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METHOD FOR SCREENING COMPOUNDS AGAINST FLAVIVIRUSES BY
USING PERSISTENT VIRUS-INFECTED CELL SYSTEM FIELD OF THE
INVENTION 5 This invention relates to methods for screening compounds
against virus infection, and more particularly, to a method for screening

o e N S A R TS
comprises PKMKGPIRSBIENPRISS TREWTEDROR LT @Pagivivs. Genus
Flavivirus genomes consist of a linear, single-stranded, positive sense RNA

having a total genome range of 10 to 11 kilobase pairs, which forms a
structure of 5'-stuctural genes-nonstructural %enes-B'. The 3' terminus of

Flavivirus genomes is ndtIS{AQEnAKBN BEN HOY' end has a methylated

nucleotide cag 15.()allovsfi(r§|gsf(t)r traqﬁladtioPg ora enome-linke%grotein. Virus
1S 1nhventli ,Iela O metnodas T  SCreenin O oun against. virus
structural genes on 5'-end occupy one-fourth of theewhole genome, which

CRIRRFiSES fnd pfﬁér@f}ﬁrﬁcgﬁa@@,sl And HRASIUe @k&%ﬂf‘gs Q&EHQNnH%e against
remaining parts of the genome. The virions appear roughly as spheres,
APHBDvivi ¢ (e} arieger reosisprisiviguthirdecstduetusgdtprioteins: truncated
envelope protein (E protein), membrane protein (M protein), and capsid
protein (C 20 protein). The number of viral non-structural proteins existing in

Flavivirus-infected Cﬁhﬁﬁ%@%ﬁﬁf’ é#ggerﬁ@\fﬁ%&tﬁé%are at least three

non-structural proteins’ide vivirus-intected cells and those

proteins:ass, higfly relaied SRR NAJ eRicRtOR WHEFRIAAL IBRSHORS, and

protein has a proteinase function. Truncated envelope protein (E protein) is a
Vilepaggiutiniodhat Wil allaw riected cellsstooddhinea? Sshiptasgtotied, Tsitive
5'-UTR (un-translated region) is a highly conserved region in viral genome
arrrgnRMd ortaiEpartotal teenpiittatingo Pt dAtiel bf sroksise transiatbsh formmer

structure of 5’-stuctural genes-nonstructural genes-3’. The 3' terminus of Flavivirus
genomes is not polyadenylated, and the 5' end has a methylated nucleotide cap
(allowing for 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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C., etal., J Gen Virol. 2004 May; 85(Pt 5): 1113-24 ; Henchal E.A. and
Putnak J.R. Clin Microbiol Rev. 1990 October; 3(4): 376-396; Chambers T.J.
et al., Annu Rev Microbiol. 1990; 44:649-88.) Genus Flavivirus comprises at
least 65 species being either direct pathogens for 5 humans or zoonosis.
Fxcepifof the RepaUiin Lnfisanbich is ppraad ybor AuidaGaniagh e,
média Tor other viruses are arthr pods such as mosquitoes or ticks. There
afgityseIginicad sy idiorre s @b seryeméo chiawivisus jnfestiomminckidingicrobiol.
central neuron disease caused by Flavivirus such as St. Louis encephalitis,
mab@yaeyBencephalitis, Japanese encephalitis, and the like; systematic
disorder caused by yellow fever virus 10 infecting organs; and serious muscle
disorde P8 dHAE GHatOMAEST Parary SIS (R, bejagsHBralHerhpeiqaemRigior
process (Guillain-Bagre Syndr GBS), anterior myelitis _and the like), an
T TN e ) TR S e e R i e

|iK@ﬂtz%{;QHéQHéQiBOfgﬁHmé}ﬂQﬂlﬁ@,fﬂréhﬁtW&JBéé'L%@imsQﬁ%ﬂm@&O&(Wk!;@ih&'ét
u

for the dengue fever virus, about 2 million infections result every year
globdllye Quecdgntivotheusawed e sesAhclivting fécdeathsl indivg: be@ral neuron
reported for the West Nile virus infection from January to November of 2004
atieereingurs StatistiedridatayshisisHe s tpreepbitisUsyy atelipy gncephalitis,
vember 08, 2004. Flgv'virﬂls( infection haﬁ become a major iﬁﬁ)t\;)veton

wOREWGS SHREMISISEY. The Mifettion of FalN s Asds to e Confirimed By

viptsclaRlasgmanth2Q seIoaaical IHENBSANRL, %%ﬁﬁ‘ﬁa%@?d”p&?mﬁigiﬁ%ﬁ :

dengue virus, and some encephalitis cases caused by ticks can be isolate
fresriphdoto ald isgenipleinkl pueever ,(hellserslogical hdestidi qatiRs), ofntyitisr isngelitis
useful for therapy due to the low crossover antibody protection. Further, a
varéihe i)l aphheserdrespliestitisatses! e aMonidely vised deoeyetrer Noeves,

becauyse said vaccine is a live attenuated virus vaccine, there's a 25 time
|.§1ﬁ1 Sh f5EoE P’ﬁm%%ﬁfé‘ﬁ%%%fﬂ‘?h@ep ar}%s%a% ﬁﬁ%"“i’féﬁ“%‘c@(}é@’ just for

Vﬂl%céfgﬁg@g‘fever virus, about 2 million infections result every year globally. Over two
thousand cases including 77 deaths have been reported 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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used to obtain a natural boost due to frequently being bitten by mosquitoes.
The chance 2 to get a natural boost is lower today due to improved living
conditions. Therefore, there are still some Japanese encephalitis infected
cases reported from vaccinated adults. Currently, antiviral drugs are
available for the treatment of HIV, herpes viru athogens for.various

o D S o PR PRI R IR, here
virusas(Reth capaesultir dpmiicansroed NatesispeRvairkieacaptisipateds.
drug for the clinical treatment of Flavivirus infection, and syndrome
sUppentiye therapy hiasgsheaen applidttinfonost casesichhereféle,it hsrpegenilys
needed to have a simple and rapid method for screening natural or synthetic
cOmpogitddthutAIHt e aEeRshins gretrshfihia inermasAphlEish radibipatigs B
Theccurrentlﬁb%a?d screepilnnglmethod fgr ;ﬂ?ti-virus dru éorg rises: i fc?gglngg

Oll’ VITUSES (ﬁ.ﬂ resu 1YCT Cancer ere 1S no avarlable al’léCdPa €
cells with'virus, cu uring the intected c lls In"a culture medium, a ng

pﬁﬁ%@%liﬁ%&%ﬂg&%m&%ﬂ&? im%é’ciHHJ A0 UIDSE SYBRBIRINOHRRpy has
compounds to see which can decrease viral numbers. The above method is

nsteacqpiind ¢aliyosfivaient Thdhdivi) et 1aboratoyynstdtidneddsda fiegendly rapid
repeat the step of infecting cells with virus. In 15 addition, compounds '
sBIERsH Py s erRe 2B S Vet S B irhs st hparaE HothgLiahtbe s uiAm it venting

intercellular vi.ra[J Protein expression. There are still some doubts as to
the klavivirus 11% ﬁqtlon.
whether or "hot the selected compounds can enter cells and the expressed

Cytoxicity,0 Qlﬁ?éﬁi}sﬁém&ga\ﬁl%lz nTelngd MY ENTAGDS %(PuEQ éﬂh‘f)“r‘d&&e infecting

obstacles existing In current screening methods for drugs or lea
campouirds;iitiis dauentignheraricaesdastike aningimethadetitompbrn o ssible
against Flavivirus infection, comprising the steps of: (a) establishment of
peaBIBEALS ir ke afdigte dnediniihasd (B thes saratiomHihh epoeamds s teonhisly
using said persistent viru%—infected cell lines, (c) incubati 9 (e)tff_tested

08%[518% WA ggmbﬁésrs glteeﬁl?ove method 1s not economlca?l icient 1n that the

laboratory staff needs to frequently repeat the step of infecting cells with virus. In
addition, compounds selected by the above screening method are not guaranteed to
inhibit intercellular 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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25 virus-infected cell lines, and (d) determination of the inhibition effect of
tested 3 compounds or vaccines on Flavivirus by sandwich ELISA using said
monoclonal antibody. The method for screening compounds against
Flavivirus infection using the persistent virus-infected cell system of this
nuspion comPrises, (2) sstahlishment,of, R Rer PN Aisaineied el ines.
(b) preparation o monoclonal antfﬁo% by using said persistent virus-intected
cehiibags, (c) incubation of tested compound with said persistent
virus-infected cell lines, (d) determination of the inhibition effect of tested
compourids oethad die scoreitay nirogobyds arhmie hFEbiSAusiSidgesaid using  the
monoclonal antibody. 10 For the monoclonal antibody used in the screening
oPifistrentisrnteschrsteritmhave BYRBIIS GIsHssHdeerabprorsp of
(NS 1 protein) or.envelop protejn. (E_protein), and, more preferably, a cocktall
o e e B e R Ay A

spreghing MeihageidhisdnvaptioncaneapRlied iRdag BSHIBYRNIRL said
prophylaxis of Flavivirus infection. 15 Another embodiment of this invention is
apkitsfaegcyeesint:cethpdutidssaghidstedniaavaiu sfinfectibibtempftsingif (a)ted
materials to establish persistent virus-infected cell lines, (b) materials to
prepRAE b s cY8FENen Mol by sy seitdpérsidibhtAvirsisdntaicteganeglonal
IinesB( guidelines for incubation of tested compound with said persistent
Vit itected cell lines, (d) materials to determine the inhibition effect of 20

tested GRIPRAUNGSHOENAACIRES QI RIAVIFUSPYsSRBAWICRELSAnvsingSaid is

monoclonal antibody. For the monoclonal antibody used in this embodiment,

itpfe friebd able o ¢sepepibpas soiutoreshideiurav Proieiriiyl & npedigiploain (E
envelop protein (E protein), and, more preferably, a cocktail of those two
niseieElbrall antiksaeirderably, a cocktail of these two monoclonal antibodies.

Compounds selected by using the screening method 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. For the monoclonal antibody used in this embodiment, it is preferable to use
epitopes of non-structural protein (NS1 protein) or envelop protein (E protein), and,
more preferably, a cocktail of those two monoclonal antibodies.

Compounds selected by using the screening method of this invention can be
applied in the preparation of medication for therapy and/or prophylaxis of Flavivirus

infection.
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Compounds selected by using the screening method of this invention can be
25 applied in the preparation of medication for therapy and/or prophylaxis of
Flavivirus infection. 4 Flaviviruses suitable for the screening method of this

invention comprise Genus Flavivirus of Flaviviridae, comprising: Tick-borne

viruses fsuch as Russian %PE@%&%Q{H” VIS QK REMONNAgIC teY L nus
virus, Powassan virus, Royal Farm wrué,n}f('ars I'virus, Tick-borne
epgRphalitisoYirysa Merdeerfloskpsishupmgiilbyines, RrRANIdQuEEK-ROrR@ kS
and the like), Mosquito-borne viruses (such as Aroa virus, Bussuquara virus,
|gpape sinuseDénguensiue(typdddo Lydettoudgow adsus vtapdh@se Farm virus,
enceg_ha]itis virus, Cacipacore virus, Murraa{?Valley encephalitis virus, Alfuy
vitashsyipsyfdclsherstaaahatits Vvt sHAesrveds N piRgsikimin SArbEd
I\l(?&_nde VILUS Kal&gg)ﬁ(a vjrus Slt(r)q;[ford virus, I%ta%a virus, Baga Virus

orne Vuﬁs’ an ei) ols uifo-borne viruses (such as ﬁ\r?a VIT f ussuquara
eus VviIrus, KOcCIO ViIrus, Srae rkey meningoencepnalomye itis viru ,

TERMBUSHAIEUSHS POBNENINI YR pEkay s isllown Taver MpysesBanaipivas
Bouboui virus, Edge Hill virus, Jugra virus, Saboya virus, Potiskum virus,
Sepik VitaspAdgandadS, viviusay eas ki brarepinlisiand-ike Akfay, witusesStwithuio
known arthropod vector(such as Entebbe virus, Entebbe bat virus, Sokoluk
viiesPRadikssaryrUssutodae-Wes, Do i K uebivbistie Yiekgels/ s, Jiekgbara

virus, San f’LS Perlitaﬁ/irus, Rio %ravo virus, Bukalasa bat virus, C eX Jsla d
vIirus, S, tortc)l yirus tam v1{us a azz%.w us,, [Iheus vigus,.Rocio V1ru'5 srae tBr e}{]
virus,” Dakar bat virus, Montara n%yo is letikoencephalitis virus, Phhom Pen

bRkNiSe ReP SV MV SiARI TS ke X il RESRGHOGS B ESIZAISHIERE vellow

Flavivirus persistent infected cell lines can use the methods described in the
pievbications BMiolegys 2REuB30;, Jirds, EudO66ll Jids,7 2igd4dru20Sabayiy ather
known methods used to prepare a persistent virus infected cell line. K562

cBSskam ba s SeRis Hirepdieodmn® Ws-iNYerselsbealgifop thd Shgspkpisiviruses

cultivation, and . .
with no known arthropod vector(such as Entebbe virus, Entebbe bat virus, Sokoluk

virus, Yokose virus, Modoc virus, Apoi virus, Cowbone Ridge virus, Jutiapa virus, San
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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BHK-21 cells, 132-5 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 25 proliferating cells will grow rapidly. The
persistency of Flaviviruses ipfection is.then_assayed.with IFA and ELIS
ekt A e e o R e T
speaificatiapahareaftrioracdhe piimacaiRadyjapdde FbF C-eqmlgaleshied
(fluorescein isothiocyanate-conjugated) or HRP-conjugated (horseradish
péroxitabs:cpnjugdisd) giataanti-getsetigrantibddyastibéy seccheamcondary
antibody. 5 In the screening method of this invention, epitope of monoclonal
atitt9dy-can be any epitope of Flavivirus, comprising E protein, C protein,
and stryctiyral.and, non:stuatyesy proteing, whereln preferably 1 is composed
of non-sPruc?uranro ins. The monocional artibddies used in this inverion

ape RIEPEFRERYHSHIG AYRIdemE teaBNIYRSGRMEriSingin LRI epatatian afa
the conjugate of Flavivirus epitope and a 10 carrier, wherein the conjugate is
aine-torue dudepastdimsn whereda plicfarate ritnvmivnipai@no i sngsgaducdnpugaies.
and an animal body, followed by collection of the antibody against Flavivirus
ephopeeno)l e prdbrAisnt WEAnaIYRs §ystsien (A RipepeEd B iyl hybridoma
determining immune reéﬁc.:tion and scr etﬂéng animal SEra or.s leen.cells

techniques comprising.. ation ol opjugate o. aviyiius. epitope_and a
havmgqlmmun rea%tl ]féﬁ}pﬁ’rrepara 1on anlesgreenlng 0 hy 1] 8m§ Ofl

a0ImaL, SPIRRMGRIS gy iac 10 IR I IHES RIS ARE FNEIOM R Ik hization

Production of a large amount monoclonal antibody by using said hybridoma.
Enanymaickeidiaumnndesartient assay (ESADysattin dheSteanibgl mneatfiac
of this invention can be the direct or indirect enzyme-linked immunosorbent

aBkayyinpreRinsng: tHe) sasablitienyehealiplal imvieoshentdsshit Ahdor

condition of . . ) . ..
etermlnlng 1mmune reaction and screenlng ammal sera or spleen cells havmg 1immune

reaction; (3) Preparation and screening of hybridoma of animal spleen cells having
Flavivirus epitope and 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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20 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 25 accompanying
drawingg, wherein: § E1G, I 8,3 5ehginalic diagram, shawing he desian o,
compound screening system &t this inven ion, wherein two parts are

ingludadimibiswysiemwvastanlishpent ot ansisisientiviyscnieciadiaalldner
and preparation of monoclonal antibody having epitope specificity with a
hyhridosrattethsiguiestahd<difténacditiprepirtheiested deadonpoamibtol thigaving
persistent virus-infected cell, the supernatant of culture cell is subéected to

SEPitRRFCHREE IS oM HBtacHIPriPvIRalleahiifBls; did thiécE s elPbdhcpéested
subjected to MTT assay for determination of cytotoxic effect (viability); FIG..2
e R B T R T R el
Mﬂﬁf&!{édﬂmﬁnﬁaﬂwﬂmﬂf%&%@iﬁ BEP'%QIV%R@%H; %H@@J%ﬁﬂﬂ@%@!ﬁ@qnlﬂ)e
and secondary antibodies both can use a cocktail of monoclonal antibodies
hautijegteapitPETSpaayfivityle analifdGordoiscat son@nftic dvagpizion) showing the
results of virus antigen content secreted in the supernatant of persistent
dengueflfruszirifedtaheippacoiiigammeulthpadnsy theaseRdieis iE BSAAWH e fhis
virus antigen content in the super nt of persistent 15 virus-infected cell .
ik AR el e e R R e

aigen GRS HANEM. O b AILERRES CRAGA QNN R L PREFRRR ER%

EMBODIMENTS Establishment of Persistent Flavivirus-infected Cell Line

Thetopetpacisitayestablish the persistent Flavivirus-infected cell lines have

been FIG. 3 is a schematic diagram showing the results of virus antigen content
secreted in the supernatant of persistent dengue virus-infected (type 2) cell cultures by
sandwich ELISA, wherein the virus antigen content in the supernatant of persistent

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, Bcl-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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described in the publications (Virology. 217:220, J. V. 71:5963, J. V.
72:9844). Cells of B2-5 line, Bcl-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

E]giflj% ers@gnc tﬁfo Qsac\éll\rlllrusiseo mfggatﬁg '50%5 tgt% assaye h IFA a awa
bejuélng the Flavivirus-specifi onoclonal a t) bodies scrlf%é
thisapeeiinafianheiealten asde @éﬁ@ﬂﬁﬁﬂ@dg ARFUNRE 7as the secondary

FITC-conjugated (fluorescein isothiocyanate-conjugated) or HRP-conjugated
(moriberadish peroxidase-conjugated) goat-anti-mouse Ig antibody as the
secondary antibody. 5 Preparation of Flavivirus-specific Monoclonal
Antibody by Hybridoma Technique BALB/c mice were immunized with the

SHREIAIANS P%%%E%Bﬂ?rﬂﬁegﬁﬁ E&%%%%Eoﬁ'ae}%"'{%sgf '%fﬁgﬁn cﬁ%_a["# hidue

viral progeing ip fHtLTe.RU aﬁmﬁﬁa@&swﬁhqﬂél%ubé%ﬁvwﬁésmgh&r%ﬁi%dn

Table 1. After immunization, IFA and ELISA were used to check the
specificrawtiboidytéderd] dfridre s ansiize chs eharefof gectllgiu siomodlheas padiihdy
antibody (B cell) is fused with myeloma. B cell cannot be cultured long-term
iﬁ%@%\ﬁh&h‘é frasrtehnghwyelta iscal ﬁﬁ@@ﬂlﬁ&@ﬂ@r st Sl raphicatEnied
rollferat ,?% Ithre ask without tlmeé;mlt WO cells were ix?(dthe
dto olye

11se 1 1 zafl were sed
uce Use vith e ACH O &Y By’ ylene col

Rs%‘é&'ﬁikbﬁﬂ%&'i&q}é}’s%?‘%hﬁ &ﬁ%&%&%&&‘%@fé&tgeﬂfﬂé&hFﬂi@?ﬁ%@ﬁ%ﬁﬁﬁody (B

mixed, and then the chromosomes number might go back to normal after
seseral fyetesiaf mytasisa. Theetlaughtebeellbyedl led dndaiidamaysaeratekhed
specific antibody and proliferate without limit. Once the target

Fraxglans - spedifiertA oeoaalthah e dymieducad byohidridoma wakure flask
selected based 0 gjﬁe characterization, of monoclonal antibody, the

pPOHOLtEH B AHE OV Par e SEAT AR tf'é‘% Sy th each other by

PEG (polyethylene glycol). Recombination may occur after these two sets of
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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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 25 be confirmed from
thesmolegulan waighinal the-aatared Randbbythendesieraiging method. s
Table 1. Flaviviruses strain used for preparation of monoclonal antibodies
VirusStrain NameSource Dengue Type 1HAWAIIATCC Dengue Type
2PLO46ATCC Dengue Type 3H-87ATCC Dengue Type 4H-241ATCC West
NileVR-1510ATCC JEV{H4panese Encephaﬁf@IVMRPgHB‘PH&‘F_ab YFV

supernatar
primary and secondmﬂg@rltgqjacj;es was done thr[quggh a compatm@e test to

make sure the epitopes recognized by 10 these two antibodies were different
from each other. Whergtiadrepwére more than oble24dral protefi $ecreted into
the cultural supernatants, the primary antibody used for sandwich ELISA

might be a cocktail of\gﬁéfc%ﬁ?nal antibodies. THBdaMe principfévas

JEV (Japanese Encephalitis Virus) RP9 Home Lab

YFV (Yellow Fever Virus) 17D ATCC

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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applied to choose the secondary antibody for the sandwich ELISA. The
detailed procedures for sandwich ELISA are described as follows: a cocktail
15 of monoclonal antibodies against E and NS | proteins of flavivirus used as
primary antibody to capture secreted viral antigens was coated on the wells
of ELISA-microplate at 4C and allowed tq stan | After was

B o B R R o ARSI e
frafprpaesisteptdnfeqied wrlls wess addediten Microyvelsand thamicspplaies
were incubated at 37C for 90 minutes. After the microplates were washed
whithtihdeoBiS deed staming PBSHSItimes jddedaokiaih of Phareldthbioticrapdatjisgeded
secondary antibody was added to each well and the microplates were

inbenbated At F7E foF 99 mw}fés% é’l‘fﬁ%ﬁ’tﬂﬁ?&t&%é’ﬁ’é%éﬁéld Riith® B@e(@

“{Reslao?s‘heﬁsqora%&? lish pe ({) FrSareRa gf gin was added @S%&%"
d'the mic microp Aes were inc d at'fodm emperature for% minute
%Y@%@%ﬁtmﬁrmkﬁﬁp\%&r? f%lss@rﬁfﬁl%g and TMB suRstirte W%%&ﬂ&’fﬁﬁ
to react for 30 minutes at room temperature. The results were readout at 0.
CRBOY Trindth and ECMEA-sebdere Bxpesitdehts orave dativ@)andnpesititeroom
control groups were done by using culture 10 supernatants from mock or
Ftavmr@tgrmféla%df‘éy Bpattiic Brde1tells. Borlistam IdteeinglddAyireader.
AEI en in Su é)ernatants of persistent FlaVIIVII’US infected CeII |nes The \(éral

ARt eHEC et FATD tha S up T hiata s tas cérn(tuﬁﬁoﬁ%r?on L

MERAEEHHER RECRISIGNL Flaviy t'i%ct&fiec%k%ga@l’iu finas. @99&%406 d'feCﬂy
detected by sandwich ELISA without any pre-treatments such as extraction
or partial purification (Fig. 3). Furthermore, after 5 successive rounds of
freezmg for one Week and cultlvatlon for two Weeks after thawmg the

antlgirlllee?s at the beglnnlng as detected by sandW|ch ELISA

The viral antigens secreted into the supernatants of continuous long-term (up to
6 months) cultured persistent Flavivirus-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-yl)-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
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20 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-yl)-2,5-diphenyl-2H- tetrazolium bromide (MTT)]
é ql%?aggltlear:nalvr} tQa?lSCéét%tO)t(l‘lgl%C e;[c 8I‘Ear et I?%L{nlds 1na-ucers and
sensfiive reagent%or the “‘meastirement based pon the I!ngﬂ reduction
PraRsibrobielpagRiiumaalb-ChanaRs b, Cheelprolifgiatienractivibacaidses By
trophic factors, growth inhibitors, or inducers and inhibitors of apoptosis, can
b gphdntifitsaniny.dh edyET bya ssagcivildfids dedudoegt tasancringohsb s sarimed awith
dye %/Pmltochondrla dehydrogenase enzymes associated with metabolic

liprsthagt cisnrestasien R MRTakI T S Ghgcoiie alfiginr Witk 8hie
s af Qé%cﬁespﬁndeﬁ‘e MR “}Eepr?es%ﬂge GG & '@‘N\é’fb?ﬁHThe formazan
an

férmazan crysta must bé dissohve |sopropano
S&%ﬁpﬂfﬂ%@rﬂ@t&@ﬁﬂyé@%@}ﬁw%ﬁipa%@%& sEEhQr é%%tﬁ’bei\ﬂir?neasured at
conversion is quantitatively proportional to the actlvely proliferating cells.
Exparim@&hésinnidasg ativETdncbpasitive santioligrowps pigretwanductdd doyively
using culture cells from mock or Flavivirus-infected cytopathic BHK-21 cell.
1 Dbigindrate EXrppBERY SthresHiNg WYRenti THietil-gayay Eeicetideted
system for searc ing for ant vwaL_gru s fro atli ra Jl l?aa(—{I[E aGeu caI
cOMPOENds ESmpriseEtWo cotpohents She i€ a Yir % infection component
for testing the effects of candidate chemicals added into the culture of 15
persistent Flavivirus-infected cells. The supernatant is monitored by
viDgsigpetific Coatpdwndtsdrtdidg Sytetoxic effects of the candidate chemicals
are determined by checking viability of surviving cells by MTT assay. A
simplifidthisctedirhased theeiirggyystem for searching for antiviral drugs from a library

of pharmaceutical compounds comprises two components. 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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for the compound screening system is shown in Figure 1. The screening
system of this invention has the following advantages: use of 20 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
maEhine e IR0 N SAYBMENt S ARl ASRdedi NG cBPIRIMENtGL ure po
persistent virus=intected cell lines canavoid virus instabl ity and the repeated
cprplieatedh oprRIGtions [RhRRGRI P Raletion Bl VR Ine6HiR QYTRIRXie: the
effect of compound can be determined by MTT 25 assay at the same time as
semdpichd EtdISAcis perpitope shecdin poundb selecibddy onhitiey seneiemingnd not
method based on the use of persistent virus-infected cells will reveal the 11

irthTBIERS BERST Gife1e imerseRrufaaGBte i Expshes s atigd in sandwich

”ﬁ‘ﬂ@ﬁ"% R ?J}%Ht‘fén”e‘é%?‘e%?%r'ﬁn%r%‘%&f%lﬂt%’?% S atoe&?ss%ra%%”x% enhance
viral-inhibition effects of the compounds selected by epitope specific
mengcional artihedydshighlycsensifivp@nd not disturbed by other factors; a
cocktail of monoclonal antibodies can be used in sandwich 5 ELISA of this
invention to detect various viral antigens simultaneously and to enhance the
anti-viral accuracy of the selected compounds. Interpretation of Screening
RespeThenatasiesibReEse results obtained by the method of this
inventiocl, s 10 straightfo %rd. Thﬁsreoibs onIX fne exceﬁlti)ong% clg)ndition which

should be FulBmBLH Belore Wiakity s RBREIESiBH, I5niaR 1St S fhention 15

PRSI IMDHOL I ERBEERCR MY AYiNgk APHOER-BEHRASY RINEINGHBYI A6 tAFaRE out
compounds. This condition could be easily avoided by reducing OD values
dbigde thekiapge coanpoundhitadativecondiolpgreibiitighitihefererandwibhing
ELISA determination. 15 The present invention has been described using

exrapizyipedie hadinenibo dhanérest Howpverdit Ehis sendifersiodd traeasey

scope of the invention_is not
aV(gged by reduce;ng OD values due to the target compounds negative control group

Y

right before sandwich ELISA determination.

The present invention has been described using exemplary preferred
embodiments. However, it is to be understood that the scope of the invention is not
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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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 20 similar arrangements. 12 WHAT IS

GWRIMER |§# Alﬁﬁfﬁ?pd for screening compounds against Flavivirus,

comprising the steps of:" (a) establishing persistent virus-infected cell lines;
(h) prepafiing MoReCgnal-aniRasks Ryusingsaid-RersiatpRtiNy uss likpetad cell
5 lines; (c) incubating tested compounds with said persistent virus-infected
cell linesfaanst«ld)jstiete perrsrganrinkiditionl etk dnet; said tested compounds
on said Flavivirus by sandwich ELISA using said monoclonal antibody. 10 2.
The metHOPETRERHh MONRERstheasReEL MpBHRYSUtPLsIEER o fbminFrataragell
com 11(])eusr)ds. 3. The method of claim 1, wherein said compounds are selected
from synthetic compounds. 4. The method of claim 1, wherein said persistent

virus-infeeted calldines ate bnssianishedsramsuseansian-salldaese.p1hbe

method of claim 4, wherein said suspension cell lines are K562 cell lines. 6.
The meéthod of claim 1, wherein said persistent virus-infected cell lines are
established from attached cell lines. 7. The method of claim 6, wherein said
attached(@e| e aiassavectelkitiénn BHEc2 Of 28tdeliaiifds cBPID Kl linessad

BCL%’I%%(/RI;%?SS ‘g}g sgn VKV-IC 1ﬁeﬂ§knues?ﬁg said monoclonal antibody.

2. The method of claim 1, wherein said compounds are selected from natural
compounds.

3. The method of claim 1, wherein said compounds are selected from synthetic
compounds.

4. The method of claim 1, wherein said persistent virus-infected cell lines are
established from suspension cell lines.

5. The method of claim 4, wherein said suspension cell lines are K562 cell lines.

6. The method of claim 1, wherein said persistent virus-infected cell lines are
established from attached cell lines.

7. The method of claim 6, wherein said attached cell lines are selected from BHK-21
cell lines, B2-5 cell lines, or Bcl-2 expressed BHK-21 cell lines.

8. The method of claim 1, wherein said antibody used in said ELISA comprises one
type of monoclonal antibody or a mixture of different types of monoclonal
antibodies.

9. The method of claim 1, wherein said monoclonal antibody is against epitope of said

Flavivirus.
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8. The method of claim 1, wherein said antibody used in said ELISA
comprises one type of monoclonal antibody or a mixture of different types of
monoclonal antibodies. 9. The method of claim 1, wherein said monoclonal
antibody is against epitope of said 25 Flavivirus 13 10. The method of claim

9, yhreln.saidonaonal antibady 5. against nonstyetural (NS 1 cpifonp

avivirus e metho alm whereln onociona

antlt(mﬁ@g)@mgﬁ envelapsiprotein (E proteln) epitope of said Flavivirus. 5
12. The method of claim 1, wherein said compounds are used as a therapy

fdrl alfis omeplrogh yfl akasnaGainde Felav il snimfedivonl. LBibadyesliegasnteforkpe
therapy for and/or prophylaxis against Flavivirus infection, which is prepared
by ugrﬁﬁ@dﬁﬁﬁﬁﬁﬂke@é@&éﬁsﬂwwwgﬁod of any one of claims 1tol12. 10

screeg orc unds against Fla IVII’US C rl%l!1 }
tho m c1n Saig compoun 1c (&) 01‘ erlas

materlalénfsor esf)ab(h% mént offrperss ent virus- II’]Ta tedﬁcé'l fanes

for prepaatian fhmanosianalantikady by using said persistent virus- mfected
cell lines; (c) materials for incubation of tested compounds with said

pedsistertidomeiiuseinte diedge idinesl/ anprfghyhaieriaid for Blatérminaiifent oh,
an inhibition effect of said tested compounds on said Flavivirus by sandwich
ELISAGEiHPsaer A SN SEIDasPaNeEBHY selesterhy shedBeffing kit YDA daims

Wherleti(r)l IS,Zaid compounds are selected from natural compounds.

14. A screening kit for compounds against Flavivirus, comprising:
(a) materials for establishment of persistent virus-infected cell lines;
(b) materials for preparation of monoclonal antibody by using said persistent
virus-infected cell lines;
(c) materials for incubation of tested compounds with said persistent
virus-infected cell lines; and
(d) materials for determination of an inhibition effect of said tested compounds
on said Flavivirus by sandwich ELISA using said monoclonal antibody.
15. The screening kit of claim 14, wherein said compounds are selected from natural
compounds.
16. The screening kit of claim 14, wherein said compounds are selected from synthetic
compounds.
17. The screening kit of claim 14, wherein said persistent virus-infected cell lines are
established from suspended cell lines.
18. The screening kit of claim 17, wherein said suspended cell lines are K562 cell lines.
19. The screening kit of claim 14, wherein said persistent virus-infected cell lines are

established from attached cell lines.

14
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20 16. The screening kit of claim 14, wherein said compounds are selected
from synthetic compounds. 17. The screening kit of claim 14, wherein said
persistent virus-infected cell lines are established from suspended cell lines.
18. The screening kit of claim 17, wherein said suspended cell lines are K562
cell lines. 25 19. The screening kit of claim 14, wherei id persistent
s R A S T L SR 8 S5 B
scregpRKitaf GlRUNBLI; wineisin, said-atiagbrdsegibline are«selgeted from
BHK-21 cell lines, 132-5 cell lines, or Bcl-2 expressed BHK-21 cell lines. 21.
Thie ‘Sbeeervagngtkof dlalainl 44 witerein sadchaimiiydysesadsandSaid AL ¢Slprises
comprises one type of monoclonal antibody or a mixture of different types of
mon®RJoiiBf Sfanfpedras! aotifady Qirachinteitts SRt 4YRiReteMsrional
monocl%ngtl antibody is against epitope of said Flavivirus . 23. The screening
kit of rclﬁhl%lﬁsz, wherein said monoclonal antibody is against non-structural
(.53 iﬂ@&!?@&@né’ﬁft%’f%ﬁﬁﬂ 'Yilr,%hélglgéaﬁhﬁoﬁ@éﬁﬁ@l%tﬁﬁ%% Haj igs%epitope
wherein said monoclonal antibody is against envelope protein (E protein)
epitapead saidiflavivirus. 25. The screening kit of claim 14, wherein said
compounds are used as a therapy for and/or prophylaxis against Flavivirus

irfechign sqrsening kit of claim 22, wherein said monoclonal antibody is against
non-structural (NS1) epitope of said Flavivirus.
24. The screening kit of claim 22, wherein said monoclonal antibody is against envelope
protein (E protein) epitope of said Flavivirus.

25. The screening kit of claim 14, wherein said compounds are used as a therapy for

and/or prophylaxis against Flavivirus infection.
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