured by the luciferase assay system (Dual-
Luciferase Reporter Assay System, Promega) according
to the manufacturer’s instructions. Briefly, the cells were
harvested and lysed at 48 h post transfection (h.p.t.), and
the lysates were mixed with LARII reagent. The activities
of Firefry luciferase were measured for 30 s. STOP & Glo
reagent was then added to the reactions and the activity
of Renilla luciferase was immediately measured for 30 s.

Analysis of subcellular localization of the NP and
UbeS in mammalian cells

A vector, pEGFP-C1-Ubcd, to express a fusion protein
of EGFP and Ubc9, was constructed as follows. The
cDNA of Ubc9 was amplified using primers #31 and #3
and the PCR product was digested with BamHI and then
inserted into the BamHi site of a pEGFP-C1 plasmid-
(CLONTECH, Lab., Inc.). To construct vectors expressing
the wt- and mutant-NPs tagged with RFP, pGEM-HTN-NF,
pGEM-HTN-NPA188-191, pGEM-HTN-NP-K189A, pGEM-
HTN-NP-K189R, pGEM-HTN-NP-E191A, pGEM-HTN-NP-
E191D, and pGEM-HTN-NP-K189A/E191A were digested
with Mcol and filled-in using a Klenow fragment of DNA
polymerase I, and then digested with Bgill. The frag-
ments containing wt- and mutant-NPs were purified and
inserted into the Sma! and BamHI| site of the pD-
sRed2-C1 vector (CLONTECH, Lab., Inc), referred to as
pOsRed2-HTN-NP for a w-NP, pDsRed2-HTN-NPA188-
181, pDsRed2-HTN-NP-K189A, pDsRed2-HTN-NP-
K189R, DsRed2-HTN-NP-E191A, pDsRed2-HTN-NP-E191D,
and pDsRed2-HTN-NP-K183A/E191A for mutant NPs, re-
spectively.

The cells transfected with the expression vectors or
the HTNV-infected cells were fixed in a mixture of 50%
methanol and 50% acetone. The fixed cells were-reacted
with a monocional antibody (MAb) against the NP of
HTNV, C16D11{51), at a dilution of 1:200. The cells
were then reacted with a rhodamine-conjugated anti-
mouse IgG antibody (Zymed) and examined for staining
pattern under a immunofluorescence microscope (Zeiss,
HBOS0/AC, Germany).

293T or Vero E6 cells were transfected with the vec-
tors for expressing the RFP-tagged NPs using FUGENES
transfection reagent. After 48 h.p.t., the subcellular local-
ization of the expressed proteins was monitored without
fixation under a immunofluorescence microscope (Olym-
pus, CK40, Japan) .
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Abstract

Crimean-Congo hemorrhagic fever virus is a tick-borne virus that causes severe hemorrhagic symptoms with an up to 50%
mortality rate in humans. Wild and domestic animals, such as sheep, cattle and goats, are the reservoirs. The recombinant
nucleoprotein-based Crimean-Congo hemorrhagic fever virus antibody detection systems for sheep sera were developed by enzyme-
linked immunosorbent assay (ELISA) and an indirect immunofluorescence assay techniques. The samples used for evaluation were
80 sera collected from sheep in a Crimean-Congo hemorrhagic fever-endemic area (western part of the Xinjiang Uygur Autonomous
Region) and 39 sera collected from sheep in a discase-free region (Shandong province, eastern China). The ELISA and indirect
immunofluorescence assay using recombinant nucleoprotein of the virus proved to have high sensitivity and specificity for detecting
the immunoglobulin G antibodies to the virus in sheep sera. Within this limited number of samples, the recombinant nucleoprotein-
based ELISA and indirect immunofluorescence assay are considered to be useful tools for seroepidemiological study of virus

infections in sheep sera.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Crimean-Congo hemorrhagic fever virus belongs to
the family Bunyaviridae {(genus Nairovirus) and causes
severe hemorrhagic symptoms in humans (Gonzalez-
Scarano and Nathanson, 1996). The disease is prevalent
from Africa through Eastern Europe, the Middle East,
and Central Asia, to the western part of China
(Hoogstraal, 1979). The virus is a tick-borne virus,
which is transmitted by ticks of the Hyalomma genus
(Gonzalez-Scarano and Nathanson, 1996). Humans are

* Corresponding author. Tel.: +81-42-561-0771x791; fax: 4-81-42-
561-2039.
E-mail address: morikawa@nih.go.jp (8. Morikawa).

usually infected with the virus either by bites from
infected ticks or by direct contact with virus-contami-
nated tissues or blood. Outbreaks of the infection have
been reported among abattoir and agricultural workers
and shepherds, who handle livestock animals such as
sheep, goats and cattle (Khan et al., 1997. Swanepoel et
al., 1985). Based on the fact that sheep are one of the
sources of Crimean-Congo hemorrhagic fever outbreaks
in humans, seroepidemiological studies on virus infec-
tions in sheep are important not only for the prevention
of Crimean-Congo hemorrhagic fever outbreaks but
also for the demarcation of the prevalence of this virus.
However, there are two problems facing seroepidemio-
logical studies in sheep. One is the danger of handling
live Crimean-Congo hemorrhagic fever virus in the
preparation of antigens, and the other is a strong non-
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