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CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of
U.S. Application Serial No. 336,672, filed April 11,
1989, which is a continuation-in-part of U.S.
Application Serial No. 208,997, filed June 17, 1988,
both of which are herein incorporated by reference.

INTRODUCTION

Field of Invention

This invention relates. to recombinant
proteins, gedes, and gene probes and more specifically
to such proteins and probes derived from an enterically
transmitted nonA/nonB hepatitis viral agent, and to
diagnostic methods and vaccine applications which
employ the proteins and probes.

Background

Enterically transmitted non-A/non-B (ET-NANB)
hepatitis viral agent is the reported cause of )
hepatitis in several epidemics and sporadic cases in°
Asia, Africa, and the Indian subcontinent. Infection
is usually by water contaminated with feces, although
the virus may also spread by close physical contact.
The virus does not seem to cause chronic infection.
The viral etiology in ET-NANB has been demonstrated by
infection of volunteers with pooled fecal isolates;
Immune electron microscopy (IEM) studies have shown

virus particles with 27-34 nm diameters in stools from

infected individuals. The virus particles reacted with

cont agigpA® 16 KERAGOREERPt Seem to cause chronic
etiology in ET-NANB has been denonstrated by infection
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| mmune el ectron mcroscopy (IEM studies have shown virus particles with
27-34 nmdianeters in stools frominfected individuals. The virus particles
reacted with 2 _antibodies in qerunnfron1infected i ndi vidual s from

geographi cal l'y distinct reglo gestlng that a single viral agent or
cl ass | svogopeasi bl Bi y of ET-NANB hepatitis $eaiUs89/0d6ide.
rumfromindividuals infected with

No anti body reactlon

bl ood-transmtted NA atlng a different specificity between
the two NANB types. In addltlon to serd ogical differences, the two types
of NANB i nfection show distinct clinical differences. ET-NANB is
characteristically an acute infection, often associated with fever

and
arthral gi a, #%¢iRPEAeFoinaseryR| BRomtinieched doddviidnadspfFemstasis in

l'i ver biopsy apRAalAyagkat i et RYGIBHHE s’ifg@e@-’clial;' ynaessl ved wi thin
si x weeks. Bl god-transm. tted NANB, Ey contrast %ﬁ hronlc
i nfection in G S0935F 20RBEQ5eS! LHRP© §Ig 8 rarely seen,

and i nf | anmatnajoriay @fpcﬂduKNaahébatxﬁwsnuﬂgnnnonmdyudebutNon ( Khur oo,
1980) . The tvig, MRy 3LEU:S ok2Nad! 80 R8i A 84 Y P4 n8R 185 PEST S Of
infected with blood-transmitted NANB virus, indicating
a different specificity between the two NANB types.
In addition to serological differences, the
two types of NANB infection show distinct clinical

10 differences. ET-NANB is characteristically an acute
infection, often associated with fever and arthralgia,
and with portal inflammation and associated bile stasis
in liver biopsy specimens (Arankalle). Symptoms are
usually resclved within six weeks. Blood-transmitted

15 NANB, by contrast, produces a chronic infection in
about 50% of the cases. Fever and arthralgia are
rarely seen, and inflammation has a predominantly
parenchymal distribution (Khuroo, 1980). The two viral
agents can also be distinguished on the basis of

20 primate host susceptibility. ET-NANB, but not the
blocd-transmitted agent, can be transmitted to
cynomolgus monkeys. The blood-transmitted agent is
more readily transmitted to chimpanzees than is ET-NANB
(Bradley, 1987).

25 There have been majornefforts worldwide to
identify and clone viral genomic sequences associated
with ET-NANB hepatitis. One goal of this effort,
requiring virus-specific genomic sequences, is to
identify and characterize the nature of the virus and

30 its protein products. Another goal is to produce

recombinant viral proteins which can be used in

antibody-based diagnostic procedures and for a

vaccine. Despite these efforts, viral sequences

associated with IT-NANB hepatitis have not been

successfﬁlly identified or cloned heretofore, nor have

any virus-specific proteins been identified or
produced.

35
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SUMMARY OF THE INVENTION
Novel compositions, as well as methods of
preparation and use of the compositions are provided,

where the compositions comprise viral proteins and
fragments thereof derived from the viral agent for ET-
NANB. Methods for preparation of ET~-NANB viral
proteins include isolating ET-NANB genomic segquences
which are then cloned and expressed in a host cell.
The resultant recombinant viral proteins find use as
diagnostic agents and as vaccines. The genomic
sequences and fragments thereof find use in preparing

ET-NANB viral proteins and as probes for virus
detection.

Sheet Has Been Replaced
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Gen. Virol., 65: 4). Tabor4 E., et al., J. Infect. Dis., 140:789
1979). SUMMARY OF THE | NVENTI ON Novel conpositions, as well as nethods of

reparation and use of the conpositions are provided, where the

conposi tions conprise BRIBF DESCRIPFIONOF IMTAPTERAHINGST eof derlvedlfron1the
“viral agent for ET- NANB. ds Jo eparation.of ET-NANB vira

proteins include isoréygﬁﬁ gﬁéﬁﬁﬁé‘é%%ﬁ%?égggéﬁgggégnﬁh?% are then cloned
and expr essaw@nipud atdonscobed Iheobtwsnlitrgntande seqbienanngvectahedr ot ei ns find
use as ET-NANB fragment; and

Figures 2A-2B are representaticns of Southern
blots in which a radiolabeled ET-NANB probe was
hybridized with amplified cDNA fragments prepared from
RNA isolated frem infected (I) and non-infected (N)
bile sources (2A), and from infected (I) and non-

10 infected (N) stool-sample sources (2B).

DESCRIPTION OF SPECIFIC EMBODIMENTS '
Novel compositions comprising generic
sequences and fragments thereof derived from the wviral
15 agent for ET-NANB are provided, together with
recombinant viral proteins produced using the genomic
sequences and methods of using these compositions.
The genome of the ET-NANB viral agent is
identified as containing a region which is homologous
to the 1.33 kb DNA EcoRI insert present in plasmid pT2Z

KF1 (ET1.1) carried in E. coli strain BB4 and having
ATCC deposit no. 67717.

20

Initial studies sequenced the
two terminal regions of the insert and an intermediate

region. The 5'-end region of this insert contains the
25 sequence:

1 42
GAT GGA AGG CAC TAA TCT GGC AAG ACC TGT CCC TGT TGC AGC

30 43 84

TGT TCT ACC ACC CTG CCC CGA GCT CGA ACA GGG CCT TCT CTA

85 126

CCT GCC CCA GGA GCT CAC ACA CCC TGT GAT AGT GTC GTA ACA
35

127 168

TTT

GAA TTA ACA GAC ATT GTG CAC TGC CGC ATG GCC GCC CCG



di agnosti c agents and as vacci nes.
thereof find use in preparing ET- NANB viral

The genom ¢ sequences and fragnents
proteins and as probes for

Virus geh@eihese 4 BRIEF DESCRIPTI ON OF THE DRAW NGS Fi ETTé US83102648
vector. constructions and mani pul ati ons used in obtaining and sequenci ng

fes 2A-2B are representations of Southern
- NANBS pr obe was hybridized with anplified

cl oned ET- NANB f ri
blots in which ar
'cDNA fragnments pre
non-infected (N) bile sources (2A),

rPhest Has

N

(N) stool-sanple sources (2B)

fromthe vira

agent for

isolated frominfected (1) and
and frominfected (1) and non- infected

DESCRI PTI ON OF SPECI FI C EMBODI MENTS Novel
conposi tiongggonpri sing generic sequences and fragnents thereofygerived

ET- NANB are provi

viral protefRS pRBJEEePAEiGE GTE FERomtE

t hese conpositions.

The genone of the ET-NANB viral

containgng %1qegion whi ch i s honol ogous

10

15

20

25

30

35

GGC.

An intermediate

691
CTA GAG

733
CTC ATC

775
CAG GCC

817
TCC GGT

859
ATG GCC

901
GTG GCT

943
GAG TAT

985
TGT GGC

1027
TAT.

TGT

CGC

CCG

GAG

GTT

GCC

CGT

TTG

GCT

CTG

AAG

cccC

ATT

CAG

AAG

region has the sequence:

ATT
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GAG
GGC

ACC

AGT

TTG

ATG

CAC

TCT

ACT

CAC

GGT

cca

AAG

GAG

CTT

CTG

CTT

TGT

GAT

GGA

GTA

GAG

ATA

cGa

cTaA

TAT

GAT

GCT

GAT

e eh e et o i8S L ng

TGT

AGG

GGG

TGG

-GAC

TCG

GCT

-3
3
0

GGG

TCT

TTT

AAT

TTC

ATA

GTC

CGC

ATG

GCG

TGG

ACT

CGC

GTG

CIG

CCG

agent

CCG

TGG

AAG

GTC

GAT

CTT

ATC

ATC

is identified as

731
CAG TGG

774
ATC TTG

816
AAA CAC

858
TGG AAT

900
TTT CAG

942
TGC AGT
984
GCC GGC

1026
GGT TTG



to the 1.33 kb DNA EcoRl insert present in plasmd pTZ- KF1 (ET1.1) carried
in E. coli strain BB4 and having ATCC deposit no. 67717. Initial studies’
§equenced the two_termnal regions of the insert and an internediate
region. The 5'-end region of this insert contains the sequence: 1

42 GAT wiof8oA336EAC Thishhe ey n TGT CCC TGT TGC AGC PGT/US89/02643

84 TGI TCT ACC ACC OM IJ CGA ACA GGG CCT TCT CTA 85

i fllc TGr GAT AGT GIC GTA ACA 127
168 TTT GAA TTA ACA GAC ATT GIG CAC TGEC CGC ATG GCC GCC CCG

I nternmedi ate regi on has the sequence: 691

731 CTA GAG @l 10CE AT T AT GnCRGH 46 I GTh ST AR LG CAG TGG 733

5 [err] An

774 CTC ATC CGC CTG TAT CAC CTT ATA AGG TCT TGG ATC TTG 775
816 CAG GCC CCG AAG GAG TCT CTG CGA GEG TTT TGG AAG AAA CAC
1191 1232

TGA GTA GAG GAT GTT GTT TCC CGT GTT TAT GGG GTT TCC CCT

1233 1274
GGA CTC GTT CAT AAC CTG ATT GGC ATG CTA CAG GCT GTT GCT

1275 : 1316
GAT GGC AAG GCA CAT TTC ACT GAG TCA GTA AAA CCA GTG CTC

1317 1327 ‘
GAC CGG AAT TC.

Additional work has provided the entire sequence, in
both directions, as set forth below. The sequence of
both strands is provided, since it is not known in
which strand the gene is located. However, the
sequence in one direction has been designated as the
“forward" sequence because of statistical similarities
to known proteins. This sequence is set forth below
along with the three possible translation sequences.
There is one long open reading frame that starts at
nucleotide 145 with an isoleucine and extends to the
end of the sequence. The two other reading frames have
many termination codons. Standard abbreviations for .

nucleotides and amino acids are used here and elsewhere
in this specification.

Porward Sequence

R I PP T DG RTGEHTZSGEKTC C®PTCT CS SC
E FR QUL METGTNTLA ATRTEPUVYVPV A A V
N S A N Z2Z W K ATULTI WQDTLSTULULOQTLF
% * % x 4 %

1 11 21 31 41 51
CGAATTCCGCCAACTGATGGAAGGCACTAATCTGGCAAGACCTGTCCCTGTTGCAGCTGT



817

| 858 TCC GGT GAG CCC
GGC ACT CTT CTA TGEh AAT 859
900 ATG\‘% /SIC{?,ATT " I T GAC TTC CGC GAT TTT CAGpaq;Lbssg,ozm
942 GTG 7T T TCG ATA GIG CTT TGC AGT 9

9 84 GAGTATCGTCAGAGTCCA.GGAGCTGCTGTCCTGATCGCCGGCQB5

1026 TGT GGC TTG AAG TTG AAG GTA GAT TAIC CGC CCG ATC GGT TTG 1027 TAT.
[err] 7 [err] 8 [err]

s T T L P R A R TGP S L P A P G A H H
L »p P C? EL EQGUL L XY L P Q E L T T

Yy 4 P AP S §S N R A F 8§ T C P R S s p P

* * * % * *

61 71 81 91 101 111
TCTACCACCCTGCCCCGAGCTCGAACAGGGCCTTCTCTACCTGCCCCAGGAGCTCACCAC

L 2 2 C R N 1 Z I N R H C AL P HG R P
c bs vveTU? ¥ EVL TD I V HCIRMAN- AP
v 1 v 8§ Z H L N 2 Q TUL C T A A W P P R
* * * * * *
121 131 141 151 161 171

CTGTGATAGTGTCGTAACATTTGAATTAACAGACATTGTGCACTGCCGCATGGCCGLCCC

E P A Q GRA VYV HTU RGU PULU RU RURTZK L
S QO R K A VL STULUVGU RYG UV aQ S s
A S A R P CCPUH S WA AT ASIUHIZ KA ATL

* * * * * *

181 191 201 211 221 231
GAGCCAGCGCAAGGCCGTGCTGTCCACACTCGTGGGCCGCTACGGCGTCGCACAAAGCTC

¥y N A S H S DV R D S L A R F I P A I G
T M L P T L M F A T L S P V L §S R P L A
Q C F P L 2C S R L S R P F Y P G H W P
x * * * * *
241 251 261 271 281 - 291 .
TACAATGCTTCCCACTCTGATGTTCGCGACTCTCTCGCCCGTTTTATCCCGGCCATTGGE

PV QVTTTOC CETLYETLV EAMUVE K G
P Y R L Q L V N C T S Z W R P W S R R A
R T G ¥ N L 2 I V R A S G G H G R E G P
* * * * * *

301 311 321 331 341 351
CCCGTACAGGTTACAACTTGTGAATTGTACGAGCTAGTGGAGGCCATGGTCGAGAAGGGC



9 [err] 10 [err] ll[err] 12 [err] 13 [err]

F

<

This Sheet Has Been Replac

S | 1]

Q DG S A VL EL DUL CWNUZRDUV S R I T
R M A P P S L S L I F ATV TCUZPG S P
G W L R R P Z A 2 S L Q P Z2Z R V Q D H L
* * * * * *
361 371 38l 391 401 411
CAGGATGGCTCCGCCGTCCTTGAGCTTGATCTTTGCAACCGTGACGTGTCCAGGATCACC

F F Q K D CNIKF TTGETTIAUHG K V
S S R K I vT S s P Q VR P L P M V K W
L P E R L 2 Q V H H R Z D HCP W Z S G
* * * * % *
421 431 441 451 461 471
TTCTTCCAGARAAGATTGTAACAAGTTCACCACAGGTGAGACCATTGCCCATGGTAAAGTG

G Q G I S A WS KTV F CAULVFGUP W F R
A R A S R P G AR P S A P S L AL G S A
P G H L GL EQ DI L UL R P L WUPUL V P R
* * * * * *
481 491 501 511 521 531
GGCCAGGGCATCTCGGCCTGGAGCAAGACCTTCTGCGCCCTCTTTGGCCCTTGGTTCCGC

A I E K A I L A L L P Q v F ¥ G D A F
L L RRL FWPCSULUR 7,.CFTV M P L
Yy 2 EG ¥ S G P A P S G CV L R Z C L 2
* * * * * *
541 551 561 571 581 591
GCTATTGAGAAGGCTATTCTGGCCCTGCTCCCTCAGGGTGTGTTTTACGGTGATGCCTTT

D DTV F S A AV A A A KA S MV F E N
M T P S S R R L W P Q Q RH P W CL R M
Z H R L L GG CGU R S K G I BEG V Z E 2
* * * * * *
601 611 621 631 641 651
GATGACACCGTCTTCTCGGCGGCTGTGGCCGCAGCAAAGGCATCCATGGTGTTTGAGAAT



14 [err] 15 [ er s SheelifasBEl Replaceq 18 The sequence of thi s isolate was

about 75% i denti cal equence set forth above. . e
was i deM(® BPEdBy hyanmmgm [EHI ng the conditions set fofﬁ?ﬁg‘@gﬁ%n
11.9 below. A parti . ce consi sting of 1661 nucl eotides is set
forth bel ow. Non-A Non-B ET: Mexican Sgrain [err]

D F S E F DS TQWNWNU F S UL GUL ECAI
T F L S L TP PRI TV F L W V 2 S V L L
L F Z VvV Z L H P E 2 L F S G S R V C Y Y
*

* * * * *

661 671 681 691 701 711
GACTTTTCTGAGTTTGACTCCACCCAGAATAACTTTTCTCTGGGTCTAGAGTGTGCTATT

M E EC G M P Q WL I RL Y HL I R S A
W R SV G CR S G S S acI TTLZ G L R
G G V WD AA UV A HP PV S P Y K V C V
* * * * ] *
721 731 741 751 761 771
ATGGAGGAGTGTGGGATGCCGCAGTGGCTCATCCGCCTGTATCACCTTATAAGGTCTGCG

W I L Q AP K E S LRGT FWI KT KUHS G E
G S C R P RRSLCEGUPFPFGIRNTUPV S
DL AG?P E GV S ARV L EZETTULR Z A
* . * * * * *
781. 791 801 811 821 831
TGGATCTTGCAGGCCCCGAAGGAGTCTCTGCGAGGGTTTTGGAAGAAACACTCCGGTGAG

P G T L L WNITV W INMAVTITHTCGCTZYD
P ALF Y GIULSGTIWEPULILPTVMT
R H S S M E Y CLEZYGURJ Y VY PILTULZ L
* x % * * *
841 851 861 871 881 891
CCCGGCACTCTTCTATGGAATACTGTCTGGAATATGGCCGTTATTACCCACTGTTATGAC

F R D F Q VA A F K GDD S I VL C § E
S A I F R WILPULI KV M IRZOCUF AV S
P R F S G G CUL Z R Z 2 F DS AL Q 2z V
* * * * * *
901 911 921 931 941 951
TTCCGCGATTTTCAGGTGGCTGCCTTTAARAGGTGATGATTCGATAGTGCTTTGCAGTGAG



19 [err] When conparing the Burnese and Mexican strains, 76.7%identity is
seen in a 1372 nucleotide overlap beginning at nucleotide 13 of the Mexican
sfrai n*and nucl eoti HesBeeiReplacadrese strain. It will be recogni zed by
e skil|gdoifispe a ﬂ lmﬂa ll genetics that each:of thet/a%koldBae
equences 't éaches a [ conpl enmentary DNA sequence as well as
equences corresponding to both the principal sequence shown and the
conpl enentary DNA sequence. Additionallf, open reading franmes encodi ng
pepti des are present, and expressible peptides are disclosed by the
nucl eoti de sequences_wi t hout setting forth fhe_amno acjid sequences
explicitFy,RithH% B néhndy ¥s M EhePanfnoCactd %edﬁeﬂte wr e
explicitly. getrRfovthQasei nLthe BIr1.2l seghenae wboxe.z DESAIZER DESCRI PTI ON
OF THE | NVENT l. initions, T er efi ned bel ow have,t f.ol | ow ng
meani ng herei %O\% Su nt e$i céa)tl I%y {breatr?smgftgd %onQA/I?\on‘-‘ BF\?E% NZ‘ﬁIB)R
hepatiti*s viral afent" neans a virus,* virus type, or virtis class which (1)

causes waher-borngg,infecti@gs 991 1001 1011
TATCGTCAGAGTCCAGGAGCTGCTGTCCTGATCGCCGGCTGTGGCTTGAAGTTGAAGGTA

p F R P I G L Y AGUV VUV AUPGTLG AL
1 S AR SV CMOQUVTELTW®W®WEPU®PATLGATR S
f P P DRV FVCRTC CCGG GT PR RTPUWTURAP
* * * % % *
1021 1031 1041 1051 1061 1071
GATTTCCGCCCGATCGGTTTGTATGCAGGTGTTGTGGTGGCCCCCGGCCTTGGCGCGCTC

P DV VR FAGRTULTEI KN NWSG?P G P E
L M L C A S PAGULUPRI RTIUGA ATLATL S
Z C C A L RRPATYUREEULGUPWUP Z a
* * * * * *
1081 1091 1101 1111 1121 1131
CCTGATGTTGTGCGCTTCGCCGGCCGGCTTACCGAGAAGAATTGGGGCCCTGGCCCTGAG

R A E Q L R L A VvV S D F L R K L T N V &
G R S S S A S L L VIS S A S SR M Z L
G G A A P P R C 2 2 F P P Q A HEC S S
* * * * % *
1141 1151 - 1161 1171 1182 1191
CGGGCGGAGCAGCTCCGCCTCGCTGT TAGTGATTTCCTCCGCAAGCTCACGAATGTAGCT

Q M C vV D VYV SRV Y GV S P G L V HN
R C VvV WMUL F PV F MGPF?PUL DS FTIT
b v C GG €C CF P CUL WG PF P W TR S 2 P
* * * * * *
1201 1211 1221 1231 1241 1251
CAGATGTGTGTGGATGTTGTTTCCCGTGTTTATGGGGTTTCCCCTGGACTCGTTCATAAC



hepatitis, (ii) is transm ssibl-e—+n-cynonol aus nonkeys, (iii) is

serol ogi cal |y di stihR@heef iR BLAAGRALEI S A Virus (HAV) and hepatitis B virus
(‘HAB) ,* \8OBY 124621 nc G e il c regi on which i s honol ogoRsSTALSSHE648 33
kb cDNA 20 inser ] Eﬁlﬁ TZ-KF1(ET1.1) carried in E. coli strain
BB4 identified by A nber, $7717. 2. Two nucleic acid fragments

are "honol ogous"” if they are capable of hybridizing to one anot her under
hybri di zati on conditions in which hybridized strands contain at nost about

25-30% hasgpaiyr ® sgatghes. ¢n genpra , g wWa signglre- gt r gndgnugl et ¢ aci d
species wi |l be honol ogous_if_they hybridi Z&Jur}ders t he ongi tions described
in Mani atti slet Pal C &p. Rei b, Lppe” 3hofs2® Bt h& 81 1%withg wash

usi°ng
conditiongyy Z XHSCE @ 1% SOS,Crobmu eqperat Ire ~ #BM €e, V30sSnm kwutes each;
then 2 x SCC, 0.1% SDS, [egr] - oncg, 30 mnutes; then 2 x SCC, room
tenperature - twice, 10 m nutes each. Mirre preferably, honol ogous nucleic
aci d strzaids contl@7l 15- 23%Bbasepai ¥2%h smat cheddl even A8ké preferably

5- 15% hagepaidc il iRt crEieseréRtidan Ric At RAC 16ARTRRcERARL €d DY

using more stringent wash conditions for identifi cation of clones from gene
i braries (or other

P Vv L D R N S S
Q C S T G I R
S A R P E F E
% * %
1321 1331 1341
CCAGTGCTCGACCGGAATTCGAGC

The complimentary strand, referred to here as
the "reverse sequence," is set forth below in the same
manner as the forward sequence set forth above.

Several open reading frames, shorter than the long open
reading frame found in the forward sequence, can be
seen in this reverse sequence.

Reverse Segquence

AR I PV EHWTPFUY 2L S EMTGCTULATI S
L EF R S S TGV FTDS V KCATLTUP S A
S N S GRAULUVULTILTOGQZ ZNJUVUZPCHTZGQRQ
* * £ * * X
1 11 21 31 41 51
GCTCGAATTCCGGTCGAGCACTGGTTTTACTGACTCAGTGAAATGTGCCTTGCCATCAGC

N S L Z H A& N Q VM NE S R G NUPINT
T A C S M pPp I R L 2 TS P G ETU®P Z T R
Q P V. A C Q 8 G Y E R V Q G K P H K H G
* * * * * *
61 71 81 91 101 111
AACAGCCTGTAGCATGCCAATCAGGTTATGAACGAGTCCAGGGGAAACCCCATAAACACG



sources of genetic material), as is well known in the art. 3. A DNA
fragment is "derived fronf "an ET-NANB viral agent if it has the sane or
bstanti al | y the ThisrSaechHase 'ai-Repmr&quence as a region of the viral agent
enone. 4. ) Ot ei fronm an ET-NANB viral ag iissoloeSs
ncoded’vgfgg\}ﬁggen mua m lm lof a DNA or RNA fragnent ggv\},esdsb?orz'g% an
T- NANB vi ral agent. . aining Cl oned ET-NANB Fragnents According to
one aspect of the invention, it has haen found that a virus-specific DNA
cl one can be produced by (a) isolating RNA fromthe bile of a cynonol gus
nmonkey having a known ET-NANB i nfection, (b) cloning the cDNA fragnents to
formadcragmht 1i 0 ary, Band (8) ¥crEenRngEthle 14 briar\E by diff f 8renti al
hybri di zatipn 40 4 adjolipbel ed cpNAg fronyi nfectedg angd ong nfpeciped bil e
sour ces. 21 A. cDNA Fragnment M xture EJ-NANB_infection in cynanol gus
nonkeys i% iQitHatRd By § n%culgat EngHthe afi nBl sCi rf r &efbudl y Zni &n
* * *

* * *

121 131 141 . 151 161 171
GGAAACAACATCCACACACATCTGAGCTACATTCGTGAGCTTGCGGAGGAAATCACTAAC

S E A E L L R PLRAIRWAU®PTIILULGIK P
A R RS CSAURSGPGPQFTFS VS R
R G G A A P P A Q G Q G P N S S R Z A G
* * * * * ' *
181 191 201 211 221 231
AGCGAGGCGGAGCTGCTCCGCCCGCTCAGGGCCAGGGCCCCAATTCTTCTCGGTAAGCCG

A G E A H NI RZERA AU KA AGS G HMHENTC
P A K R T TS G S A P RP G ATTT P A
R R S A Q HQ G AR QGRGU?P P Q H L H
* * * * * *
241 251 261 271 281 291
GCCGGCGAAGCGCACAACATCAGGGAGCGCGCCAAGGCCGGGGGCCACCACAACACCTGC

I Q T DRAETITVYULOQTULG QA ATA AGTDTGQD
Y X P I G R K STTFNTFTIEKTPOQPATITRT
T N R S G G NTL P S T S S HS RUR S G Q
% * * & * *
301 311 321 331 341 351
ATACAAACCGATCGGGCGGAAATCTACCTTCAACTTCAAGCCACAGCCGGCGATCAGGAC

S § §$ W T L T I L T A K H Y R I I T F K
A A P G L Z2Z R Y S L. Q § T I E S S P L K
Q L L D S D D T H C K A L S N H B L Z R
*x * * * % X
361 371 381 391 401 411
AGCAGCTCCTGGACTCTGACGATACTCACTGCAAAGCACTATCGAATCATCACCTTTAAA



a 10% w/ v suspensi on from human c%ae stool s positive for 27-34 nm ET- NANB

particles (nmean di heet Has BepnReplagey 1t oct ed animal is noni tored for
él evat ewQ swa$620f + ﬂ ' ansferase, indicating hep&GT¥1§89/02648
i nfection. ET-NANB i L i nfirmed by i munospecific binding of

seropositive antibodies to virus-1like g)arti cles (VLPs), according to

publ i shed methods (Gravelle). Brieflyl3a stool (or bile) specinen taken
fromthe infected animal 3-4 weeks after infection is diluted 1:10 with
phosphat e- huf f ered sal | he d . he 1Q% suspension is clarifiged by | ow
speed cgnt%f gatli o a:(ud bi ra‘%i E"h cgésgl v§| yﬂt h?’ou h i Zgan 0. 45
mcron filté&rsT TRBe Kat8riRl KmuayS b f @t IWer VYoudi f TedAbyIpeF| eQi N t hrough a
30% sucro shi o (Rragley).gThe nesy tidg 4pr gpagat ponyof cVLPs 4s m xed
with dil utigd%ger'um%frgm Eurr%n %ap?enbfslgw tﬂ kzﬁo%n ET- RANS | Tif egti n. After
i ncubat¥ on overni*ght, the Kixture is*centrifuded overni §ht to pellet imune

aggregaigs, and tghgse are ghai ned angsexam nedghy el ectygmp m croscopy for
ant i body_bi ndi r&;to t he gLPs. ET-NANB i nfecti onééggﬁﬁlsso be confirmed by

ser oc orRRGAGERAT CHPBATGEFPPHRC TEA T CARIGEGTRAT. ATARECFAPREt ed ani mal

is mxed as above with 27-34 nm VLPs isolated formthe stool specinens of
i nfected, hwran, cases, a xapm ngd Qy | ne, el.ecty o L,.crascqpy,.for
ant i bodys biJndi“nga]tso%& hgdv(E‘PsE1 £ 'P ¢ TV S 7R P S 8 R
* v F H R RV PG S P ECVP F QNP RZRD
Yy s I E ECR A HR S§ V S S K TUL a E T
* * * * * *

481 491 501 - 511 521 531
AGTATTCCATAGAAGAGTGCCGGGCTCACCGGAGTGTTTCTTCCAAAACCCTCGCAGAGA

L L R GL QDU PRT RZPTZYIXKVTIOQATUDTEP
S F GACU KTIUHBADTULTIZ RT ZZZ YU RTIERMSH
P S G P ARSTOQTTLTZGTDTTGTG Z A T
* * * * % *
541 551 561 571 581 591
CTCCTTCGGGGCCTGCARGATCCACGCAGACCTTATAAGGTGATACAGGCGGATGAGCCA

L R H P TL L HWNSTULZTOQRIEKUVITL
C G I P HS S I I A HS RUPU RET KTLTF W
A A S HT PP Z Z HTULUDU®PETZKS Y S G
* * * % %* *
601 611 621 631 641 651
CTGCGGCATCCCACACTCCTCCATAATAGCACACTCTAGACCCAGAGAAAAGTTATTC?G

G GV X L R K VvV I L K HEH G CULCC G H
vV E S N S E K S F S N T M D A F A A A T
W s QT Q K S #H s Q TP WMUPIULULIR P Q
* * * * * *
661 671 681 691 701 711
GGTGGAGTCAAACTCAGAAAAGTCATTCTCAAACACCATGGATGCCTTTGCTGCGGCCAC



Bil e can be collected from ET-NANB positive animals by either cannul ating
the bil e duct and cottecting-the—bile fluid or by draining the bile duct °
duri ng necropsy. ﬁ‘ﬁfs%heeﬁ%%l’:‘:..g% LLact ed fromthe bile by hot phenol |
extraction, as outl‘jm_ﬁ X e 1A. The RNA fragnents arﬁqlﬁ(?h';t/{i’mﬂ
synt heswegsa 02462spo g“’ DNA fragnments by random pr ng, al's0 as
22 referenced in Ex cDNA fragnents may be fractionated by gel
el ectrophoresis or density gradient -cgpitrifugation to obtain a desired size
cl ass of fragnents, e.g., 500-4,000 basepair fragnents. Although
alternative sources of viral .material, such as VLPs obtained from stool
sanpl es d axr d@scki bed gn ¥xample 4, Iy b¥ uBedHf of pkodRcikig @ cDNA
fraction, the hjile sQurge Ls preferye c@r dighgmt 0poN pegt f the
inventiorﬁ rAt %as%begn ou%d ?hgig b%l%f'r%gm%ET!qNA B—|Pnf gc?%d%rmn eys shows
a greater murtber oR i Rta€t BirQl Darli # eR t KanThaler Pal Eobfai hedsfrom
stool sanpl es, as evidenced by i mmune el ectromr mcroscopy. Bile obtained
froman ET-NANB i nfected human or cynonol gus nonkey, for Tse as a source of
ET- NANBViral pridlein or ddhonmic mafkial, of8ntact 77
AGCCGCCGAGAAGACGGTGTCATCAAAGGCATCACCGTAARACACACCCTGAGGGAGCAG

G Q N S L L NS AEUZPURAIKETGA ATEGL
A R I A F S I A RNIQGU®PIZ XK RAUOQI KV L
P E 2 P S Q Z R G T K G QR GRIRIR S C
* * * * * *
781 791 801 811 . 821 831
GGCCAGAATAGCCTTCTCAATAGCGCGGAACCAAGGGCCAAAGAGGGCGCAGAAGGTCTT

A P GR DAL AUEHRPTMGNGT LT CG E
L 0O A EMPWPTULUPWAMVYVY S P V V N
S R P R CPGPULYHGO QWS HTULMWZT
K. * * * * *
841 851 861 871 881 891
GCTCCAGGCCGAGATGCCCTGGCCCACTTTACCATGGGCAATGGTCTCACCTGTGGTGAA

LV TTTITFTLTETETGDTPGHV VTV A KTI K
L L QS F WZEKTZ KV VTITLTUDTST ST RTILTI QT RS S
C ¥ NL S GRU RZEZSTWTT RTETGT CTZEKTDQ A

* * * * * %

901 911 921 931 941 951 i

CTTGTTACAATCTTTCTGGAAGAAGGTGATCCTGGACACGTCACGGTTGCAARGATCARG

L K DG G A I L ALLDU HEGTLUHZIUL V Q
S R T A EP S WPFSTMAST S S Y N
Q G R R S HP G P S R P WP P L A RTI
* * * * * *
961 971 981 991 1001 1011
CTCAAGGACGGCGGAGCCATCCTGGCCCTTCTCGACCATGGCCTCCACTAGCTCGTACAA



virus, forns part oiis $Hee& Has BeeRéplacgvent i on. B. cDNA Li brary and Screening
The cDNA fragnents f : cloned into a suitable cloning vector to
form a” WwONI®/ll2482ar y . “m!m meone by equi ppi ng bl unt - enBEl/ ¥$89AR6#8s
wi'th a-suitable end I'inker, su s an EcoRl sequence, and inserting the
fragments into a suitable insertion site of a cloning vector, such as at a
uni que EcoRlI site. After initial clonisng, the library may be recloned, if
desired, to increase the percentage of vectors containing a fragment

insert. The library construction described in Exanple 1B is illustrative.
Here cDNA Fragnehit sNwds e Yol nt PendledS eRui Ppell wFt HS EORIR eNdsA and

I nsert edgi n%o vheyEcpRIc sitt e of gt hg | gnbga phage yeciorg gtd Og The library
phage, which showed | ess than 5% fragnment i nserts, was isolated, and the
fragment EnsBrtk recidnél itht & t Re FanBdaCgt 2o Vecfor® & elSi Ry #ore than
95% i ngert-contatni ng phage. The cDWA |ibrary*xis screemned for sequences
speci f i or ET- by differenti al bridizajLon to c pr obes derived
fromi ?Tﬁgit ed an n-i nf e]t{{‘@d 2§°géurces. géé)ﬁA fra s frominfected
and noMTCACAAGBUGTAACCTGTACGGGGCCAATGGCCGGGATAAAACGGGCGAGAGAGTCGCG

N I R V G S I v EL CATUP Z RUP T S V
T §S E W E AL Z S F VRURRS G PR V W ‘
H Q S G K HCURALCDA AUV A AUHETCG
* * * * * *
1081 1091 1101 1111 1121 1131
AACATCAGAGTGGGAAGCATTGTAGAGCTTTGTGCGACGCCGTAGCGGCCCACGAGTGTG

D S TALTZ RWILGA AAMTERO QT CTMS SV N
T A R P CAGSGRTPGCGSA A QT CTLTUL I
Q H GLALARTGGTEHA AAVUEHNVYTCTZZF
* * ° * * * *
1141 1151 1161 1171 1181 1191
GACAGCACGGCCTTGCGCTGGCTCGGGGCGECCATGCGGCAGTGCACAATGTCTGTTAAT

S NV T T L S Q V VS S WGUR Z RR P C
Q M L R E Y HR W Z A P GAGR RESGUPYV
K ¢ Yy bpTITUTS GG GETLIULGA QVEI KA ATLTF
* * * * * *
1201 1211 1221 1231 1241 1251
TCAAATGTTACGACACTATCACAGGTGGTGAGCTCCTGGGGCAGGTAGAGAAGGCCCTGT

S §$ §$ G Q GGRTAATOGTGULAIRTULV
R A R GR VV E QL Q QG Q VL P D 2z C
E L GA G W Z N S CUNIZRUDU RS SUCOQTI s a
* * * * * *
1261 1271 1281 1291 1301 1311
TCGAGCTCGGGGCAGGGTGGTAGRACAGCTGCAACAGGGACAGGTCTTGCCAGATTAGTG



source bile or

st ool
the fragnents is by r
according to conventi
above is screened by

p. 109).

or end | abeling,

Vi a“ oS &aﬁgim&pn be prepared as above. Radlolabellpg
nick transl ati on,
ﬂ H niatis,
t licate nitrocellulose filters,

The cDNA library from

and

hybri diwatsoorz462t h bot h i nf ect ed-source and non-i nf ect ed- sAFE&SBLER6HD| )

r adi ol abel ed probes,

as detailed in Exanple 2.

In order to recover

sequences that hybridize at the pref%%red outer limt of 25-30% basepair

m smat ches,

foll ow pg gash cendytipngg

m nut es each

op.

cit.,
& x SCC, 0. 1% SDS,

then 2 x SCC, 0.1% SDS, [err] -

cl ones can be selected if they hybridize under the conditions
described in Maniatis et al.,

pp. 320-323, but using the

once,

room.tenperature -
30 mi nutes;

tw ce,

:SCC, robmPenPerBtufe & twice, 10 ninutes each. These conditions allowed
identificatign @f theaMxi gan isolate discussed above using the ET1.1

sequenge as a probe. Pl aques which show sel ective hybridization to the
i nfected-source probes are preferably replated at

rescreesed as abb8®)l to iskddte single clones which are specific for

br oL SBACERRERPTASF ARt

t hese procedures.

Burma.

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
8S1
901
951

One of the cl ones,

ed in Exanmple 2,

| ow pl ating density and

si xteen cl ones whi ch

| nfect ed-source probes were indentified by

designated | anbda gtl &

Identity of this sequence with sequences in
etiologic agents has been confirmed by locating a
corresponding sequence in a wviral strain isolated in

The Burmese isolate contains the following
sequence of nucleotides.

Non-A Non-B ET: Burmese strain

CGGTTGTTCA
CGCTCTATCA
GTTGCGTAAT
CTGCCGCCAG
TCCCTCCCCC
CCACCTTCTT
CTGGGCTCGT
ATGTTACCCA
TACCCCATGA
TGAGCCTGCC
CCAACCCCGG
GAGACCACTA
TCGGGCTCAT
TCATTGACGC
GTTAATAACT
AGTTATTCCC
TCCCGCCGTC
GGCCACAGAC
CGAACAGGGC
TCGTAACATT

GTACCAGTTT
CCCAAGCCGA
GCCTGGCGCC
AGTCACCCAG
CTCACCTGCT
GGCGCCCCGA
CCCCGCCATC
TCGCTGCCCT
TCCAGACCAC
GTCGGGCAGA
CTCAGTGACG
TTATTGCCAC
GCCATTGTTG
ACCAGGCCTG
TTTTCCTCGC
CGTGGCAACC
TTGCCAGATT
CTGTCCCTGT
CTTCTCTACC
TGAATTAACA

ACTGCAGGTG
TGTGGACGTT
GTCGCGGCTT
GGGCGCCGGG
GCTGCTCCAC
ACCAGATCCC
AGGCCCGACT
GCGGATGTAT
TAGCCGGGTT
AACTAGTGTT
GTCCACGAGG
AGCAGATGCC
CTCTGACGCG
CTTCGCGAGG
TGGTGGCGAA
CTGACGCCAA
AGTGCCTTCC
TGCAGCTGTT
TGCCCCAGGA
GACATTGTGC

TGCCTGGATC
GTCGTGGTCC
TGCTGCTTTT
TTGTCATTGA
ATGCAGCGGG
AGCCATCGAC
TAGCCCCACC
GCGAGCTCAT
CTCCGTTCGT
CACCCAGGCG
CGCAGGGCGC
CGGGGCCTTA
CCACACTGAG
TGGGCATCTC
ATTGGTCACC
TGTTGACACC
ATCAGTTGGC
CTACCACCCT
GCTCACCACC
ACTGCCGCAT

CGGCAAGTCC
CGACGCETGA
ACCCCGCATA
TGAGGCTCCA
CCGCCACCGT
TTTGAGCACG
TCCTGGTGGC
CCGTGGTGCA
TGTTCTGGGG
GCCAAGGCCG
TACCTACACG
TTCAGTCGTC
AAGTGCGTCA
CGATGCAATC
AGCGCCCATC
CTGGCTGCCT
TGAGGAGCTT
GCCCCGAGCT
TGTGATAGTG
GGCCGCCCCG -

then 2 x



1.1, contained a 1. Bigs Hjegt n nt insert. C. ET-NANB Sequences The
basepair sequence of ql: o of the ET-NANB fragnents from Part B
are det gfargsladsdy st ng methods. In one ill usPEaftid/fisbod,
described in Exanple 3, the fragnent

insert fromthe selected cloning
vector is excised, isolated by gel

eleftrophoresis, and inserted into a
cl oni ng vector mhose basepair- sequené% on either side of the 24

insertion site is known. The particular vector enployed in Exanple 3 is a

gtTfOKF} {eg}]%oﬁEomceﬁc&@d'Agdctq'?%c@rgerrec&ua@@ et agBRbrtLem the

ge was T nser uni ORI site of t

pl asmi d. Rgco&ﬂﬁhaﬁﬁéﬁégﬁ?gﬂJﬁ?ﬁﬂ$§QQ§§|2§&CF93§9¥ QﬁﬁngQﬁgﬁld%C€§G5§CG
hybri di zat i on W hrihestret@taatarTdddd t@h&aeAtcagﬂmanacmmstdeamvmﬂwmdccn

o, S R el e e et

expected 1.33 L5

. rain
BB4 inferted wabh GASCPTEATE ITHGCAACIH ASHNCETRACC hAGHEPATIAHIT (TRTTAQANG Athe
Ameri can Type

deposi t nubnegS%ﬁt%E%T@E%kﬁftA&E&Téﬁ&%ﬂ”ddd%TGNEACaEQT&éCéék%“défﬁ%%dﬁbc“TCC

10

15

20

25

30

35

1301
1351
1401
1451
1501

_1551

1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551

GCCAGGGCAT
TGGTTCCGCG
GTTTTACGGT
CAGCARAGGCT
ACCCAGAATA
TGGGATGCCG
GGATCTTGCA
TCCGGTGAGC
TATTACCCAC
GTGATGATTC

‘GCTGTCCTGA

GATCGGTTTG
CTGATGTTGT
GGCCCTGAGC
CAAGCTCACG
ATGGGGTTTC
GTTGCTGATG
CTTGACAAAT
TGCGCCCATG
CCTCATGTTT
GCCGCCGTCG
GACCGGGTTG
CCCCTTCGCC
GCCAACCCGC
CCCGCCGTTG
AACCGCGGTC

CTCGGCCTGG
CTATTGAGAA
GATGCCTTTG
ATCCATGGTG
ACTTTTCTCT
CAGTGGCTCA
GGCCCCGAAG
CCGGCACTCT
TGTTATGACT
GATAGTGCTT
TCGCCGGCTG
TATGCAGGTG
GCGCTTCGCC
GGGCGGAGCA
AATGTAGCTC
CCCTGGACTC
GCAAGGCACA
TCAATCTTGT
GGTTCGCGAC
TTGCCTATGC
TGGGCGGCGC
ATTCTCAGCC
CCCGATGTCA
CCGACCACTC
CCTCACGTCG
GCTCCGGCCC

AGCAAGACCT
GGCTATTCTG
ATGACACCGT
TTTGAGAATG
GGGTCTAGAG
TCCGCCTGTA
GAGTCTCTGC
TCTATGGAAT
TCCGCGATTT
TGCAGTGAGT
TGGCTTGAAG
TTGTGGTGGC
GGCCGGCTTA
GCTCCGCCTC
AGATGTGTGT
GTTCATAACC
TTTCACTGAG
GTCGGGTGGA
CATGCGCCCT
TGCCCGCGCC
AGCGGCGGTT
CTTCGCAATC
CCGCTGCGGC
GCGTCCGCTT
TAGACCTACC
CcG

TCTGCGCCCT
GCCCTGCTCC
CTTCTCGGCG
ACTTTTCTGA
TGTGCTATTA
TCACCTTATA
GAGGGTTTTG
ACTGTCTGGA
TCAGGTGGCT
ATCGTCAGAG
TTGAAGGTAG
CCCCGGCCTT
CCGAGAAGAA
GCTGTTAGTG
GGATGTTGTT
TGATTGGCAT
TCAGTAAAAC
ATGAATAACA
CGGCCTATTT
ACCGCCCGGT
CCGGCGGTGG
CCCTATATTC
CGGGGCTGGA
GGCGTGACCA
ACAGCTGGGG

CTTTGGCCCT
CTCAGGGTGT
GCTGTGGCCG
GTTTGACTCC
TGGAGGAGTG
AGGTCTGCGT
GAAGAAACAC
ATATGGCCGT
GCCTTTAAAG
TCCAGGAGCT
ATTTCCGCCC
GGCGCGCTCC
TTGGGGCCCT
ATTTCCTCCG
TCCCGTGTTT
GCTACAGGCT
CAGTGCTCGA
TGTCTTTTGC
TGTTGCTGCT
CAGCCGTCTG
TTTCTGGGGT
ATCGAACCAA
CCTCGTGTTC
GGCCCAGCGC
CCGCGCCGCT

The ability of the methods described herein to

isolate and identify genetic material from other NANB

hepatitis strains has been confirmed by identifying
genetic material from an isolate obtained in Mexico.



67717. The pTz- KFITEEQw&}hﬁﬁéﬁﬂl cdS illustrated at the bottomin Figure 1.
The fragment i nsert m

end regions denoted at A and C,
respectlvely, and a H

regi on, denoted at B. The sequences in
t hese regi ons were de tandard di deoxy sequenC|n
forth abOVB/12H9@ t hree short sequences (A, B, and O are fridnh

insert strand. As will be seen in Exanple 3,
actually determined fromthe opposite strand,

shown above represent the conpl enent 1§ the sequence in the sequenced
strand. The base nunbers of the partial sequences are approxinate Lat er

work in the,] aboratory of. the inventors |de tifl uence, also
set forth a859e56$¥%ﬂﬁ%nﬁf EﬂﬁstHFSngFaVaiéﬂﬁ% %ng Fj 88 pr epar ed
usi ng restrkbei BN ehdrqudeRssst u@@h’puabovanal'grsa §ec93‘uem@tehw'alse forward and
everse seqygpre: iasa | llPHyddy z%triunbe%e%aeeae%aa' &Sseclhe specific
cl eavage sites are sunﬁarlze orivard direction) in the follow ng
t abl es. fgrth in Section II.B below. A partial cDNA sequence

5 consisting of 1661 nucleotides is set forth below.

and are set
LS89 P2hE8

the B-regi on sequence was

so that the B-region sequence

Non-A Non-8 ET: Mexican Strain

10

15

20

25

30

35

1 GCGGCCGCTC

51
101
151
201
250
301
350
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401

TAAGCAAGGA
CAGATGCCAT
CAGAGACCAT
CTTGCGGCGT
TGAGGAGCTG
GAGCTTGAGC
CAGTGTTGTG
CCCCTAGCCA
AGACGCACAA
TGCGCGCTTT
TCTTTGAGCT
GTCCTCGAGT
CCAGAAGGAT
AAGTCGGTCA
GGCCCCTGGT
ARGCTGTGTT
GTGGCTGGCG
TGACTCGACT
AAGAGTGTGG
TCGGCGTGGA
GAAGCATTCT
TGGCAATCAT
TTCAAGGGCG
AGGCGCCGGT
TCCGGCCGAT
GCCCTACCCG
GGGGCCTGAT
TCCTCCGTAG

GGTGGGGTTC
ATTAATTCGC
TGTTAATAAT
CGGTCATTCC
TTCCACCTTC
GGCCACCGGC
AGGGCCTTCT
ACATTTGAGC
AAGGAAAGCT
GGCTTTATGA
ATTCCCACTC
TGTAGAGGCG

. TGGATTTGTG

TGTAACAAGT
GGGTATCTCC
TCCGTTGCGA
CTACGGGGAT
CCAGCCATGC
CAGAATAACT
TATGCCCCAG
TCCTGCAGGC
GGTGAGCCGG
TGCCCATTGC
ACGACTCGGT
TCGCTTATAG
TGGGCTGTAT
ATGTCGTTCG
CCGGAGCGGG
GTTAACGAAT

CACCTCTCTT
GGCCGCTCGT
TTCTTCCTTT
GCGAGCAACC
ATGCCABRATA
GGCGCCGGTG
CTATCTGCCA
TAACTGACAT
GTTTTGTCCA
TGCGGGTCAC
TCGGGCGGGT
ATGGTGGAGA
CAGCCGAGAT
TCACGACCGG
GCCTGGAGTA
TTGAGAAGGC
GCTTATGACG
CATGGTGTTT
TTTCCCTAGG
TGGCTTGTCA
CCCAAAAGAG
GCACGTTGCT
TATGAGTTCC
CGTCCTCTGT
CAGGCTGTGG
GCCGGGGTTG
ATTCGCCGGA
CAGAGCAGCT
GTGGCCCAGA

CCCATTCCGA
GTTGCGTGAG
CGGGTGGCGA
CTGACCGCAA
AGCGCCTTCC
CTGTGCTACC
CAGGAGCTAG
TGTGCACTGC
CGCTGGTAGG
ACCGATGTCC
TACTGCCACC
AGGGCCAAGA
GTCTCCCGCA
CGAGACAATT
AGACCTTTTG
TATTCTATCC
ACTCAGTATT
GAAAATGATT
TCTTGAGTGC
GGTTGTACCA
TCTTTGAGAG
CTGGAATACG
GGGACCTCCA
AGTGAATACC
TTTGAAGCCG
TCGTCGCCCC
CGGCTTTCGG
CCGCCTCGCC
TTTGTGTTGA

ACAGAGAAGT
GTGGGTATCT
GGTTGGTCAC
TGTTGACGTG
ATCAGCTTGC
TCCCTGCCCT
CCTCCTGTGA
CGCATGGCGG
CCGGTATGGC
GCGCCTCCCT
ACCTGTGAAC
CGGTTCAGCC
TAACCTTTTT
GCGCATGGCA
TGCCCTGTTT
CTTTTACCAC
CTCTGCTGCC
TTTCTGAGTT
GCCATTATGG
TGCCGTCCGG
GGTTCTGGAA
GTGTGGAACA
GGTTGCCGCC
GCCAGAGCCC
AAGGCTGACT
GGGGCTCGGG
AGAAGAACTG
GTGCAGGATT
GGTGGTGTCT



[err] 26 [err] i miSidadiasBeeNRBc&peci fic fragnents or probes which
hybridi ze with ET- NA ' ences or cDNA fragnents derived

t her ef t oo @?ﬁfzié@ag"gumHWWWﬁM;e full-1ength cDNA fragnmehCE/ SS89M0 26518
described in Section [T, Of nay derived from shorter sequence regions

wi thin cloned cDNA fragnents. Shorter fragnments can be prepared by
enzymatic digestion of full-length fréanents under conditions which yield
desired-sized fragnments, as will be described in Section |IV. Aternatively,
the fragnents d ' ' Ve I.ng
sequences deri f/zg‘%l ]Eh %o%%%?ﬁgﬁg%%@n@%#%&g or stgrc \?IGCKEE‘H?%?ATHEJI‘
produci ng sel et ®d-CRAGAITRAT ToIGGFEATEE Bt AGRCHGARAR AL ARG TETaCIEBAGCCTS

confirmthat a g4 yefdirdidd TaedbROtCA SatThF@EicHafd At AT Ml PR AELTHANB
viral agent, the fragnen

t can be shown to hybridize selectively witn cDNA
frominfected $®%F CRETTTRET Gl FCOLATEEGE L TERTHECAD %Qﬁﬁquﬁ$h5¥TFﬁ3T?G§3 kb
fragnment si n t hespl Zedidddddcdy wlasmd is ET-NANB in origin, the fragnent
was excised fromthe

When éomparing the Burmese and Mexican
strains, 76.7% identity is seen in a 1372 nucleotide
overlap beginning at nucleotide 13 of the Mexican

10 strain and nucleotide 331 of the Burmese strain.

It will be recognized by one skilled in the
‘art of molecular genetics that each of the last two
sequences teaches a corresponding complementary DNA
sequence as well as RNA sequences corresponding to both

15 the principal sequence shown and the complerentary DNA
sequence. Additionally, open reading frames encoding
peptides are present, and expressible peptides are
disclosed by the nucleotide sequences without setting
forth the amino acid sequences explicitly, in the same

20 manner as i1f the amino acid sequences were éxplicitly

| set forth as in the ET1.l1 sequence above.

DETAILED DESCRIPTION OF THE INVENTION

25
I. Definitions
The terms defined below have the following
meaning herein:
30

1. "Enterically transmitted non-A/non-B (ET-NANB)
hepatitis viral agent" means a virus, virus type, or
virus class which (1) causes water-borne, infectious
hepatitis, (ii) is transmissible in cynomolgus monkeys,

35 (iii) is serologically distinct from hepatitis A virus
(HAV) and hepatitis B virus (HAB), and (iv) includes a
genomic region which is homologous.to the 1.33 kb cDNA



pTZ- KF1( ET1. 1) plasnkg ur|f|ed and radi ol abel ed by random | abeling. The

radi ol abel ed fragnent H“ ?

I zed with fractionated cDNAs from
i nfected and non- |nfe confirmthat the probe reacts only

wi th infected-source hod is illustrated in Exanple 4, where
t he aboveucﬁﬁwoiaheled 1. 33 kb~ fragnent from pTZ- KF1( ET1. 1) pR@E%hS$9N§54b
exam ned for binding to cDNAs prepared frominfected and non-infected
sources. The infected sources are (1) hile froma cynonol gus nonkey
infected with a strain of virus derive rom stool sanples from human
patients fromBurma with known ET-NANB infections and (2) a viral agent

deri ved fron1 0 fgqﬂ a ET f@ﬁlfﬂﬂ . Mexi co. The
cDNAs in each 3§{r:re§1)4[1 én i %&érg? P?gl ?rp bly aE—h-gr)'E]el-r/prl mer

anpl|f|cat|onsﬁééhbdsﬁés€¢¢Qk*fheﬁ bYafpre an??bbn%#ﬁb%ﬁaﬁaﬂéﬂlon was on
agarose gel, folloyedrhy meetdier rAclahor:rragﬂeaﬂﬁ & hen oy lidyoctatt g to bind
t he radlolabeled 1.33 kb fra % fractlonatgd C The | ane
cont ai ni ng CDNEEYfFoﬁ1Fﬁ%@?¥ﬁéH$®§ §6Gﬁ5é§9558mgﬁe MNETdN883d of bound
probe, assexpagbeddiebblfsnargrdiftiehsbyint kaithnkebtpdired strands
contain at most about 25-30% basepair mismatches. 1In
general, two single-strand nucleic acid species will be
hcmologous if they hybridize under the conditions
described in Maniatis et al., op. cit., pp. 320-323, *
10 but using the following wash conditions: 2 x SCC, 0.1%
SDS, room temperature - twice, 30 minutes each; then 2
X SCC, 0.1% SDS, 50°C - once, 30 minutes; then 2 x SCC,
room temperature - tﬁice, 10 minutes each. More
preferably, homologous nucleic acid strands contain 15-
1s 25% basepair mismatches, even more preferably 5-15%
basepair mismatches. These degrees of homology can be
selected by using more stringent wash conditions for
identification of clones from gene libraries (or other

sources of genetic material), as is well known in the
20 art.

3. A DNA fragment is "derived from" an ET-NANB
viral agent if it has the same or substantially the

same basepair sequence as a region of the viral agent
genome.

25 4. A protein is "derived from" an ET-NANB viral

agent if it is encoded by an open reading frame of a

DNA or RNA fragment derived from an ET-NANB viral
agent.

30 II. Obtaining Cloned ET-NANB Fragments

According to one aspect of the invention, it
has been found that a virus-specific DNA clone can be
produced by (a) isolating RNA from the bile of a
cynomolgus monkey having a known ET-NANB infection, (b)
cloning the cDNA fragments to form a fragment library,
and (c) screening the library by differential

hybridization to radiclabeled c¢DNAs from infected and
non-infected bile sources.

35S



anplification methodpuny

praobe binding to the fromthe non-infected sources was
obser ved. wihgo /18542 tsm the 1.33 kb probe is specpCreuéggrozdagA
fragnents associ at ed Nk nfection. This same type of study, using
ET 1.1 as the probe, has denpnstrated h Qridization to ET-NANB sanpl es
coll ected from Tashkent, Somalia, Borned and Paki stan. Secondly, the fact
that the probe is specific for ET-NANB rel at ed sequences derived from
different continents (Asia, Africa and North Anerica) indicates the cloned
ET-NANB Africa sequence is derived froma comon ET-NANB virus or virus
cl ass responsi®di e VA EragmeBthépZtPEfs infection worldwide. In a rel ated
confi rngt?ry SLudy, prsnbembianldinmgcwotraﬁtbmmﬁmk@yfsr agmegts o
pr epare rom hupan_ or nanol gus . non genoni was exam ned.
28 probe bi ndi hy* WAt &b r\hﬁ?%a aé??ﬁe?“ﬁeﬁ%h?ifﬁr%ﬁﬁﬁ%ﬁinqﬁéﬁén§ﬁFﬁting
t hat the E3- NAABLO% agherdusgensdonafi rendbysaousaseinsioals posdnilvegus
fragment, Anotper £pD{J ripldiiuils BLMAMPesPeRbLA Ca SARIAICES hythe
fragnents is the ability to -expres

An infected animal is monitored for elevated levels of

alanine aminotransferase, indicating hepatitis

Tﬁm‘x e teég to have a broad range of sizes). No

infection. ET-NANB infection is confirmed by
10 immunospecific binding of seropositive antibodies to
virus-like particlés (VLPs), according to published
methods (Gravelle). Briefly, a stool (or bile)
specimen taken from the infected animal 3-4 weeks after
infection is diluted 1:10 with phosphate-buffered
15 saline, and the 10% suspension is clarified by low-
speed centrifugation and filtration successively
through 1.2 and 0.45 micron filters. The material may
be further purified by pelleting through a 30% sucrose
cushion (Bradley). The resulting preparation of VLPs
20 is mixed with diluted serum f£rom human patients with
known ET-NANB infection. After incubation overnight,
the mixture is centrifuged overnight to pellet immune
aggregates, and these are stained and examined by
electron microscopy for antibody binding to the VLPs.
ET-NANB infection can also be confirmed by
seroconversion to VLP-positive serum. Here the serum
of the infected animal is mixed as above with 27-34 nm
VLPs isolated form the stool specimens of infected

25

human cases and examined by immune electron microscopy
30 for antibody binding to the VLPs.

Bile can be collected from ET-NANB positive
animals by either cannulating the bile duct and
collecting the bile fluid or by draining the bile duct
during necropsy. Total RNA is extracted from the bile

35 by hot phenol extraction, as outlined in Example 14.
The RNA fragments are used to synthesize corresponding
duplex cDNA fragments by randbm priming, also as



ET- NANB proteins fremcodingTegions in the fragnments. Section |V bel ow
di scusses net hods ofﬂggg1 &hgsgeg,pﬁéﬁsgdop using the fragnents. One inportant

usef of t'he ET- NANB-sp s'is for identifying ET-NANB-derived
c whi\%h @9{1}4@@ aam E gm nce i nformation. The new BCT/AS3or¢rc88l
[ ' robes, allowing further iterations

Cc , inturn, yield

until the entire viral genone is identified and sequenced. Procedures for
i dentifying additional ET-NANB |ibrary zriones and generating new probes
therefromgenerally follow the cloning and sel ection procedures described
in Section Il. The fragnents (and ol i gonucl eoti des prepared based on the
sequences gi verfaisevepdair Bxampleciiul FhepePNar §ragmeatpongyreveise chain
reacti on neth fo 5 [ NANE: oy RANMLe ABLELE&! gi tient
sanpl e. This iggﬁégtﬁ%gs?re?go‘g‘%\d i @?érgi% 347 na?c,(f?#%‘ng*vf%ﬁ?’ﬁﬁ. |V,
ET- NANB Pr ot eiGf® AéfPHaFéaPeﬂoa%BV%ﬁ‘Eﬁﬁﬁﬂﬁﬁegréﬂéﬁng 28R Bk prepared by
expressi ng opetagpadit8y- &L gup SOCHAN0ERPazepain EfabiddBeEragments. In one
preferredfgpproach, t T- NBlgragnents used for .protein eggreSfion are
derived frbm cloned c ORAN AL hRTRS Hdh SOHESEEd O o YAF BAURBCBRER F ed- si ze

fragments, andsuch as VLPs obtained from stooli samples (as described

in Example 4), may be used for producing a cDNA
fraction, the bile source is preferred. According to
one aspect of the invention, it has been found that

10 bile from ET-NANB-infected monkeys shows a greater
number of intact wviral particles than material obtained
from stool samples, as evidenced by immune electron
microscopy. Bile obtained from an ET-NANB infected
human or cynomolgus monkey, for use as a source of ET-

15 NANB viral protein or genomic material, or intact
virus, forms part of the present invention.

B. CcDNA Library and Screening
The cDNA fragments from above are cloned into a

20 suitable cloning vector to form a cDNA library. This
may be done by equipping blunt-ended fragments with a
suitable end linker, such as an EcoRI sequence, and
inserting the fragments into a suitable insertion site
of a cloning vector, such as at a unigue EcoRI site.

25 After initial cloning, the library may be recloned, if
desired, to increase the percentage of vectors
containing a fragment insert. The library construction
described in Example 1B is illustrative. Here cDNA
fragments were blunt-ended, equipped with EcoRI ends,

30 and inserted into the EcoRI site of the lambda phage
vector gtl0. The library phage, which showed less than
5% fragment inserts, was isolated, and the fragment
inserts recloned into the lambda gtl0 vector, yielding
more than 95% insert-containing phage.

35 The cDNA library is screened for sequences

specific for ET-NANB by differential hybridization to

cDNA probes derived from infected and non-infected



preferably randomfragnents with sizes predomnantly between about 100 to
about . 300 base pai r Shis Si mBenBeglwstri bes the preparati on of such

f ragment sy@yoNAS, di gﬁm‘lnlmawse it is desired to obtai PQRRSEIM2648 29
antigens of between a ' ut 100 ami no acids, the digest fragnments
are preferably size fractionated, for exanple by gel electrophoresis, to
sel ect those in the approxi mately 100- 280 basepair size range. A

Expressi on Vector The ET-NANB fragnments are inserted into a suitabl e

expressi on vector. One exenplary expression vector is |anbda gtll, which
contai ns a un$PRECETORICHN £rEopgnsFt Eros nkectrd rpd,ponrdafestedhe

,transltafji on t§6@ié@?t%prb @t el bgeabew%g?w@gjs&{ ?@sgéggaefﬂags, thf _
I nsertea sequence w e € r,essed. as_.a pet a- ] aCl 0S| SE TUuslon proteln
whi ch cont ai maboYe: NARTTRIAHE 150k COR 6faPHer bR o iRy

ase gene, the
het er ol ogous papelileg, amikioptiamsdlatjohheot>- éxd nlatzel irspi @colrdihg

bet a- gal act os{ dage, Pept { de.{ e 1Bac! hah0aL ROTLI oy De! nayxRpggsed when
t he het er 0l ogous pepti de codi ng sequence” dOes t contain a transl ation

term nation cédbnary Thtemakavus is scrpenddcey transfer to duplicate

nitrocellulose filters, and hybridization with both
infected-scurce and non-infected-source (cantrol)
radiolabeled prcbes, as detailed in Example 2. 1In

10 order to recover sequences that hybridize at the
preferred outer limit of 25-30% basepair mismatches,
clones can be selected if they hybridize under the
conditions described in Maniatis et al., oob. cit., pp.

320-323, but using the following wash conditions: 2 x

15 SCC, 0.1% SDS, room temperature - twice, 30 minutes
each; then 2 x SCC, 0.1% SDS, S0°C - once, 30 minutes;
then 2 x SCC, room temperature - twice, 10 minutes
each. These conditions allowed identification of the
Mexican isolate discussed above using the ET1.1

20 sequence as a probe. Plaques which show selective
hybridization to the infected-source probes are
preferably replated at low plating density and
rescreened as above, to isolate single clones which are

. specific for ET-NANB sequences. As indicated in

25 Example 2, sixteen clones which hybridized specifically
with infected-source probes were indentified by these
procedures. One of the clones, designated lambda gtl0-
1.1, contained a 1.33 kilobase fragment insert. )

30 C. ET-NANB Sequences
The basepair sequence of cloned regions of the

ET-NANB fragments from Part B are determined by
standard sequencing methods. In one illustrative
method, described in Example 3, the fragment insert

35 from the selected cloning vector is excised, isolated
by gel electrophoresis, and inserted into a cloning
vector whose basepair seguence on either side of the



t enper at ur e- sensi ti ve Tepressor (c¢i857y which causes viral |ysogeny at _
perm ssi ve terrperatur’n.&,Sh@tgas,Be{nqie theeg@Nd leads to viral lysis at elevated

tenperatures, e.g., [e of this vector include: (1) highly
ef ficient reconbi nant "m rﬂaz ability to select |ysogenized host
cel |'s on wWoes¥wazd@ of - h at pernissive, but notPCT/US89/02643

non- per m ssi ve, tenperatures, and (3) high levels of reconbinant fusion
protein production. Further, since phage cont ai ning a heterol ogous insert
produces an inactive beta- gal act osi dasé4enzyne, phage with inserts can be

readily identified by a beta- galactosidase col ored-substrate reaction. For
I nsertion intqQ the expression vector, i ral, st fra

t b
modi fied, if AOSGEEIOPoSLbRL a?nk%%‘f'é'ct eré’?trrtl"&“llgr% $PEEO ?men Cs auch

i nkers, such as
EcoRl | i nker S emploged 19 ERample ehtiormlpTo-dFadweesorEsaopheatd thé ustrates

met hods for clyop,.ng t I_gest ,;Q?Qﬁ? I da, gt whi ch
I ncl udes the gtg%ngfQ§|§ﬁ? anl%ﬁggﬁ ra Eagﬂgkﬁl52?Rngh§n%%l%coRl
linkers, and unﬂr@@@@ﬁngaShenseagﬁénag ﬁhﬂ(ﬁﬂiﬂﬂﬁ-ﬁﬁﬂﬂ’lawbdaogtlﬂe The

resul ting ovi r gdpA839MH Jshlikar YREBYmbinants carrying the desired

insert were identified by hybridization with the
isolated 1.33 kilobase fragment, as described in
Example 3. One selected plasmid, identified as pTZ-KF1l
(ETX.1), gave the expected 1.33 kb fragment after

10 vector digestion with EcoRI. E. coli strain BB4
infected with the pTZ-KF1(ET1l.l) plasmid has been
deposited with the American Type Culture Collection,
Rockville, MD, and is identified by ATCC deposit nubmer
67717.

15 The pTZ-KF1l(ET1.l) plasmid is illustrated at
the bottom in Figure 1. The fragment insert has S' and
3' end regions denoted at A and C, respectively, and an
intermediate region, denoted at B. The sequences in
these regions were determined by standard:dideoxy

20 sequencing and are set forth above. The three short
sequences (A, B, and C) are from the same insert
strand. As will be seen in Example 3, the B-region
sequence was actually determined from the opposite
strand, so that the B-region sequence shown above

25 represent the complement of the sequénce in the
sequenced strand. The base numbers of the partial
sequences are approximate.

Later work in the laboratory of the inventors
identified the full sequence, also set forth above.
30 Fragments of this total sequence can readily be
prepared using restriction endonucleases. Computer
analysis of both the forward and reverse sequence has
identified a number of cleavage sites. The specific
cleavage sites are summarized (for the forward

35 direction) in the following tables.



be checked to confiffdi0Rtk,, e&ﬁh%aively | arge (representative) library has

been -produced. This #dt he case of the |ambda gt 11 vector, by
i nf ect I' RYOKF {4 deabl emﬂﬂ " , plating the bacteria, QI/@S39702648
t he plagques for |oss

ct osi dase activity. Using the procedures
described in Exanple 1, about. 50% of the plagues showed | oss of enzyne

activity. B. Peotide Antigen Expressi b The viral genomc |ibrary forned
above is screened for production of peptide antigen (expressed as a fusion

protein) which is inmmnoreactive with antiserun%fron1ET-NANB seropositive
i ndi vi dual s. PRRtArpréfeRtdfiafcr eefiatGeRBt RBACHRDst CRATS NURbes: 8@ tmhed

a

anti serum washed to renove unbound anti body,
reporter <l abel.g '
in sandmﬁch ﬁgsﬁﬁggggkﬂ?g

man anti body
ugh the anti -

and reacted with

bch beconeslp und
-NANB ant i bod 3 §éb

the fiilter
"Typicdlly

461‘!6(96 '483,

pl agues which are identified by virtue of their prod&%?ion I3 r edd@F nankt243
antigen of ipegaingie)re-exanm ned atcesgeel atively pogy dengdiy fiyss

roducti on of antibody-reactive fusion praqtein.
P oA R R R 2 b F | &dNGR

822, 1116
TCTTC(<-7-MboII) TCTTC 422, 611, 849
10 GCGTC(<-~10~Hgal) GCGTC 225
GCATCNNNNN* (SEaNI) GCATC 488, 640
GCAGCNNNNNNNN* ( BbvI) GCAGC 53, 631, 1149
GCTGC(<-12-BbvI) GCTGC 919, 979
GGATGNNNNNNNNN* (FokI) GGATG 363, 734, 1212
15 CATCC(<-13-FokI) CATCC 641, 750
GGTGANNNNNNNN* (HphI) GGTGA 454, 589, 83S, 931
TCACC(<-7-HphI) TCACC 114, 416, 446, 762
GP*CGYC(Ahall) GPCGYC 224
GDGCH*C(BspIl286) - GDGCHC 77, 110, 158, 838,
20 1125, 1324
GPGCY*C(Banll) GPGCYC 77, 110, 838, 1125
C*¥YCGPG(Aval) CYICGPG 74, 178
Y*GGCCP(Eael) YGGCCP 171, 290, 626, 875,
1101
25 GWGCW*C{GgiAI) GWGCWC 77. 110, 158, 1324
C*CTTGG(Styl) CCTTGG 529, 1068
P*GATCY (XhoIl) PGATCY 782
CAG*CTG(Pvull) CAGCTG 54
C*CATGG(NcoI) CCATGG 344, 468, 644
30 CGAT*CG(Pvul) CGATCG 1031
C*GGCCG(EaqgI) CGGCCG 1101
G*AATTC(EcoRl) GAATTC 2, 1335
GAGCT*C(SacI) GAGCTC 77, 110
GCATG*C(SphlI) GCATGC 1268
35 GCC*GGC (NaelI) GCCGGC 994, 1099, 1103
G*CGCGC(BssHII) GCGCGC 1073
GGGCC*C(Apal) GGGCCC 1125



Several reconbi nant phage cl ones mhich produced | munor eacti ve reconbi nant

antigen were |dent|f|€msmmaﬂheB . The sel ected expression vectors
may be used for scale-- for pur poses of reconbi nant protein
purification. Scale- up [
ods

carried 31 out using one of a
vari ety otvg gpardead neth ysogeni zi ng a suitabl e hBET/US8% 0648
E. coli, with a selected Ianbda gtII reconbi nant (b) culturing the

transduced cel s under conditions that yield high levels of the

het er ol ogous peptide, and (c¢) purifyi ngét he reconbi nant antigen fromthe

| ysed cells. In one preferred nethod i nvol ving the above | anbda gt11
cl oni ng vector

a. hi u&Hoducer . coli _host, BNN103,_ is infected with the
sel ect ed I|br§? éﬁf d replica pIa?EﬁC%% t wo plai%ﬁﬁ One of the plates
is grown at [E#C?AGxﬂxmdnmh viral |ysogengGean occur,7esd the other at

[err], at whi p i i ng phage isq | ytic st and therefore
prevents cell g?o&f% 6€§3ﬂ S whi ch grom/g?Aﬁﬁ '

e lower b not the higher
t enper at ure aG8TEEAE EfnAld assuned to bETSUBEessful |y 1‘-’3&;ogeni zed.
5 ACCTGCNNNN* { BpsMI) ACCTGC 99
GCAGGT (<~-8~BspMI) ‘GCAGGT 1045

GACN*NNGTC (Tt hlllI) GACNNNGTC 604
CCANNNN*NTGG(PE1MI) CCANNNNNTGG 10
CC*TNAGG({MstII) CCTNAGG 571

10 GCCNNNN*NGGC({BglIl) GCCNNNNNGGC 216, 359, 738
CCANNNNN*NTGG(BstXI) CCANNNNNNTGG 204

I1I. ET-NANB Fragments

15 According to another aspect, the invention

includes ET-NANB-specific fragments or probes which
hybridize with ET-NANB genomic sequences or cDNA
fragments derived therefrom. The fragments may include
full-length cDNA fragments such as described in Section
II, or may be derived from shorter sequence regions
within cloned cDNA fragments. Shorter fragments can be
prepared by enzymatic digestion of full-length
fragments under conditions which yield desired-sized
fragments, as will be described in Section IV.
Alternatively, the fragments can be produced by
oligonucleotide synthetic methods, using sequences .
derived from the cDNA fragments. Methods or services

20

25

for producing selected-sequence oligonucleotide
fragments are available.

30 To confirm that a given ET-NANB fragment is in

fact derived from the ET-NANB viral agent, the fragment
can be shown to hybridize selectively with cDNA from
infected sources. By way of illustration, to confirm
that che 1.33 kb fragment in the pTZ-KFl(El.l) plasmid
is ET-NANB in origin, the fragment was excised from the
pTZ-KF1(ET1.1) plasmid, purified, and radiolabeled by

random labeling. The radiolabeled fragment was

35



The | ysogeni zed host t L S LR 80own under liquid culture conditions
whi ch favor high prod sed protein containing the viral
i nsert, ‘a |§ﬁl deDy T “ o0 rel ease the desired fupcanups®ioéds

C Peotld ur i |cat|o nt pepti de can be purified by standard
protein purification procedures mhlch may include differential

precipitation, nolecular sieve chromatography, ion-exchange chromat ography,
i soel ectric focusing, gel electrophoresis and affinity chromatography. In
the case of a fused protein, such as the beta-gal actosi dase fused protein
prepared as abwbsidilzedpwdtcdi fracoiarated taiNhs duen vhifehtadeanded can be

adapted from tmme@ 'o%?lc@E' 28 Obn 11 r@{atvechry %tr%bg rdQUgs Tor
i sol ation of a beta- act osi dase fusio rotein,. proteln can be
i sol at ed readquylyoyusq%rmlnée&ftﬁidnﬁpy‘rﬁﬁr‘"o‘?&%gr Merhedsdfng the cel |
lysis naterlalxxmuytﬁaﬁaﬂlui DxRAMPLE havwmgkéﬂﬂﬁéﬂzbdeu&ddlo%abelec
anti-beta ase antj o 2 Pr.ot ei.ns_The ET- NANB
protein of the 1 eﬁh ﬂﬁ?Q%ﬁf %égm pT% xﬁi(QQfEﬁ) lasmlﬁ as

examined for binding to cDNAs prepared from infected

and non-infected sources. The infected sources are (1)

bile from a cynomolgus monkey infected with a strain of
virus derived from stool samples from human patients

10 from Burma with known ET-NANB infections and (2) a
viral agent derived from the stool sample of a human
ET-NANB patient from Mexico. The cDNAs in each
fragment mixture were first amplified by a
linker/primer amplification method described in Example

15 4. Fragment separation was on agarose gel, followed by
Southern blotting and then hybridization to bind the
radiolabeled 1.33 kb fragment to the fractionated
cDNAs. The lane containing cDNAs from the infected
sources showed a smeared band of bound probe, as

20 expected (cDNAs amplified by the linker/primer
amplification method would be expected to have a broad
range of sizes). No probe binding to the amplified
cDNAs from the non-infected sources was observed. The
results indicate that the 1.33 kb probe is specific for

25 cDNA fragments associated with ET-NANB infection. This
same type of study, ﬁsing ET 1.1 as the probe, has
demonstrated hybridization to ET-NANB samples collected
from Tashkent, Somalia, Borneo and Pakistan. Secondl{,
the fact that the probe is specific for ET-NANB related

30 sequences derived from different continents (Asia,
Africa and North America) indicates the cloned ET-NANB
Africa sequence is derived from a common ET-NANB virus

or virus class responsible for ET-NANB hepatitis
infection worldwide.

35 In a related confirmatory study, probe binding

to fractionated genomic fragments prepared from human
or cynomolgus monkey genomic DNA was examined. No



be derived directly L0406 &l; RANBvi ral agent. VLPs isolated froma

stool sanple from an-i pat dual , as above, are one suitable source -
of viral protein nate1 Hﬂ 'ﬂ lisolated fromthe stool sanple may be
further purified by af ( ography prior to protein | ' ee
bel ow) . ™He Q?/V:ﬁ‘sgagent may al so be raised in cell culture, ‘Tsﬁ)ﬁaépdrgg@l(’ggs
a convenient and potentially concentrated source of viral protein. Co-owned

U.S. Patent Application Serial No. 846,xp7, filed April 1, 1986, descri bes
an inmmortalized trioma liver cell which supports NANB infection in cel

culture. The trioma cell line is prepared by fusing human liver cells with
a nouse/ humanptobeobipdihgewascdbedrackdf ap kikharchenomsontradtaivd,ity. Cells

containing th ' NANB, vi gl n ' tifi by i muno-
fl uorescence gg&ﬁgéé?géﬁﬁ o§¥%%q%ﬁ$%ﬁg¥§&§NggﬁﬂﬁgﬁEa%%i%%%i%g. The viral
agent is di srepdedenppisohumndn pebteinemodogasi 6aagpgnEenvent i onal net hods,

whi ch can include sonizgakh@R: cHhBlrmatidnOWrS 2l NARBALpLODS;c OF Use of
detergents. Purification of ET-NANB viral protein_can be carried out by

affinity éhrofSYGNSSHy 10usPRgELaPIANYS &8 &BE ARFINAKBtAne¥PERES at t ached
accordi ng to HrenNdaed preftceqds feoom ddimplregiohisdiauppert. The

fragments. Section IV below discusses methods of
protein expression using the fragments.
One important use of the ET-NANB-specific
.10 fragments is for identifying ET~-NANB-derived cDNAs
which contain additional sequence information. The
newly identified cDNAs, in turn, yield new fragment
probes, allowing further iterations until the entire
viral genome is identified and sequénced. Procedures
15 for identifying additional ET-NANB library clones and
generating new probes therefrom generally follow the
cloning and selection procedures described in Section
II. _
The fragments (and oligonucleotides prepared
20 based on the sequences given above) are also useful as
primers for a polymerase chain reaction method of
detecting ET-NANB viral genomic material in a patient

sample. This diagnostic method will be described in
Section V below.
25 '

IV. ET-NANB Proteins

_ As indicated above, ET-NANB proteins can be
prepared by expressing open reading-frame coding
30 regions in ET-NANB fragments. 1In one preferred
approach, the ET-NANB fragments used for protein
expression are derived from cloned cDNAs which have
been treated to produce desired-size fragments, and
preferably random fragments with sizes predominantly
35 between about 100 to about 300 base pairs. Example S
describes the preparation of such fragments by DNAs
digestion. Because it is desired to obtain peptide
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A. Exopression Vector

The ET-NANB fragments are inserted into a
suitable expression vector. One exemplary expression
vector is lambda gtll, which contains a unique EcoRI
insertion site 53 base pairs upstream of the
translation termination codon of the beta-galactosidase
gene. Thus, the inserted sequence will be expressed as
a beta-galactosidase fusion protein which contains the
N-terminal portion of the beta-galactosidase gene, the
heterologous peptide, and optionally the C-terminal
region of the beta-galactosidase peptide (the C-
terminal portion being expressed when the heterologous
peptide coding sequence does not contain a translation
termination codon). This vector also produces a
temperature-sensitive repressor (cl857) which causes
viral lysogeny at permissive temperatures, e.g., 32°C,
and leads to viral lysis at elevated temperatures,
e.g., 42°C. Advantages of this vector include: (1)-
highly efficient recombinant genera&ién. (2) ability to
select lysogenized host cells on the basis of host-cell
growth at permissive, but not non-permissive,
temperatures, and {3) high levels of recombinant fusien
protein production. Further, since phage containing a
heterologous insert produces an inactive beta-
galactosidase enzyme, phage with inserts can be readily
identified by a beta—-galactosidase colored-substrate
reaction.

For insertion into the expression vector, the
viral digest fragments may be modified, if needed, to
contain selected restriction-site linkers, such as
EcoRI linkers, according to conventional procedures.
Example 1 illustrates methods for cloning the digest

yzing a blologlcal sanpl e such
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be checked to confirm that a relatlvely large

(representacive) library has been produced. This can
be done, in the case of the lambda gtll vector, by
infecting a suitable bacteriai host, plating the
bacteria, and examining the plaques for loss of beta-
10 galactosidase activity. Using the procedures described

in Example 1, about 50% of the plaques showed loss of
enzyme activity.

B. Peptide Antigen Expression

15 The viral genomic library formed above is
screened for production of peptide antigen (expressed
as a fusion protein) which is immunoreactive with
antiserum from ET-NANB seropositive individuals. 1In a
preferred screening method, host cells infected with

20 phage library vectors are plated, as above, and the
plate is blotted with a nitrocellulose filter to
transfer recombinant protein antigens produced by the
cells onto the filter. The filter is then reacted with
the ET-NANB antiserum, washed to remove unbound

25 antibody, and reacted with reporter-labeled, anti-human
antibody, which becomes bound to the filter, in
sandwich fashion, through the anti-ET-NANB antibody.

Typically phage plaques which are identified
by virtue of their production of recombinant antigen of

30 interest are re-examined at a relatively low density
for production of antibody-reactive fusion protein.
Several recombinant phage clones which produced
immunoreactive recombinant antigen were identified in
the procedure.

35

The selected expression vectors may be used for
scale-up production, for purposes of recombinant

protein purification. Scale-up production is carried
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assays. whioh are carthed mup e R g e e et
phase, can al Seambdaugsdl FdpnéRanpeeterr a high- Pdeucef E. coli
host, BNN1l03, is infected with the selected library
10 vphage and replica plated on two plates. One of the
plates is grown at 32°C, at which viral lysogeny can
occur, and the other at 42°C, at which the infecting
phage is in a lytic stage and therefore prevents cell
growth. Cells which grow at the lower but not the
15 higher temperature are therefore assumed to be
successfully lysogenized.

The lysogenized host cells are then grown under
liguid culture conditions which favor high production
of the fused protein containing the viral insert, and

20 lysed by rapid freezing to release the desired fusion
protein.

C. Peptide Purification

The recombinant peptide can be purified by

25 standard protein purification procedures which may
include differential precipitation, molecular sieve
chromatography, ion-exchange chromatography,
isoelectric focusing, gel electrophoresis and afflnlty
chromatography. In the case of a fused protein, such

30 as the beta-galactosidase fused protein prepared as
above, the protein isolation techniques which are used
can be adapted from those used in 1lsolation of the
native protein. Thus, for isolation of a beta-
glactosidase fusion protein, the protein can be

35 isolated readily by simple affinity chromatography, by
passing the cell lysis material over a solid support
having surface-bound anti-beta-galactosidase antibody.
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individual, as above, are one suitable source of viral
protein material. The VLPs isolated from the stool
sample may be further purified by affinity
chromatography prior to protein isclation (see

10 below). The viral agent may also be raised in cell
culture, which provides a convenient and potentially
concentrated source of viral protein. Co-owned U.S.
Patent Application Serial No. 846,757, filed April 1,
1986, describes an immortalized trioma liver cell which

15 supports NANB infection in cell culture. The trioma
cell line is prepared by fusing human liver cells with
a mouse/human fusion partner selected for human
chromosome stability. Cells containing the desired
NANB viral agent can be identified by immuno-

20 fluorescence methods, employing anti-ET-NANB human
antibodies. :

The viral agent is disrupted, prior to protein
isolation, by conventional methods, which can include
sonication, high- or low-salt conditions, or use of

25 detergents.

Purification of ET-NANB viral protein can be

carried out by affinity chromatography, using a
purified anti-ET-NANB antibody attached according to
standard methods to a suitable solid support. The

30 antibody itself may be purified by affinity
chromatography, where an immunoreactive recombinant
ETNANB protein, such as described above, is attached to
a solid support, for isolation of anti-ET-NANB
antibodies from an immune serum source. The bound

35 antibody is released from the support by standard
methods.



anti-ET-NANB anti body on the solid support. The reagent is again washed to
remove unbound | abel ebdt he anount of reporter associated with
t he reagewok§ 1c;l 2erm TI ﬂﬁ the reporter is an enzypermssiholess
det ect ed-by I ncubatin se in the presence of a suitable
fluorometric or calorlnetrlc substrate The solid surface reagent in the
above assay prepared by known techni qued3 for attaching protein materi al
solid support material, such as polyneric beads, dip sticks, or filter
materi al. These attachnent met hods general |y |nclude non- speC|f|c

adsorption of the probbternarived Youppsr ansi-EBvANR 12t ibadymeRy &® the

protein, typi salubxo&bw&ghax&ifﬂc@y qMab§ gkepared b@ nﬁm&al (?Yar eactive
group on the solid sup gort such .as an actlvgte carﬁp oxyl or
S

al dehyde grouf°UFR 8 sBERRK ?ﬂ%ﬂﬁﬁxﬁﬁt EGRPPELPART
honbgeneous adsajatanyi bpdyhdxyiksnd dom ahaohhﬂmahp§mdtxmmunhuxmzrm@ne change

'ggntebgl "eac L W RALIT UhLAN. S0 OB 1Y KBChLY BELERLES ddy 1 RGO

pes oibgeneous” assays propose ereto ore 1nc
spi n-1 abel ed rselmletsélfsl theken gmddumhs bﬂhnGhngeaétt%étlamhagen |s det ected

by a change iRecombinant protein immunogen. These in turn may be

to

used in affinity purification procedures, described
above, tc obtain native ET-NANB antigen.
10

V. Utility

A. Diagnostic Methods

The particles and antigens of the invention, as
15 © well as the genetic material, can be used in diagnostic
" assays. Methods for detecting the presence of ET-NANB
hepatitis comprise analyzing a biological sample such
as a blood sample, stool sample or liver biopsy
specimen for the presence of an analyte associated with
20 ET-NANB hepatitis wvirus.

The analyte can be a nucleotide sequence which
hybridizes with a probe comprising a sequence of at
least about 16 consecutive nucleotides, usually 30 to
200 nucleotides, up to substantially the full sequence

25 of the sequences shown above (cDNA sequences). The
analyte can be RNA or cDNA. The analyte is typically a
virus particle suspected of being ET-NANB or a particle
for which this classification is being ruled out. The’
virus particle can be further characterized as having

30 an RNA viral genome comprising a sequence at least
about 80% homologous to a sequence of at least 12
consecutive nucleotides of the "“forward" and "reverse"
sequences given above, usually at least about 90%
homologous to at least about 60 consecutive nucleotides

35 within the sequences, and may comprise a sequence
substantially homologous to the full-length

sequences. In order to detect an analyte, where the
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antibody or an antigen, either a labelled antigen or

antibody, respectively, can be used to bind to the

analyte to form an immunological complex, which can
10 then be detected by means of the label.

Typically, methods for detecting analytes such
as surface antigens and/or whole particles are based on
immunoassays. Immunoassays can be cohducted either to
determine the presence of antibodies in the host that

15 have arisen from infection by ET-NANB hepatitis virus
or by assays that directly determine the presence of
virus particles or antigens. Such techniques are well
known and need not be described here in detail. Exam-
ples include both heterogeneous and homogeneous immuno-

20 assay techniques. Both techniques are based on the
formation of an immunological complex between the virus
particle or its antigen and a corresponding specific
antibody. Heterogeneous assays for viral antigens
typically use a specific monoclonal or polyclonal

25 antibody bound to a solid surface. Sandwich assays are

becoming increasingly popular. Eomogeneous assays,
which are carried out in solution without the presence’
of a solid phase, can also be used, for example by

determining the difference in enzyme activity brought

30 on by binding of free antibody to an enzyme-antigen
conjugate. A number of suitable assays are disclosed
in U.S. Patent Nos. 3,817,837, 4,006,360, 3,996,345.
When assaying for the presence of antibodies
induced by ET-NANB viruses, the viruses and antigens of
35

the invention can be used as specific binding agents to
detect either IgG or IgM antibodies. Since IgM anti-
bodies are typically the first antibodies that appear
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In one diagnostic configuration, test serum is
reacted with a solid phase reagent having surface-~bound
e1T-NANB protein antigen. After binding anti~ET-NANB
antibody to the reagent and removing unbound serum
components by washing, the reagent is reacted with
reporter-labeled anti-human antibody to bind reporter
to the reagent in proportion to the amount of bound
anti-ET-NANB antibody on the solid support. The
reagent is again washed to remove unbound labeled
antibody, and the amount of reporter associated with
the reagent is determined. Typically, the reporter is
an enzyme which is detected by incubating the solid
phase in the presence of a suitable fluorometric or
colorimetric substrate.

The solid surface reagent in the above assay
prepared by known techniques for attaching protein
material to solid support material, such as polymeric
beads, dip sticks, or filter material. These
attachment methods generally include non-specific
adsorption of the protein to the support or covalent
attachment of the protein, typically through a free
amine group, to a chemically reactive group on the
solid support, such as an activate carboxyl, hydroxyl,
or aldehyde group.

In a second diagnostic configuration, known as
a homogeneous assay, antibody binding to a solid
support produces some change in the reaction medium
which can be directly detected in the medium. Known
general types of homogeneous assays proposed heretofore
include (a) spin-labeled reporters, where antibody
binding to the antigen is detected by a change in
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singl e-strand,pf b g®s Scfledidfsbulated reporter. The adaptation of
these methods to the protein antigen of the present
invention follows conventional methods for preparing

10 homogeneous assay reagents.

In each of the assays described above, the
assay method involves reacting the serum from a test
individual with the protein antigen and examining the
antigen for the presence of bound antibody. The

15 examining may involve attaching a labeled anti-human
antibody to the antibody being examined, either IgM
(acute phase) or IgG (convalescent phase), and
medasuring the amount of reporter bound to the solid
support, as in the first method, or may involve

20 observing the effect of antibody binding on a
homogeneous assay reagent, as in the second method.

Also forming part of the invention is an assay
system or kit for carrying out the assay method just
described. The kit generally includes a support with

25 surface-bound recombinant protein antigen which is (a)
immunoreactive with antibodies present in individuals
infected with enterically transmitted nonA/nonB viral
agent and (b) derived from a viral hepatitis agent
whose genome contains a region which is homologous to

30 the 1.33 kb DNA EcoRI insert present in plasmid pTZ-
KF1(ET1.1) carried in E. Coli strain BB4, and having
ATCC deposit no. 67717. A reporter-labeled anti-human

antibody in the kit is used for detecting surface-bound
anti-ET-NANB antibody.
35
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the polymerase chain reaction or PCR technique. The

PCR technique can be applied to detecting virus

particles of the invention in suspected pathological

10 samples using oligonucleotide primers spaced apart from
each other and based on the genetic sequence set forth
above. The primers are complementary to opposite
strands of a double stranded DNA molecule and are
typically separated by from about 50 to 450 nt or more

15 {(usually not more than 2000 nt). This method entails
preparing the specific oligonucleotide primers and then
repeated cycles of target DNA denaturation, primer
binding, and extension with a DNA polymerase to obtain
DNA fragments of the expected length based on the

20 primer spacing. Extension products generated from one
primer serve as additional target sequences for the
other primer. The degree of amplification of a target
sequence is controlled by the number of cycles that are
performed and is theoretically calculated by the simple

25 formula 2" where n is the number of cycles. Given that
the average efficiency per cycle ranges from about 65%
to 85%, 25 cycles produce from 0.3 to 4.8 million
copies of the target sequence. The PCR method is de-
scribed in a number of publications, including Saiki et

30 al., Science (1985) 230:1350-1354; Saiki et al., Nature
(1986) 324:163-166; and Scharf et al., Science (1986)
233:1076-1078. Also see U.S. Patent Nos. 4,683,194;
4,683,195; and 4,683,202.

The invention includes a specific diagnostic

35 method for determination of ET-NANB viral agent, based
on selective amplification of ET-NANB fragments. This
method employs a pair of single-strand primers derived



viral capsid are preferred for use in preparing vac- cines. These proteins
can be purified by af fThisShiegt b BerREgligedaphy, al so descri bed above. |If the
purified protein is not ; er se, it can be bound to a carrier to
make the Drotein immun ‘ S ‘include bovine serunla%?ﬁgtgs
keyhol e | Wp8%/1R&ocyani n an e llke. It is desir- able, bu 9/0263
necessary, to purify antigens to be sub- stantially free of human protein.

However, it is nore inportant that the antigens be free of proteins,
viruses, and other substances not of hud®n origin that nmay have been

i ntroduced by way of, or contam nation of, the nutrient nedium cell Ilines,
ti ssues, or patho- 39 logical fluids fr i t virus is cultured or
obt ai ned. Vacci P4t "8 g‘gﬁ""ggg%"b%dﬁ%?leod’si ﬁ%?ﬁ%ﬁ??gng& %i%i 2 For

exanpl e, the NA gaplewhérhgmeatviviniclpamn itiza ds depiwvedifiroraan be used in
a suitable dilyang; ; | & M S-8184 5SS b MES, lete or

I nconpl ete adjuvant?%qgﬁgifﬁggﬁ$ﬁ%?@ T%E?%nnﬁ%gﬁensigﬁgéﬁarﬁi%%?ed usi ng
standard t echrA&iRERe fCGM tAANELBATERROBCHRIAN SUdRMRLCB9US uER UERMeous

adm nistras 1,33 kb DNA EcoRI insert present in plasmid pTZ-

KF1(ET1.l) carried in E. coll strain BB4, and having
ATCC deposit no. 67717. These "primer fragments,”
which form one aspect of the invention, are prepared
from ET~NANB fragments such as described in Section III

10 above. The method follows the process for amplifying
selected nucleic acid sequences as disclosed in U.S.
Patent No. 4,683,202, as discussed above.

C. Peptide Vaccine

15 Any of the antigens of the invention can be
' used in preparation of a vaccine. A preferred starting
material for preparation of a vaccine is the particle
aﬁtigen isolated from bile. The antigens are
preferably initially recovered as intact particles as
20 described above. However, it is also possible to pre-
pare a suitable vaccine from particles isolated from
other sources or non-particle recombinant antigens.
When non~particle antigens are used. (typically soluble
antigens), proteins derived from the viral envelope or
viral capsid are preferred for use in preparing vaé—
cines. These proteins can be purified by affinity
chromatography, also described above.
If the purified protein is not immunogenic per

se, it can be bound to a carrier to make the protein
30 immunogenic.

25

Carriers include bovine serum albumin,
keyhole limpet hemocyanin and the like. It is desir-

able, but not necessary, to purify antigens to be sub-

stantially free of human protein. However, it is more

important that the antigens be free of proteins,

35 viruses, and other substances not of human origin that
may have been introduced by way of, or contamination

of, the nutrient medium, cell lines, tissues, or patho-



tion of physi ol ogi calﬂh}gsﬁgpﬁ@tBlegI’IFﬁaégerl | e sol utions containing

I nact I vated or attenua wumm ! I cles or antigens. An inmmune response

produci n f vi is typically adm nisteredp@gfirssesoz
vaCC|n|z?ng@ﬁf%@$|on a volume of one milliliter "izss§4

specific exanple of a vaccine~conposition includes, in a pharnacologically
accept abl e adjuvant; a reconbi nant protgin or protein m xture derived from
an enterically transmtted nonA/ nonB viTal hepatitis agent whose genone
contains a region which is honol ogous to the 1.33 kb DNA EcoRl insert

present in pl 9§g%gaPTE7-Iu)4ﬁ: (&bl bhiCa Ehedv] fuf. i £bd1sided B,BB4, and

havi ng ATCC de It no . The vaccine is admnrstered at peri odic
intervals unt® tﬁ1§¢%n|f|cant titer of anti- ET-NANB anti body is detected

in the serum The vacgadeinstidh ejuictet eopagteed Bgatdptiedti-dNANB i nfection.
D. Prophylacti¢_and ThegaDeut c JAnti diegéan Antisera In .addition to use

as a vacci ne, JPABEBApoEPt YR art o) "bﬁ’%b%ﬁ% Anti%ddi es to
ET- NANB visr usppakictéesr aTdsleota&ntn,baxilnebecase@elmsedsmtramtd y as antiviral

agents. To prgg%gn@ngbg)gd%g wa e 110 atl% l;?el—é'ﬁ'“é‘éfﬁﬁeé‘s' ng the virus

particles or, as appropria non-particlé anirgens native to the virus
particle are lconBdetrs Qrcaﬁ¢$mﬁlQﬁ£(ﬁéﬂyﬂﬁbélfaﬁb@evﬁﬁrllke- The

immunogen is administered using standard techniques for
antibody induction, such as by subcutaneous administra-

10 tion of physiologically compatible, sterile solutions
containing inactivated or attenuated virus particles or
antigens. An immune response producing amount of virus
particles is typically administered per vaccinizing

injection, typically in a volume of one milliliter or
15 less.

A specific example of a vaccine composition

includes, in a pharmacologically acceptable adjuvant, a
recombinant protein or protein mixture derived from an
enterically transmitted nonA/nonB viral hepatitis agent

20 whose genome contains a region which is homologous to
the 1.33 kb DNA EcoRI insert bresént in plasmid pTZ-
KFL(ET1.l) carried in E. coli strain BB4, and having
ATCC deposit no. 67717. The vaccine is administered at
periodic intervals until a significant titer of anti-

25 ET-NANB antibody is detected in the serum. The vaccine
is intended to protect against ET-NANB infection.

D. Prophvlactic and Therapeutic
Antibodies and Antisera

30 In addition to use as a vaccine, the composi-
tions can be uéed to prepare antibodies to ET-NANB
virus particles. The antibodies can be used directly
as antiviral agents. To prepare antibodies, a host
animal is immunized using the virus particles or, as

35 appropriate, non-particle antigens native to the virus
particle are bound to a carrier as described above for
vaccines. The host serum or plasma is collected



vaccines. The host serum or _plasma is collected 40 foll ow ng an
appropriate time i nlthgrs\.{émgsgﬁéﬁmmhae a conposition conprising antibodies

reactive with the vi mﬂﬂgmnmmguwe gamma gl-obulin fraction or the 1gG
ant i bodi ob fietl Aflanpl e, by use of.saturatedp@qu 44152648
sul fate gﬁ)%giﬁggeph ) t echni ques known to those ski ?%dﬁ?n t he
art. The anti bodies are substantially free of nmany of the adverse side

effects which may be associated with qther anti-viral agents such as drugs.
The anti body conpositions car. be made even nore conpatible with the host
system by m nim zing potential adverse i mune systemresponses. This is

acconpl i shedfbyl6@iRyi 89 &ppryriacRotineniftetf&l Feo pordviae af a foreign
speci es antibody or _using_an antibo

dy.of .the sane,_ speci.es as the host
ani mal, for ERERBFEC?Re ?@Rf%ﬁlﬁgnﬁpﬁbg?gée?rBﬁ?ﬁahgﬁfﬁﬁﬁhﬁ%ﬁybridonas. The
ant i bodi es cahrakspabticted ZRhea gapmasgdbbehhanfragtidre amuhee Ig&sponse
si nce anti body: vhEHeSONRA X8 neACO8RL 76dafik1 FRCERAOGE, The anti-
odi es can be admnistered Ih amounts 'simlar to those used for other
t her apeutdi ¢ S@fuERSEEaBMBABLI WL srifiate or DEAE Sephadex, or other
techniques xnown to those skilled in the art. The
antibcdies are substantially free of many of the
adverse side effects which may be associated with cther
&nti-viral agents such as drugs.
i0 The antibody compositions can be made even more
compatible with the host system by minimizing potential
adverse immune system responses. This is accomplished
by removing all or a portion of the Fc portion of a
foreign species antibody or using an antibody of the
15 same species as the host animal, for example, the use
of antibodies from human/human hybridomas.
The antibodies can also be used as a means of
enhancing the immune response since antibody-virus
complexes are recognized by macrophages. The anti-
20 bodies can be administered in amounts similar to those
used for other therapeutic administrations of anti-
body. For example, pooled gamma globulin is admini-
stered at 0.02-0.1 ml/1b body weight during the early
incubation of other viral diseases such as rabies,
25 measles and hepatitis B to interfere with viral entry
into cells. Thus, antibodies reactive with the ET~NANB
virus particle can be passively administered alone or
in conjunction with another anti-viral agent to a host
infected with an ET-NANB virus to enhance the immune
response and/or the effectiveness of an antiviral drug.
Alternatively, anti-ET-NANB-virus antibodies

can be induced by administering anti~idiotype anti-
bodies as immunogens.

30

Conveniently, a purified antiET-
NANB-virus antibody preparation prepared as descibed

35 above is used to induce anti-idiotype antibody in a

host animal. The composition is administered to the

host animal in a suitable diluent. Following
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ant 1 body P! eRBER! ppBqREERAL FHh A S DIALABENT . | o' AdiaatGe

anti-idi otype ant ost osition Is adn1n|stered to
t he host an|#ﬁmupﬁganéelF&%P%ﬂ%ﬁlQﬁnﬁhe ﬁ&lFGﬂPﬁ@' antibpdi@s BirstT at i on,

usual 'y repegiedgadiyi Bhat §amé Ospedits @SR ﬁdﬁﬁeénﬁﬁl -di ®leype anti body.
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body For exanpl e, [JbisBiet gﬁﬁﬁm lgbdil in is adm ni- stered at 0.02-0.1

antibody in the host animal, serum or plasma is removed
to provide an antibody composition. The composition
can be purified as described above for anti-ET-NANB-

10 virus antibodies, or by affinity chromatography using
anti-ET-NANB-virus antibodies bound to the affinity
matrix. The anti-idiotype antibodies produced are
similar in conformation to the authentic ET-NANB
antigen and may be used to prepare an ET-NANB vaccine

15 rather than using a ET-NANB particle antigen.

When used as a means of inducing anti-ET-NANB-
virus antibodies in a patient, the manner of injecting
the antibody is the same as for vaccination purposés,
namely intramuscularly, intraperitoneally, subcutane-

20 ously or the like in an effective concentration in a
physiologically suitable diluent.with or without adju-
vant. One or more booster injections may be desirable.
The anti-idiotype method of induction of anti-ET-NANB-
virus antibodies can alleviate problems which may be

25 caused by passive administration of anti~ET-NANB-virus
antibodies, such as an adverse immune response, and
those associated with administration of purified blood
components, such as infection with as yet undiscovered
viruses. :

30 The ET-NANB derived proteins of the invention

are also intended for use in producing antiserum
designed for pre- or post-exposure prophylaxis. Here
an ET-NANB protein, or mixture of proteins is
formulated with a suitable adjuvant and administered by
35 injection to human volunteers, according to known
methods for producing human antisera. Antibody
response to the injected proteins is monitored, during
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post - exposure pr ophy
The anitserum is also useful in treatlng an individual

post-exposure, analogous to the use of high titer : ’
10 antiserum against hepatitis B virus for post-exposure
prophylaxis.

E. Monoclonal Antibodies

For both in v1vo use of antibodies to ET-NANB
15 virus partlcleg and prOtELnS ‘and anti-idiotype anti-
bodies and diagnostic use, it may be preferable to use
monoclonal antibodies. Monoclonal anti-virus particle
antibodies or anti-idiotype antibodies can be produced
as follows. The spleen or lymphocytes from an
immunized animal are removed and immortalized or used
to prepare hybridomas by methods known to those skilled
in the art. To pfoduce a human-human hybridoma, a
human lymphocyte donor is selected. A donor known to
be infected with a ET-NANB virus (where infection has
been shown for example by the presence of anti-virus
antibodies in the blood or by virus culture) may serve
as a suitable lymphocyte donor. Lymphocytes can be
isolated from a peripheral blood sample or spleen cells
may be used if the donor is subject to splenectomy.
Epstein-Barr virus (EBV) can be used to immortalize
human lymphocytes or a human fusion partner can be used
to produce human-human hybridomas. Primary in vitro
immunization with peptides can also be used in the
generation of human monoclonal antibodies.

20

25

30

35 Antibodies secreted by the immortalized cells

are screened to determine the clones that secrete anti-
bodies of the desired specificity. For monoclonal



an ET- NANB protein, grShggH;S%gllQ{,]amotel ns is formulated with a suitable
adj uvant and adm ni s it i on to human vol unteers, according to
known nRyO®Is 2f10F pr%ﬂﬂlﬂﬂﬁ“mﬁuant i sera. Antibody responS’{'TUOJSBblﬂ)zs:;s
i njected proteins is ring 42 a several - week period

fol | owi ng i mruni zati on, by péfiodic sg%um sanpling to detect the presence
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I nfection. The anitserum.is also useful in treating an indi vidual

post - expOSLNQ%“QaﬁglggoﬂéNgoviﬁ%su%%?§ﬁ°1ﬁ§gh FPf ePORREI QR iRyt nst
hepatitis B i\dm:s,pfe%npmsbdewpsume utaplayliaxi Ausk. bMdogd Oéwdx-Ant i bodi es

For both in Vvivo use anti po s to NANB vi.rus particl and proteins
and anti -i di‘otyPe pgﬁt ‘Soapgégﬁﬁhe%‘i a&‘?& i £rRgact PS ﬂ‘é&l%%‘f’pﬁ%f erable to
use nonotl oref the idesdired. speadfiony am iseliectiedparticle anti bodi es or
anti-idiotype a“t'b%%'e%oﬁﬁew?ﬁgpéﬁﬁﬂﬁféé illustrate various

"aspects of the invention, but are in no way intended to
limit the scope thereof.

10 Material
The materials used in the following Examples
were as follows: _
Enzymes: DNAse I and alkaline phosphatase were
obtained from Boehringer Mannheim Biochemicals (BMB,
15 Indianapolis, IN); EcoRI, EcoRI methylase, DNA ligase,
and DNA Polymerase I, from New England Biolabs (NEB,
Beverly MA); and RNase A was obtained from Sigma (St.
Louis, MO). |
Other reagents: EcoRI linkers were obtained
20 from NEB; and nitro blue tetrazolium (NBT),
S5-bromo-4-chloro-3~indolyl phosphate (BCIP)
S-bromo-4-chloro-3-indolyl-B~D-galactopyranoside (X-
gal) and isopropyl B—D—thiogalactbpyranoside (IPTG)
were obtained from Sigma.

25 cDNA synthesis kit and random priming labeling
kits are available from Boehringer-Mannheim Biochemical
(BMB, Indianapolis, IN).

Eample 1
30 Preparing cDNA Library

A. Source of ET-NANB virus
Two cynomolgus monkeys (cynos) were
intravenously injected with a 10% suspension of a stool
35 pool obtained from a second-passage cyno (cyno #37)
infected with a strain of ET-NANB virus isolated from
Burma cases whose stools were positive for ET-NANB, as
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bile in the pre-~acute phase of infection.

The bile duct of each infected animal was
cannulated and about 1-3 cc of bile was collected
daily. RNA was extracted from one bile specimen (cyno

10 #121) by hot phenol extraction, using a standard RNA
isolation procedure. Double-strand cDNA was formed
from the isolated RNA by a random primer for first- ‘
strand generation, using a cDNA synthesis kit obtained
from Boehringer-Mannheim (Indianapolis, IN).
15
B. Cloning the Duplex Fragments

The duplex cDNA fragments were blunt-ended with
T4 DNA polymerase under standard conditions (Maniatis,
p. 118), then extracted with phenol/chloroform and

20 precipitated with ethanol. The blunt-ended material
was ligated with EcoRI linkers under standard
conditions (Maniatis, pp. 396-397) and digested with
EcoRI to remove redundant linker ends. Non-ligated
linkers were removed by sequential isopropanol

25 precipitation.

Lambda gtl0 phage vector (Huynh) was obtained
from Promega Biotec (Madison, WI). This cloning vector\
has a unique EcoRI cloning site in the phage cI
repressor gene. The cDNA fragments from above were

30 introduced into the EcoRI site by mixing 0.5 - 1.0 ug
EcoRI-cleaved gtl0, 0.5-3 vl of the above duplex
fragments, 0.5 ul 10X ligation buffer, 0.5 ul ligase
(200 units), and distilled water to 5 ul. The mixture
was incubated overnight at 14°C, followed by in vitro

packaging, according to standard methods (Maniatis, pp.
256-268).

35
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Blochen1cal qul q%p ) ngle 1 P e arln% DNA Library A
Sour ce of agments was than lysis of

20 random plaques.
The resultant cDNA library was plated and phage
were eluted from the selection plates by addition of
10 elution buffer. After DNA extraction from the phage,
the DNA was digested with EcCORI to release the
heterogeneous insert population, and the DNA fragments
were fractionated on agarose to remove phage
fragments. The 500-4,000 basepair inserts were
15 isolated and recloned into lambda gtl0 as above, and
the packaged phage was used to infect E. coli strain
HG415. The percentage of successful recombinants was
greater than 95%. The phage library was plated on E.

coli strain HG41S, at about 5,000 plaques/plate, on a
20 total of 8 plates.

25
30

35
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st andar d Eond* é%ﬁﬁﬁ molgus monkeys wete prepared as in

Example 1. The cDNA fragments were radiolabeled by

random priming, using a random-priming labeling kit

obtained from Boehringer-Mannheim (Indianapolis, IN).

10 B. Clone Selection

The plated cDNA library from Example 1 was
transferred to each of two nitrocellulose filters, and
the phage DNA was fixed on the filters by baking,
according to standard methods (Maniatis, pp. 320-

15 323). The duplicate filters were hybridized with
either infected-~source or control cDNA probes from
above. Autoradiographs of the filters were examined to
identify library clones which hybridized with
radiolabeled cDNA probes from infected source only,

20 i.e., did not hybridize with cDNA probes from the non-
infected source. Sixteen such clones, out of a total
of about 40,000 clones examined, were identified by
this subtraction selection method.

Each of the sixteen clones was picked and

25 replated at low concentration on an agar plate. The
clones on each plate were transferred to two nitro- )
cellulose as duplicate lifts, and examined for hybrid--
ization to radiolabeled cDNA probes from infected and
noninfected sources, as above. Clones were selected

30 which showed selective binding for infected-source
probes (i.e., binding with infected-source probes and
substantially no binding with non-infected-source
probes). ©One of the clones which bound selectively to
probe from infected source was isolated for further

35 study The selected vector was xdentlfled as lambda
gtl0-1.1, indicated in Figure 1.
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e use e percent age
elec*roohoresxs The electroonoretlc mobility of the

fragment was consistent with a 1.33 kb fragment. This
fragment, which contained EcoRI ends, was inserted into
the EcoRI site of a pTZ-KFl1 vector, whose construction
and properties are described in co-owned U.S. patent
application for "Cloning Vector System and Method for
Rare Clone Identification”, Serial No. 125, 650, filed
November 25, 1987, Briefly, and as illustrated in
Figure 1, this plasmid contains a unique EcCoRI site
adjacent a T7 polymerase promoter site, and plasmid and
phage origins of replication. The sequence immediately
adjacent each side of the EcoRI site is known. E. coli
BB4 bacteria, obtained from Stratagene (La Jolla, CA,
were . transformed with the plasmid.

Radioclabeled ET-NANB probe was prepared by
excising the 1.33 kb insert from .the lambda gtl0-1.1
phage in Example 2, separating the fragment by gel
electrophoresis, and randomly labeling as above.
Bacteria transfected with the above pTZ-KF1l and
containing the desired ET-NANB insert were selected by
replica 1ift and hybridization with the radiolabeled

ET-NANB probe, according to methods outlined in Example
2. :

One bacterial colony containing a successsful
recombinant was used for sequencing a portion of the
1.33 kb insert. This isolate, designated pTZ-
KF1(ET1.l), has been deposited with the American Type

" Culture Collection, and is identified by ATCC deposit

no. 67717. Using a standard dideoxy sequencing
procedure, and primers for the sequences flanking the
EcoRl site, about 200-250 basepairs of sequence from



reconbi nant pl aques taal Ng:
was. | ess than 5% by g’% LhAs
library was plated an ﬂamn
addition of elution b (R extraction fromthe ph /L%?G/ N
was di gesVOBM3MH2EcOR to release the heterogeneous insert popul-atior, and
the DNA fragnments were fractionated on agarose to renove phage fragnents.
The 500-4, 000 basepair inserts were isthated and recloned into | anbda gt 10
as above, and the packaged phage was used to infect E. coli strain HXA15.

The percentage of ,successful- reconbjinants was greater fhan 95% The phage
library was 3?‘% 8d~BRIEregypR %‘i‘?a} n‘qqufgf?laf’ Qbotfe 5L BRF pIsFfes/ pl at e,

on a-total ofob%aphaties. The déqixwdgd ar2 Séleat abgvETiNANR-tGamed Fragnent s
A. cDNA Prob Dupl.ex CDNA fr r o ni n J- NB- i nf ecced
cynonol gus Keyg’a\%gfesﬁﬁgﬁﬁsg@;gsfitfr?eEglgﬁgl gngsmrﬁgegtfﬁ% Hhent s were
radi ol abel ed imtl sequence in both directions, also given above.

5

Mt ﬁliacr'legertion of the EcoRl-ended fragnents

random pl aques. The resultant cDNA
ﬂLuted fromthe selection plates by

Example 4
Detecting ET-NANB Seguences
cDNA fragment mixtures from the bile of
noninfected and ET-NANB-infected cynomolgus monkeys
10 were prepared as above. The cDNA fragments obtained
from human stool samples were prepared as follows.
Thirty ml of a 10% stool suspension obtained from an
individual from Mexico diagnosed as infected with ET-
NANB as a result of an ET-NANB outbreak, and a similar
15 volume of stool from a healthy, non-infected

individual, were layered over a 30% sucrose density
gradient cushion, and centrifuged at 25,000 xg for 6 hr
in an SW27 rotor, at 15°C. The pelleted material from
the infected-source stool contained 27-34 nm VLP

20 particles characteristic of ET-NANB infection in the
infected-stool sample. RNA was isolated from the
sucrose—~gradient pellets in both the infected and non-
infected samples, and the isolated RNA was used to
produce cDNA fragments as described in'Example 1.

25

The cDNA fragment mixtures from infected and

non-infected bile source, and from infected and non-
infected human-stool source were each amplified by a
novel linker/primer replication method described in co-

30 owned patent application serial number 07/208,512 for
“DNA Amplification and Subtraction Technique,” filed
June 17, 1988. Briefly, the fragments in each sample
were blunt-ended with DNA Pol I then extracted with
phenol/chloroform and precipitated with ethanol. The

35 blunt-ended material was ligated with linkers having
the following sequence:



random prim ng, usi sﬂneétamdmmpé 1a8dgng | abeling kit obtained from

Boehri nger - Mannhei m IN) B. Clone Selection The plated cDNA
I|brary Wé@/ Qpl e red to each of two nitrocettiliSeR02648

filters, and t phag e ed on the filters by baking, according to
standard nethods (Nhnlatls p 320 §§3) The duplicate filters were

hybri di zed with either |nfected source”or control cDNA probes from above.
Aut or adi ographs of the filters were examned to identify library clones

whi ch hybridized with rad@mé%ggh@gcgéggtdgéygngwon1|nfected source only,

i.e., did not hybridize with cDNA Ero es fromthe non- infected source.
Si xt een such clones, out3 'oTTECITAARCEFCGRRACHD '000 cl ones exami ned, were

identified by this subtraction sel ection nethod. Each of the sixteen clones
was picked and rep

ed 4?1 Iowfconcen}l%atlon on. an agar EL b.é}i The cl ones
on each plate were tTEnsTHRYSK SEBIEMBRHT (FDEe B9 6T V4 fcate lifts,
and exanmsnedtboremybe i Hinkeatdimersoe made@lw&mneajpﬁim%rpmabesgftha1infected

and nonlnfec gg 39¥£C§S ?@Q% Naere CEEE@@& yer e, é@lﬁﬁ% £9e4hi ch showed

sel ective bi ndrng nf ect’'ed-source probes’ (1.e Inding with

i nf ect ed- sounsaapubb@saaﬁdb@ﬂﬂﬁﬁeﬂﬂnrapmytﬁﬁpgtﬁduﬁg 54 tfprm

non-infect edy3Qyi 685 PEQRESHNA B nRlr tBRpELRESS W& edirdeselatli vely to
replicated to form duplex fragments by addition of

10 Thermus aquaticus (Tag) polymerase and all four
deoxynucleotides. The replication procedures,
involving successive strand denaturation, formation of
strand/primer complexes, and replication, was repeated
25 times.

15 The amplified cDNA sequences were fractionated
by agarose gel electrophoresis, using a 2% agarose
matrix. After transfer of the DNA fragments from the
agarose gels to nitrocellulose paper, the filters were
hybridized to a random-labeled 32p probe prepared by

20 (i) treating the pTZ-KF1{ET1l.l) plasmid from above with
EcoRI, (il) isolating the released 1.33 kb ET-NANB
fragment, and (iii) randomly labéling the isolated
fragment. The probe hybridization was performed by
conventional Southern blotting methods (Maniatis, pp.

25 382-389). Figure 2 shows the hybridization pattern
obtained with cDNAs from infected {I) and non-infected
(N) bile sources (2A) and from infeqted {I) and non-
infected (N) human stool sources (2B). As seen, the
ET-NANB probe hybridized with fragments obtained from

30 both of the infected sources, but was non-homologous to
sequences obtained from either of the non-infected
sources, thus confirming the specificity of derived
seguence.

Southern blots cf the radiolabeled 1.33 kb

35 fragment with genomic DNA fragments from both human and

cynomologus—-monkey DNA were also prepared. No probe

hybridization to either of the genomic fragment



pr obe fron1|nfected1&@@5&£ﬁ¥ﬁﬁkﬁ 5ed for further study. The sel ected
vector was identified I ndicated in Figure 1. 47
Exanpl e 3 ET- NANB Sequwﬁﬁ rrbda gtI O 1.1 fromExanple 2 was
dlgested g? het er ol ogous insert, whi cpctassspsd.ft ed
e

fromthe" ragnments by gel electrophore5|s The electrophoretic
nmobi lity of the fragnment was consi st with a 1.33 kb fragnment. This
fragnent, which contained EcoRl ends, s inserted into the EcCoRl site of a

pTZ- KF1 vector, whose construction and properties are described in co-owned

U S. patent t " e d for Rare
S, Peem sRRLKES! 198 J0ter RpniageYagigly BestemandtMaicd for
Briefly, an§eSyePFrudEr Si“é‘ﬂﬁ‘?‘?\‘sl:lt@uﬁétfert th‘aBI QE FYPANMGAISNS a uni que
EcoRl site dnaaent a T7 polynerase pronoter site, and plasm d and phage
origins of replication. The sequence inmedi ately adjacent each side of the
EcoRl site is knowmm. E. coli BB4 bacteria, obtained from Stratagene (La
Jolla, GA, were transforned with tExamplesi® d.

Expressing ET~NANB Proteins -

A. DPreparing ET-NANB Coding Sequences
The pTZ-KF1(ETl.l) plasmid from Example 2 was

10 digested with EcoRI to release the 1.33 kb ET-NANB
insert which was purified from the linearized plasmid
by gel electrophoresis. The purified fragment was
suspended in a standard digest buffer (0.5M Tris HC1,
pE 7.5; 1 mg/ml BSA; 10mM MnCl,) to a concentration of

15 about 1 mg/ml and digested with DNAse I at room
temperature for about S minutes. These reaction
conditions were determined from a prior calibration
study, in which the incubation time required to produce
predominantly 100-300 basepair fragments was

20 determined. The material was extracted with
phenol/chloroform before ethanol prec1p1tat10n.

The fragments in the dlgest mixture were blunt-

ended and ligated with EcoRI linkers as in Example 1.
The resultant fragments were analyzed by

25 electrophoresis (5-10V/cm) on 1.2% agarose gel, using
PhiX174/HaelIl and lambda/HindIII size markers. The
100-300 bp fraction wés eluted onto NA4S strips
(Schleicher and Schuell), which were then placed into
1.5 ml microtubes with eluting solution (1 M NaCl, 50

30 mM arginine, pH 9.0), and incubated at 67°C for 30-60
minutes. The eluted DNA was phenol/chloroform
extracted and then precipitated with two volumes of
ethanol. The pellet was resuspended in 20 yl TE (0.01

M Tris HCl, pH 7.5, 0.001 M EDTA).
35



Radi ol abel ed ET-NAth ﬂgﬁﬂﬁﬁﬁﬂﬂ% ded by excising the 1.33 kb insert from
the lFanbda gt10-1.1 separating the fragnent by gel

el ect rogqu,gm's%zand | ng as above. Bacteria trpasfesg®ed2g¥st h
t he above pTZ-KF1l and e desired ET-NANB insert were sel ected
by replica lift and hybrldlzatlon W th ihe radi ol abel ed ET- NANB pr obe,
according to nethods outlined in Exanp € 2. One bacterial colony containing
a successsful reconbi nant was used for sequencing a portion of the 1.33 kb

insert. Thi s_i Seh8hengdeR! Ak édrorivldelk. 1), has been deposited with
the Anerican Type Cultur lon, and is identified bgbATCC deposit no.

67717. Using a stand&?ﬂbgﬁdﬁﬁk§ RRAAR NS Hu¥aN) cvasnePhrineds for the
sequences fI&mbhngrbhegEcaE%téttEMa@hﬂut 310-.25@nhkasepanifigobesegrience from
48 the 5'-enga 'OR and E sg { % on éﬁ t nsert mereuobgal ned. The
sequences ar &3gi TeR "aH8Te=ER" SeEt?BH Y 13 T%I §§&u8ﬁéfﬁg Bytf ™ sane
t echni qués gavemtheefbbtaseqbentesLdasnnﬁrahsﬁaﬂuponSermisatgonen above.
Exanple 4 .5don. The genomic fragments from above were
introduced into the EcoRI site by mixing 0.5-1.0 ug
EcoRI-cleaved gtll, 0.3-3 ul of the above sized
fragments, 0.5 ul 10X ligation buffer (above), 0.5 ul
10 ligase (200 units), and distilled water to 5 uyl. The
mixture was incubated overnight at 14°C, followed by in
vitro packaging, according to standard methods
(Maniatis, pp. 256-268).
The packaged phage were used to infect E. coli
15 strain KM392, obtained from Dr. Kevin Moore, DNAX (Palo
Alto, CA). Alternatively, E. Coli strain Y1090,
available from the American Type Culture Collection
(ATCC #37197), could be used. The infected bacteria
were plated and the resultant colonies were checked for
20 loss of beta-galactosidase activity-(clear plaques) in
the presence of X-gal using a standard X-gal substrate
plaque assay method (Maniatis). About 50% of the phage
plagques showed loss of beta~galactosidase enzyme
activity (recombinants).
25
C. Screening for ET-NANB Recombinant Proteins
ET-NANB convalescent antiserum was obtained
from patients infected during documented ET-NANB
outbreaks in Mexico, Borneo, Pakistan, Somalia, and
30 Burma. The sera were immunoreactive with VLPs in stool
specimens from each of several other patients with ET-
NANB hepatitis.
A lawn of E. coli KM392 cells infected with
about 104 pfu of the phage stock from above was
35 prepared on a 150 mm plate and incubated, inverted, for
5-8 hours at 37°C. The lawn was overlaid with a

nitrocellulose sheet, causing transfer of expressed ET-



nees cDNA fragment m xtures fromthe bile of

- _ la?S‘Qnom)lgus nonkeys were prepared as above.
The cDNA fragnents t il | human st ool sanples were prepared as
foll 0\/\@‘,0'59}13532 m- i suspensi on obtai ned frompaT/iUsRoX)2dus!
from Mexico diagnosed as infected with ET- NANB as a result of an ET- NANB
out break, and a simlar volune of st froma healthy, non-infected

i ndi vidual, were | ayered over a 30% sucrose density gradi ent cushion, and

centrifuged at 25,000 xg for 6 hr in an SW7 rotor, at [err]. The pelleted

nmaterial frQang hee ddHSLi Stk SAE @A nSE@eh €REt ligdes 'ecd4ryn VLP particles
characteristic of ET-NANB i nfecti e inpf

(t'qq in th cteg-ﬁépol sanpl e. RNA was
i sol ated frBAPEhe sTR® Rt ARG FLLSEF) BEES APEB¥ R t FRF MDY and non-

i nfect ed sagptesspaidihdeplswd admll fRMRevapossetlons. produce cDNA fragnents
as described in Ex le. 1, The cDNA

non-infected bile s ?cgflﬁﬁﬁjWﬁﬁnﬁﬁsh%gggggggg%é;gégfié#éggéirz E;Sg-g?gol
source Wer emBaChianppifBed, bl0% mbWaCll,i AkEFApTveen 2@/ iklxidked met hod )
Aol 1 i cat i B ATEIEFRES SLe PR BEIaTReRaRaR)  MISES WP T (1), the
fragments i AB83chasdnpheubeted wygrnightealierhadfAt PoR 9£t hen extract ed
with antiserum (diluted to 1:50 in AIB, 12-15 ml/plate).
The sheet was washed twice in TBST and then contacted
10 with enzyme-labeled anti-human antibody to attach the
labeled antibody at filter sites containing antigen
recognized by the antiserum. After a final washing, .
the filter was developed in a substrate medium
containing 33 ul NBT (50 mg/ml stock solution
15 maintained at 5°C) mixed with 16 ul BCIP (50 mg/ml
stock solution maintained at 5°C) in 5 ml of alkaline
phosphatase buffer (100 mM Tris, 9.5, 100 mM NaCl, 5 mM
MgCl,). Purple color appeared at points of antigen
production, as recognized by the antiserum.

Det ecting ET- NANB Sec
noni nfected and E

e

20
D. Screening Plating
The areas of antigen productidn determined in
the previous step were replated at about 100-200 pfu on
an 82 mm plate. The above steps, beginning with a 5-8
25 hour incubation, through NBT-BCIP development, were
repeated in order to plaque purify phage secreting an
antigen capable of reacting with the ET-NANB
antibody. The identified plaques were picked and
eluted in phage buffer (Maniatis, p. 443).
30
E. Epitope Identification
A series of subclones derived from the original
pTZ-KF1 (ETl.l)'plasmid from Example 2 were isolated
using the same techniques described above. Each of
35 these five subclones were immunoreactive with a pool of
anti-ET antisera noted in C. The subclones contained
short sequences from the "reverse" sequence set forth



phenol/chloroforn1and preC|p|tated wi th ethanol. The blunt-ended materi al
was [igated with I_ follomﬁng sequence: 49 [err] The
dupl ex WO RiEhs I th Nrul to renove |inker ®CTeUS89/02648d
with a prinmer havi/ - GGAATTCGCGECCECTCG 3', and then heat
denatured and cooled to roon1tenperaiyge to formsingle-strand DNA/ pri nmer
conpl exes. The conDl exes were replicated to form dupl ex fragnents by
addi ti on of Thernus aquaticus (Tag) polynerase and al.l four

deoxynucl eoptdesousdbg. r ephe cadd iomipgoaadueasdingnpolntnpSudressi ve strand
denaturatio I Tt exes plication, was
r epeat ed ZSQ?FungE%hgg Qﬂ? %Jggyy sgl%ggggséﬁeF%épﬁﬁéflonated by

agar ose gel“ebee:sgbheﬁqgescelnyamg adzﬁﬁaéaﬁdséﬂnﬁhﬁl&abl¢ﬁter transfer of
the DNA fraggegp{,s fromthe agarose gels to nitrocellul ose paper, the
filters were hybridized to a random | abel ed 32P probe prepared by (i)

treatin@ the pTZ-KF1(ET1.1) plasnmid fromabove with EcoRl, (ii) isolating
the rel eased 1.33 kb ET- NANB

TABLE 1
Subclone Position in "Reverse" Sequence

10 5'-end 3'-end

Yl 522 643

Y2 594 667

Y3 508 665

Y4 558 752
15 Y5 545 665

Since all of the gene sequences identified in

the table must contain the coding sequence for the

20 epitope, it is apparent that the coding sequence for
the epitope falls in the region between nucleotide 594
(5'-end) and 643 (3'-end). Genetic sequences
equivalent to and complementary to this relatively
short sequence are therefore particularly preferred

25 aspects of the present invention, as are peptides

- produced using this coding region.

A second series of clones identifying an
altogether different epitope was isolated with only
Mexican serum.

30

35



fragment, and ("h%mﬁ ae
hybri di zati on was

(Nhnlatls pp. 382-

w th cigefizase i nf non-infected (N) bile sourREEUS3j0264%
frominfected (I) and non- i nf ect ed (N) human stool sources (2B). As seen,
the ET- NANB probe hybridized with fragnents obtained fromboth of the

i nfected sources, but was non-honol ogous to sequences obtained fromeither
of the non-infected sources, thus confirmng the specificity of derived
sequence. Southern blots of the radiol abeled 1.33 kb fragnment wi th genomc
DNA fragnents from bot h human and cynonol ogus- nonkey DNA wer e al so
prepared. No probe hybridi zati on TaBBEt Ber of the genonic fragnent 50 -
m xtures was observed, confirm ng that the ET- NANB sequence i s exogenous to

ei t her huneSubcleymonol gus ge®osatibraipl EFervaad b SEquenEd- NANB Prot ei ns A
Prepari ng ET- NANB Codi ng Sequences
5

j XEF“B iNng the isolated fragnent. The probe

Aventional Sout hern bl otting net hods
EHlﬁ shows the hybridization pattern obtained

5-end 3 end
ET 2-2 2 193
ET 8-3 2 135
ET 9-1 2 109
ET 13-1 2 101
10
The coding system for this epitope falls Q

between nucleotide 2 (5°-end) and 101 (3°-end).
Genetic sequences related to this short sequence are

15 therefore also preferred, as are peptides produced
using this coding region.

While the invention has been described with
reference to particular embodiments, methods,
construction and use, it will be apparent to those

20 skilled in the art that various changes and

modifications can be made without departing from the
invention.

25

30

35



The pTZ-KF(ETI.I) pI fron1Exaane 2 was digested wth EcCoRl to rel ease

the 1.:33 kb ET- NANB weﬁmmg purified fromthe linearized plasmd
by gel electro har esi fragnent was suspended i .
di gest P M1 %&25M'T 1 mg/ M BSA; 10rr1\/|[err|l)aﬂ‘[§3§gwwg%d

concentration of about 1 ng/m and digested with DNAse | at room
tenperature for about 5 minutes. Theses6eaction conditions were determ ned
froma prior calibration study, in which the incubation time required to
produce predom nantly 100-300 basepair fragnments was determ ned. The

mat eri al was W tGldd#ed wi t h phenol / chl or of orm bef ore et hanol precipitation.
The fragnents in the digest mxture were blunt- ended and ligated with

EcoRl linkers as in Exanple 1. The _resultant fra nts were, analyzed by
el ect r ophor esks ﬁbﬁFP?ﬁﬁ“ld2@6§§§r8§€mg%ﬂ eQEﬁ?ﬁéggixmbﬂipﬁgéFFPdand

| anbda/ Hi ndl || simh-mmicar-8. viballAepaoDe iy éqemi lms\aasgeabmbed onto NA45
strips (Schlei cher and Schuel ch wer | aced to

mcrotubes with e ahld‘ s 6 Jtegéﬁn[ gb?fh %W%ogqo et ﬁ l and

i ncubat ed at [ errRb fONA FxoRI unset&sprihenblLﬂfﬁid!W&de?thenol/chIoroforn1

resuspended | 20 [GrT]. T8 (i01oh 0 EL PP SEate paiag” ¢ "

posit no. 67717.

10 2. The protein of claim 1, which is encoded by a
coding region within said 1.33 kb EcoRI insert.

3. A recombinant protein derived from an enterically

transmitted nonA/nonB viral hepatitis agent whose

15 genome contains a region which is homologous to a
duplex DNA having a first sequence:

1 11 21 31 41 51

% * * * ’ * %

20 CGAATTCCGCCAACTGATGGAAGGCACTAATCTGGCAAGACCTGTCCCTGTTGCAGCTGT

61 71 81 91 101 111
* * * * * *

TCTACCACCCTGCCCCGAGCTCGAACAGGGCCTTCTCTACCTGCCCCAGGAGCTCACCAC

25
121 131 141 151 161 171
* * ok * * *
CTGTGATAGTGTCGTAACATTTGAATTAACAGACATTGTGCACTGCCGCATGGCCGCCCC
30

55 R O DA
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51 B. doning in an Expre55|on Vector Lanbda gt 11 phage vector (Huynh) was
obtai ned from Prone Be¢\Rediaeedn, W ). This cloning vector has a

uni que EcoRl cIonlng ﬁ pairs upstream fromthe

bet a- galact03|dase t n1nat|on codon. The genonlc fragnents
from ab®\® %rnroduced Thto the EcoRl site by mxing 0. PCI/bSP% 02445
EcoRI-cIeaved gtll, 0.3-3 [err] of the above sized fragnents, 0 5 [err] 10X
ligation buffer (above), 0.5 [err] li®@se (200 units), and distilled water
to 5 [err]. The m xture was incubated overnight at [err], followed by in
vitro packagégg acco glng to standard nmethods (Maniatis, pp. 256-268). The

packaged ph wer e u dto |nf7é1:]t E. colfllstrain &892, obt2dlned from Dr.
Kevi n Moore* DNAX (Pako Alto, Altermatively, E Col i st4 ai n Y1090,

Gsed.  The CARG F&aéﬁﬁ?é«?#‘%?%éfcﬁﬂﬂ#gﬁ‘cgﬁhh?ﬁébE@eéﬁ%ﬁcﬁ%%c%:'rS e
checked for |oss of beta galact05|dase activity-(clear plaques) in the

presenceg of p¥ygal usipgya stan X-gal ,sybstrate,plaque a met hod
(Nhniat?s).i out 50@60 t he pﬂ%%% 2 281 Sy

* %

TACAATGCTTCCCACTCTGATGTTCGCGACTCTCTCGCCCGTTTTATCCCGGCCATTGEE

301 311 321 331 341 351

10 * * * * * *

CCCGTACAGGTTACAACTTGTGAATTGTACGAGCTAGTGGAGGCCATGGTCGAGAAGGGC

361 371 381 391 401 411 -

* * * * % *

15 CAGGATGGCTCCGCCGTCCTTGAGCTTGATCTTTGCAACCGTGACGTGTCCAGGATCACC

421 431 441 451 461 471

* * * * * *

TTCTTCCAGAAAGATTGTAACAAGTTCACCACAGGTGAGACCATTGCCCATGGTAAAGTG

20
481 491 501 S11. 521 531
* * * * * *
GGCCAGGGCATCTCGGCCTGGAGCAAGACCTTCTGCGCCCTCTTTGGCCCTTGGTTCCGC
25 541 551 561 571 581 591
* * * * * *
GCTATTGAGAAGGCTATTCTGGCCCTGCTCCCTCAGGGTGTGTTTTACGGTGATGECTTT
601 611 621 631 641 651
30 * * * * * *

GATGACACCGTCTTCTCGGCGGCTGTGGCCGCAGCAAAGGCATCCATGGTGTTTGAGAAT

661 671 681 691 701 711

* * * * X *

35 GACTTTTCTGAGTTTGACTCCACCCAGAATAACTTTTCTCTGGGTCTAGAGTGTGCTATT

KRN O A0 0



pl aques showed | oss of beta gal act 05| dase enzynme activity (reconbi nants).

C. Screening for 1-i gefdt Prot ei ns ET- NANB conval escent

anti ser wo woq 261 ai n ts i nfected duri ng docunemcadussedablk
out breaks in Mexi co, Somal i a, and Burma. The sera were
| munor eactive with VLPs I n stool speg imens from each of several other
patients with ET- NANB hepatitis. A Iawn of E. coli KMB92 cells infected
wi th about 104 pfu of the phage stock from above was prepared on a 150 mm
plate and imabated, iyperted, fay 5-8 hopgs at [erxgy. The | gyp was
overlaid with a nitrocgllulose gheet, cauging transfer of expressed ET-
52 NANB reconbi nant protein fromthe plaques to the paper. The pl at e and

filter were Amcmi'mu@cngcacmcespommqmmmmmmirMGG@QQGEG0nS-
The filter was washed twice in TBST buffer (10 mM Tris, pH 8.0, 105

NaCl, 0.05% Tween 20), blocked with AIB (TBST buffer with 1% gel ati n),
washed agai n78h TBST, &hd i ncub&0dd over nByht after82ldditi on88L anti serum
(diluted to 4:50 in AIB, 12-15 m/plate). « * %

TGGATCTTGCAGGCCCCGAAGGAGTCTCTGCGAGGGTTTTGGAAGAAACACTCCGGTGAG

841 851 861 871 - 881 891
10 * * * * * *

CCCGGCACTCTTCTATGGAATACTGTCTGGAATATGGCCGTTATTACCCACTGTTATGAC

801 911 921 931 941 951
* * * * * *

15 TTCCGCGATTTTCAGGTGGCTGCCTTTAAAGGTGATGATTCGATAGTGCTTTGCAGTGAG

961 971 981 991 1001 1011

* L % * * ]

TATCGTCAGAGTCCAGGAGCTGCTGTCCTGATCGCCGGCTGTGGCTTGAAGTTGAAGGTA

20
1021 1031 1041 1051 1061 1071
* * * * * *
GATTTCCGCCCGATCGGTTTGTATGCAGGTGTTGTGGTGGCCCCCGGCCTTGGCGCGCTC
25 1081 1091 1101 1111 1121 1131
* * * x * *
CCTGATGTTGTGCGCTTCGCCGGCCGGCTTACCGAGAAGAATTGGGGCCCTGGCCCTGAG
1141 1151 116l 1171 1181 1191
30 * * * * * *

CGGGCGGAGCAGCTCCGCCTCGCTGTTAGTGATTTCCTCCGCAAGCTCACGAATGTAGCT

1201 1211 1221 1231 1241 1251

* * & * * *

35 CAGATGTGTGTGGATGTTGTTTCCCGTGTTTATGGGGTTTCCCCTGGACTCGTTCATAAC

-—_

T



The sheet was masheg_ ﬁd_ :nn B%l‘ﬁnd then contacted with enzyne-| abel ed
ant i - human antibod§ R abel ed antibody at filter sites '
cont ai ni ng anti gen m% ' l [Hhe antiserum After a final washing, the
filter was | oped e medi um cont ai ning 33 [er %@

ng/ m sfﬂeﬁgééﬁﬁfyon mai ntained at [err]) mxed with 16 [erf%hégggg g48 _
nmg/ M stock solution naintained at [err]) in 5 m of alkaline phosphat ase

buffer (100 nM Tris, 9.5, 100 nM NaCl ,5&% nM [err]. Purple col or appeared at
poi nts of antigen production, as recognized by the antiserum D. Screening

Pl ati ng The areas of aptigen production determned in the previous step
wer e replategzgi aboutgibg-200|ﬁ49%wlan éésﬁn1plat%3°hhe abddd1st eps,

begi nni ng wi tth a 5-8 hs&ur i ncubation, threugh NBT-BE€l P devel opnent, were

B e S e e S A BeC TV P
eluted in phage buffer (Maniatis, p. 443). E. Epitope ldentification A
series ofg sulgl,gnes deghggq fromife original pTZ-KF1 (ET1.1) plasmd from

Exanple 2 were isolated using the sanme techni ques descri bed above. Each of
these five sdbclones wdre i mmunoteactive with a pool of anti-ET antisera

noted in C Tracidecrcenesceantatasst,

a second sequence

10
1 11 21 31 41 51
* * * * * *
GCTCGAATTCCGGTCGAGCACTGGTTTTACTGACTCAGTGAAATGTGCCTTGCCATCAGE
15 61 71 81 91 101 111
* * k3 % * x
AACAGCCTGTAGCATGCCAATCAGGTTATGAACGAGTCCAGGGGAAACCCCATAAACACG
121 131 141 151 161 171
20 % * x ] * *

GGAAACAACATCCACACACATCTGAGCTACATTCGTGAGCTTGCGGAGGAAATCACTAAC

181 191 201 211 221 231

% * * ] * *

25 AGCGAGGCGGAGCTGCTCCGCCCGCTCAGGGCCAGGGCCCCAATTCTTCTCGGTAAGCCG

241 251 261 271 281 291 .

* * % * * ®

GCCGGCGAAGCGCACAACATCAGGGAGCGCGCCAAGGCCGGGGGCCACCACAACACCTGC

30
301 311 321 331 341 351
* * * * * *
ATACAAACCGATCGGGCGGAAATCTACCTTCAACTTCAAGCCACAGCCGGCGATCAGGAC
35 361 371 381 391 401 411

% % * * % x

AGCAGCTCCTGGACTCTGACGATACTCACTGCAAAGCACTATCGAATCATCACCTTTAAA

* [ L [J] H *




short sequences f&g

n&et "reverse" sequence set forth 53 previously.
The "begi nni ng and mp mﬁiﬁﬁmﬂ t he sequences in the subcl ones (reI ative
to the ful er are identified in the tabhquql ABLE 1
Subcloné385”24g¥ P% b i erse" Sequence [err] Sinc §%/o e gene
sequences identified in the table nust contain the codi ng sequence for t he
epitope, it is apparent that the codiseg sequence for the epitope falls in
t he regi on between nucl eotide 594 ' (5 -end) and 643 (3'-end). Cenetic
sequences equi valent to and conplenentary to this relatively short sequence
are therefore particularly preferred aspects of the present invention, as
are peptidegyproduceqaysi ng thiggzcodi ng §egi on. Aggacond seghes of clones
|dent|fy|ng an al t oget her dlfferent epltope was |solated mnth only Mexican
serum

GGCAGCCACCTGAAAATCGCGGAAGTCATAACAGTGGGTAATAACGGCCATATTCCAGAC

S .

481 191 501 511 521 531
x* * * * %* *
AGTATTCCATAGARGAGTGCCGGGCTCACCGGAGTGTTTCTTCCAAAACCCTCGCAGAGA

10 541 551 561 571 581 591
* * * * * *
CTCCTTCGGGGCCTGCAAGATCCACGCAGACCTTATAAGGTGATACAGGCGGATGAGCCA
601 611 621 631 641 651

1 5 * * * * ® *

CTGCGGCATCCCACACTCCTCCATAATAGCACACTCTAGACCCAGAGAAAAGTTATTCTG

661 671 681 691 701 711
* * * * * *

20 GGTGGAGTCAAACTCAGAARAAGTCATTCTCAAACACCATGGATGCCTTTGCTGCGGCCAC

721 731 741 751 761 771
* * * * ] * * -

AGCCGCCGAGAAGACGGTGTCATCAAAGGCATCACCGTAAAACACACCCTGAGGGAGCAG

25
781 791 801 811 821 831
* * * * . * *
GGCCAGAATAGCCTTCTCAATAGCGCGGAACCAAGGGCCAAAGAGGGCGCAGAAéGTCTT
30 841 851 861 871 881l 891
* * * * * *
GCTCCAGGCCGAGATGCCCTGGCCCACTTTACCATGGGCAATGGTCTCACCTGTGGTGAA
901 911 921 931 . 941 951
35 * * * * * *

CTTGTTACAATCTTTCTGGAAGAAGGTGATCCTGGACACGTCACGGTTGCAAAGATCAAG

- * c L L} S *




2ﬁdTé$L5§ Subcl ONE. i< Sheet Has Been %Blcgdl on in "Forward" Sequence 5'end 3

193 ET 8-3
2 135 EI“HIHHIMU l“L 2 109 ET 13-1
2 WO 897 01 T ( mfor this epitope falls gef

: _ N§§§6102648
nucl eoti de 1(2? -end) and 101 (3'-end). Cenetic sequences related to this
short sequence are therefore also preferred, as are peptides produced using

this coding region. Wile the inventi o has been described with reference
to particul ar enbodi nents, methods, construction and use, it will be

apparent to those skilled in the art that various changes and nodifications
can be made RPthout dePadrting frfh the i n98htion. 10Q%E cLa MOll A

protein derived fromar enterically transwitted nonkA/non-B wral hepatitis
agent whose genQRE : n CGGCGGAGCCATCCTGECCCTTCTCGACCATGGCCTCCACTAGCTCGTACAA

S 1021 1031 1041 1051 1061 1071

3 * * * * ®

TTCACAAGTTGTAACCTGTACGGGGCCAATGGCCGGGATAAAACGGGCGAGAGAGTCGCG

1081 1091 1101 1111 1121 1131

10 * * * * * *

AACATCRAGAGTGGGAAGCATTGTAGAGCTTTGTGCGACGCCGTAGCGGCCCACGAGTGTG

1141 1151 1161 1171 1181 1191

% * * * * *

15 GACAGCACGGCCTTGCGCTGGCTCGGGGCGGCCATGCGGCAGTGCACAATGTCTGTTAAT

1201 1211 1221 1231 1241 1251

* * * * * *

TCARATGTTACGACACTATCACAGGTGGTGAGCTCCTGGGGCAGGTAGAGAAGGCCCTGT

20
1261 1271 1281 1291 1301 1311
* * % * * *
TCGAGCTCGGGGCAGGGTGGTAGAACAGCTGCAACAGGGACAGGTCTTGCCAGATTAGTG
25 1321 1331 1341
* * *
CCTTCCATCAGTTGGCGGAATTCG,
a third sequence
30

1 CGGTTGTTCA GTACCAGTTT ACTGCAGGTG TGCCTGGATC CGGCAAGTCC

51 CGCTCTATCA CCCAAGCCGA TGTGGACGTT GTCGTGGTCC CGACGCGTGA

101 GTTGCGTAAT GCCTGGCGCC GTCGCGGCTT TGCTGCTTTT ACCCCGCATA

151 CTGCCGCCAG AGTCACCCAG GGGCGCCGGG TTGTCATTGA TGAGGCTCCA

35 201 TCCCTCCCCC CTCACCTGCT GCTGCTCCAC ATGCAGCGGG CCGCCACCGT
251 CCACCTTCTT GGCGCCCCGA ACCAGATCCC AGCCATCGAC TTTGAGCACG
301 CTGGGCTCGT CCCCGCCATC AGGCCCGACT TAGCCCCACC TCCTGGTGGC

TR B R




contains a regi on Wi GleiiBis

pr esent

in plasmd:
ATCC deprsisé/ 992 673{5“
codi ng ' regi on w thi
derived froman enterically transmtted nonA/nonB viral
whose genone contains a region which $5 honol ogous to a dupl ex DNA having a
1. A protein antigen which is encoded by

R e A g oL

NA

first sequence:
a nucl eotide s
A/ non-B ( ET-

[err]

L

55 [err]

Lp Qs to the 1.33 kb DNA EcoR

carried in E.

EcoR

i nsert. 3.

col i

i nsert

strain BB4 and having
otein of claim1l, which i pcanussedbig a
A reconbi nant protein
hepatitis agent

1.33 kb DNA EcaRll TASECCADGRSECCAGACGACGIAGTCRGETRFCTCESITAGT (B TICTEGAG
E.coli strain Q%i

which is able to™h
30% base pair

TEHeERARd, el

sal

A SiAcaE Y cAbetadely gy

HOINECAREECERE aE TORGTEA G| GT UM CAGGRCOLAGCEECR IRAGERACACS sai d

protei n @ant i gen;gis GABRERAEBACHENPTAbAAL AMAMAHRT REEBEOETTD FFEHAdEliRE S

10

15

20

25

30

35

601

651

701

751

801

851

901

951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151

TCGGGCTCAT
TCATTGACGC
GTTAATAACT
AGTTATTCCC
TCCCGCCGTC
GGCCACAGAC
CGAACAGGGC
TCGTAACATT
AGCCAGCGCA
ACABAGCTCT
TTTTATCCCG
AGCTAGTGGA
GAGCTTGATC
AGATTGTAAC
GCCAGGGCAT
TGGTTCCGCG
GTTTTACGGT
CAGCAAAGGC
ACCCAGAATA
TGGGATGCCG
GGATCTTGCA
TCCGGTGAGC
TATTACCCAC
GTGATGATTC
GCTGTCCTGA
GATCGGTTTG
CTGATGTTGT
GGCCCTGAGC
CAAGCTCACG
ATGGGGTTTC
GTTGCTGATG
CTTGACAAAT

GCCATTGTTG
ACCAGGCCTG
TTTTCCTCGC
CGTGGCAACC
TTGCCAGATT
CTGTCCCTGT
CTTCTCTACC
TGAATTAACA
AGGCCGTGCT
ACAATGCTTC
GCCATTGGCC
GGCCATGGTC
TTTGCAACCG
AAGTTCACCA
CTCGGCCTGG
CTATTGAGAA
GATGCCTTTG
ATCCATGGTG
ACTTTTCTCT
CAGTGGCTCA
GGCCCCGAAG
CCGGCACTCT
TGTTATGACT
GATAGTGCTT
TCGCCGGCTG
TATGCAGGTG
GCGCTTCGCC
GGGCGGAGCA
AATGTAGCTC
CCCTGGACTC
GCAAGGCACA
TCAATCTTGT

CTCTGACGCG
CTTCGCGAGG
TGGTGGCGAA
CTGACGCCAA
AGTGCCTTCC
TGCAGCTGTT
TGCCCCAGGA
GACATTGTGC
GTCCACACTC
CCACTCTGAT
CCGTACAGGT
GAGAAGGGCC
TGACGTGTCC
CAGGTGAGAC
AGCAAGACCT
GGCTATTCTG
ATGACACCGT
TTTGAGAATG
GGGTCTAGAG
TCCGCCTGTA
GAGTCTCTGC
TCTATGGAAT
TCCGCGATTT
TGCAGTGAGT
TGGCTTGAAG
TTGTGGTGGC
GGCCGGCTTA
GCTCCGCCTC
AGATGTGTGT
GTTCATAACC
TTTCACTGAG
GTCGGGTGGA

CCACACTGAG
TGGGCATCTC
ATTGGTCACC
TGTTGACACC
ATCAGTTGGC
CTACCACCCT
GCTCACCACC
ACTGCCGCAT
GTGGGCCGCT
GTTCGCGACT
TACAACTTGT
AGGATGGCTC
AGGATCACCT
CATTGCCCAT
PCTGCGCCCT
GCCCTGCTCC
CTTCTCGGCG
ACTTTTCTGA
TGTGCTATTA
TCACCTTATA
GAGGGTTTTG
ACTGTCTGGA
TCAGGTGGCT
ATCGTCAGAG
TTGAAGGTAG
CCCCGGCCTT
CCGAGAAGAA
GCTGTTAGTG
GGATGTTGTT
TGATTGGCAT
TCAGTAAAAC
ATGAATAACA

AAGTGCGTCA
CGATGCAATC
AGCGCCCATC
CTGGCTGCCT
TGAGGAGCTT
GCCCCGAGCT
TGIGATAGTG
GGCCGCCCCG
ACGGCGTCGC
CTCTCGCCCG
GAATTGTACG
CGCCGTCCTT
TCTTCCAGAA
GGTAAAGTGG
CTTTGGCCCT
CTCAGGGTGT
GCTGTGGCCG
GTTTGACTCC
TGGAGGAGTG
AGGTCTGCGT
GAAGAAACAC
ATATGGCCGT
GCCTTTAAAG
TCCAGGAGCT
ATTTCCGCCC
GGCGCGCTCC
TTGGGGCCCT
ATTTCCTCCG
TCCCGTGTTT
GCTACAGGCT
CAGTGCTCGA
TGTCTTTTGC

AR



infected with a sawﬂsﬁEaNﬁNamﬂkﬁﬁkaﬁepatltlS agent .
according to clalm

i ndi viduals infecte

hepatitis agent,

plasm d pTZ-

deposit no.

B L

KF1(ET1.1) carried in E. coli
67717 or (b) a nucleotidggsequence which is

with said insert and which has at nost,

relative to said DNA EcoRl

i nsert.

25- 30% base pair

[ nsexLP

e se
i

in

2. A protein antigen
noreactive with anti bodi es present '

ically transmtted non-A/ non-B viral

igen is encoded by a nucle t|

uence
conpri WRE? 262 of et her (a) the 1.33 kb DNA EcoRl

9702448

strai n BB4 and haV|n

ATCC

A

3. A protein antigen accordﬁng"to claim

1 or claim2 pheierdcddecary igrdeecatc esededocer raedceainrde &@qtr@&%c\rh' ch

41

[err] [err]

10

15

20

25

30

35

conpri ses par5 gf

2301
2351
2401
2451
2501
2551

afir

CCTCAé&TTT(¥%dEd%ATéC

GCCGCCGTCG
GACCGGGTTG
CCCCTTCGCC
GCCAACCCGC
CCCGCCGTTG
AACCGCGGTC

TGGGCGGCGC
ATTCTCAGCC
CCCGATGTCA
CCGACCACTC
CCTCACGTCG
GCTCCGGCCC

or a fourth sequence

51
101
151
201
250
301
350
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251

GCGGCCGCTC
TAAGCAAGGA
CAGATGCCAT
CAGAGACCAT
CTTGCGGCGT
TGAGGAGCTG
GAGCTTGAGC
CAGTGTTGTG
CCCCTAGCCA
AGACGCACAA
TGCGCGCTTT
TCTTTGAGCT
GTCCTCGAGT
CCAGAAGGAT
AAGTCGGTCA
GGCCCCTGGT
AAGCTGTGTT
GTGGCTGGCG
TGACTCGACT
AAGAGTGTGG
TCGGCGTGGA
GAAGCATTCT
TGGCAATCAT
TTCAAGGGCG
AGGCGCCGGT
TCCGGCCGAT

GGTGGGGTTC
ATTAATTCGC
TGTTAATAAT
CGGTCATTCC
TTCCACCTTC
GGCCACCGGC
AGGGCCTTCT
ACATTTGAGC
AAGGAAAGCT
GGCTTTATGA
ATTCCCACTC
TGTAGAGGCG
TGGATTTGTG
TGTAACAAGT
GGGTATCTCC
TCCGTTGCGA
CTACGGGGAT
CCAGCCATGC
CAGAATAACT
TATGCCCCAG
TCCTGCAGGC
GGTGAGCCGG
TGCCCATTGC
ACGACTCGGT
TCGCTTATAG
TGGGCTGTAT

TGCCGGC&&C
AGCGGCGGTT
CTTCGCAATC
CCGCTGCGGC
GCGTCCGCTT
TAGACCTACC
CG,

CACCTCTCTT
GGCCGCTCGT
TTCTTCCTTT
GCGAGCAACC
ATGCCAAATA
GGCGCCGGTG
CTATCTGCCA
TAACTGACAT
GTTTTGTCCA
TGCGGGTCAC
TCGGGCGGGT
ATGGTGGAGA
CAGCCGAGAT
TCACGACCGG
GCCTGGAGTA
TTGAGAAGGC
GCTTATGACG
CATGGTGTTT
TTTCCCTAGG
TGGCTTGTCA
CCCAAAAGAG
GCACGTTGCT
TATGAGTTCC
CGTCCTCTGT
CAGGCTGTGG
GCCGGGGTTG

ACGGCCG%%T
CCGGCGGTGG
CCCTATATTC
CGGGGCTGGA
GGCGTGACCA
ACAGCTGGGG

CCCATTCCGA
GTTGCGTGAG
CGGGTGGCGA
CTGACCGCAA
AGCGCCTTCC
CTGTGCTACC
CAGGAGCTAG
TGTGCACTGC
CGCTGGTAGG
ACCGATGTCC
TACTGCCACC
AGGGCCAAGA
GTCTCCCGCA
CGAGACAATT
AGACCTTTTG
TATTCTATCC
ACTCAGTATT
GAAAATGATT
TCTTGAGTGC
GGTTGTACCA
TCTTTGAGAG
CTGGAATACG
GGGACCTCCA
AGTGAATACC
TTTGAAGCCG
TCGTCGCCCC

caschppFG

TTTCTGGGGT
ATCCAACCAA
CCTCGTGTTC
GGCCCAGCGC
CCGCGCCGCT

ACAGAGAAGT
GTGGGTATCT
GGTTGGTCAC
TGTTGACGTG
ATCAGCTTGC
TCCCTGCCCT
CCTCCTGTGA
CGCATGGCGG
CCGGTATGGC
GCGCCTCCCT
ACCTGTGAAC
CGGTTCAGCC
TAACCTTTTT
GCGCATGGCA
TGCCCTGTTT
CTTTTACCAC
CTCTGCTGCC
TTTCTGAGTT
GCCATTATGG
TGCCGTCCGG
GGTTCTGGAA
GTGTGGAACA
GGTTGCCGCC
GCCAGAGCCC
AAGGCTGACT
GGGGCTCGGG

56



57 [err]

protein antigen acco

[err]

This3Reet Bis/Been Replaédd [ err | 61 second sequence. 4. A

_ . Ik|EBn 3 which is encoded by a nucl eoti de
seqguence derivable-fl h s 2 to 101 of said first seguence

from nuWOSB¥ 1463 594

10

15

20

25

30

35

h . O
PCT/US89/02648

3 I'd second sequence.

63 RN B A

1301
1351
1401
1451
1501
1551
1601
1651

GCCCTACCCG
GGGGCCTGAT
TCCTCCGTAG
AGAGTTTACG
CCAGACTATT
TACTTGACCT
GGTTTCCTGC
CGAGCGGCCG

ATGTCGTTCG
CCGGAGCGGG
GTTAACGAAT
GGGTTTCCCC
GGTGATGGTA
TACACACTCA
GCCCATGGGT
C.,

ATTCGCCGGA
CAGAGCAGCT
GTGGCCCAGA
GGGTCTGGTT
AGGCGCATTT
ATTATGCACC
TCGCCACCAT

CGGCTTTCGG
CCGCCTCGCC
TTTGTGTTGA
CATAACCTGA
TACAGAGTCT
GGTCTGAATG
GCGCCCTAGG

AGAAGAACTG
GTGCAGGATT
GGTGGTGTCT
TAGGCATGCT
GTTAAGCCTA
AATAACATGT
CCTCTTTTGC

or a sequence complementary thereto.

4.

A protein which is (a) immunoreactive with
antibodies present in individuals infected with
enterically transmitted nonA/nonB and (b) derived
from a viral hepatitis agent whose genome contains
a region which is homologous to the 1.33 kb DNA
EcoRI insert present in plasmid pTZ-KF1(ET1l.1)

carried in E. coli strain BB4, and having ATCC
deposit no. 67717.

The protein of claim 4, which is encoded by a
coding region within said 1.33 kb EcoRI insert,

A method of detecting infection by enterically
transmitted nonA/nonB hepatitis viral agent in a
test individual, comprising:

providing a peptide antigen which is (a)
immunoreactive with antibodies present in
individuals infected with enterically transmitted
nonA/nonB hepatitis and (b) derived from a viral
hepatitis agent whose genome contains a region
which is homlogous to the 1.33 kb DNA EcoRI insert
present in plasmid pTZ-KF1(ET1l.l) carried in E.
coli strain BB4, and having ATCC deposit no. 67717,

reacting serum from the test individual
with such antigen, and

examining the antigen for the presence of



5. A protein antigen,a

0
G

ofiteil M1 or claim2 wherein a third
sequence: 1 CGGITGIT CTGCAGGIG TGCCTGGATC CGGCAAGTICC 51

CGCTCTATCA CCCAAGCCGA CGTGGTCC CGACGCGTGA 101 GTTGCGTAAT

GOCT T | NGY TA 62 1301 GOCAGEREAE89/0264%
Croaact i icacer TCTGEGCOCT CTTTGGOCCT 1351 TGGTTCOGOG CTATTGAGAA
GGCTATTCTG GOCCTGCTCC CTCAGGGTGT 1401 GTTTTACGGT GATGOCITTG
ATGACACCGTCTTCTCGGOG GCTGTGGOCG 1451 GAGCAAAGGC ATCCATGGTG TTTGAGAATG

ACTTTTCTGA GITTGACTCC 1501 ACCCAGAATA ACTTTTCTCT mcgmﬁl‘ml .
TGGAGGAGTG 1551 TGGGATGCCG CAGTGGCTCA TCCGCCTGTA TCA LUC,
63 451 AGACGCAGAd\ SBETTTATSH TGOGGGTCAC ACCGATGTCC GoactTdocT 501
TGCGCGCTTT ATTCCCACTC TCG&GGGT TACTGCCACC ACCTGTGAAC 551 TCTTTGAGCT

TGTAGAGCCG ATGGTGGAGA AGGGCCAAGA CGGTTCAGCC 601 GICCTCGAGT TGGATTTGIG
CAGCCGAGAT GICTEREGhé HAMKH Iclaind ], “hATAARGERe TEE AdR Tl bd@YCCGACCEG

TGOGCTGITT 751 GRCEBCHEeTof Cor AR PTABKARIS PRl A rTTTACCAC
5 the antigen provided is attached to a support, said

reacting includes contacting such serum with the

support and said examining includes reacting the

support and bound serum antibody with a reporter-

labeled anti-human antibody.

10
8. A kit for ascertaining the presence of serum
antibodies which are diagnostic of enterically
transmitted nonA/nonB hepafitis infection,
comprising
15 a support with surface-bound recombinant

peptide antigen which is (a) immunoreactive with
antibodies present in individuals infected with
enterically transmitted nonA/nonB viral hepatitis
agent and (b) derived from a viral hepatitis agent
20 whose genome contains a region which is homologous
to the 1.33 kb DNA EcoRI insert present in plasmid
pTZ-KF1(ET1.1) carried in E. coli strain BB4, and
having ATCC deposit no. 67717,
a reporter-labeled anti-~human antibody.

25
9. A DNA fragment derived from an enterically
transmitted nonA/nonB viral hepatitis agent whose
genome contains a region which is homologous to the
1.33 kb DNA EcoRI insert present in plasmid pTZ-
30 KF1(ET1.1l) carried in E. coli strain BB4 and having
ATCC deposit no. 67717.
10. The fragment of claim 9, which is derived from said
1.33 kb EcoRI insert.
35

11. A DNA fragment derived from an enterically
transmitted nonA/nonB viral hepatitis agent whose



- —_——

801 AAGCTGIGIT CTACGHIGAE: (eBEAReAEE! ACTCAGTATT CTCTGCTGCC 851 GTGGCTGGOG
CCAGCCATGC CATGGTGTTT] i) A [TCTGAGTT 901 TGACTCGACT CAGAATAACT

TTTCCCTAWEB8IARIEAGTGC| § ANl AAGAGTGTGG TATGCCCCAG REIZUBSY(R648
GGTTGTACCA TGCCGTCCGG'* COCGIGGA TCCTGCAGGL

GGITCTGGAA 1051 GAAGCATTCT' GGTGAGCCGG GCACGITGCT CTGGAA GIGGAACA 1101
TGGCAATCAT TGCCCATTGC TATGAGITCC GGGAGEH CCA GGITGCCGCC 1@!@”jﬁ I"
ACGACTCGGT CGICCTCTGI AGTGAATACC GCCAGAGCCC 1201 A c "
CAGGCTGIGG TTTGAAGCCG AAGCCTGACT 1251 TCCGGECCGAT TGGGCTGTAT G
TCGTCGCCCC GGGGCeaaie 1604 t £OCCTACRQINTGIAGNTES ATTCURSERGA GECT TTCCG
AGAAGAACTG 1351 : GIGCAGGATT 1401
TCCTCCGTAG GTI TAA% TG'I; %’?A\G%:g%‘l& G%?%@_ % AGAGITTACG

GGGTTTCCCC GEGTCTGGIT ERATAACCTGRWAGGCATGER 1501 CCABACTATT GOTGATGGTA
AGGCGCATTT TACAGAGTCT @ITAAGCCTA« 1551 TACKTGACCT TA@ACACTCA AJTTATGCACC
GGTCTGAATG AATAACAT 601 %;T TTCCTGC GCCCATCEGT TCCCCACCAT GCGCCCTAGG
CCTCTTTTEC 1@&9“6@.‘&%&%&6@ AT G AL RS TEHARERE R GT GCE TR RRGGAGCTRS d
third or fourth sequence, conprises a said nucleotide sequence which is
able to hybri q_i se to tt}«i sequencg of saidgl. 33 kb 0 EcoRl ipsert. 6. A
protein anti gén accordifig to any Jf‘ue of cld lto \%hi chis r econbi nant
protein antiden. 7. A fethod of #etecting ¥ nfection*by enteritally

transmtted RRAAMYCACECRGRERREAELSCANATEGAdEr TR TACCTGCCCCAGGAGCTCACCAC

10
121 131 141 151 161 171
* * % * * . *
CTGTGATAGTGTCGTAACATTTGAATTAACAGACATTGTGCACTGCCGCATGGCCGCCCe

15 181 191 201 211 221 231
* * * * * *
GAGCCAGCGCAAGGCCGTGCTGTCCACACTCGTGGGCCGCTACGGCGTCGCACAAAGCTC
241 251 261 271 281 291

20 * * *’ * * *
TACAATGCTTCCCACTCTGATGTTCGCGACTCTCTCGCCCGTTTTATCCCGGCCATTGGE
301 311 321 331 341 351

25 * * * * * *
CCCGTACAGGTTACAACTTGTGAATTGTACGAGCTAGTGGAGGCCATGGTCGAGAAGGGLC
- ) f-\(‘
361 371 381 391 401 411
* * % * * *

30 CAGGATGGCTCCGCCGTCCTTGAGCTTGATCTTTGCAACCGTGACGTGTCCAGGATCACC

421 431 441 451 461 471

* x % * % *

TTCTTCCAGAAAGATTGTAACAAGTTCACCACAGGTGAGACCATTGCCCATGGTAAAGTG
35

481 491 501 511 521 531

* * * ] x *



64 i ndivi dual which conprises: providing a protein antigen according to
anyone of cl ai ms %hit Sheéi Hat BR6 Réphgedsser um from t he test individual wth such
i‘ﬁe protein antigen for the presence of

rotein antigen: ajmﬂgmn“nm
ound ant i body. 8. | ding to claim 7 which co ' §§3de.Ni Ng
he pr‘B’Pe'fqr{?g‘?\ﬁ/(’lzi ger the presence of either: bound IgMngﬁltr?g%%v?%und

| gG anti body; or “bound 1gG and 1 gM anti body. 9. A nethod according to claim
7 or claim8 wherein the protein anti

‘serumis contacted with said supportI6 ﬁg Esaii gt '[eigrr]rlega*am‘mmnuuslﬁmd

contacting the support with a reporter-1|abelled anti-humen ant®*boély.*10. A

kit for as il ' = ' | ostic
of enter o gog e G A T R e i CorRe e et

non

epatitis infectiron o vi dual
whi ch conprises: a protein antigen according to anyone of clains 1 to 6
bound to assupport. 551 561 571 " 581 591
* * % * %k *

5 GCTATTGAGAAGGCTATTCTGGCCCTGCTCCCTCAGGGTGTGTTTTACGGTGATGCCTTT

601 611 621 631 641 651

* * * * * *

GATGACACCGTCTTCTCCGCGGCTGTGGCCGCAGCAAAGGCATCCATGGTGTTTGAGAAT

10
661 671 ‘681 691 701 711 Q
* * * % * *
GACTTTTCTGAGTTTGACTCCACCCAGAATAACTTTTCTCTGGGTCTAGAGTGTGCTATT
15 721 731 741 751 761 771
% %* % % * *
ATGGAGGAGTGTGGGATGCCGCAGTGGCTCATCCGCCTGTATCACCTTATAAGGTCTGCG
781 791 801 811 821 831
20 & ® *® i ] L] %
TGGATCTTGCAGGCCCCGAAGGAGTCTCTGCGAGGGTTTTGGAAGAAACACTCCGGTGAG
841 851 861 871 881 891
* * * % * %
25  CCCGGCACTCTTCTATGGAATACTGTCTGGAATATGGCCGTTATTACCCACTGTTATGAC
901 911 921 931 941 951
* * % % % *
TTCCGCGATTTTCAGGTGGCTGCCTTTAAAGGTGATGATTCGATAGTGCTTTGCAGTGAG
30 _
961 971 981 991 1001 1011
* * * % * *
TATCGTCAGAGTCCAGGAGCTGCTGTCCTGATCGCCGGCTGTGGCTTGAAGTTGAAGGTA
35 1021 1031 1041 1051 1061 1071

* x % * * *

GATTTCCGCCCGATCGGTTTGTATGCAGGTGTTGTGGTGGCCCCCGGCCTTGGCGCGCTC



o s s et

11.. A kit according to claim10 which also conprises a reporter-|abelled
~.anti - human antibodyfrhl cet L cee sequence of the genone of an

ent er i, b lgy, fggnsm tﬂ Iﬂ ‘*ﬂ (ET-NANB) viral hepati tperagssoreasas ch
genone conprises eit _ DNA EcoRI insert present in plasmd
PT2-KF1 (ET1.1) carried in E.coli strain BB4 and having ATCC deposit no
67717 or a nucl eotide sequence which gps able to hybridy ' i s er t
and which has at nost, 25 to 30% base pair 65 m snglt'mmmgmﬁ“mnm
sai d DNA EcoRl insert and wherein said nucl eotide sequenhcer i g alfl et o”
hybridi ze selectively with cDNA frominfected sources. 13. A nucleotide
sequence ac i ng t im12 hch is to hypyrddi ze sel.egtively with
cDNA fron1i%€%gted sgﬂﬁggs and]a%ﬁch con%??ges par %ﬁ eith %éa) the 1.33
kb DNA EcoRF insert ptesent in®*lasmd ptzZ-KF1(ET1*1) carried in E. col
strain BB4 i e dBECQAd nce
which is ab?gg?gﬁ%gg?fﬁéz?w th sdcaicg:eicﬁgéréfé &gﬁél\%%gﬁ; has at rrdtggi ) -30%
base paPr nismatches relative to said DNA EcoRl insert. 14. A nucleotide

sequence acgordi ng to1xni m 12 xwysicl aim 33 79hi ch cpygri ses pargy of a first
sequence:

3 * * * ] *

CGGGCGGAGCAGCTCCGCCTCGCTGTTAGTGATTTCCTCCGCAAGCTCACGAATGTAGCT

10 1201 1211 1221 1231 1241 1251

* % * * * *

CAGATGTGTGTGGATGTTGTTTCCCGTGTTTATGGGGTTTCCCCTGGACTCGTTCATAAC

1261 1271 1281 1291 © 1301 1311
15 *® %* % ® &% *

CTGATTGGCATGCTACAGGCTGTTGCTGATGGCAAGGCACATTTCACTGAGTCAGTAAAA

1321 1331 1341

* * %

20 CCAGTGCTCGACCGGAATTCGAGC,

a second sequence

1 11 21 31 41 S1
25 * * * * *

GCTCGAATTCCGGTCGAGCACTGGTTTTACTGACTCAGTGAAATGTGCCTTGCCATCAGC

61 71 81 91 101 111

* * * * * %

30 AACAGCCTGTAGCATGCCAATCAGGTTATGAACGAGTCCAGGGGAAACCCCATAAACACG

121 131 ‘141 151 161 171
* * * * * *

GGAAACAACATCCACACACATCTGAGCTACATTCGTGAGCTTGCGGAGGAAATCACTAAC
35

181 191 201 211 221 231

* X * * & *



[err] 66 [err] 67 [err] or part of a second sequence: 69 [err]
70 [err] " This'Sheet Has Been Replaced

WO 89/12462 I PCT/US89/02643

TR R A0
6o IR
AGCGAGGCGGAGCTGCTCCGCCCGCTCAGGGCCAGGGCCCCAATTCTTCTCGGTAAGCCS

241 251 261 271 ' 281

* * * ]

291

* *
S GCCGGCGAAGCGCACAACATCAGGGAGCGCGCCARGGCCGGGGGCCACCACAACACCTGC

301 311 321 331 ' 341 351

* * * * % *

ATACAAACCGATCGGGCGGARATCTACCTTCAACTTCAAGCCACAGCCGGCGATCAGGAC

10
361 371 381 391 401 411
* * * * * *
AGCAGCTCCTGGACTCTGACGATACTCACTGCAAAGCACTATCGAATCATCACCTTTAAA
15 421 431 441 451 461 471
* * ' * * * *
GGCAGCCACCTGAAAATCGCGGAAGTCATAACAGTGGGTAATAACGGCCATATTCCAGAC
481 491 501 511 521 531
20 * * * * * *
AGTATTCCATAGAAGAGTGCCGGGCTCACCGGAGTGTTTCTTCCAAAACCCTCGCAGAGA
25
30

35



71 [err] 72 [errh}sSheetﬂﬁde@mebla&@urth sequence, conprises a said

-aucl eot i de sequence to hybridise to the sequence of said 1.33
kb DNAwEsgd#24d3sert ﬂ l rrpri sing a pair of singlepgiyeggyMr6dE" S
deri ved from non ho ns of opposite strandw
fragment obtainable froma genonme of an ET- NANB viral Mls ent whi ch

genone conprises either the 1.33kb $A EcoRl insert pre m,m",
PT2-KF1 (ET1.1) carried in E.coli strain BB4 and having

67717 or a nucl eotide sequence which is able to hybridize W|th sal'd fnsert
and which B43 at nps$5125 to 338 base pa&7L ni snat BBEs rel at992e to sai d DNA
EcoRl insegt and whegein said prinmers are suitablg to initiate

CTCCTTCGGGGCCTGCAAGATCCACGCAGACCTTATAAGGTGATACAGGCGGATGAGCCA

S 601 611 621 631 641 651

* * * * * "

CTGCGGCATCCCACACTCCTCCATAATAGCACACTCTAGACCCAGAGAAAAGTTATTCTG

661 671 681 691 701 711

10 * * * * % *

GGTGGAGTCAAACTCAGAAAAGTCATTCTCAAACACCATGGATGCCTTTGCTGCGGCCAC

721 731 741 751 761 771
* * * * * *

15 AGCCGCCGAGAAGACGGTGTCATCAAAGGCATCACCGTAAAACACACCCTGAGGGAGCAG

781 791 801 811 821 831

* % * ® * ]

GGCCAGAATAGCCTTCTCAATAGCGCGGAACCAAGGGCCAAAGAGGGCGCAGAAGGTCTT

20
841 851 861 871 . 881 891
x * * * * *
GCTCCAGGCCGAGATGCCCTGGCCCACTTTACCATGGGCAATGGTCTCACCTGTGGTGAA
25 901 911 921 931 941 951
* * * * * *
CITTGTTACAATCTTTCTGGAAGAAGGTGATCCTGGACACGTCACGGTTGCARAGATCAAG
961 971 981 991 1001 1011
30 * * * * & *

CTCAAGGACGGCGGAGCCATCCTGGCCCTTCTCGACCATGGCCTCCACTAGCTCGTACAA

1021 1031 1041 1051 1061 1071
* * * * * *

35 TTCACAAGTTGTAACCTGTACGGGGCCAATGGCCGGGATAAAACGGGCGAGAGAGTCGCG



replication of a nucl eotide sequence sequence of a said genome. 18. A kit according
te claim 17 conprisT Beemlflep&bdag| e-strand priners derived from
strands of either: the 1.33 kb DNA EcoRI

hget
n- honol ogous r egi O'NE g
ifjnsert n pI (ET1.1) carried in E coli and
avi ng "%)Eéé?gi Slc’)sl t no. or 74 from opposite st PEH/ R

orm of a nucl eotide sequence which is able to hybrldlze

‘fand whi ch has at nost, 25-30% base pair m smatches rel ati ﬂﬂ!ﬂ%j“@i@llml
EcoRl insert and wherein said primerd%re suitable to init

of a nucl eoti de sequence honol ogous to a region within the 1.33 kb DNA

EcoRl |nseri 8%9 d for ?&eCt'nglin preseﬂgﬁ_of an&§§1NANB vi ral
in a |o

hepatitis agen oglcal anpl e, CONpri si ng eparin m xt ure of
dupl ex DNA fragnments Herived frfom the safipl e; denaturing the dupl ex

fragment; aﬂﬂcn@cﬁeaé@@c@ﬂc’é

primers derived fromnon-h

5

10

15

20

25

30

35

1141
*

1151

*

1161
*

nol ogous regi ons
dupl ex fragment obtai nable from

1171
*

1181
*

RGGh3ETRILECECRE EcOA R RACRALRRG

opposite stra

1191
*

GACAGCACGGCCTTGCGCTGGCTCGGGGCGGCCATGCGGCAGTGCACAATGTCTGTTAAT

1201
*

1211

%*

1221

*

1231
*

1241
*

1251
*

TCAAATGTTACGACACTATCACAGGTGGTGAGCTCCTGGGGCAGGTAGAGAAGGCCCTGT

1261

*

1271
*

1281

E

1291

L

1301
*

1311

TCGAGCTCGGGGCAGGGTGGTAGAACAGCTGCAACAGGGACAGGTCTTGCCAGATTAGTG

1321
*

1331
*

1341

*

CCTTCCATCAGTTGGCGGAATTCG,

a third sequence

51
101
151
201
251
301
351
401
451
501
551
601
651
701

CGGTTGTTCA
CGCTCTATCA
GTTGCGTAAT
CTGCCGCCAG
TCCCTCCCCC
CCACCTTCTT
CTGGGCTCGT
ATGTTACCCA
TACCCCATGA
TGAGCCTGCC
CCAACCCCGG
GAGACCACTA
TCGGGCTCAT
TCATTGACGC
GTTAATAACT

GTACCAGTIT
CCCAAGCCGA
GCCTGGCGCC
AGTCACCCAG

CTCACCTGCT

GGCGCCCCGA
CCCCGCCATC
TCGCTGCCCT
TCCAGACCAC
GTCGGGCAGA
CTCAGTGACG
TTATTGCCAC
GCCATTGTTG
ACCAGGCCTG
TTTTCCTCGC

ACTGCAGGTG
TGTGGACGTT
GTCGCGGCTT
GGGCGCCGGG
GCTGCTCCAC
ACCAGATCCC
AGGCCCGACT
GCGGATGTAT
TAGCCGGGTT
AACTAGTGTT
GTCCACGAGG
AGCAGATGCC
CTCTGACGCG
CTTCGCGAGG
TGGTGGCGAA

TGCCTGGATC
GTCGTGGTCC
TGCTGCTTTT
TTGTCATTGA
ATGCAGCGGG
AGCCATCGAC
TAGCCCCACC
GCGAGCTCAT
CTCCGTTCGT
CACCCAGGCG
CGCAGGGCGC
CGGGGCCTTA
CCACACTGAG
TGGGCATCTC
ATTGGTCACC

CGGCAAGTCC
CGACGCGTGA
ACCCCGCATA
TGAGGCTCCA
CCGCCACCGT
TTTGAGCACG
TCCTGGTGGC
CCGTGGTGCA
TGTTCTGGGG
GCCAAGGCCG
TACCTACACG
TTCAGTCGTC
AAGTGCGTCA
CGATGCAATC
AGCGCCCATC



a genone of an ET-NANB viral hepatitis agent which genone conprises either
-the 1z 33kb DNA Eco in plasmd PT2-KF1 (ET1.1) carried in

)S
E. coli | deposit no 67717 or a nuc ence
© whi ch-1"§6§§(&“?54hy iﬁEde i nsert and whithtias dtéﬁugﬁ/i&qg

NMOST,——=o—%
30% base pair m smatches relative to said DNA EcoRl

| |n sai d
primers are suitable to initiate replj.cation of a nu y
said genone. allow ng said primers tthybrldl ze to h

of a
regi ons of opposite strands of said dupl ex DNA fragnents derived fromthe

sanpl e; reacti [l ' e
resence of nuedliaTCEs PERMEERRCR GRGRCSUCAL TOMGREAKE ERRECHRe L]
sequences; andBlle RGRAGGRECTE &‘Tﬁﬁﬁéﬁéﬂ‘ngG'ﬁ‘ﬁ@CT'%%{%tM}%Ggﬂ'@ﬁg TEAGEAGCTESi red

degree of SeqWQ;G&GHGAIGA@ET@&CCET@Q“TGMR@CT@@E c%a@hb@é'raéééégbﬂéc%o
claim19 for detect| t h sence of an enterical trans
o N han B heSt GG ARCAGEC RRICEASE BOCROLNCER CCTRACEACRORGRRATAGTG 75

preparigg a n1xsyrfccﬂaxtnmmemG@N&ThAasnencswﬂewmcthﬂbcccthmeGeeﬁnt@tcc

10

15

20

25

30

35

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551

AGCCAGCGCA
ACAAAGCTCT
TTTTATCCCG
AGCTAGTGGA
GAGCTTGATC
AGATTGTAAC
GCCAGGGCAT
TGGTTCCGCG
GTTTTACGGT
CAGCAAAGGC
ACCCAGAATA
TGGGATGCCG
GGATCTTGCA
TCCGGTGAGC
TATTACCCAC
GTGATGATTC
GCTGTCCTGA
GATCGGTTTG
CTGATGTTGT
GGCCCTGAGC
CAAGCTCACG
ATGGGGTTTC
GTTGCTGATG
CTTGACAAAT
TGCGCCCATG
CCTCATGTTT
GCCGCCGTCG
GACCGGGTTG
CCCCTTCGCC
GCCAACCCGC
CCCGCCGTTG
AACCGCGGTC

AGGCCGTGCT
ACAATGCTTC
GCCATTGGCC
GGCCATGGTC
TTTGCAACCG
AAGTTCACCA
CTCGGCCTGG
CTATTGAGAA
GATGCCTTTG
ATCCATGGTG
ACTTTTCTCT
CAGTGGCTCA
GGCCCCGAAG
CCGGCACTCT
TGTTATGACT
GATAGTGCTT
TCGCCGGCTG
TATGCAGGTG
GCGCTTCGCC
GGGCGGAGCA
AATGTAGCTC
CCCTGGACTC
GCAAGGCACA
TCAATCTTGT
GGTTCGCGAC
TTGCITATGC
TGGGCGGCGC
ATTCTCAGCC
CCCGATGTCA
CCGACCACTC
CCTCACGTCG
GCTCCGGCCC

GTCCACACTC
CCACTCTGAT
CCGTACAGGT
GAGRAGGGCC
TGACGTGTCC
CAGGTGAGAC
AGCAAGACCT
GGCTATTCTG
ATGACACCGT
TTTGAGAATG
GGGTCTAGAG
TCCGCCTGTA
GAGTCTCTGC
TCTATGGAAT
TCCGCGATTT
TGCAGTGAGT
TGGCTTGAAG
TTGTGGTGGC
GGCCGGCTTA
GCTCCGCCTC
AGATGTGTGT
GTTCATAACC
TTTCACTGAG
GTCGGGTGGA
CATGCGCCCT
TGCCCGCGCC
AGCGGCGGTT
CTTCGCAATC
CCGCTGCGGC
GCGTCCGCTT
TAGACCTACC
cG,

GTGGGCCGCT
GTTCGCGACT
TACAACTTGT
AGGATGGCTC
AGGATCACCT
CATTGCCCAT
TCTGCGCCCT
GCCCTGCTCC
CTTCTCGGCG
ACTTTTCTGA
TGTGCTATTA
TCACCTTATA
GAGGGTTTTG
ACTGTCTGGA
TCAGGTGGCT
ATCGTCAGAG
TTGAAGGTAG
CCCCGGCCTT
CCGAGAAGAA
GCTGTTAGTG
GGATGTTGTT
TGATTGGCAT
TCAGTAAAAC
ATGAATAACA
CGGCCTATTT
ACCGCCCGGT
CCGGCGGTGG
CCCTATATTC
CGGGGCTGGA
GGCGTGACCA
ACAGCTGGGG

ACGGCGTCGC
CTCTCGCCCG
GAATTGTACG
CGCCGTCCTT
TCTTCCAGAA
GGTAAAGTGG
CTTTGGCCCT
CTCAGGGTGT
GCTGTGGCCG
GTTTGACTCC
TGGAGGAGTG
AGGTCTGCGT
GAAGARACAC
ATATGGCCGT
GCCTTTAAAG
TCCAGGAGCT
ATTTCCGCCC
GGCGCGCTCL
TTGGGGCCCT
ATTTCCTCCG
TCCCGTGTTT
GCTACAGGCT
CAGTGCTCGA
TGTCTTTTGC
TGTTGCTGCT
CAGCCGTCTG
TTTCTGGGGT
ATCCAACCAA
CCTCGTGTTC
GGCCCAGCGC
CCGCGCCGCT



denaturing the duplex fragnent; adding to the denatured fragnents a pair- of
si ngke- strand priThsiSheetidssiBeaReplacsin ei t her non- honol ogous regi ons of

pposi te strands.of} EcoRl insert present in plasmd pTZ-
F1(EMO®p/2a62i ed i n BB4 and having ATCC d YS8N264Y717;
non- honol ogous regions of opposite strands of a duplex formof a

or
nucl eoti de sequence which is able to hybridize with satd-i-nsert _and which
has at nobst, 25-30% base pair m snat’@hes relative to s;i d DNA EcoRl insert;

a1l oung sald prirers to hybridize to horol ogoue seaucfHINMEHINILIN

opposite strands of said duplex DNA fragnents derived 4

reacting any prinmed fragnent strands with DNA pol ynerase in the presseﬁce of
nucl eoti degr & Ofdwrth nEwgdddredupl exes containing the primer sequences; and
repeating said denaturing to reacting steps until a desired degree of
anplification of a nucleotide sequence honol ogous to a region within the

1. 33 kb DNA EcoRIGCGGECECTC GEIUGSEIAC CACCTCTETT CCCATTOAGANRONCAGAAGM 19 or

nf oot 80 wi th 5 sEESGhRNGR SEMSATRCC RECRENEER Cridtamiel, Srdiarien

agai nst ent er 03] CAGATGOEAT t TGRTARFAAL ARRTECETPR ¢GGETGRAGH GRPIBGTCAC

10

15

20

25

30

35

151
201
250
301
350
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651

CAGAGACCAT
CTTGCGGCGT
TGAGGAGCTG
GAGCTTGAGC
CAGTGTTGTG
CCCCTAGCCA
AGACGCACAA
TGCGCGCTTIT

TCTTTGAGCT

GTCCTCGAGT
CCAGAAGGAT
AAGTCGGTCA
GGCCCCTGGT
AAGCTGTGTT
GTGGCTGGCG
TGACTCGACT
AAGAGTGTGG
TCGGCGTGGA
GAAGCATTCT
TGGCAATCAT
TTCAAGGGCG
AGGCGCCGGT
TCCGGCCGAT
GCCCTACCCG
GGGGCCTGAT
TCCTCCGTAG
AGAGTTTACG
CCAGACTATT
TACTTGACCT
GGTTTCCTGC
CGAGCGGCCG

CGGTCATTCC
TTCCACCTTC
GGCCACCGGC
AGGGCCTICT
ACATTTGAGC
AAGGAAAGCT
GGCTTTATGA
ATTCCCACTC
TGTAGAGGCG
TGGATTTGTG
TGTAACAAGT
GGGTATCTCC
TCCGTTGCGA
CTACGGGGAT
CCAGCCATGC
CAGAATAACT
TATGCCCCAG
TCCTGCAGGC
GGTGAGCCGG
TGCCCATTGC
ACGACTCGGT
TCGCTTATAG
TGGGCTGTAT
ATGTCGTTCG
CCGGAGCGGG
GTTAACGAAT
GGGTTTCCCC
GGTGATGGTA
TACACACTCA
GCCCATGGGT
c,

GCGAGCAACC
ATGCCAAATA
GGCGCCGGTG
CTATCTGCCA
TAACTGACAT
GTTTTGTCCA
TGCGGGTCAC
TCGGGCGGGT
ATGGTGGAGA
CAGCCGAGAT
TCACGACCGG
GCCTGGAGTA
TTGAGAAGGC
GCTTATGACG
CATGGTGTTT
TTTCCCTAGG
TGGCTTGTCA
CCCAAAAGAG
GCACGTTGCT
TATGAGTTCC
CGTCCTCTGT
CAGGCTGTGG
GCCGGGGTTG
ATTCGCCGGA
CAGAGCAGCT
GTGGCCCAGA
GGGTCTGGTT
AGGCGCATTT
ATTATGCACC
TCGCCACCAT

CTGACCGCAA
AGCGCCTTCC
CTGTGCTACC
CAGGAGCTAG
TGTGCACTGC
CGCTGGTAGG
ACCGATGTCC
TACTGCCACC
AGGGCCAAGA
GTCTCCCGCA
CGAGACAATT
AGACCTTTTG
TATTCTATCC
ACTCAGTATT
GAAAATGATT
TCTTGAGTGC
GGTTGTACCA
TCTTTGAGAG
CTGGAATACG
GGGACCTCCA
AGTGAATACC
TTTGAAGCCG
TCGTCGCCCC
CGGCTTTCGG
CCGCCTCGCC
TTTGTGTTGA
CATAACCTGA
TACAGAGTCT
GGTCTGAATG
GCGCCCTAGG

TGTTIGACGTG
ATCAGCTTGC
TCCCTGCCCT
CCTCCTGTGA
CGCATGGCGG
CCGGTATGGC
GCGCCTCCCT
ACCTGTGAAC
CGGTTCAGCC
TAACCTTTTT
GCGCATGGCA
TGCCCTGTTT
CTTTTACCAC
CTCTGCTGCC
TTTCTGAGTT
GCCATTATGG
TGCCGTCCGG
GGTTCIGGAA
GTGTGGAACA
GGTTGCCGCC
GCCAGAGCCC
AAGGCTGACT
GGGGCTCGGG
AGAAGAACTG
GTGCAGGATT
GGTGGTGTCT
TAGGCATGCT
GTTAAGCCTA
AATAACATGT
CCTCTTTTGC



whi ch vacci ne conprises in a pharmacol ogi cal |y acceptabl e adj uvant protein
antigen according to anyone of claims 1 to 6. 23. In a nethod of isolating

an ent eryygaddsyadghansm tted non- A/non-B viral agent or a nucl pm/gggcﬂozmg
fragment produced by the agent, an inprovenent which conprlses

uti'lising, as &nROhbeOfas Bben R lideftgent, bile obtained fromafromamor

cynonol ogus nonk| ctive infgection of enter

non- A/ non- B hepﬁﬁmllmuglﬁlﬂalﬁet hod according to clai @ mﬂ:m |Ie
is obtained fro ynonol ogus nonkey. 25. A i ng
a DNA cl one specific to enterlcally transmtted non- A/ non-B V|raI hepatitis

agent conpr|5|n | sol ati he |Ie of a human or cynonol ogus
nonkey havi gt gk%ﬁéﬂ ?@éﬁ?ﬁ%ﬂﬁﬁrg %ﬁf Poning cDNA fragments to form

a fragnment library; and (c) screening the library by differenti al

hybri di zati ofyt ophadhRa! BPELAER G2VeLaROTY!, "LREEEH 08 A W d i od bl l e

m
sour ces. ghen
5 contains a coding sequence homologous to nucleotides 2

through 101 of said first sequence, nucleotides 594
through 643 of said second sequence, or a sequence
complementary to said coding sequences.

10 13. A kit comprising, in a container or separate containers,

a pair of single-strand primers derived from non-
homologous regions of opposite strands of a DNA duplex
fragment derived from an enterically transmitted viral
hepatitis agent whose genome contains a region which is

15 homologous to the 1.33 kb DNA EcoRI insert present in
plasmid pTZ-KF1(ETl.l) carried in E. coli strain BB4 and
having ATCC deposit no. 67717.

14. The kit of claim 13, which are derived from opposite

20 strands of the EcoRI duplex insert in said plasmid.

15. A method for detecting the presence of an enterically
transmitted nonA/nonB hepatitis viral agent in a
biological sample, comprising

25 preparing a mixture of duplex DNA

fragments derived from the sample,
denaturing the duplex fragments,
adding to the denatured DNA fragments, a

pair of single-strand primers derived from non-

homologous regions of opposite strands of a DNA duplex

fragment derived from an enterically transmitted wviral
hepatitis agent whose genome contains a region which is
homologous to the 1.33 kb DNA EcoRI ‘insert present in
plasmid pTZ-KFl1(ET1.l1) carried in E. coli strain BB4,
35 and having ATCC deposit no. 67717,
hybridizing said primers to homologous-

30



26. Use of a nucleotide se sequence which conprises part of either (a) the 1.
33 kb, DNA EcoRl ms’@ustSﬁﬁrHé?sﬁminRe la&hasm d pTZ-KF1 (ET1.1) carried in E. coli

sqrain BB4 and havin ngm no. 67717 or (b) a nucl eotide seqguence
ich i hyb id insert and which has gicymiige/¢2gas0%
se p Qiﬁbgﬁ'é?ches relatl a| d DNA EcoRl |nsert—as—ar—set—een+—ng—

gent in a nethod for identifying nucleotide sequences of an enterical
ransmitted non-A/ non-B viral hepatifgs agent Whl ch conﬂlll“ﬁ llﬂllluﬂm Iﬁ
b). 27. Use of a nucleotide sequence which conprises p

the 1.33 kb DNA EcoRl insert present in plasmd pTZ- KFl ET1. 1 Carfied in

E.coli strain BE4uendehaegion ARCOpeysitiet stxandd70f sucl Hupl exudot i de

sequence whi ch | nost ,
35300 base paisragiente febived kit Wdskr3¥el Lt ahaRIthdd fohd Aforth
screeni ng agenthepatitist Reent, 77 for identifying a protein antigen which

i s encoded by a nuqlesertaﬁs Eﬁ&l’&%@ffﬂiﬁéﬁn%@aﬁﬁsa&ﬂmﬁACa' ly
transmtted non- A/non-B viral hepatitis a e whi ¢ rises either (a) or

(b). 28 A net RYYRSTEReCoRpERL RIFIRNIR S QPHI es, to form

new DNA duplexes containing the primer sequences, and
repeating said denaturing, adding, hybridizing
and reacting steps, until a desired degree of
amplification of sequences is achieved.
10
16. The method of claim 15, wherein the primers are derived

from opposite strands the EcoRI duplex insert in said
plasmid.

15 17. The method of claim 15, for detecting the presence of

viral agent in a sample of cultured cells infected with
the agent.

18. A vaccine for‘immunizing an individual against
20 enterically transmitted nonA/nonB hepatitis viral agent
comprising, in a pharmacologically acceptable adjuvant,
a recombinant protein derived from an enterically
transmitted nonA/nonB viral hepatitis agent whose genome
contains a region which is homologous to the 1.33 kb DNA
EcoRI insert present in plasmid pTZ-KF1(ETl.l) carried

in E. coli strain BB4, and having ATCC deposit no. .
67717. |

25

19. The vaccine of claim 18, wherein the protein is derived
30 from the EcoRI insert in said plasmid.

20. In a method of isolating an enterically transmitted non-
A/nonB viral agent or a nucleic acid fragment produced
by the agent, an improvement which comprises:

utilizing, as a source of said agent, bile obtained
from a human or cynomolgus monkey héving an active

infection of enterically transmitted non-A/non-B
hepatitis.

35



ant i genwehiszage encoded by a nucl eotide sequence éf the geREFEUBSI/QR648

entérjcally transmtted non-A/non-B viral hepatltls_agenL_inLLQMLng_Lhe use
accordlng to.claim26 or claim27 in the preparation of a vaccine for
I muni zi ng an i ndi vi dual

T 7 e agai nst entetScally tr ahsm t“!ﬂ"crm"jm"wmsnﬁ!ll

21. The method of claim 20, wherein the bile is obtained
from an infected cynomologus monkey.

S 22. Human polyclonal anti-serum obtained from a human
immunized with a protein derived form an enterically
transmitted non-A/non~B viral hepatitis agent whose
genome contains a region which is homologous to the 1.33
kb DNA EcoRI insert present in plasmid pTZ-KF1(ET1.l)

10 carried in E. coli strain BB4 and having ATCC deposit
no. 67717.
Thls Sheet Has Been Replaced
13 2T
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