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METHOD FOR SCREENI NG COMPOUNDS AGAI NST FI , AVI VI RUSES
BY USI NG PERSI STENT VI RUS-1 NFECTED CELT, SYSTEM FI ELD
OL THE INVENTION 5 This invention relates to nethods
for screening conmpounds against virus infection, and
nore particularly, to a nmethod ffor screening

MEITROW PO RHIGR RENING @OMPHIHYHS WGM?NSPQ FiA@WﬁiﬁﬁE@ BY
virus-infected cell system BACKGROU

| NVENTg§ING Q:Eiiisﬁsmm %Rﬂsamirycﬁ;@gm%eswfﬁﬁa

genuses of Flavivirus, Pestivirus rsacl virus.
CGenus Fl avi virus genones consi st of a |inear,

si ngl e- st randed, positive sense RNA having a total
genone range of ﬂ? which fornms a
structure of 5'- u raI genes nons ructura

0, ) Bad B ) AL SRR b v

o 28 SRRl 4L B0 b g
-end f t he, whol whi ch
e Ol B AT L e serom, T

genes occupy the remaining parts of the genoine. The
virions appear roughly as spheres, 40-65 nmin
di anet er conprieing three structural r ot ei ns:

truncated erl@ QUNR OF THE INVENBIONerbr ane

protein (IV| protein.), and capsid protein (C 20
pr dtlgvinyidaq Hamilyrpeppasesy ihreg gres tafubtaypvius p Pestéding, and

existin in Flavivirus-infected cells is not quite
Hepggivigus.Hogmw el layingre ganemes conrsist toftsh Haearnsinglststrandady alositive

proteins identified in Flavivirus-infected cells and
sensehidNA prongiartotahrgenomeirhyger ef 40 do ltlokilabasd pAiRA which forms a

replication, wherein at | east one protein has a
strugtnest ef Ras@ctura cganesnostuatiatlegenend el Bpe3' mroimis of( Elavivirus

protein) is a viral agglutinin that will allow
genomésedt edt gellyadenydatadhend thHe Fesndophohi methieed mutlERide cap

(un-translated region) is a highly conserved region in
(allowinglfor translation) or a genome-linked protein. Virus structural genes on 5’-end
occupy one-fourth of the whole genome, which comprises C, prM, and E genes, and
non-structural genes occupy the remaining parts of the genome. The virions appear
roughly as spheres, 40-65 nm in diameter comprising three structural proteins: truncated
envelope protein (E protein), membrane protein (M protein), and capsid protein (C
protein). The number of viral non-structural proteins existing in Flavivirus-infected
cells is not quite sure. However there are at least three non-structural proteins identified
in Flavivirus-infected cells and those proteins are highly related to viral RNA
replication, wherein at least one protein has a proteinase function. Truncated envelope
protein (E protein) is a viral agglutinin that will allow infected cells to adhere

hemoglobin. The 5’-UTR (un-translated region) is a highly conserved region in viral

genome and an important part in the initiation or control of protein translation (Thurner
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genonme and an inportant part in the initiation or

control of protein translation (Thurner i C, et al.,
J Gen Virol. 2004 May; 85(Pt 5): 1113-24; Henchal E. A
and Putnak J.I . t ;lin Mcrobiol Rev. 1990 Cctober;

3(4): 376--396; Chanbers T.J. et al., Annu Rev
C., Matl 9Bk Virol. 21)%9 (Ma}A%S@Q%) 88 13-4 Hishchd1 3 A VhddButnak J.R. Clin

conpri ses at | east 65 species bei ng either direct

MicRHiNABE/N$ 99 PO ctoBer? 9%”337 62898 QNP HePs TGP AR REVRficrobiol.
hepatltls C virus, ich I's spread by body’ Tl ui d

199604[%i g{he nmedia for other viruses are arthropods
su squitoes or ticks. '"T ' here are three

cli uglglFlcﬁ)ngs c;@ﬁm‘g?ssﬁrl}éfs? g%éecﬂs%’én%%&gi%g idﬂgcﬁ%ta.{h%@ens for

|nc |ng cent neur on

hu Vlr\/z|<){)1lil()s’s1sS hlﬁcax'ceg%sfogiihe ﬁ h’?is G haI 1%1il 5‘{% @i{éﬁ g ‘t}oﬁg fluid

encep anese endep
di sor der use ow fever Vvi
Con&ast ﬁ?ﬁ %%?ﬁaﬁ’é%%axgusegﬁaeg GROBRE Mo RGN Fhere
as.,acute fl Si.s (. heral
are (i ST T OB ot é@{ PlaPiisapieencs BB plilie) neuron
anterio litis | j ke), d henorrh
dlseflwsszf%'@gé@vwwgf e fwwgcer&@ﬂa% B pgephalitis,
and the_ ||ke) cording to estimation fromthe Wrl d
Japangsq epecphyjuis 394 %%lﬂfwteniaugtd@gﬁr cehedddh g%l&)w é%r virus
virus, about 2 mllion infections result every
infeglingharenys; andeeripyomuscle isgedsrt (Wek as aplﬁeme?lﬁgnavaﬂysw (AFP),
deat hs have been reported for the West Nile virus
periphdralc g¢mayelinptiagnpieasssa fGuillainNByredriSendrome2(§HAS )a datsrigr mayelitis
to statistical data publlshed‘?]y the CDC (USA) dated
and die INen) cantderenggrhagiodaver chaseid\byi Wast Nikef wieusi dengig devsevonse and
a maj or issue on worldw de epidem ol ogy. The
the likd)e Ac¢adingfto edtitnatiinrorashe ¥aull HealtheOrganizhtiomEdHE3), just for
virus isolation and 20 serological identification;
the dérmueifevey slitusyabioet 2 millionuimfectiongresuly ievers, yeanglobaige Over two
encephal itis cases caused by ticks can be isol ated
thousamhtaebhinohdiaipderthsHiawe been repbreed for the West Nile virus infection

from January to November of 2004 according to statistical data published by the CDC
(USA) dated on November 08, 2004. Flavivirus infection has become a major issue on
worldwide epidemiology.

The infection of Flavivirus needs to be confirmed by virus isolation and
serological identification; wherein yellow fever virus, dengue virus, and some
encephalitis cases caused by ticks can be isolated from a blood sample. However, the
serological identification of virus is not useful for therapy due to the low crossover
antibody protection. Further, a vaccine for Japanese encephalitis has been widely used
for years; however, because said vaccine is a live attenuated virus vaccine, there’s a
time limitation for titer maintenance. In the past, people who had received vaccination

used to obtain a natural boost due to frequently being bitten by mosquitoes. The chance
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serological identification of virus is not useful for
therapy due to the | ow crossover antibody protection.
Further, a vaccine for Japanese encephalitis has been
wi dely used for years; however, because said vaccine
is alive attenuated virus vaccine, there's a 25 tine
to gétiaBde@hi B8bst Rrlotvbt Blay B HoSRAGRA ving EdRAMS TIREEBIE there
who had received vaccination used to obtain a natura
are %P%Bw@uﬁggl&sé réngyRatifiy it¥eiBY Aidst &go RBROVhIDRRed adults.
The chance to get 'a natural boost is |ower today due

Curgse?ﬁlil,mﬁt‘?%?ﬁ bk e C%ﬁiaﬁilﬁo - tHE e £ oft @ﬁ(’? hédpds virus

| "some Japanese encephalitis infected cases
T
o Uy (KRELORAGIR {50 0K T SSERFR BUED F3p A0S a
o A5 GBS SRVl B SR pTREE S
s SETTER Y e S TGP AR g
e LS5l S SEBBA BSRES Bul215, B AL 0

conpounds, that m ght be useful in preventing the

the Iapyfrys HH&CHORf ection. 1G The currently used screening
met hod for anti-virus drugs conprises: infecting ]
cellibg aypreptly usedsscreqning, meﬁ@dt fos aptifvaras dgugsegqnaprisgs: gnfecting
cul ture medi um addi ng possi ble conpounds to the .

cellse wiithy Visusreehliunnsg dhel IP%PQCFI e¢ellsxiand riuigret medisahpusidings pessible
see which can decrease viral nunbers. The above .

compreurigisdoithe pdture swdomi,camd| fyrthérf exemening ithe eamepoupdeto see which
| aboratory staff needs to frequently repeat the step

can décreaskottal ngmbek. Ehapbtolve gty isinet déommddealiyorfficient in that the
conmpounds sel ected by the above screening nethod are

laborasdrygstaffamtede do tfrequenthi bipeati thieestere lof uhfacting cells pitbt @ius. In
expression. There are still sonme doubts as to whether

addiaon, oahpdunds seleetetl dgy denpghavn dsrezaimgemednd cet Inst @nearabteed to
expressed cytoxicity on cells. S17MVARY OF THE

inhibiN\t&FEEINar viral protein expression. There are still some doubts as to whether or

not the selected compounds can enter cells and the expressed cytoxicity on cells.

SUMMARY OF THE INVENTION
To solve the obstacles existing in current screening methods for drugs or lead
compounds, this invention provides a screening method for compounds against
Flavivirus infection, comprising the steps of: (a) establishment of persistent
virus-infected cell lines, (b) preparation of monoclonal antibody by using said persistent
virus-infected cell lines, (c) incubation of tested compounds with said persistent

virus-infected cell lines, and (d) determination of the inhibition effect of tested
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20 To solve the obstacles existing in current

screeni ng nethods for drugs or lead conpounds, this
i nvention provides a screening nethod for conpounds
agai nst Flavivirus infection, conprising the steps
of : (a) establishnment of persistent virus-infected

) ' . P
confiRluhdd bP8&Biccihdy) oRT ERFHBLL WY Qafndggi}??&qg,gl Tﬁlﬁg isha Hl{)gg(clonal

using said persistent virds-in I nes,
armbg@}ubation of tested conpounds with said persistent 2s

virus-infected cell lines, and (d) determ nation of

t hepi nhi ki L : r. '

on Fiaictict B Slecfil mpERhER AR EHANT 5 1phEEFL 18he e
per. Eﬂtb\gﬂ%'—in%gged?ce'llte%yg%%E)I&‘ :I]}élg fl%\ge%%lgg %:g:%;%?’lg%" Pasi Ses%gﬁéh%ént of

laavivirus I nrec

vi.rys-infecte 0 _system of.this invention. c rises .
perdoF e R i 8 oo i En P B2 PSRy bIRE said

l.ines,. (b reparatj.on of, nonocl.onal. anti.body by .usi.ng .
persisyfy sisveineRul 6T i85 Tb SRORRLEH o Ffed Ctpouha Witk saia

i.ncubatian_.of .tested c und. Wi th sajd. persistent
persjiiyntoisriaepisd bl fnes; Heetnaion i defipHioB ELigReof tested
inhibition effect of tested caonpqunds or vaccines on
Conmoam?%/ PF (YécHyess 8 d@é“’E’H’rEf_l ARG SALHA nveg: @i amonoclonal

antibody. tt The nonocl onal anti body used in the
antiBedeeni ng of this invention is preferably a

nonocl onal anti-body specific to non-structural

Bho tegngclongh agihodsi uspd on thgyverepng wf dhisi invertiopristns¢fiatably a

and, nore preferably, a cocktail of these two types of
monastsel @ntitbodaninepidigi s notsipeurad spretsinedNSd prptais) ny envelop

the screening nethod of this invention can be 15
protgjmp(B protéin), tahé, mbvesr prpferabhy/ oeodistaplpdiythesei tsvo types of monoclonal

of Fl aavi viraas infection. Another enbodi nent of this
antibpdient i on is a kit for screeni ng conpounds agai nst

Flavivirus infection conprising: (a) materials to
est@hhpaindpaclectsd diyt using tise saré@ihge thetleld of this invention can be

applied in the therapy and/or prophylaxis of Flavivirus infection.

Another embodiment of this invention is a kit for screening compounds against
Flavivirus infection comprising: (a) materials to establish persistent virus-infected cell
lines, (b) materials to prepare monoclonal antibody by using said persistent
virus-infected cell lines, (c) guidelines for incubation of tested compound with said
persistent virus-infected cell lines, (d) materials to determine the inhibition effect of
tested compounds or vaccines on Flavivirus by sandwich ELISA using said monoclonal
antibody. The monoclonal antibody used in this embodiment is preferably a monoclonal
antibody specific to non-structural protein (NS1 protein) or envelop protein (E protein),
and, more preferably, a cocktail of those two types of monoclonal antibodies.

4



lines, (b) materials to ;prepare nonocl onal antibody

by using said persistent virus-infected cell |ines,
(c) guidelines for incubation of tested conpound with
said '?t) persistent virus-infected cell |ines, (d)

materials to detennine the inhibition effect of

te ke : by ar .
E R ARATP AURERd gggﬂszxgglt rr%crﬁgégllngn %‘é‘tﬁ@d oiaglgs dg?('eqlhoen can be

sandw ch ELI SA usi ant i
g ot . s N
wp e s @ iort B Yook Rifor R s BRARH FfiyleRis of Flavivirus
infeB@4 Sstructural protein (\S1 protein) or envel op
protein (E protein), and, nore preferably, a cocktai
of those two types of nonocl onal antibodies. 25 4
Compounds sel ected by using the screening nmethod of
this invention can be applied in the preparation of
nmedi cati on for therapy and/ or prophylaxis of Flavi
irus infection. 4A Flaviviruses suitable for the
screening nethod of this invention conprise Genus
Fl avi virus of Flaviviridae, conprising: Tick-borne
viruses (such as Russian spring-surnner virus, Orsk
henorrhagi c fever virus, Powassan virus, Royal Farm
virus, Karshi virus, Tick-borne encephalitis virus,
Neudoerfl virus, Louping ill virus, Seabird 5
ti ck-borne virus and the like), Mosquito-borne viruses
(such as Aroa virus, Bussuquara virus, |guape virus,
Dengue virus (type | to 4), Kedougou virus, Japanese
encephalitis virus, Cacipacore virus, Mirray Vall ey
encephalitis virus, A fuy virus, St. Louis
encephalitis virus, Usutu virus, West N le virus,
Kunjin virus, Yaounde virus. Kokobera virus,
Stratford virus, Ntaya virus, Bagaza virus, |l heus
virus, Rocio virus, Israel turkey t~
meni ngoencephal orn elitis virus, Tenbusu virus,
Spondweni virus, Zika virus, Yellow fever virus,
Banzi virus, Bouhoui virus, Edge H Il virus, Jugra
virus, Saboya virus,

4A
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Poti skunr virus, Sepik virus, Uganda S virus,

Wessel sbron virus and the like), viruses wth no

known arthropod vector(such as Entebbe virus, Entebbe

bat virus, Sokoluk virus, Yokose virus, Mdoc virus,
Apoi virus, Cowbone Ridge virus, Jutiapa virus, San 15
Pe rIJ" lb&z@zr?ﬂeg gﬁitab'ﬁ! for %‘ieai&ee\ﬁ%r{ ethBioakAs ﬁlvgﬁtﬁonvé({ se Genus

Car ey Vi rus, virus, Montana ny

Fla@vbﬁe&ﬁ ePRFbd, Vé({l‘H}é‘l%llEé]n%lp &hla dgﬁ'%tse\é' g%{ftgl @t lf{ussmln

ve virus and t e

Spn{i% gulﬁln%t[ ho é es C r %g-fc i*eﬂér%&tugﬁ)o? slg%ln‘gn'%\}{ggd[] Pldﬁg virus,
V. 71:59
Kargfh 4056 igkipothin 5 TN S o A

i.nf ect.ed c ells.can e us

weg BB LR oheF MOe*sP%%r%wﬁVéﬂ%sr LSRR
tivation, and BHK- I 132.5 cell line, and
Vlr“% Yo DERRYF WP B8 13 KeROuD Gou THapoioocohalits

. ched cul.tivation. s will be infect
virue BGPRGE by n AR c}%ﬂﬁfyt Fcgphalidis Viggsy el %ﬁbgﬂlm&f St-nlouis
Qpat hogeni c ef fect (CPE .on the cells disappears

encqpﬁéhg%&lrusgp See/ B, Wicsh NH@ vises, Kginde virgs.vy qounds s, Kokobera
rapi dly. The persistency of Flcviviruses infection is

virug,efptfosd §5:9%&th Hrys-Pagazac/ims, Greup yirysikegiq waus, Israel turkey
Fl avi vir-us-speci fi c nonocl onal anti bodies 5

menirgosaedpbalemyalitihyisus deaibope sirpb Spradweritdiy, Zikatdis, Yellow
primary antibody, and the FITC conjugated

fevet fitusr Benaii viruss Ronbodywinzs: dgo rliligemesd)ugna virus, Saboya virus,
I Il RP-conjugated (horseradi sh peroxi dase-conj ugat ed)

Potigloumn -vams.i Sepdhusaud, dJgmtla Sodyusa 3V eskestger omdarayd the like), viruses
anti body, In the screening nethod of this invention,

withe po tkopenodrtinoprat vertad(suwht asbBukgblea mirud) EEmehbeelpit tvaps, 8bkoluk
Fi avivirus, conprising E protein, C protein, and

virust Y olatse virhis, aviddoandruss Apuctinusa CopiboheRige viduey Ritiapa virus, San
preferably it is conposed of non-structural proteins.

Perlita virus, Rio Bravo virus, Bukalasa bat virus, Carey Island virus, Dakar bat virus,

Montana myotis leukoencephalitis virus, Phnom Penh bat virus, Batu Cave virus and the
like).

The methods to establish the Flavivirus persistent infected cell lines can use the
methods described in the publications (Virology. 217:220, J. V. 71:5963, J. V. 72:9844)
or any other known methods used to prepare a persistent virus infected cell line. K562
cells can be used as the persistent virus-infected cells for the suspension cultivation, and
BHK-21 cells, B2-5 cell line, and Bcl-2 expressing BHK-21 cells can be used for the
attached cultivation. Cells will be infected with Flavivirus by incubation with virus.
After most of the cytopathogenic effect (CPE) on the cells disappears, the rest of the
proliferating cells will grow rapidly. The persistency of Flaviviruses infection is then

assayed with IFA and ELISA by using the Flavivirus-specific monoclonal antibodies
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The nonocl onal antibodies used in this invention are
prepared by using hybridoma techniques conpri sing:

(1) preparation of the conjugate of Flavivirus epitope
and a t0 carrier, wherein the conjugate is able to

i nduce an inmune reaction after inmunization using

(destAbél CRN)tHBABedIchiBR ABIRL) PAEY thef gylnlnﬂ)«x dafdYbody, and the
col l ection of "the anti body agai nst I aviVvirus

FITEKLEIOESl%%Q%egS 2) 16t aRin S hmmgml{lt@;a&df y S%xe m ﬁﬁf—%oﬁggated

detenni ni ng | reaction” and screen
h LRl . S, AN [ Chl.0
(horBndiRh LRI SERRIF Toncarlt Pl 10TMRR0A BRCHE Xhcpndary
anﬁaﬁggen cells having 15 Flavivirus epitope and nyel oma
and (4) Production of a | arge anount nonocl ona

antj .usin aid, hybridoma. .Enzyne-|inke .
ot B Ko oD e PR 8 em B P B gptibody can
met hod of .this .inventian c be the.direct or

be TREPIR ab 2o GamP R REnG SR Pist, C Gy 1 structural and
preferably the sandw ch enzyne-|inked.injinunosorbent

nonZlelciral-prdtetnsy wREieH PrsFerably 1L i AUPBHCRLG o Sructisglrproteins.
nonocl onal tj.body needs to be optim zed. BRI EF .

The Raeeoi¢5 @ilbgdiog VPRROTH ARSs BiTPateth Ry g hyhrdoma
be nore fully understood by reading the follow ng

techgiques cePHEa8 T (It hrepareion Ak thy eenirgale of edyiteneritope and a
wth reference made to the 25 acconpanying draw ngs,

carrighaVigrain the epnjpgate is,abde Heidpeecariamgramicaetsn it imamunization

. design of a conpound screening systemof this

using sgidrropigatodnd raispinaldogdnr fodowed by sellestien of thetantibody against
system : establishnent of a persistent

Flavjviruss <pitees c€2a degséilishmenie ofnehabysep aystemolFgé and ELISA) for
nmonocl onal anti body having epitope specificity with a

detehyimmpinmaunesheiauand sradnoigtaimalddia oroplash delie hswesg @dmune
conmpound to the persistent virus-infected cell, the

reaciome(3) atrapdratiodn end tscreeniogldf hiybridembj efcarethat eplsamndelis having
ELI SA for detection of viral antigen, and the culture

Flageis egitoppbeand myeloma; and (4) Production of a large amount monoclonal

antibody by using said hybridoma.

Enzyme-linked immunosorbent assay (ELISA) used in the screening method of
this invention can be the direct or indirect enzyme-linked immunosorbent assay,
preferably the sandwich enzyme-linked immunosorbent assay. The condition of

sandwich ELISA for each monoclonal antibody needs to be optimized.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention can be more fully understood by reading the following
detailed description of the preferred embodiments, with reference made to the

accompanying drawings, wherein:
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subjected to MIT assay for determ nation of cytotoxic
effect (viability); FIG 2 is a schematic di agram
showi ng the sandwi ch ELI SE. step of this invention,
wherein in the sandwi ch ELI SA step of this invention,
primary anti bodies 10 and secondary anti bodi es both

carriase @ & adichatit ddgrimnpelaipatheadsidaosh £ oMYty screening

epi tope specificity; and FIG:1 is a schematic di agram

systSA QHING irdvaRtidE SHletein Alo Yhrtdide i"x{ghilc%ﬁri'n AROLRMm: c%?aﬁfiﬁfrﬁéglt of

I'n the supernatant of persistent dengue Virus-infecte

a pérgiw%ﬁt SruShltbet& LiPnRR. 4 Rl%ﬁm%ﬁ Ryt ErH)rﬁﬁ%l(%n\M] Shébdl H@Ving

virus antigen content In the supernatant of persistent

epitcﬂ]gev \éh%cli'ﬁéiif I\(}ﬁ% gd h%donﬁlu Itécﬂﬁ@ﬁe e ﬁﬁ@?ﬂgf‘ gagﬂiti/olrﬁr gF i the tested

Ion-e I'ts  an i ncrease of secr

con SR BRI L L T4, D S SAGY. F e o
B A L b T iy T e o
oy S A SR RPN

Cel f. B2-5 |line,, Bel-21 expressi ng, BHK- ells .

o S5 B i B R ey SRR LB sof ek eIy step) of this
. After st of the cytopathogenic effect (CPE).on cel]s .
invegfignowRerFi in fhe s wwngLIg%estﬁv of ithig AnygnHgn.cRIFParygntibodies
grow rapidly and the persistency_ of Flavi:viruses.. .
issedaoantitodses batl rragsiesgye golitiih af prongsdonal jagibeglies having
_using the Flavivirus-specific nonocl onal antibodies
epitoRecsPerifisdy ad t hi s specification hereafter) as the

pri mary antibody and the FI TG conjugated (fluorescein

i sdllfi Scipam acleneadisj diganaay pheyyingpthe gemlts gt wigus antigen content

(hor ser adi sh per oxi dase-conj ugat ed) goat-anti-nouse |g
secrefad il tebysupernataat obpersidtent dengnt ivibweyniested ftyne 2) cdf fultures by

tutu *ae: t9i. Mznoclon.il Antibody!
sandwich ELISA, wherein the virus antigen content in the supernatant of persistent

and

virus-infected cell cultures established in this invention exhibits an increase of secreted

viral antigen concentration.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Establishment of Persistent Flavivirus-infected Cell Line

The methods to establish the persistent Flavivirus-infected cell lines have been
described in the publications (Virology. 217:220, J. V. 71:5963, J. V. 72:9844). Cells of
B2-5 line, Bcel-2 expressing BHK-21 cells are infected with each type of Flavivirus
(Table 1). After most of the cytopathogenic effect (CPE) on cells disappears, the rest of
the proliferating cells will grow rapidly and the persistency of Flaviviruses infection is
then assayed with IFA and ELISA by using the Flavivirus-specific monoclonal

antibodies (described in this specification hereafter) as the primary antibody and the
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i _kdsbn4 tts Cccl xt klzt BALB/c mice were inmunized
Wi th the supernatant of established persistent
Fl avi viruses-infected cell lines to increase the
chance of getting a nonoclonal antibody against the
secreted viral proteins in culture supernatants. The
FITE-doRjulghtéll’ BuctbdcBinnS idtHiHcy-85€-dohfleld) N JraPIHRB-conjugated
Afté}ginnunp?gtion, I&A an?’ELISA‘aEEe Lsed to Chggwugae
horb&EdibI) RPGGAsk CoRRELRR Lot drilRoe THGNTERR) b 48
(Obef olre cell fsusiogjn.% T e)égpe%ll f1|§18 aent%]bggy&?B ce?l%gélglglary
) d with nycloma. B cell cannot be cultured
t &%e
ani%o g-termin a culture flask, and rnycloma is a
| ynphoid tunor that can replicate and proliferate in a

d D [ Et ]

th sets of. 15 chro oes are m xe nd. t hen .
nE S SipiS e B BRE 6 pRER R Foenined pasisten
several cycle f mtosis. The daughter. cells, called

FlappRiected 631 Bhos T ideie i shanca it eees € miyoclonal dntibody
proliferate without Iimt., Once the target .

sefit e oFeged sVH@L Pralcing i BURSR ARDTBHERBOIYF flasiiueatips used
E{b&i.dﬁg}g was sel ected, based _on the characterizatian

are ggted 4 isle hatiigh dmpu@izatiohel gk gd diUIsA wercantedbigdshesk the
| arge-scal e can _be acconplished by 2:0 induction of

specilAibedy fitaiced iBeresHized seradslrse odt fsive. Thapneas fibody (B
contam nation by natural inmunoglobulin from host

cell)ip dased pyjth mivelgmiaoR estl aapeotdisemiltured lapertrsoina culture flask, and
anti bodies fromascites was carried out by passing the

myelpsied ied ympboaightunhe {hebred meplicete apyt pradiferae ookueniture flask
dependi ng on isotype information fromtyping ELI SA

withphietime tiamb dibesé tvat cadls vodre ankedyemd mdueadgetfusmowih whasother by
recogni zed by nonocl onal anti bodi es can 2s he

PEGc dpbliyetirgténé r ghycelhe Rendbmbinkton wahghoconf dftee teborted sets of

hand by the Western blotting nethod, S
chromosomes are mixed, and then the chromosomes number might go back to normal

after several cycles of mitosis. The daughter cells, called hybridoma, secrete the specific
antibody and proliferate without limit. Once the target Flavivirus-specific monoclonal
antibody produced by hybridoma was selected based on the characterization of
monoclonal antibody, the production of antibody on large-scale can be accomplished by
induction of ascites in NOD/SCID mice because of the low rate of contamination by
natural immunoglobulin from host mice. Purification of the specific monoclonal
antibodies from ascites was carried out by passing the ascites through the protein A or
protein G column depending on isotype information from typing ELISA. The
characterization of antigenic target molecules recognized by monoclonal antibodies can
be confirmed from the molecular weight of the colored band by the Western blotting

method.
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Table 1. Flaviviruses strain used for preparation of
nmonocl onal anti bodies Virus Strain Name Source Dengue
Type | T-1AWAIl ATCC

- 1519, ATOC JEV

____________ DengueTypel .. vev (veltoWAver TGS 17D

ATCC 5 timzatian of Sarl dwwi cli | SA The | ection
of m)no?on CHERS i to be usedlI’Pg)rl%sandV\/i éﬁggl_l SA
was based oqn the ability of the nonocl onal antibody
to catch t h&PEraIYREdtein i n the Bobler nat anfIC6t
persistent virus-infected cells. The choice of the

pai r of primenguakrsecondary antHB8Hi es wadTE6ne
through a Conpetitive test to nake sure the epitopes
recogni zed byW®tNbdese two anti bddRd$S10ere dATECEr ent
from each other. When there were, nore than one viral
pr ot elEN (mpanest Edcdphblitis ieugul t ur aRPSuper ndi@né Eabt he
primary anti body used for sandw ch ECITSA m ght be a
cockt ai I'YFof (vtlicyBe@nalingnt i bodi es.17bhe sameapcionci pl e
was

Optimization of Sandwich ELISA

The selection of monoclonal antibody to be used for sandwich ELISA was based
on the ability of the monoclonal antibody to catch the viral protein in the supernatants of
persistent virus-infected cells. The choice of the pair of primary and secondary
antibodies was done through a competitive test to make sure the epitopes recognized by
these two antibodies were different from each other. When there were more than one
viral proteins secreted into the cultural supernatants, the primary antibody used for
sandwich ELISA might be a cocktail of oligoclonal antibodies. The same principle was
applied to choose the secondary antibody for the sandwich ELISA.

The detailed procedures for sandwich ELISA are described as follows: a cocktail
of monoclonal antibodies against E and NS1 proteins of flavivirus used as primary
antibody to capture secreted viral antigens was coated on the wells of ELISA-microplate
at 4C and allowed to stand overnight. After washing with PBS containing 1% BSA (3

times) for blocking, the culture supernatants from persistent infected cells were added to
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appl i ed +0 choose the secondary anti body for the
sandwi ch ELI SA. The detail ed procedures for sandw ch
ELI SA are described as follows: a cocktail 15 of
nonocl onal anti bodi es against E and NSI proteins of
tlavivirus used as primry antibody to capture

t it t f
L

mlcfb\f)?a{tg% QFIIB w%ﬁ'&(‘f Rﬂlt\ﬂaﬁ’/l’g \%lltlt? r%sl; o8 ‘rﬁ'nms éot%?r(%%%f(p%ired

ocki ng r nat a
blot%%%?ﬂ sec&;(ﬁig)% glglbvcf\@&é%s%?ggd ?)dega% % tﬂ'é ﬁ‘ggr%iake% were

A e R R e¢w%g%;é§<f%’mes>,

th%b?rsefgﬂlaﬁtﬂﬁaogsﬁaé?-sﬁ?rﬁ% b GeilRi ey d%fgthe ioptates

Th I t hed h PBS
werg e fted &ioat ie?mggcr o118 Do B8 REbroBlst ST iF g wih

ed t and the m pl at es i hcubat ed

PBSi(%gr%‘ﬁ% t @WEE‘? u?lé)Sfraﬁe 4@ rﬁdﬁﬁf a8 ToRflc 9 ¢f Jdpindfessat room

were washed with PBS (3 tines) _and '1MB substrate was
temperaWEe- + bhg davHts yeres oeaﬁpwu@w aP- rBmy giibe pat BRESA-reader.

The results were readout at 0. D. 405 nit wth an
Expefimepls r @h degativepsish PPpie <opiiol EErups v\@eran@pqsoby tysing culture

control groups were done by using culture
supeynanth dioanmeck poiiantks-orferted oytopathis- BfrﬁKe?clt@as

cytopathic. BHK-21 cells. UonsisteritScre nnA~? i'f |

net , x litwzil7 ill St Te [FI<ftclFt$4 (? . iii 1tt3t

! LYy’ yr <s ultect xl CeII Lines The viral anti gens

(up to 115 6 nnnths)‘cultured'per5|stent
CellHLia®s virus-infected cell lines could be directly
detected by sandw ch ELISA without any pre-treatnents
s ucltheadrab xiiti gtk isedretod igrarthé supepiatdnts efddntinuosHbag-ted. (up to
Furthernore, after 5 successive rounds of freezing for
6 months Vedkirednibrastbriti Mativ@is-infected cell lines could be directly detected by
sandwich ELISA without any pre-treatments such as extraction or partial purification
(Fig. 3). Furthermore, after 5 successive rounds of freezing for one week and cultivation

for two weeks after thawing, the persistent Flavivirus-infected cell lines still secreted

the same amount of viral antigens as at the beginning as detected by sandwich ELISA.

MTT assay

In the method of this invention, while the culture supernatants of cell lines was
subjected to sandwich ELISA, the cultured cells can be separately subjected to MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazolium bromide (MTT)] assay to
determine the cytotoxicity of the target compounds. MTT is a sensitive reagent for the

measurement based upon the high reduction property of tetrazolium salt. Changes in

10
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for two weeks after thaw ng, the persistent

Fiovivirus-infected cell lines still secreted the
same anount of viral antigens as at the beginning as
detected by sandwi ch ELISA. 20 1t4'I"1' assay In the

nmet hod of this invention, while the culture
cellétflgléf’;efeﬁfoﬁ%ﬁvﬁ caRedl by tﬁﬁﬁlé"@a%%)ré Ubh & ﬁﬁ}b?/tgrssa gJP g’([g‘ltug%s and

the cultured célls can be separate
o T togpiasthg T e abred by e 1LY sy MBI drhsdfo @
AL ORR AT FEEME, S IGEILIB psosia wis
me R e PRSIl o057 SRMSATROL AP i
e 5 B PR i Y S8R9 BIBRABE BB SR e

o i B PRCRLRS o0 e SPaRoeht Sreliah! Syl o
m taochaondri a.. dr ogenase enzyne fﬁssociated Wi

h
STOR AB I TEeHEER LY COTRE Bt BERBABITPPHOEIGpR] ffefteagtively

due to olytic activity within 3 the cells and is

Prolaéﬁ’élﬁaé%ﬁ! Eﬁa%nmﬁ%ts ﬁpé@&}%@ agfl PRAVBIE Seriralarspis Wergconducted
formazan crystals nust be dissolved wth isopropano

by using Qiurs seyp Korbmeek prhlaviyirseiniasted cgppathrpcﬁﬂﬁ-ﬁn@ﬂ-
increase in MTT conversion is quantitatively
proportional to the actively proliferating cells.
Experiments on negative and positive control groups

eyt thoqampowatl Sergenieg System| t ure cel |'s from nock or
Fl avi virus-infected cytopatl xic BHK-21 cell. 10 Design
of Thiecdbbgsedneresung eysteny fQyssaririnipios antétital dagsdrom a library
screeni ng system for searching for antiviral drugs

of phaomaceuticddr cmypouofls gheuprisesetwd campomampo LD i anyirissasection
two conponents. One is a virus infection

component for testing the effects of candidate chemicals added into the culture of

persistent Flavivirus-infected cells. The supernatant is monitored by virus-specific
sandwich-ELISA. Cytotoxic effects of the candidate chemicals are determined by
checking viability of surviving cells by MTT assay. A simplified scheme of the design
for the compound screening system is shown in Figure 1.

The screening system of this invention has the following advantages: use of
isotope is not necessary, no follow-up treatment is required for isotope waste; the
screening system of this invention is applicable to a general microplate auto machine in
a lab, new equipment is not needed; the establishment of persistent virus-infected cell
lines can avoid virus instability and the repeated complicated operations for each
preparation of virus infection; cytotoxic effect of compound can be determined by MTT
assay at the same time as sandwich ELISA is performed; compounds selected from the

screening method based on the use of persistent virus-infected cells will reveal the

11
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conmponent for testing the effects of candidate
chem cal s added into the culture of t5 persistent
Fl avivirus-infected cells. The supernatant is
nonitored by virus-specific sandw ch-EL, TSA. .
Cytotoxic effects of the candidate chenmicals are

inhidR{oaradliviedoPihe iffleReK LR vithIaRbteint éﬁ(p@éSSi%H,réﬁid\fﬁ&HﬁgaQifoh§ are not

by MIT assay. A sinplified schene of the design or

necsfyGR BRIK RS BATBEAI R%LnH TEBMVirI-HREMIor Srrdct G tBe dompounds
The screeni ng systemof this invention has the

S e S oy e N P RO Y ot disurbed
by dtﬁé}tfgcﬂﬁrsy\@%&taif gﬁnoﬁ&ﬂ&{%? hﬁ}ﬁ)oﬁYe%tcg{n)Q Bsédhh%aljuﬁyiglm B of
I's applicable to a general mcroplate auto machine in
- . New ' LS. NOL, : : st ahl | shment
this i Biton 6 gERL, DRSS WRanRhGHEE] FluiiButT RIS R be the
(] i it d the repeated conplicated
antl\éjﬁlglrg%ﬁu%%&%? g}}e sgﬁ:g%ﬁ CBPIQBE?‘%H on of virus infection;
cytotoxic effect of conpound can be determned by MT
25 assay at the sanme tine as sandwi ch ELISA is
per f or med; Conpo nd? sel ected fromthe screening
se of persistent virus-infected
cel will reveal .the 1 inhjibition activity on the
i nt iﬁ% SMPIRFERUQR Phiheprestls pbatpsd dysths fnethog of this invention is
ngquic tions are not necessary in. order for conpound
strayegtigniaed. ‘Chereds oply ane jexRemiopplofondition: wduchs shoyld be ruled-out
conpounds sel ected by epitope specific nonoclonal _
befoge makigya cenghpsien. ywhishés thieseets dhel pagsibilitysefuintsefgrengg involving
other factors; a cocktail of nonoclonal antibodies can
antigen-gaibady rbindingl ityc heEtar@h emmungs. sThipveendition qopld be easily
detect various viral antigens sinultaneously and to
avoidath diicredudieg Qbhivilugs dae tadle taagst winponedsaégativedontrol group
conmpounds. | Fatcrgr i tion ofScreeninF Results The
right beferepardwich GiLIBA deteemireioht s obt ai ned by the met hod
of this inventionis t0O straightforward. There is
onlTheormpeesenic epyérdival mendieen odesalibeh sdingll exdngplary preferred
rul ed- out
embodiments. However, it is to be understood that the scope of the invention is not

Inte]

limited to the disclosed embodiments. On the contrary, it is intended to cover various
modifications and similar arrangements. The scope of the claims, therefore, should be
accorded the broadest interpretation so as to encompass all such modifications and

similar arrangements.
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bef ore -Faking a conclusion, which is there is the
possibility of interference involving

anti gen-anti body binding by the target conpounds, This
condition could be easily avoided by reducing CD

val ues due to the target conpounds negative contro

W}g(rpygcﬂAMEmfore sandw ch EL.| SA dote nination. is

1.

he present invention has been described using

ﬁg&%@f&f églreﬁlfuﬁé E%Qm C op e&’%pﬁpﬁ gtvzm%é’o% ris I‘I§ thé §ttef?s @1!3

erst oo t he I nvehti on

' | m(%)%@ta%ﬁsl‘[&@% ?Eril% <R %1a%§¢181‘311HFe@Ie IcFﬁ}l]ln%:he contrary,

varil ous I'cations and

f'h(T ﬂé)faéreggln& Fgat Qrie I-Irlgg%cr ag apﬁé %rh ggaglggct {Pone of Flaviviral

inter€retat|on so as to enconpass all such
nodi* €A% ons and 20 S|n1lar arrangenents. t2 WHAT IS

CLAILNED |S;. 1 net hod S ening a co

gl R TeRing {o51eH Sompaums 1) T BrraeCpEpERGRIeEig gl tines:
estahl i shin ersi st ent Fl ayvi vi.rus-| nfected cel

lin 53 @)l %1?18 p.welaiani esgtle Sh %%P%wg}e dafiompsgp (©) to
specifjc to one of Flaviviral 5 anti

i ncaRhYIRRy Pé%@é@detsﬁpfda‘ﬁalgalvanflse@@z %gr%?rsﬁ%@ éfﬁldWICh ELISA

virus-infected cell |ines; d) subjecting th

sup&PTaHEesf laapfongangnoglangl andibedy abtamed fiompthe ﬁﬁeﬁt(bb and

(c) to sandwich ELISA to detect Fiavivira

ant i(@esleshing thssevipauahihat erarradwcstihelavelrof the Finvivarab antigen(s)
| east one nonocl onal anti body obtained fromthe step

( b) in hegup@ngrd Wwhealcevered witheabseomgsafiae ¢dvanousdn reduce
the level of the Flaviviral antigen(s) in the

supernart when conpared with absence of the conpound.

2. The nethod of claim1, wherein said conpound is

Th¢ methed of claim Nawhemin aohpoopmaimd is selected from natural compounds.

The method of claim 1, wherein said compound is selected from synthetic

compounds.

The method of claim 1, wherein said persistently virus-infected cell line is

established from a suspended cell line.
The method of claim 4, wherein said suspended cell line is K562 cell line.

The method of claim 1, wherein said persistently virus-infected cell lines are

established from an attached cell line.

13
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15 3. The nmethod of claim1l; wherein said conpound is
sel ected fromsynthetic conpounds. 4. The nethod of
claim1, wherein said persistently virus-infected cel
line is established froma suspended cell line. 20 5.
The nethod of claim4, wherein said suspended cel

. ThB88ndiBo K eBAaftslsl WHeREn sfd aﬂQ&eﬂ?&epol%eggs glélﬁte@ll From BHK-21

wherein said persistently virus-infecte i nes

the%sﬁg-g'é fl'ig@s,fc{r%é\fl\éﬁgfe*s&ﬁﬁﬁ%%ﬂ' éeu'ﬂnﬁg- 25 13 7.

1
The met

0 aim o, rein sald attached cel
lines is selected fromBHK 21 <cell |ines, B2-5 cel
lines, or Bcl-2 expressed BHK-21 cell lines. 8. The

one nonocl o

. 'TEE h&chS& &fl ?ia@nll, {e'ril nsafdrjl Eg?évglnﬁy\%%gAE;cggﬁnfs?sc otng/ one

conprises only y

Ao e ar A Baild S5ERT RV el kb B e
e A BRI e b 0 P AR
non-structural (NS 1) protein of said F lavivirus. to

10. The nethod of claim 1, wherein said npnocl ona
tibody . is ecific to envelope protein (F protein)

S
. % e setog: pg\ﬁq%lp} us. Whgrein said ‘monoclonal antibody is specific to

non-structural (NS1) protein of said Flavivirus.

10. The method of claim 1, wherein said monoclonal antibody is specific to envelope

protein (E protein) of said Flavivirus.
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