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3. Recombinant Protein-Based ELISA for Detecting Antibodies against Arenaviruses

Arenaviruses have a bisegmented, negative-sense, single stranded RNA genome with a unique
ambisense coding strategy that produces just four known proteins: a glycoprotein, a nucleoprotein
(NP), a matrix protein (Z), and a polymerase (L) [46]. Of these proteins, the NP is the most abundant
in virus-infected cells. Recombinant protein technology could meet the demand for a simple and
reliable VHF test system, and recombinant NP (rNP) has been shown to be useful for serological
surveys of IgM- and IgG antibodies against arenaviruses [47-50].

3.1. Antibody Detection-ELISA

Recombinant baculoviruses that express the full-length rNP of arenaviruses have been generated
[48,50,51]. The method used for the purification of arenavirus tNP from insect 7n5 cells infected with
recombinant baculoviruses is effective and simple compared to those for Ebola, Marburg, and
Crimean-Congo hemorrhagic fever virus rNPs [51-55]. Most of the arenavirus rNPs expressed in
insect cells using the recombinant baculoviruses are crystallized [56] and are solubilized in PBS
containing 8M urea. Since the majority of 7n5 cellular proteins are solubilized in PBS containing 2M
urea, the arenavirus rNPs in the insoluble fraction in PBS containing 2M urea can be solubilized by
sonication in PBS containing 8M urea. After a simple centrifugation of the lysates in PBS containing
8M urea, the supernatant fractions can be used as purified rNP antigens without further purification
steps [51]. The control antigen is produced from 7n5 cells infected with baculovirus lacking the
polyhedrin gene (AP) in the same manner as the arenavirus rNPs (Figure 1).

Figure 1. Purified rNPs. The expression and purification efficiency of arenavirus rNP were
analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) after
staining the gels with Coomassie blue. Purified NP antigens with approximate molecular
weights of 62 kDa from Luna, LCM, Lassa, Lujo, Junin, Machupo, Guanarito, Sabia, and
Chapare viruses and the purified negative control antigen (AP) are shown.
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As described above, recombinant baculoviruses allow the delivery of rNP antigens without using
infectious live arenaviruses. An ELISA plate coated with the predetermined optimal quantity of
purified rNPs (approximately 100 ng/well) is used for the IgG-antibody detection assay. An advantage
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of using recombinant rNP for the IgG-ELISA is that it enables a direct comparison of antibody
cross-reactivity among arenavirus rNPs, since antigen preparations of all arenavirus rNPs tested are
performed using the same method [51]. Rabbit anti-sera raised against LCMV-rNP and LASV-rNP
show cross-reactivity to LASV-rNP and LCMV-rNP, respectively, indicating that rabbit antibodies
against rNPs of Old World arenaviruses cross-react with rNPs of other Old World arenaviruses
(Table 1) [51]. Similarly, rabbit anti-sera generated against JUNV-NP show cross-reactivity to the
LASV-rNP and LCMV-rNP, although the reaction is weak. However, rabbit anti-sera against
LASV-NP and LCMV-NP show a negative reaction to the JUNV-rNP (Table 1) [51], indicating that
rabbit antibodies against JUNV (a pathogenic New World arenavirus) NP might cross-react with the
Old World arenavirus NP, whereas antibodies against Old World arenavirus NPs may not be able to
react with pathogenic New World arenavirus NPs.

The rNP-based IgG-ELISA has also been used for the characterization of a mouse monoclonal
antibody (MADb). Nakauchi et al. [50] have investigated the cross-reactivity of MAbs against JUNV
rNP to pathogenic New World arenavirus rNPs, as well as LASV tfNP. MAb C11-12 reacts at the same
level with the rNPs of all of the pathogenic New World arenaviruses, including JUNV, GTOV,
MACV, SABV, and CHPV, indicating that this MAb recognizes an epitope conserved among
pathogenic New World arenaviruses. Another MAb, C6-9, reacts specifically with the rNP of JUNV,
but does not react with those of the other pathogenic New World arenaviruses [50]. This indicates that
MAD C6-9 recognizes a JUNV-specific epitope. None of these MADbs reacts with the rNP of the human
pathogenic Old World arenavirus LASV. Thus, the MAb C11-12 is considered to be a broadly reactive
MAb against New World arenaviruses, whereas MAb C6-9 is JUNV-specific. These findings
have been confirmed by detailed epitope analyses using peptide mapping [50]. Similarly, the
cross-reactivity of MAbs against LASV rNP has been analyzed [51]. MAb 4A5 cross-reacts with the
Mopeia virus (MOPV) but not with the LCMV rNP. MAb 6C11 cross-reacts with LCMV rNP, while
MAD 2-11 does not cross-react with LCMV NP [51].

Table 1. Anti-serum reactivity for tNPs of different arenaviruses in IgG ELISAs.

. . Reactivity for rNP from
Rabbit anti-serum LASV LCMV JUNV
anti-LASV NP ++ + -
anti-LCMV NP + ++ -
anti-JUNV NP + + ++

It is important to evaluate whether rNP-based ELISA is useful for the diagnosis of human VHF
cases. The specificity of the LASV-rNP-based IgG ELISA has been confirmed by using sera obtained
from Lassa fever patients [S1]. The Lassa fever patients’ sera show a highly positive reaction in the
LASV-rNP-based IgG-ELISA, but sera from patients with Argentine hemorrhagic fever (AHF), which
is caused by JUNV, do not. The serum from an AHF patient showed a highly positive reaction in the
JUNV-rNP-based IgG-ELISA [49]. In addition, it was shown that, using sera obtained from AHF
cases, the results of the JUNV rNP-based IgG ELISA correlate well with an authentic JUNV
antigen-based IgG ELISA [49]. An IgM-capture ELISA using purified LASV-INP as an antigen
has been developed in the same way as in previous reports [54,57] and detects an LASV-IgM
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antibody [58]. In addition, immunoblot assays based on N-terminally truncated LASV rNP have been
developed for detecting IgG and IgM antibodies against LASV. These methods may provide a rapid
and simple Lassa fever test for use under field conditions [47].

3.2. Antibody Detection IFA

An IFA using virus-infected cells is a common antibody test for VHF viruses [59-63]. To avoid the
use of highly pathogenic viruses for the antigen preparation, mammalian cells expressing recombinant
rNP have been developed [51,57,64—68]. Lassa virus NP émtigen for IFA can be prepared simply as
described [51]. Briefly, the procedure involves (1) transfecting HeLa cells with a mammalian cell
expression vector inserted with the cloned NP cDNA; (2) expanding the stable NP-expressing cells by
antibiotic selection; (3) mixing the rNP-expressing cells with un-transfected Hela cells (at a ratio
of 1:1); (4) spotting the cell mixtures onto glass slides, then drying and fixing them in acetone.

In the IFA specific for LASV-NP, antibody positive sera show characteristic granular staining
patterns in the cytoplasm (Figure 2) [69], thus making it easy to distinguish positive from negative
samples. The specificity of the assay has also been confirmed by using sera obtained from Lassa fever
patients [51]. In addition, an IFA using JUNV rNP-expressing HeLa cells has been developed to detect
antibodies against JUNV, and the assay has been evaluated by using AHF patients’ sera [70]. The
LASV-rNP-based antibody detection systems such as ELISA and IFA are suggested to be useful not
only for the diagnosis of Lassa fever, but also for seroepidemiological studies of LASV infection. In
our preliminary study, approximately 15% of the sera collected from 334 Ghanaians and less than 3%
of 280 Zambians showed positive reactions in the LASV-rNP-based IgG ELISA [58]. These results are
in agreement with the fact that Lassa fever is endemic to the West African region, including Ghana,
but less in the East African region.

Figure 2. Staining patterns of the LASV-rNP-expressing HeLa cells obtained from the sera

of'a Lassa-NP-immunized monkey (A) and control serum (B) in an IFA.
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4. Antigen-Capture ELISA

For the diagnosis of many viral infections, PCR assays have been shown to have an excellent
analytical sensitivity, but the established techniques are limited by their requirement for expensive
equipment and technical expertise. Moreover, the high degree of genetic variability of the RNA
viruses, including arenavirus and bunyavirus, poses difficulties in selecting primers for RT-PCR assays
that can detect all strains of the virus. Since the sensitivity of the Ag-capture ELISA is comparable to
that of RT-PCR for several virus-mediated infectious diseases, including Lassa fever and filovirus
hemorrhagic fever [51,71-73], the Ag-capture ELISA is a sophisticated approach that can be used for
the diagnosis of viral infections. Ag-capture ELISAs detecting viral NP in viremic sera have been
widely applied to detect various viruses, since they are the most abundant viral antigens and have
highly conserved amino acid sequences [50,51,54,71,72,74,75]. Polyclonal anti-sera or a mixture of
MADbs present in the ascetic fluids from animals immunized for HFVs have been used for
capture-antibodies in the Ag-capture ELISA [36,76—79]. MAbs recognizing conserved epitopes of the
rNP are also used as capture antibodies since they have a high specificity for the antigens, and an
identification of the epitopes of these MAbs is of crucial importance for the assessment of the
specificity and cross-reactivity of the assay system [50,51,53,54,71,75]. In order to develop a sensitive
diagnostic test for Lassa fever and AHF, rfNPs of LASV and JUNV (see above) have been prepared,
and newly established MAbs against them have been characterized and used for Ag-capture ELISAs
[50,51]. The Ag-capture ELISA using MAb 4AS5 has been confirmed to be useful in the detection of
authentic LASV antigen in sera serially collected from hamsters infected with LASV [51]. The
sensitivity of the MAb 4A5-based Ag-capture ELISA was similar to that of conventional RT-PCR,
suggesting that the Ag-capture ELISA can be efficiently used in the diagnosis of Lassa fever [51].
Therefore, the MAb 4A5- based Ag-capture ELISA is considered to be useful in the diagnosis of Lassa
fever. Also, by using MADbs raised against the rNP of JUNV, Ag-capture ELISAs specific for JUNV
and broadly reactive to human pathogenic New World arenaviruses have been developed [50]. The
Ag-capture ELISA using MAb E4-2 and C11-12 detected the Ags of all of the pathogenic New World
arenaviruses tested, including JUNV. On the other hand, the Ag-capture ELISA using MAb C6-9
detects only the JUNV Ag. Considering that the symptoms of JUNV infection in humans are
indistinguishable from those due to other pathogenic New World arenaviruses, the Ag capture ELISA
using MAb C6-9 may be a useful diagnostic tool, especially for AHF [50].

5. Neutralization Assays Based on VSV Pseudotypes

The virus neutralization assay is accepted as the “gold standard” serodiagnostic assay to quantify
the antibody response to infection and vaccination of a wide variety of viruses associated with human
diseases [80-86]. The presence of neutralizing antibodies is a reliable indicator of protective immunity
against VHF [87—-89]. The most direct method for detection of neutralizing antibodies against HF Vs is
by plaque reduction neutralization tests using infectious viruses. However, because of the high
pathogenicity of HFVs to humans and the strict regulation of select agents, only a limited number of
laboratories are able to perform such neutralization tests. For many HFVs, replication-incompetent
pseudotyped virus particles bearing viral envelope protein (GP) have been shown to mimic the
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respective HFV infections, thus, neutralization assays using the pseudotypes may be advantageous in
some laboratory settings for the detection of antibodies to HFVs without the need for heightened
biocontainment requirements.

The VSV-based vector has already been used to generate replication-competent recombinant VSVs
to study of the role of GPs of various viruses [90-92]. Recent advances in producing pseudotype virus
particles have enabled the investigation of the virus cell entry, viral tropism, and effect of entry
mmhibitors, as well as measurement of the neutralization titers, by using human immunodeficiency
virus-, feline immunodeficiency virus-, murine leukemia virus-, or VSV-based vectors [86,93-103].
Pseudotypes based on VSV have advantages compared with other pseudotypes based on retroviruses
for the following reasons. First, the pseudotype virus titer obtained with the VSV system is generally
higher than that of the pseudotyped retrovirus system [104]. Second, the infection of target cells with a
VSV pseudotype can be readily detected as green fluorescent protein (GFP)-positive cells at 7-16 h
post-infection because of the high level of GFP expression in the VSV system [104,105]. In contrast,
the time required for infection in the pseudotyped retrovirus system is 48 h [106,107], which is similar
to the time required for infectious viruses to replicate to a level that results in plaque-forming or
cytopathic effects in infected cells. A high-throughput assay for determining neutralizing antibody
titers using VSV pseudotypes expressing secreted alkaline phosphatase [108,109] or luciferase
(Figure 3) has also been developed.

Figure 3. Neutralization assay for VSV-Lujo-GP. VSV-Lujo-GP or a control pseudotype
(VSV-VSV-G) that expressed luciferase was incubated with serially diluted serum
obtained from a rabbit immunized with Lujo-GPC, and was then inoculated in triplicate
into Vero E6 cells. The luciferase activity (%) of each well compared to the negative
control (no serum) is shown.
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We have recently developed a VSV-based pseudotype bearing Lassa virus GP (VSV-LAS-GP) for
the detection of neutralizing antibodies in the sera obtained from a Lassa fever patient. An example of
the LASV neutralization assay using the VSV pseudotype is shown (Figure 4). In the presence of
serum from Lassa fever patients, the number of GFP-positive cells (infectivity of VSV-LAS-GP) is
significantly reduced compared with the number in the absence of the patient’s serum (Figure 4A). The
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control VSV pseudotype bearing VSV GP (VSV-VSV-G) is not neutralized by any sera. When the
cut-off serum dilution is set at 50% inhibition of infectivity compared with the infectivity in the
absence of the test serum, the neutralization titer of this patient’s serum for VSV-LAS-GP is calculated
to be 75 (Figure 4B). Likewise, a VSV-based pseudotype bearing the Junin virus GP has been
developed for the detection of neutralizing antibodies from AHF patients’ sera. The accuracy of the
results of VSV-based neutralization assays has been confirmed by comparison with the results of the

neutralization assay using live Junin virus [70].

Figure 4. Neutralization assay for VSV-Lassa-GP. (A) VSV-LAS-GP was incubated with
or without serum obtained from a Lassa patient, and then was inoculated into Vero cells.
The GFP signal was observed under a fluorescence microscope. (B) VSV-LAS-GP or the
control pseudotype (VSV-VSV-G) incubated with serially diluted patient serum or healthy
control sera were inoculated into Vero E6 cells. The relative number of GFP-positive

cells (%) compared with negative control cells (no serum) is shown.

A

Lassa fever patients’ serum

- u .
(-} serum (1/25 dilution)
B
VSV-Lassa-GP VSV-VSVY-G
Il Patient serum .
Wl Patient serum
125 Control serum 1 125 Control serum 1
7 control serum 2 (] control serum 2
K 100} g £ 100
] | e
8 15t | || & 75¢
. L ] | 2
8 | T 8 o1
2 | | =
o | | ?% a.
525 E«g £ 25¢
75 x225 x25 no x2025 x675 x75 x25
serum
serum dilution serum dilution

The Lujo virus is a new member of the hemorrhagic fever-associated arenavirus family from
Zambia and southern Africa, and the virus is classified as a BSL-4 pathogen [17]. The genome
sequence analysis of the Lujo virus suggests that the virus is genetically distinct from previously
characterized arenaviruses. In order to study the infectivity of this newly identified arenavirus, we have
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recently developed a luciferase-expressing VSV pseudotype bearing Lujo virus GPC (VSV-Lujo-GP).
As shown in Figure 3, infection with VSV-Lujo-GPC is specifically neutralized by rabbit anti-Lujo
GPC serum. Thus, the VSV-Lujo-GP may be a useful tool not only for determining the neutralizing
antibody titer within the serum, but also for exploring yet-to-be-defined cellular receptor(s) for Lujo
virus infection or for screening inhibitors of the Lujo virus GP-mediated cell entry.

6. Conclusions

Hemorrhagic fever outbreaks caused by pathogenic arenaviruses result in high fatality rates. A rapid
and accurate diagnosis is a critical first step in any outbreak. Serologic diagnostic methods for VHFs
most often employ an ELISA, IFA, and/or virus neutralization assay. Diagnostic methods using
recombinant viral proteins have been developed and their utilities for diagnosing of VHF have been
reviewed. IgG- and IgM- ELISAs and IFAs using rfNPs as antigens are useful for the detection of
antibodies induced in the patients’ sera. These methods are also useful for seroepidemiological surveys
for HFVs. Ag-capture ELISAs using MAbs to the arenavirus rNPs are specific for the virus species or
can be broadly reactive for New World arenaviruses, depending on the MADb used. Furthermore, the
VSV-based pseudotype system provides a safe and rapid tool for measuring virus neutralizing antibody
titers, as well as a model to analyze the entry of the respective arenavirus in susceptible cells without
using live arenaviruses. Recent discoveries of novel arenavirus species [17,26,110] and their potential
to evolve predominantly via host switching, rather than with their hosts [110,111], suggest that an
unknown pathogenic arenavirus may emerge in the future, and that the diagnostic methods for VHF
caused by arenaviruses should thus be further developed and improved.
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Tacaribe (TCRV/(Z#)Y) Artibeus spp. Non-TfR1 M=%k Y
Tamiami (TAMV) Sigmodon hispidus FAIEE
Latino (LATV) Calomys callosus a-DG F)ET
yL—pc  Oliveros (oLVV) Bolomys obscurus DG FThEF
Pampa (PAMV) ] TAEF
Pinhal Calomys tener TSN
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SEEN, FHRETLFIANRAZESIZA B CH3 2
L= FNIZaEENns (D). TV 74 VAREE TR
QEELDIET v A NVABRGELL BT v BT, BLE,
FR~F7 7 DI THRATL, 285 AP EE, 5,000
ANEEPHTL TR EEZ LTS, TyHsEid, ¥
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FATHLNN CRE T 2 EFM 720 THES N TS 29,
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B 5 3,500 %13 E (BRIEE30%) 72748, 1991 FDHE
Ty FrOEALY 1992 E LK BERABITIEH
30-50 A L BIEGICEA L= Y. ZoMiorkHis T s
R ET I (F 28 4 VR), NG AL T s (7
TF)RYAIVA) BT UNVHEImME FETyA
2) BEAZFL VSO0, BREIZEWY, FE, H
B7 LF oA VA ELTIE, 20032004 1K) ETDF v
NUNFRHTRAE LZHBIEBAT Y S 7 LA ZBICEEN S
BEESNF xS A N A O L 2008 FEIZH VYT
FE DIV 7 (Lusaka) TEREL, 7 7 ZEFNED
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SEXN Lygo WP adLiEva) Wabkank
ATV OEXFEFRETHEL) 74 VA WpgEsh

TW5h, FNFN, BRRBEEFEVWLOO—ENLRT Y T
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ZFof, BHET7 LT AVRICE, b MOIZEREEE
A ERBIXRITY U NEREREHEELY 1 V2
(LCMV) B EET B, ZOTA VAR, o7 LF74)N
ABTANAL B VHFRPIELHHFLTBY, Hinsk
ERITEZ STERETFL 200, FlldKEEy
b OEHRBEY Z - BEPRE LEBRT T 5 E65%
FEHEINTVS, LCMV 3 E L 25 RIESFO R
DEFNVTIANAL LTHFIHEENTEY, BSL2 REMA
THrHZE, BERTLVFIANVAIGEINLE T v
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SoFTANVIAHEDEFTVIANALE LTHBENATY
BI2TTHRL, A RPIEICER SN TS,
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TLF oA NVAE, 248 (SRNA & L-RNA) 014
o (=) BRNAZZ  AICET ATy RNO—77 4 )V
AT, S-RNA |2 NP & GPC (GP1, GP2 RiER{E) BH % I—
F45(@E1). NPix (=) Y22, GPCit (+) &> &
Ca—RENBEVWI TRy AR E EL Y Zhe
NOEHD mRNAZT ) AOFGHEIPHEE SN, 0
MIZH BEE LT ¥ VigE s FoeflRE =T MEE
(Non-coding intergenic region; IGR) TH T35 (E1)9.
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§ﬁ? GPC  : EEEEMEG
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S RNA (3.5kb) = ® NP :§§§§
o = z : RING finger ¥hUy I 2EHE
GP1 GP2 L : RNARKIERNARUAS—1H
GPC (1.7kb) NP (1.7kb) IGR : FEERER S T RIsE

IGR

L RNA (7.3kb)

Z (0.6kb) L (6.6kb)

E1 7LFIqILAORTFEE L BIETFER

Q) TLFIANAKFOERR. BET A NVAY A XIFEZE50-300nm. 74 VA RNAIZY A VAKERE (NP) &3z
FEEAERTF RNP) 442 BHRL THRFRICEBE SIS, RNAKERNARY A5 —F (L) i, RNP &AL, B
% BEOF AEERIMERTA. ZEABIERT N vy 7 AEBHE LTYANVARRICES L, GP2 DEANERES L HE

EE L, GP2 OBBCHEELTwS. B) TLFIANVADT Y PRy Ad— R (3—F4 VPR N FIU—).
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—AEE RNAWH S & L3, #FNENPEMSICMET 2 EMREETHEHES IGR) Lo T20EEh, FRERENF
M2 s 2BEOEHY AR TAI—FA VAN S FV—% L 5.

—7%, LRNA 21X, RNAEBRERTHL LEAY (-)
LRI, ZEAD (+) EVAE, FnFha—F&h
57 NPIZRBREMHBAB LY A VARFRICEDEL
FHEL, 74 VA ribonucleoprotein (RNP) @ £ & 72 fE 1%,
BA e LT, $727 4 VA RNA DEE - HEICHWELRE
BHTHhb. HE TLFIANVANPHFLIEASf Yy —7x
OYOFELIEITLIESHEOLLEED D 5 vy
A W AD NP O#EEREEFBTICLD NP O C KB\ A ~
y— 72O VHENEICEDLLIS TFVIRX I LT —
YigkzEH, DEDDh 77 3 V) — 2B /-EEFFo Tw»
BT EPREN B GPC IR, MNAEHRTH T F T —
¥ SKI-1/SIP 2L b GP1 & GP2 I2BRZ s, A4 IVRA
84 7 LEBICALE T A GP1 MR E IS EET 5 24
BrLiEa L, GPLENKMATAF VEEL, CRAE
EREREIHO G2 KA REABROEMECHEET 2
EEZbNTWA Y, ZEBI, Zincfinger EHT, o
FESHERNA VA NV ADOMEB LR ERE

b, RNAOESESXHEHEHOEE, EHEARHEE, 74
WAKFORFSCHEZLICES L TWAZ EPHEHEIN
TWa 81 = ne0EHEERER ZEOOEENICT L
FUTIWRCERBERLEELDEERTF (eIF4E, Tsgl0l
&) LOFEEILBEELLNTVS Y,

FLFOAIAOBERKEEEREE

TLFroANZT TN BEEZBREEEL, v
FIANVARET 7V ARBICESDHTAHIAIR
(Mastomys natalensis) *EEET 5 (EDY 4 L2%
R Lo A N I AOERECERICEIE SR,
MITA I RTEBBE, &50I3HERY & OEEEM
WWEDWEETA. e h—b MEORED MK, Felme o
EEFEMICL ) BRET S, BREFIEFEH SN T2,
TAPIRART7IHICBNTIRA L ERICEEL, £
REAXICEVIRET, RHHWVIZZFOFEBIZERL,
AODE MV AP IAEIENTL230LEZS
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N, BEREBOYWEIVNELZEETHSL. 72V T4V A
b IANTY AD—FETH B Calomys musculinus % BIRTE
Fe L, ABOBREERTE PARETALIERMLNT
Wh, FNENDOTANVAEHRBEICBNTED LI IZ
BRBEEDPRILT 5 OPFEMIZEE S I ST vl
WL OPDTANVZTIE, AUBEOALI ZHREEL
LTEY, Tho0BERBEENDOFGEREREIIUTHS
boEEZLNS.

FPLFIALINZIDGEHE

1990 €41 Lo iz, LCMV D Z A 4K 120-150kDa
DHEEAETHAILPHESNY, BIITIDEHE
PHIREREICE S BE LW A MBBENEREEEERET
HhaVAraZUh v (a-DG) ThHbHIEHNHELMC
END DG, BEEBEEHETHL YA MDY
VACHEETAI LI VMRREICEEL B, Mg
N b))y 7 A EBEERTESESEE L CHREDR
FEELTWEEEZOLNRTWS, LCMV LK X,
FAUEHRTZLF YA NVATHL Ty T TALNARLENS
TANWK, ERLTIANVAOM, FHFETLF A IVA
DI L—FCRETAHIANVAba-DGC 2 MEISAMLE L
TRHEALTWAZEFRESATWS (FDP. LiL
ZHS, a-DGOUVFTY RTHHEIFTIZ VT v IAN
ADGPCLDCOEEXBEETEHIND, TvH oA N
ADEGEEBEST LI LETEY, BOZEEOFELEDR
BENTW D BE, o DCUNDEZEEELTCH
L7+ 77317 —oLSECtin & DC-SIGN, % 7- TAM
FEREFOIYFF—FT7 3 —D Axl & Tyro3 758
PR SEAERE LTHRESNA D L 0SRER,
T T ANWRIET TR LCMV OMBERAICOES L
TWAIEDPHELE R o7, Axl & Tyro3 iIZT KT
ANVADOHBEACOEFTHIEFEICHAL R o T
B, HERIIEIAMERFE I & O RIE b EIRIE - 2520,

HHRTLFIIANADSHEDLTF2ETAVAD
GP1EHEZ#RAWR TV T VEIRID PSSV A 72 Y
VEREL (TR1) PEAEENLD. TRIIEZ, <F 28
TANWRIZGTEL, FHAT VI IANADIV—FB
WBTAT=ZVIANA, FTFIINIANVA, FETY
ANWVA, FxXL T4 VASEZEERE L THHLTWS S
EHELPE o (BB TR, SHEEELL
FESURT ) YEMBHICEH)ACOICEERZSER
T, B4 MIAREICEELTBY, TRIZIZ1 & 209
ETAHH, TIR2IETLVFIANVADZEAEE L Tidkkee
L%w2 f7- BEEFTOLIS, HERTLF Y4
VATIETIRI # F8/FE LTHETAIHITER IR TS
L HHERAT VT YAVALRERT LI YA VATH,
HRBACELEZZBEESTOIREE) ZEPHLNE
Toln BE, FEAZESRINT a A NAICELT

(VAN HE62% HF25,

i, FRZAEFEIAESINTESLT, «-DGTH TRI T
BRWVWIEIRBEINTWS, FHRT7LFIAVAD S
L—RBIZET AT A IVADHZYH TR FHRAERY 72 B
ERTIANVA (7=, §HTUNTAVR) BFEEL
THY B30 2542, LCMV OEEMKIZ e -DG FEKFAE
R RIHLS DD, LA VADBFEL
TWARAZHFRZBRRORELHEFEENS. /2, Th
FCRAEITELPICENTELTANVATY, BEERE
HERREE L REMNTZ LI RED, EZ0OFEMEOFE
DEETET, SROMEIPEFEINS.

T ULF 74 AOMREAEE

T L F A NVAOAEFRICET A AR, B
TANVAEFIRLECRESIL, L a4V ARLKEE
Oz A VA (VSV) 2#EL Lo a— Ry 471
WVAZFIFALT, SREORELEOHMBEABEORE
MR, —FVIN—ATV AT A7 APHEILLTNWDE YA
ATIEV 7)) a v &R EEEE ORI ENED bh
T3, BEFRERCEE, EEEEICE L C3toRs
AERL W E 03 KEETIREICHILE ARSI D
WORERSPIZ o TERI EEB/A L.

TLF oA NAIE, BIBOBEY, a-DGR TRI 2D
BEEZFEMIIEE LRI, TV P A =Y RIC
Lo THIBEMICELY AEh, KpHEET CHIBBOEEL >
ANVAEOFEREN R Y, Bsh, 71 ) ARNP#E
EEPHBEERICHEB ENE. LCMV ST v 74 VA
&, 292V, ARFY Y, FA4FIV, TrFURE
— BT R A M= 228 b b5 FICIRIRFR T,
Kbz, SV EDTANVADRBTEIRT S /5
TIMRBEBELRLI VAT O VIRENERETEAT
BEEZLNTWE AP 4B o-DGCADEAITITTL
AT H—VFREE Liwicd, BELUEOERK IV R
FO—VHAEELTWEEELNE Y BF hbo
A VADORKEYZ, BEWE/NE (intraluminal vesicles;
ILV) % &4k (multivesicular body; MVB) O I2H
BEFB)VUCRT AT 7 FIVVBR T+ AT 7 F VA
YR =N3FF-ENREETHHI EPHRESN, £
7z, Alix 2 D ESCRT B EEHE D REIIILETH L
LD, ALY PV -2 NS TEE MVB BRI
FY—n%NLRREZANE L CHIBASE SRS Z L8
RIBEND, ML PV 254820 e, 4
V-T2 UVISEOHFEREETLIFREO—DLELTH
Zz26N, a-DGENLZIBHAT LV F 74V ADKERE
B & RIEISE OBIEMEIC DOV T b EBRIE W,

—7%, TfR1IZ, FF VA7) s 5 R VIKER
BRIV FHA PP AEFARDEBOT - —FT L LTH
WHis k)i, BEKR S 52 VEFERT Y K4
Y ADFERZ LY, IALEZEEE LTCHET A
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HARTLFIANVAL, 75A) MEERHIZY YA b —
AWK o THIFERICBAT S D, B, BAKICHE
P/NEE %A Rab 7 7 3 U — G FDERFHEIZONWT
LM EN, TIRIZFAT AT LV F 74V AIZ Rabb B
L U Rab7 IZARFFBCHIBEBA T 2 DIZH L, LCMV R T v
T A NVRIZINS OGS TFICIHEFIISHRBERAT A Z &
PELAIZENTV S D
TVFIANADOERBMEIZE LTI, EpHBEETIS
WTGP2 PBELERAREIT L THESNS. GP2 I,
VMO ANVARNRGIZVTANVARED T A VALY
NO—TEAEEFEEDZ 52 TICHEINLERAEN
BThAH Fh7LroAVAICEBLERELT, v
A WA THREENTEVS 7TI VBEILRLL 7V
RTF BB, 2DV T FNVRTF F (stable signal
peptide; SSP) i, NEKHEDH 7/ ¥ v BIYRAF{LEn
TWT2HEHOBAEERZHE> Y. &512SSP I,
GPl, GP2 b iz o RO—TERBED—EhE L THERE
NEZBEEATHDH Y, N R OBUKEEREZOMIE
MBI B BRIF ENT2 336D T V4 GP2 DIRREAIZ
BELREREEZ R LTS, GP2-SSP O 72 Bl &
WBUBIERZY =7y b & LIRS FHEEORERE L
HOENTBY, FLFIAVADOEEEL L CHEFEEN
w2 15 36)‘

FLFILIWADYN—XT 1 2F 4T R

FNFERMIARIFTIANVADIN—=AT 22T 47 A
PREML ENTLE, 7928, A FRAEEZMDLTELD
TANWAETYN-RAV 23T 4 7 AL INTE .
VN—AT 23T 4 7 AVHEILTE S E, 20T VAE
OBV, HFLRVTOEFBRBITTELTT
2L, WEEOBERCEHEEOHRIIEL T CTHEICER
BOBWY — Ve LTRHETES. TLF T4 VAIIBY
Td, 2000FEIIZLCMV DI =7 ) AV AT AHHEESN
BT vHIANA, EFUFIALNVA, FHYNRYA
WA, TZYIANVATHEIENTWE D, 20, &
EEQOZ O =6 0KREEY A VADEIS LCMV,
CFUFIAL VAR, T2V I VATHEEE 2o TS I,
B, Ty ITANVATD cDNA L BKREET A VA%
BT 5T EIZRIIL, B4 Z3FRREHOEERET A
TIANWVABEESCHEMORE LRI T 5 Z LA
Tw3® FI=FIARRELT ZryRu—7%E
HEAMEOTANVAICEESBEI2F AT 74 VA SEHE
ENTBY, T7F/EHE LTOER, Jy¥ 74N
AL BSIA DT A VAERRRD T AV ANTENE THEDY
BEPOBEBIZEYHZ B7-0I2, e RBITICHAS R
Tnp 394040 =gk 2008 EICHHICEIE & v
VadANVADYN=AT 23T 4 7 ALHELEN, 5%
N s A VADEBHELERT A LB 2
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HmMBADER & %257 V74V AIX, BSL4 BIFEEHER
TOARIR) ZEDHRRRELATH 720, 74 VA5H
RSP 7 1 )V ABUROFE I X BSLA BFsE k%
PHLETHAH. 29 LABETCIE, mE, WEAT T,
R > T E 6 Vero MBI RL FLER AT < 7 AR A
BECIVIANVAEDETEL., TLFIA VAR, &
% Vero flifa 7z E TIIMIEMIRERI L VWOT, FE
TEETHAVTIA VARRET 5. BREREFIOREIC X
DA NVAHELBRINT A L b TWEE 22 9

BEETEHRAET T, ExREEMENICHDEES L
AOWEHmHRZBSIA L LTHEBL TR0,
BSIA W ENDE T v FIANAG EIZRETE 2\,
ZD7zHF AL, RT-PCREIZE AT A VA RNA O#i
O, HETOTMRBEOREREENZOBVEZZON
Twa NP OB EHE VY 4V 2D
%, I Z NP ICHd 2E/ 70— F Ve AV 2R
M ELISA 2 %R LTWA, BETTIZ, Fv¥y
ANVAIBLIUT T4 VRO IZonTIE, BE 2
BMAFIFEZ SN TBY, HOT7LF T4 VAEIIBNT
SEERVHEINTWS, F/2, BERFEERALZL M ay
ANARLVSV 2 ERE LA a—FI¥ 4 TI94 VR,
B BE MFEPICEET L7 A VAT 2 hAPT A %
HETHDICERRZY—NERoTwnh, IhoEEL R
BIANAIZTFBEAETER VY 7 25 —¥, FTUWE
CRNTPNH) T AT 7Y —EhhED<T— T —EEZFIHE
BaEn, Ya—F¥A4 774 VAORKRGEME 8EICSHET
AIENTEDL, BADBIIEETLFIANVADI YN
O—J7EHEENEL, BREEEZRIELV2—-Fy (47
VSV AR L THY, BRELHEVEEMEFEOFRMIEOE
FBIIBBLTWS, BETITORLADOT LT 74 VAIZHE
TLEBRIZIIEICOVWTIE, LYEHICE LR ToB
HOEBFII LTV EN,

T FRR

TJoFUREICELTE, BEELSSVT v RETIVE
¥ F I B TRERA IR DD ST\ 5 4 49
FNEFNOREERTANVATHATvHFILNAE TV
ANAL, HICEBRECLZEEITEDLN TV RN
EbHh, —ERELEHETVIHERENERT S & F
AH5NB®. FLEYFUHMBATIE, BELTZY
A WA Candid #1 B2 HWEET 7 F Y PHEEN
TBYY BIZTVEYF VTR 1991 £ S ERShA
BREEFER LTS, —F, Iy FRTIIERINLY
JFVEFEELRV. EBRMICIE, Ty YA IVAILER
THREMEDFNERL TIA VAR, ERLTIA N E
FOHTLNADY TV —F v N Th b ML bk HIET



