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Avid Identification Systems Inc. } AVID microchip ¢ 2X13 mm
Digital Angel Corporation LIFE CHIP $2.1X11.0 mm
Trovan, Ltd. ID 162A Micro Transponder ¢ 2.12X11.5 mm
DATAMARS SA FDX-B Transponder $2x13.3 mm

AVID(American Veterinary Identification Device)ftD <2713, BREMMEEL-H
mTHD, EHEDR—IL~L— (hitp://avidmicrochip.com/) iIZiL, TH VS FwIF o i,
¥R & IR~ OB AN ARE TH DL BB TY VS, Digital Angel Corporation #t ([H Destron
Fering #E, http://www.digitalangelcorp.com/) %, FICKEDRHETHS, HDIALED <12
OF T OREP, VYR TIEORSTRAOAY I ELEELTWS, Trovan
(http://trovan.com/) b KEOEZETHS, LlalE, BEBYORBERAB LI THERASATE
TR R DA nF Y T ERAL TR, BIEETIERPITRTION IS0 FRbEEL
T 5, DATAMARS #t (http://www.datamars.com/) i%. =0 4 #HFM—D R R{EET, KE
DV — = P RBB L F AT OB A 70T TR REL TNB,
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T —HAEY— R AL AT TN 2T R R DT ey MRk 40 FIREL
2o TUND,

! Report on the Identification and Registration of Companion Animals, The Companion Animal
Welfare Council, 2002
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4, B2 RE~ONHE

AR ARRAPUNO SR MNCH LY, BB T B AT o7 OFFIIBIC B T
A TV 3, BVZS 2 (British Veterinary Zoological Society) , CBSG{Conservation Breeding
Specialist Group)., FZGGB(Federation of Zoological Gardens of Great Britain and Ireland)Z&¢
3, FHBDICRTE-A7aF v THO RGBT OTANFA L 2 ELDTND, K 41T,
BVZS AR5 2B AR BER T,

F# 4-1 BVZS Advice for Commonly Microchipped Species

B AL
A MIDLINE, anterior to dorsal fin.
[iofe =t Lymphatic cavity.
AR subcutaneously in left hind leg (intramuscularly in thin—skinned
species); subcutaneously in the tarsal area in giant species.
= anterior to nuchal cluster.
& ik [V lra Left quadriceps muscle, or subcutaneously in this area (all species)
In very small species subcutaneously on the left side of the body.
~r left nape of neck subcutaneously placed at twice the length of the
head from the tip of the nose.
it is recommended that tissue giue is placed over the needle entry site in all reptiles.
5t Left pectoral muscle.
BR HFgry pipping muscle.
A subcutaneously at base of neck.
i left mid—neck subcutaneously.
hAEl A between scapulae. _
EREIE alternative site — back of hand (metacarpal) or foot (metatarsal),
=R This area is suitable if animals can be trained to present hands or
feet through cage bars.
A behind the left ear, or wherever appropriate for the individual

animal.

¢ http://www.bvzs.org/
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Characterization of Monoclonal Antibodies to
Marburg Virus Nucleoprotein (NP) That can be
Used for NP-Capture Enzyme-Linked
Immunosorbent Assay

Masayuki Saijo,'* Masahiro Niikura,! Akihiko Maeda,! Tetsutaro Sata,” Takeshi Kurata,?
Ichiro Kurane,! and Shigeru Morikawa®

' Special Pathogens Laboratory, Department of Virology 1, National Institute of Infectious Diseases, Musashimurayame,
Tokyo, Japan

£Department of Infections Disease Pathology, National Institute of Infectious Diseases, Musashimurayama,

Tokye, Japan

After the first documented cutbreak of Marburg
hemorrhagic fever identified in Europe in 1967,
several sporadic cases and an outbreak of Mar-
burg hemotrrhagic fever have been reported in
Africa. In order ta establish a diagnostic system
for Marburg hemeorrhagic fever by the detection
of Marburg virus nucieoprotein, monoclonal
antibodies to the recombinant nuclecprotein
were produced. Two ciones of monocional anti-
bodies, MAb2A7 and MAb2HSG, were efficacious
in the antigen-capture enzyme-linked immuno-
sorbent assay {ELISA}. At least 40 ng/ml of the
recombinant nucleoprotein of Marburg virus
was detected by the antigen-capture ELISA for-
mat. The epitope of the monoclonal antibody
{MAD2A7) was located in the carboxy-terminus of
nucleoprotein from amino acid position 634 to
647, while that of the MAb2H6 was located on the
extreme ragion of the carboxy-terminus of the
Marburg virus nucleaprotein (aming acid posi-
tion 643-695). These monoclonal antibodies
strongly interacted with the conformational epi-
topes on the carboxy-terminus of the nucleo-
protein. Furthermore, these two monoclonal
antibodies were reacted with the authentic Mar-
burg virus antigens by indirect immunofluor-
escence assay. These data suggest that the
Marburg virus nucleoprotein-captura ELISA sys-
tem using the monoclonal antibodies is a pro-
mising technique for rapid diagnosis of Marburg
hemorrhagic fever. J. Med. Virol. 76:1171-118,
2005. & 2005 Wiley-Liss, Inc.
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INTRODUCTION

Marburg virus (MBGV) infections cause one of the
most severe forms of hemorrhagic fevers with a high
mortality rate [Feldmann et al., 1996; Anonymous,
1999; Bausch et al., 20081, MBGYV belongs to the genus
Marburg-like virus, family Filoviridae. Ebola viruses
{EBOVSs), which belong to genus Ebola-like virus, family
Filoviridae, also cause Ebola hemorrhagic fever with a
high mortality rate [Peters and LeDue, 1999]. The first
doeumented outbreak of Marburg hemorrhagic fever
oceurred in the former West Germany and the former
Yugeslavia in 1967 {Martini et al., 1968)]. The outbreak
occurred among scientists and techniclans who had
handled monkeys, or their tissues, imported from
liganda [Martini et al., 1968]. Thirty-two patients were
affected and seven died in the outhreak. After the first
documented outbreak, three sporadic cases of Marburg
hemorrhagic fever were reported in Zimbabwe (1975)
and Kenya (1980 and 1987), resulting in the diagnosis of
siz patients with Marburg hemorrhagic fever [Smith
et al., 1982; Conrad et al., 1987; Feldmann et al., 1996;
Johnson et al., 1996]. Human to human transmission of
Marburg hemorrhagic fever was documented in an
outbreak in South Africa after patients with Marburg
hemorrhagic fever had been transferred there from
Zimbabwe [Gear et al., 1975]. Three of the six patientsin
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these sporadic outbreaks died. From 1998 to 1999, there
was a large outbreak of Marburg hemorrhagic fever in
the Democratic Republic of Congo, former Zaire [Bausch
et al., 2003]. More than 100 patients with Marburg
hemorrhagic fever were reported in that outbreak and
the mortality rate was more than 50%.

Marburg hemorrhagic fever should be confirmed by
virus isolation, detection of virus antipen and/or virus
genome, or by detection of specific immunoglobulin M
(IgM) and immunoglobulin G IgG) using samples from
patients. Virus isolation, electron microscopic examina-
tion, and reverse-transeription polymerase chain reac-
tion (RT-PCR) are used for the diagnesis of Marburg
virus infection [Ksiazek et al,, 1999; Sanchez et al,
1999]. Although antigen-capture ELISA systems have
been used for the diagnosis of Ebola hemorrhagic fever
[Ksiazek et al., 1999], no antigen-capture ELISA for
Marburg virus has yet been used for confirmation of
infection.

In the present siudy, monoclonal antibodies to the
recombinant nucleoprotein (NP) of MBGV were gener-
ated and an antigen-capture ELISA using these mono-
clonal antibodies was developed. These meonoclonal
antibodies efficacious were characterized.

MATERIALS AND METHODS
Cell Culture

Hybridomas and their parental cell line, P3/Ag568,
were maintained in PRMI 1640 (Invitrogen life tech-
nologies, Carlsbad, CA} supplemented with 10% fetal
hovine serum (FBS), nonessential amino acids (Envitro-
gen), and antibiotics (streptomyein and penicillin
G, Invitregen). Hypoxanthine-aminopterin-thymidine
supplement (Invitrogen) was added to the medium for
selection of hybridomas, as recommended by the sup-
plier. High Bve (Tn5) insect cells were maintained in
TC100 (Invitrogen) supplemented with 10% FBS, 2%
tryptose phosphate broth (Difco, Detroit, MI), and
kanamyecin (Invitrogen).

Saijo et al.

Authentic MBGV Antigen

Radiation-inactivated and acetone-fixed authentic
MBGYV (the Musoke strain)-infected Vero E6 cells
spotted on slides for immunoflucrescence testing were
kindly supplied to T.K. in 1987 by Dr. J.B. McCormick,
former chief of the Special Pathogens Branch, Division
of Viral and Rickettsial Diseases, Centers for Disease
Control and Prevention, Atlanta, GA.

rNP of MBGY

A full-length rNP of MBGV tagged with a 6x histidine
at the amino-terminus was expressed using a baculo-
virus system [Saijoet al., 2001). The DNA corresponding
to each truncated NP fragment was ampiified with the
primers from a ¢cDNA clone of NP of MBG provided by
H.-D. Klenk, Philipps-University, Marburg, Germany.
The full-length rNP of MBGV consisted of 695 amino
acid residues. The truncated yNP fragments of the
carboxy-terminal region of MBGV (MBG-NP/C-half,
amino acid positions 341-695) was also expressed in
an Escherichia coli (E. coli) system as a fusion protein
with glutathione S-transferase (GST) as described
previcusly [Saijo et al., 2001]. Smaller fragments of
the rNP in the extreme carboxy-terminus (MBG-NPS,
amino acid pesition 595—695) were also expressed as a
form of GST-fusion protein at the amino-terminal portion
in the E. coli system transformed with the respective
pGEX-2T vector (Amersham Biosciences Corp., Piscat-
away, NJ) ingerted with the corresponding DNA of the
MBGV nucleoprotein, The dats on the primers used for
making the corresponding DNA regions are shown in
Tahble I. The nucleotide sequence of the inserted DNAs
was determined to exclude PCR errars.

The full-length *NP of MBGV was purified with the
N%*.resin purification system (Qiangen Gmbl, Hilden,
Germany). The GST-MBG-NP/C-half was also purified
with glutathione Sephalose 4B {Amersham Biosciences
Corp.). The protein concentration of the purified rNP of
MBGV was measured by the Bradford method using

TABLE I. Primers Used in the Present Study

Nucleotide
Sequence® Name position Direction
GGTGATIGATCAGAACCTATAAGATC MBG-NP 8F 1771-1796  Forward
CAGGAATGATCAAGGATGAGGGAAGCC MNg/2F 18191845  Forward
CTCTGGAATTCATGITTGCAGAAGATCA MNS&/2R 1944-1971  Reverse
TTCACATGATCAGAGGATAATCAGCAG MN8/3F 1864-1890  Forward
CAGGAATTCAGTATTCCTCAACGAGGGC MNS/3R 19842011  Beverse
AAGAAGTGATCAACTTTCCTTETATC MNB8/4F 1915~1939  Forward
TTCATGAATTCACATGTCGGGCCAATC MN8/4R 2035-2061  Reverse
GCTGAATTCTCTGCACTACAAGTTC MBG-NP 8R 2079-2103  Reverse
CAGGRGATCCTGGOCACAAAGAGTG M8/2F-6 1835--1908  Forward
AATGGATCCCAAAGAGTGGTGAC M8/2F-8 18911913  Forward
CCAGGATCCGTGGTGACAAAGAAG N8/2F-10 1897-1920  Forward
GCAGAAGAATTCAAGCGATAAAGGAAAG M3/3R-6 1928-1954  Reverse
GATCATGAATTCAAAGGAAAGTTCTAC M8/3R-8 1922--1948  Reverse
TAGGAGAATTCAAAGTTCTACCCTTC M8/3R-10 1917-1942  Reverse

2Restriction sites are underlined.

bNucleotide position is counted frem the initiation ATG codon of the nucleotide gene of Marburg virus

(GemBack Accession No. X68495).
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Protein Assay™™ (Bio-Rad Laboratories, Hercules, CA)
according to the manufacturer’s instructions.

NP of EBOV

The full-length rNP of Zaire Ebola virus was expres-
sed by the baculovirus system and purified as described
previously [Saijo et al., 2001].

Establishment of Monoclonal Antibodies

BALB/c mice were immunized three times with the
purified GST-MBG-NP/C-half. Spleen cells were ob-
tained 3 days after thelast immunization and fused with
P3/Agh68 cells using polyethylene glycol (Invitrogen).
The culture supernatants of the hybridoma cells were
screened by ELISA with purified GST-MBG-NP/C-half
as an antigen. Monoclonal antibodies were purified from
the culture supernatant with an MAb Trap GII antibody
purification kit (Amersham Biosciences Corp.) accord-
ing to the manufactarer’s instructions, The isotypes of
the monoclonal antibodies were determined with a
Mouse Monoclonal Antibody Isotyping Kit (Invitrogen).
The concentration of each purified monoclonal antibody
was also determined by the Bradford methed using
Protein Assay (Bio-Rad Laboratories) according to the
manufacturer’s instructions.

Polyclonal and Monoclonal Antibodies

The polyclonal antibody was induced in rabbits by
immunization with the purified NP of MBGV expressed
in the baculovirus system [Saijo et al., 2001]. Rabbit and
mouse sera collected before immunization were used as
controls.

A monoclonal antibody to rNP of EBOV (3-30),
which is efficacions in the EBOV nucleoprotein-capture
ELISA, was used {Niikura et al., 2001].

Antigen-Capture ELISA

Purified monoclonal antibody was coated on microwell
immunoplates (Falcon, Becton Dickinson Labware,
Franklin Lakes, NJ) at >100 ng/well in 100 ul of PBS
at 4°C overnight, followed by blocking with PBS con-

taining 5% nonfat milk and 0.05% Tween-20' (PBST-M)

for 1 hr at room temperature (RT). After the plates were
washed with phosphate-buffered saline solution (PBS)
containing 0.05% Tween-20 (PBST), 100 pl of samples
containing serially diluted rNP of MBGV were added
and the plates were incubated for 1 hr at 37°C. The
plates were then washed with PBST, and 100 u] of rabbit
polyclonal antibody raised against rNP of MBGV diluted
1:500 with PBST-M was added to each well. After 1 hr
incubation at 37°C, the plates were washed with PBST
and horseradish peroxidase (HRPO)-conjugated goat
anti-rabbit Igl (Zymed Laboratories, Inc., South San
Francisco, CA)was added. The plates were incubated for
1 hr at RT, After another extensive wash with PBST,
100 ul of ABTS substrate solution [4 mM 2,2-azino-di[3-
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ethylbenzthiazolinesulfate(6)] solution; 2.6 mM hydro-
gen superoxygenphosphate (pH 4.2)] (Roche Diagnos-
tics, Mannheim, Germany) was added and the optical
density (OD) was measured at a wavelength of 405 nm
with a reference wavelength 490 nm after 30 min of
incubation at 37°C. As anegative control, mock antigen-
inoculated wells were tested. The adjusted OD values
(ODyps) were calculated by subtracting the OD of
the negative control well from the corresponding OD
values.

Western Blotting

The monoclonal antibodies were tested for reactivity
to the recombinant riNP fragments by Western blotting.
Briefly, the expressed rNP fragment series were sepa-
rated by sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—-PAGE) and the separated pro-
teins were transblotted to the nitrocellulose membrane
{(Millipore, Bedford, MA). The monoclonal antibodies
that reacted with the blots were detected with HRPO-
conjugated gout anti-mouse IgG (Zymed) and peroxi-
dase substrate POD substrate, Wako Pure Chimeical,
Tokyo, Japan). The monoclonal antibody to GST pro-
duced in our laboratory was also used. The SDS—-PAGE
gels were prepared in the same way as these for Western
blotting and were stained by Coomassie staining solu-
tion for visualization.

Indirect Immunofluorescence Assay (IFA)

The authentic MBGV for IFA were reacted with each
of the monoctonal antibodies or control meouse serum at
37°C for 1 hr in humidified conditions, Slides were then
washed with PBS and the antigens were reacted with
fluorescein isothiocyanate (FITC)-conjugated goat anti-
mouse IgG antibody (Zymed). As a control, the antigens
were simultaneously reacted with either the polyclonal
antibody to the TNP of MBGV or a control rabbit serum
at 37°C for 1 hr in a humidified condition, The slides
were washed with PBS and the antigens were reacted
with FITC-conjugated goat anti-rabbit IgG antibody
(Zymed). After washing with PBS, the fluorescein-signal
was observed under an immunofluorescent microscope
{Carl Zeiss, Oberkachen, Germany).

RESULTS
Generation of Monoclonal Antibodies

Five hybridoma clones secreting IgG antihodies to
GST-MBG-rNP/C-half were produced. The secreted
monoclonal antibodies were purified and tested for
reactivity lo the rNP of MBGV in IgG-ELISA. Four
monoclonal antibodies reacted with the rNP of MBGV in
1gG-ELISA. Two of these four monoclonal antibodies
secreted from the hybridoma clones, 2A7 and 2H6, could
be used in the antigen-capture ELISA format. These two
monoclonal antibodies were designated as MAb2AT and
MABL2HSE, respectively. The isotype of MAb2A7 and
MAL2H6 was IgG1.
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Antigen-Capture ELISA Using
the Monoclonal Antibodies

The antigen-capture ELISA with MAb2A7 or
MAb2HS6 detected at least 40 ng/ml of the purified ¥NP
of Marhurg virus, while the ELISA with mock-antibedy
(PBS) showed 2 negative reaction (Fig. 1). Furthermore,
the ELISA did not react with negative contrel sampies
that did not contain rNP of MBGV.

Definition of Epitopes Recognized
by the Monoclonal Antibodies

The MAb2AT and MAb2HS6 reacted with hoth GST-
MBG-NP/C-half and GST-MBG-NPB in Western blot-
ting. Smaller fragments of the MBG-NP8 region were
expressed and the reactivity of these monoclonal anti-
bodies to these fragments was analyzed (Fig. 2).

The MAbBZAT reacted with all the fragments that
contained the polypeptide of amine acid residues from
amino acid position 626 Lo 653 (Fig. 2). Truncated poly-
peptides of this region were further designed and
expressed as shown in Fig. 3. Reactivity of the mono-
clonal MAb2A7 to these fragments was evaluated
(Fig. 3). The MAb2A7 reacted with the polypeptide,
“WPQRVVTREEKGRIFL (amino acid positions 632—
645)" (Fig. 3). Although the epitope of the MAbZAT was
located in this region, MAb2AT reacted with the MBG-
NP8/1-5 (amino acid positions 595695} more stvongly
than with the smaller fragments (Fig. 2}, indicating that
the reactivity of MAb2AY with the nucleoprotein of
MBGY was influenced by conformational and structural
properties,

The MAb2HG sirongly reacted with the truncated
polypeptides containing the exireme carboxy-terminal
region and which were larger than the polypeptides
mentioned above (Fig. 4). The smallest polypeplide to
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6.4
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ODaos
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300/2 300/4 360/8 300/16 300/32
Purified MBG-rNP (ng/ml)

Fig. 1. Reactivity of each monodonal antibody in the antigen-
capture enzyme-linked immunosorbent assay (ELISA) formal. Purified
monoclonal antibodies (W, MAb2A7; @, MAb2H6; ¢, mock) were
coaled unto the microplates as deseribod jn the text, and their ability to

. capture the rNP of Marburg virus (MBGV} was examined at various
concentrations of MBGV rNP in the antigen-capture format.
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react with MAb2HG was that consisting of amino acid
residues (amino acid positions 643-695). MAb2HS did
not reacted with any of the polypeptides lacking the
extreme carboxy-terminal region (amineo acid positions
584-695) (Fig. 4). These results indicate that MALZ2H6
reacted with the conformational epitope composed of the
extreme carboxy-terminal region.

Reactivity of the Monoclonal Antibodies to
Authentic MBGV Antigen in IFA

MAB2AT and MAD2HS both reacted with the authen-
tic MBGV antigens by the IFA test as well as the rabbit
serum raised to rNP of MBGV. Negative control mouse

and rabbit sera did not react with the authentic antigens
(Fig. 5).

Reactivity of the Monoclonal
Antihodies to rNP of EBOV

Neither of MAb2A7 and MAb2HE reacted with the
rNP of EBOV by both Western blotiing and the antigen-
detection ELISA, while MAb3-3D reacted with rNP of
EBOV (Fig. 6). Both MAb2AT7 and MAb2H6 reacted with
NP of MBGV hy both the Western blotting and the
antigen-detection ELISA, hut MAb3-3D did not (Fig. 6).

DISCUSSION

Detection of MBGV antigen and amplification of viral
genome of MBGV is necessary for rapid diagnosis of
Marburg hemorrhagic fever. The application of RT-PCR
and TagMan PCR to MBGV genome amplification has
been suggested [Sanchez et al.,, 1999; Drosten et al.,
2002). Although, serological diagnesis is also useful for
the diagnosis of Marburg hemorrhagic fever, serum
samples collected at both acuie and convalescent phases
are required, suggesting that serological diagnosis may
not be suitable in certain areas and that it may not be
applied in fatal cases without antibody responses.
Therefore, a novel antigen-capture ELISA has been
developed in the present study.

Two monoclonal antibodies MAb2A7 and MAL2HG)
developed in the study reacted with the authentic
MBGV antigens by IFA (Fig. b). At least 40 ng/m] of
NP of MBGV was detected in the MBGV nucleoprotein-
capiure ELISA using these mongclonal antibodies
(Fig. 1). Unfortunately, the efficacy of the developed
antigen-capture ELISA has not been validated using
¢linical samples, because clinical samples from patients
with Marburg hemorrhagic fever at an acute phase were
not available. It is generally accepted that antigen-
capture ELISA is useful for the detection of viral anti-
gens in blood andfor other organ tissue specimens
collected not only from surviving patients but also from
patients in whom the infection was fatal. The present
study suggests that the antigen-capture ELISA using
the unique monoclonal antibodies is a useful tool for
diagnosis.

The nuclecprotein-detection ELISA systems for Zaire
Ebola and Reston Ebola viruses were developed by
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Fig. 2. Schemaiic representation of the truncated polypepiides (left part), expression levels of these
polypeptides determined by sodium dodecy] sulfate—polyacrylamide gel electrophoresis (SDS-PAGE}
analysis (right part, SDS—PAGE), and reactivity of MAL2A7T to these polypeptides in Western blotting
(WB) {right part, WB). The numbers shown for each schematic polypeptide indicate the amino acid

positions of the MBGV nucleoprotein,

previous studies [Nijkura et al., 2001; Tkegami et al,
2003]. Interestingly, the monocional antibedies, which
could be used as antigen-capture antibodies in the
antigen-capture ELISA systems, reacted with the
carboxy-terminal regions of Ebola virus nucleoproteins.
The monoclonal antibodies in the present study also
reacted with a similar region of the nucleoprotein of
MBGV. Although data are not shown here, none of
monoclonal antibodies to nucleoproteins of Ebola and
Marburg viruses, which reacted with regions cther than
the approximately 100 amino acid residues at the
carhoxy-terminal region, were found to be useful as

Bagepidos it carbonyterminl o HEGND

antigen-capture antibodies in the antigen-capture
ELISA. Thus, it is likely that the moneclonal antibodies
to nucleoproteins of filoviruses useful in antigen-
capture ELISA systems react with the carboxy-terminal
region of the nucleoproteins,

The symptoms due to MBGV infections in humans
and non-human primates are indistinguishable from
those due to EBOV infections, Therefore, it was con-
sidered that reactivity of the monoclonal antibedies to
the nucleopretein of EBOV should be examined. It was
confirmed that neither of monoclonal antibodies, 2A7
and 2HB6, cross-reacted with nucleoprotein of EBOV
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Fig. 3. Schematic representation of the truneated polypeptides (left part), and reactivity of MABZAT7
and anti-glatathione S-transferase (GST) monoclonat antibody to these polypeptides in WB. The numbers
shown for each schematic poalypeptide indicate the amine acid positions of the MBGV nucleoprotein.
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