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Ar Arthropod vectored viruses (Arboviruses) are viral agents which are
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Further, diseases caused by these agents are in resurgence in North
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M crobi ol ogy and I nfectious Di seases 1992, NIH Publication No. 92-3320) as
a result of the introduction of the

BACKGROUND OF THE INVENTION

10
Field of the I .

The present invention relates generally to virology and
disease control. Specifically, the present invention relates to mutated
arthropod vectored viruses and their uses as vaccines.

15

Arthropod vectored viruses (Arboviruses) are viral agents
which are transmitted in nature by blood sucking insects. Many of
these viruses have membrane bilayers with associated integral

20 membrane proteins which make up the protective envelope of the
virus particle (Togaviruses) (Schlesinger, S. and M.J. Schlesinger,
1990).
Collectively, the arthropod vectored viruses are second
only to malaria as a source of insect-transmitted disease and death in
25 man and animals throughout the world (Berge A. O. 1975). Among
these viral agents are Eastern, Western, and Venezuelan Equine
Encephalitis Viruses, Dengue Fever, Japanese Encephalititis, San Angelo
Fever, West Nile Fever and Yellow Fever. Further, diseases caused by

these agents are in resurgence in North America (NIAID Report of the



nosquito vector Aedes al bopictus (Sprenger, and Wiithiranyagool 1985). 5
By their very nature, Arboviruses nust be able to replicate in the tissues
of both the invertebrate insect and the mammalian h o s t'ﬂ%%@@?n D.T.,
and L. cOMMEA’ 1986, Bowers et al. 1995). Differences PCHUR 8%netic and
bi ochem cal environnment of these two host cell systens provide a basis for
t he production_of viruses which can 10 replicate in one host but not the
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success. 15 Thus, the prior art is deficient I'n a vacci ne agal nst® nost

art hropodi98bact ored viruses and ot her nenbrane-coated viruses. The present

invention fulfills k%%s,lon%-standin need and desire in the art. 20
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Currently, Dengue Fever and Eastern Equine Encephalitis
and other insect bourne viruses are in resurgence in the United States.
The U.S. Army and other government agencies have been trying to
make vaccines against these viruses since the 1960s with little success.
15  Thus, the prior art is deficient in a vaccine against most arthropod

vectored viruses and other membrane-coated viruses. The present

invention fulfills this long-standing need and desire in the art.

20 SUMMARY OF THE INVENTION

In one embodiment of the present invention, there is
provided a genetically engineered, membrane-enveloped virus,
wherein the virus codes for a transmembrane protein which has a

25 deletion of one or more amino acids such that the transmembrane
protein is able to span or correctly integrate into the viral membrane
when the engineered virus replicates in insect cells, but is unable to
span or correctly integrate into the viral membrane when the virus

replicates in mammalian cells. Preferably, the virus is an Arthropod



replicate naturally in both mammalian and insect cells, as well as other
envel oped viruses which can be nade to replicate in mammalian and 5 insect

cells by _genetic engineering of either the virus or the E&S
Repr esent W&@“@xanples of such engi neered viruses are A&g 0956%  and T™

16 virus. I n another enbodi mnent of the present invention, there is
provi ded a nethod of producing a viral vaccine froma genetically 10
engi neer RELORRhh VAIKS- exsleqtededTmnr Ubef BTOYRCGHBISIHIE ofof N8R U%eapri si ng

B T T R BRI

virus wh eir abrli Sect celTs, r%%ucing

the engi pogicatt \Hatwalld ¢! ARImAGIBARah il ihfwecdelRs! dsS vl Al lbeweng the
virus to replicate inthe insect cells to 15 produce a viral vaccine.
Repr esen¢mtdlopeéxampises whichhearnbé neededto veplisatle anemmsdSalaanr usndnd TML6

virus. In still anot her enbodi nent af the. present invention, there is
pr oviddediiaehet HRIE 13 %%fteéicna?‘?gf&eﬁﬁngno‘?ﬁliedﬁ%’ ithené(érdlsoforstﬁ c€lleat nent

conprisi ﬁ%fé%%n?%}t% OExéxﬂhré%d%ﬁ" ogcH h@ng%lhéé‘lle Vaghiib& Ofrel K3 N 2RENT
invention tnto the 1 ndividual to produ viral proteins for 1 nmune

survei l | apcersn® Stiygul ate i mmune system for antibody production. In stil
yet anot her enbodi mnent of the present invention, there is provided a

met hod of produci dg anetheal ewdeadimenftr oofi he JFregemet inyghtipnenthereered,
menbr ane- envel oped virus tq a disease spread by a wld nosquito. ul ation
o mamab Vi Geh: SBo8 nots PEPRIGRE . chotile AhGTs EVRL | DrETRC RETEr mor o
arh 19 “Chfiptiea ghpriiensiRIbaLe AL P Leneduee arprER e
abl e to cdmprising the steps of producing deletions in the membrane
associated domains of the virus which restrict their ability to grow to
insect cells, introducing the engineered virus disclosed herein into
insect cells and allowing the virus to replicate in the insect cells to
15 produce a viral vaccine. Representative examples of the engineered
viruses are AK391 virus and TM16 virus.
In still another embodiment of the present invention, there
is provided a method for vaccinating an individual in need of such
treatment comprising the step of introducing the viral vaccine of the
20 present invention into the individual to produce viral proteins for
immune surveillance and stimulate immune system for antibody
production.
In still yet another embodiment of the present invention,
there is provided a method of producing a viral vaccine from a
25 genetically engineered, membrane-enveloped virus to a disease spread
by a wild mosquito population to mammals, comprising the steps of
engineering a deletion of one or more amino acids in a viral
transmembrane protein to produce an engineered virus, similar to

TM16 or delta K391, wherein the transmembrane protein is able to



WO 01/ 38499 PCTI USOCO 06664 span the nenbrane envel ope when the virus
replicates in nosquito cells, but is unable to span the nenbrane envel ope
when the virus replicates in mammalian cells, and vvherei‘ﬁﬁ%@ g%rus

remai ns YRAMAPE? of replicating in wild nmosquito cells; ¥ (98949 t he
engineered virus 5 into the wild nosquito popul ation; and allow ng the
engi neered virus to replicate in cells of the wild nosquito population to
produce spamdpal membrafe neriPpoesvhgni dhe haimer replécatas cilmemstsigaiihoof t he

virus and,exglude the wild type at hogeni c) vir such, t hat, the nosquito
b1 Lo del §94y s SbhaS BB Fle 1§ o R IDLEE PRECEREe WRR nihem KLA8d 10
virus renda s e nhAahNCRAZD! 80k Her8fiS ThE t iEs OfietintE LA e
containing viruses (Karpf et al 1997) O her and further aspects, features,
and advaof aggcating hin witdeseotquittyecdligninttddudieg appararginée@a tthieus

foll ow ng description of A one of the presently preferred enbodi nents of the
i nvert i ofito THEes avild anesgytn neaPlagion; giangdn allewinge the sngdpeereddi Yepssur e.
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of the ipysnution ofi hlosgenese whdl HHiHofathd e adbiRr stragl bN tietairhs These
drawings forma part of the specification. It is to be noted, however,

t hat t heandippehade eawildysype | (pathagenis) ef\druse dushb dhaitnghe smafs quigo

invention 25 and should not be considered to limt the scope of th
| hvent | ohite Fe)aieEs ThensHetie o0 ac diamg) Hysfo) EReass sohdhe smtaged

e LS b L BT S B G SR R Wb
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Other and further aspects, features, and advantages of the
present invention will be apparent from the following description of
one of the presently preferred embodiments of the invention. These

15 embodiments are given for the purpose of disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The appended drawings have been included herein so that
the above-recited features, advantages and objects of the invention
will become clear and can be understood in detail. These drawings
form a part of the specification. It is to be noted, however, that the
appended drawings illustrate preferred embodiments of the invention

25 and should not be considered to limit the scope of the invention.

Figure 1 shows the results of radiolabeled Sindbis virus
proteins recovered from transfected tissue-cultured cells. BHK-21
cells mock transfected (1), transfected with mutant A391 RNA (2), and

Aedes albopictus cells transfected with A391 RNA (3), were labeled



WO 01/ 38499 PCT/ USO0/ 06664 wi th radioactive am no acids as described in
Exanple 3. At 24 hours post-transfection, proteins were precipitated with

virus spegifi serum as described in Exanple 4. Th [ Qur ows t hat
bot h BHK- 901@%"?"?5 and Aedes al bopictus cells transfect eé"%“?#‘" pof t he

del etion 5 mutant produce the three viral structural proteins El, E2, and C
which are not detected in the nock transfected cells. Figures 2A and 2B
are el ect wath mdﬂp@gtlaphsmuﬂOBHKLdMas alisksibe@A)in dfixamplie$. alAropichosrsel | s

(2B) transfec{ ed }%; RNA of the Sindbis, vi rus deletion nmutant A391. Cells
vere t ranBPYcHagsEe . g ELFINS g ¥ CEPARpIPatated pdlly 1VigRs | ecHiguRBtiZA)

show ¢l usi@ii Ofs debérfBed O IALUS ESTAD f1frCohbwEY P! gsgara@a@;

t hough these cells produce very Towleve ure viru

Aedes al beglictand Aedel salppictoe 2B)Is atraﬁsRFc%chemﬂi URNAI 6f Qhe VHEHSti SR €S;
however, these cores are found free in the cells’ éopl asmsimlar to

t hose 3 n BMkent] pred ‘&el Ithe(%fe‘an‘dlr&}r stenaurgloprdteins obilafdd andt B whlich
menbranes_(B). . T atten Lase is_not. fo n BHK-21 cells, indicating
that the I(gel gl/l&t)péril%t glerclis %I EndPeSk EansiEelg B?fe§“ent do not function to

bind them Figurem %b@y\szhheaxfcpniBguf@téle&reh %MBg?arpﬂ s USf

gl ycoproteins after |ntegrat|on into the ER  The prot I's a m tl%}ass
protei n walls G2AkrAndadedsparibopirtdonaeis (Bymranefbcied) with RNA ofstieal

sequence initial :é%tle ration; 2. The first E2 transnenbrane domain
(TVD) ; DI e LU ?ﬁ@“ AMUERRE £ 43916k Eobs sverchetragéte@m@ﬂ 6kaT\D;

7 50, 0B g2 SAESIESR ) CUARSL R B L,
sequence visuShM stpeenrdshen the cell cytoplasm (A) even though these cells
produce very low levels of mature virus (Table 1). Aedes albopictus
cells (Figure 2B) also produce clusters of virus cores; however, these
cores are found free in the cells’ cytoplasm similar to those in BHK-21
15 cells (A) and are also found associated with cell membranes (B). This
latter case is not found in BHK-21 cells, indicating that the
glycoproteins El1 and E2, although present, do not function to bind
them.
Figure 3 shows the configuration of Sindbis virus
20  glycoproteins after integration into the ER. The protein is a multipass
protein with 6 membrane spanning domains (numbered 1-6). 1. The
signal sequence for initial integration; 2. The first E2 transmembrane
domain (TMD); 3. The second E2 TMD; 4. The first 6k TMD; 5. The
second 6k TMD; and 6. The E1 TMD. S = point of cleavage by signal
25 peptidase.
Figure 4 shows the deleted amino acids in the E2
transmembranal domain. The deleted sequence is shown under the

appropriate amino acid, ranging from 1 to 16 deletions. Histidine and



appropriate amno acid, ranging from1 to 16 deletions. H stidine and 5 WO
01/ 38499 PCT/ US00/ 06664 Proline sequences beginning at nt 9717 are on the

| unenal g the protein but are used to design the i C,primers.
5 DETAILE%?@@@ | PTION OF THE INVENTION It will be appargﬁpﬁg@%%ﬁ% skilled
in the art that various substitutions and nodifications may be nade to the
invention disclosed herein without departing fromthe scope and spirit of
the 10 iFfoHAei sequemsepsheginging mt ah@7lér are mentthenkimenald sider o€ "threef er s

to a virus whic ont aj ns li,pi.d nbrane bilayer as part of its

prot ect | \Péoeei?eglllgrar odted 28 Sgggnh Qi HUHAEM B ™ G Y al envel ope" refers
to the lipid 15 nenbrane conponent of the nenbrane containing virus and
its associated proteins. As used herein, the terns "arthropod vectored
virus" or "Arbovirus" refer to viral agents which replicate and produce

progepy virus in r i lian cells. This includes 20
Togavtruses, Fl avi ﬁéﬁé@gﬁg}]g’mTfégggﬁ?ﬁé@&WTéﬂm the term
"Togavirus" refers to a general classification of nmenbrane containing
viruses which include t h e Al phaviruses. As used herein, the term
"nmenbrane bilayer" It efilrbe tappare?d $b rowed Usldlle@N$h StheNGrof thaPPosetbus

anphi phati ¢ phospholipids. The bilayer is organized in cross section from
pol ar headbgiBupens o #sh- myylificasignson mayai he twadonpol athecaihvantivai ns to

pol ar he%clisc%

SetP Sherecsain without departing from the scope and spirit of the
10 invention.

As used herein, the term “membrane-bound virus” refers
to a virus which contains a lipid membrane bilayer as part of its
protective exterior coat.

As used herein the term “viral envelope” refers to the lipid

15 membrane component of the membrane containing virus and its
associated proteins.

As used herein, the terms “arthropod vectored virus” or
“Arbovirus” refer to viral agents which replicate and produce progeny
virus in arthropod (insect) or mammalian cells. This includes

20 Togaviruses, Flaviviruses and Bunyaviruses.

As used herein, the term ‘“Togavirus” refers to a general
classification of membrane containing viruses which include the
Alphaviruses.

As used herein, the term “membrane bilayer” refers to a

25 structure consisting of opposed amphiphatic phospholipids. The
bilayer is organized in cross section from polar head groups to non-

polar carbon chains to nonpolar carbon chains to polar head groups.



WO 01/ 38499 PCT/ USQO/ 06664 As used herein, the term"glycoprotein
transnenbrane region" refers to the am no acid sequence of the region of a
menbr ane- ed protein which spans the nenbrane bil ed

her ei n, t"t‘%@tof/g’{r‘@nJ "viral vaccine" refers to a strain 5 o v([gstg@a%?‘?vi rus
mut ant whi ch has the antigenic properties of the virus but cannot produce

di sease. As used hefein the term"inmmne surveillance" refers to a process
by which bl ood | ynpdcy¥eds Rereley thee €M s glygopraisins tsrnagmemmranet o

det er m nerddien Pr GERACE B R Chilind VidchP) PEELRINS FNnd0 !ié‘ﬁg' afes, the

production of | ynphocytes capa of targetrng cells producing the forei gn

protei n fmentdashetatégatedhpoiginocebivhal spank edigs meenBiragePbeRyeti on of
circulating antibodies against the foreign protein. As used hérein, the
term "infectious vi/?*hﬁlsﬁgrlﬁf@lfbs'fhﬁﬂ efesis ‘vitalvvacaing” wiifers atioe acapabhe of

capabi’eof St EF g By GBI, VR nad *uBeanfePuen PRemrtieSrof the virhs™ °
"non-i nf eghid QhhinitF PPodddel idik@sse. refers to viruses which are not capable
of infecting or entering a cell. As used herein, the term"vertebrate

g

cells" refers to anys usedmizdrecan thel kern?0“iAsmusedstmeretilancd heref@rsmio a
"invertebrate ce{)plls" rgf ﬁ?ils (Lo any insect cell. In accordance with the
tWBich Bigo

present i PRPEAEY oY ympICHet BoNgEnthomalls ngndcismiesbiodl agy,
ECICH T A e S
Mani @i s, stifaldt6€ h tike Sprovueeion " ¥l BaHpREceONidABabR Lebahpiding VBEHA!
(1982); "DNA Coning: A Practical %ggroach," Vol unes | angéll (D.N. dover
ed. producing the foreign protein for destruction. This process also leads

to the production of circulating antibodies against the foreign protein.

As used herein, the term “infectious virus particles” refers
to viruses which are capable of entering a cell and producing virus

15 protein, whether of not they are capable of producing progeny virus.

As used herein, the term “non-infectious virus particles”
refers to viruses which are not capable of infecting or entering a cell.

As used herein, the term “vertebrate cells” refers to any
mammalian cell.

20 As used herein, the term “invertebrate cells” refers to any
insect cell.

In accordance with the present invention there may be
employed conventional molecular biology, microbiology, and
recombinant DNA techniques within the skill of the art. Such

25 techniques are explained fully in the literature. See, e.g., Maniatis,
Fritsch & Sambrook, "Molecular Cloning: A Laboratory Manual (1982);
"DNA Cloning: A Practical Approach,” Volumes I and II (D.N. Glover ed.
1985); "Oligonucleotide Synthesis" (M.J. Gait ed. 1984); "Nucleic Acid

Hybridization" (B.D. Hames & S.J. Higgins eds. (1985)); "Transcription



1985); "digonucleotide Synthesis" (MJ. Gait ed. 1984); "Nucleic Acid
Hybri di zation" (B.D. Hanes & S.J. Higgins eds. (1985)); "Transcription 7

WO 01/ 38 PCTdUSOO 06664 and Transl ation” (B.D. Hames P?I /06664091 NS
eds. (19%91{&;—4&ni mal Cell Culture” (R 1. Freshney, ed. é@é‘”

"I'nmmobilized Cells And Enzynes" (IRL Press, (1986)); B. Per b?l, "A

Practi cal ide .Ta Mol ecul ar. Cl onj ng" 1984). 5 Th fore, i.f appearing
herein, % rafl?%&noﬂg @eﬁn:[{%rﬁﬁ“fl ﬁa{v ggen @ﬂ?ni(ﬁgégp;seﬁ%ﬁ‘@l b‘EFBW. Ah
"vect or"cj o qpl § h.as i d QL 4C i.d t i chwanot her
DNA segnghguﬁeangél'gﬁagléﬁ d seg' égbggmbri %’3’ a o&‘?gdt g'séeﬁrfrseepficgfl?g{r?%gf t he

at t ached(IR&gPeeds, (A98€0N: B. Parbahi At Pradtieall GuigbaT sevolagilgal erﬂﬁ%ept abl e”

if its admnistration can be tolerated by a recipient animal. Such an
agent i (L% HW1to0 be administered in a "ther apeutically effective anount”

if the amount admi~r d i hysiol qgical ly,significant, An age IS
phys!gol ogical ly siignne?%fd(’:rght lfisfapg%rmgr g%éﬁ% rtggu?&go‘fvﬁlga {:eﬁgﬁgegt?%tlt he
physi ol agwveofth@ d&fhiPiondt sémeuRl beld® FOr exanple, in the treatnent of viral
i nfection, a conmpound which decreases the extent of infection or of

physi ol ogi ¢ damageA divectas” isnd eeplioon, woch dashelasomisl, dphagk tdrecapaiitdi,cal | y

effective. A."DNA nol ecul e’ refers to the polynmeric formao f
deoxyri b@nﬁ’é\l%t?’b(gtgef ag)éﬁ? FEEMEHANTHY, bengtintRed ofo @t Bitayg i ahouso

ei t her sﬂh@glrppﬁkﬁﬁgﬂedodﬁf & 3 acﬂe&iou@gg‘ﬁeﬁ{tr andgdvlé'gtlo:rx'is-rgili% termrefers

only to the Imary and secondary structure of the nolecul & and dBes not
i miO i t“ghoranicopegicatlyl adcdeptdblary if atsmadmifugratidn S chfir Bt todrades

doubl e-stranded DNA found, inter alia, in linear DNA nol ecules (e.qg.,
restricthord Fecapiedit animel. r uSech 35 agentisis said to be administered in a
“therapeutically effective amount” if the amount administered is
physiologically significant. An agent is physiologically significant if its
presence results in a change in the physiology of a recipient mammal.
15 For example, in the treatment of viral infection, a compound which
decreases the extent of infection or of physiologic damage due to

infection, would be considered therapeutically effective.

A "DNA molecule" refers to the polymeric form of
deoxyribonucleotides (adenine, guanine, thymine, or cytosine) in
20 either single stranded form, or a double-stranded helix. This term
refers only to the primary and secondary structure of the molecule,
and does not limit it to any particular tertiary forms. Thus, this term
includes double-stranded DNA found, inter alia, in linear DNA
molecules (e.g., restriction fragments), viruses, plasmids, and
25 chromosomes. In discussing the structure herein according to the
normal convention of giving only the sequence in the 5' to 3' direction
along the nontranscribed strand of DNA (i.e., the strand having a

sequence homologous to the mRNA).



25 chronosones. In discussing the structure herein according to the nornal
convention of giving only the sequence in the 5 to 3 direction along the
nont r ansGyé Bfskssd rand of DNA (i.e., the strand having a SKeGRB6s64

honol ogous to the nRNA). 8 WO 01/38499 PCT/ US00/ 06664 A DNA "codi ng
sequence" is a doubl e-stranded DNA sequence which is transcribed and

translated into a ppl tidein vivo when placed,under the. contrgql  of
appropriate regul at’%rgﬁ\?‘gqug%ﬂé. STHBCRGunddr i és %‘Puq{’ ﬁés%%ﬁiﬁg sﬁ\&‘énce

are det ergdqieicBy Wwhizhstial traf@obedt ahle tPansi AEANOntd €MLY & in
translation stop c o d on at the 3 (carboxyl) term nug6 ?&D%gg?ng
sequence AR iwgﬁmdeplabﬁﬂl ienderot the micoadralo, ofr cggrpptiate seqegatadryc DNA

f Kk tic nmR enom ¢ DNA sequences from eukaryotic (e.qg.,

! | anCURRCe and 1 g, BRP a0 0 c MK Od i RSBENCA, BER ylsseryiiad ohys gna
d 16 t I _dd 1 gati q : i L] 5u Qcate ' to e

2gdi ng s;%lrﬁ%%;&drd?gﬁgglﬁgp? i ghg{ingﬁd{%??gﬁgwaﬁ #’%n%ﬁ%‘gﬂn?ﬁg? ssg%ﬂje(h%czgnare

DNA regul att drey B e@aeheed) seiehinds. PrAGYdeis, sejiititeerdan iRSudadepyd aki on

signals, ternmnators, and the |ike, that provide for the 15 expression of
a codi ng R¥qldnded {0.a PROkAryOslq | sequencespt ePNe duemc eukiasyetiONmRNdy| at or y
region c | e indi na RNA-pol ynerase .in a cell and initi ng
transcri gﬁp‘?qg"rﬁ‘%& ﬂaNRdS%%%}ngnf%? %fel?aé'é(mlﬁn)(e&)dllﬂﬁmé%ﬂ&@}?ces&%ra%Grpo_ses
of definiggn t@?nﬂfe@ﬁentDNWe%q&ﬁce&Pe_ pW”PBWad%%Q'l‘ﬁT@E [ ?ie#lgyndgglgat its
3' 20 termnus by the transcription initiatron site and ex S upstream
(5" 1@ir ecansurjptioni netmiweatidre sequensa nuibeaswfllybalsesloeated eBenbSthe
necessary tdo initiate transcription at |evels detectable above
coding sequence.
Transcriptional and translational control sequences are
DNA regulatory sequences, such as promoters, enhancers,
polyadenylation signals, terminators, and the like, that provide for the
15 expression of a coding sequence in a host cell.
A "promoter sequence" is a DNA regulatory region capable
of binding RNA polymerase in a cell and initiating transcription of a
downstream (3' direction) coding sequence. For purposes of defining
the present invention, the promoter sequence is bounded at its 3
20 terminus by the transcription initiation site and extends upstream (5'
direction) to include the minimum number of bases or elements
necessary to initiate transcription at levels detectable above
background. Within the promoter sequence will be found a
transcription initiation site (conveniently defined by mapping with
25 nuclease S1), as well as protein binding domains (consensus
sequences) responsible for the binding of RNA polymerase. Eukaryotic

promoters will often, but not always, contain "TATA" boxes and "CAT"

boxes. Various promoters may be used to drive vectors.



background. Wthin the pronoter sequence will be found a transcription
initiation site (conveniently defined by mapping with 25 nuclease S 1), as

wel | as hgyodi Ndi ng domai ns (consensus sequences) r blekgs fOr the
bi ndi ng g?et&mﬂpol ynmerase. Eukaryotic promoters will often, but not
al ways, contain "TATA" boxes and "CAT" boxes. Various pronoters may be

used to drive vect . 9 WO 01/38499 PCT/ US00/ 06664 The termif .
ol i gonucl eoti de" or ﬁ?)r'c%g" asClSRRUHEPHAR ¥t er¥ob® a 2fplerdil Beroitpri sed

of ribonu id or, d Lhonuc I . Theg exagt. Size t he
ol i gonucl géofteﬁje gtr% prgbe%\{)smyelgdllﬁgepe%gﬁ?ﬁ%%anan;}&f ac?lg)_rosn%c ?octﬁ(,&es! n t 3Fn,
depend updeoxywbbnutldotides. f ulhe i @mcandzeissf ofe tdlpydicdongs eeki feopEhe

| engt h of the prrﬁge is not critical, but will usually conprise at |east
about 12 WadedePens, #PQayudPRYY c dAGKOFSi righigh, | éasturabowlepead basms ahd t he

robedqds angjally c l.enen to a portion of .the bacterial genone;
Iﬁovveve‘-f)'r, ‘tlﬁgg%%eogﬁe‘{n%ée o huas\?eOEZtWe(?ﬁg(?Bﬁﬁ{eéﬁE{}rari \M:‘Eif t ibeh N
genome. Thber tbest Natid, Bu€PAIEdseMNyhebhldey atMehbe SWobbl g bs etic
techni queiglfb and nost likely include a get eféltﬁgbl e | abeFt. _Usua??y, %/ e

synt het i cmoequaseady acemprisangedt i leasonatonut plébl basky,- @ndai thablpgobé onisng
vectors an e hosts in order to obtain |lar gquantities of the

i | , € '
probe. Th¥ S%%%‘ FORIEMGHYTY hdfsadl PoslipR 10f Iglh%elbéﬁtel’ft?ﬂ ugenemepr obes,

h @%ma (oY) e st rands ..be excised and
IO;bZI gchIF eltil\/%‘{vﬁo 3 fwcl)? Itglg;gtea;)dﬁgggrngt??%ea:ﬁaé}hﬁqiczoﬂs%ﬁn%ﬁ%ﬁﬁxI e‘@ﬁﬁdigﬁr obes
for didagngaiomet esThagpréties dengr ileerepatdie @?ﬁﬁfe@i&%ﬁ@,: Witk dsabQYge

supra, and in U S. Patent No. 4,358,535 to Falkow, et "al. 20 The term
"priner" @theéd Heebniquest erandt omgat likely include a detectable label.

Usually, the synthetic sequences are expanded in common, publicly-
available cloning vectors and suitable hosts in order to obtain large
quantities of the probe. The expanded vectors may themselves be

15 labeled for wuse as probes, or shorter fragments containing
complementary strands may be excised and labeled. Methods for the
preparation and utilization of nucleotide probes for diagnostic testing
are described in the references listed above, supra, and in U.S. Patent
No. 4,358,535 to Falkow, et al.

20 The term  "primer" as wused herein refers to an
oligonucleotide, ~whether occurring naturally as in a purified
restriction digest or produced synthetically, which is capable of acting
as a point of initiation of synthesis when placed under conditions in
which  synthesis of a primer extension product, which is

25 complementary to a nucleic acid strand, is induced, 1i.e., in the
presence of nucleotides and an inducing agent such as a DNA
polymerase and at a suitable temperature and pH. The primer may be
either single-stranded or double-stranded and must be sufficiently

long to prime the synthesis of the desired extension product in the
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ol i gonucl eotide, whether occurring naturally as in a purified restriction
di gest or produced synthetically, which is capable of acting as a point of

initiati GRogissynt hesi s when placed under conditions in peiigddede6es hesi s of
a primer extension product, which is 25 conplenentary to a I’IUC?EI c acid

strand, is induced, i.e., in the presence of nucleotides and an inducing
agent such as_ a ol rase and at..a suitable te rature and pH The
pri mer r’rﬁeﬁ%ncee?i}ﬁépgs} CHIEt PETled BRe Foa6t el-eggl;lhmcﬁg%nﬂnmgt ‘glsn |
suf fi ci enddpénd! OG8oh O MAAVE FAdt6rSY Niesdisi«Of ¢ Aesier edpxt n pfoduct
nth e B o oRT e A Ee RS orstading Leierdsic) b %ﬁ‘@?’_ﬁé a‘ge_nt.
The exactprirengtdndofth¢ heegridmasedy | [For depanpleypfon dRgyosiet Hppslichrionydi ng

tenperatuye, the source o f priner, and the nethod used. For exanple, for
di agnost i4¢PSBAIIE at i%8ns the JepmPlekiton e dbepl &3ngey ofeanenger gethe

sequegce, . gon i de. bhi typi cald y-cont ai ns 15-35 r.more
nucl egti d)éisé,%%lgéu%gghﬁﬁrﬁ%ayglgén{lgﬁé’%netx ﬁﬁc?gotolrd&qreﬁlé’c F?ﬁ&f’g’ herein
are sel ecligbulgh e maybsdaain afdwer neergdiRim@Ntary to different strands of a
particular target DNA sequence. This neans that the prinmers nust be

sufficiently 10 coficerpsimars thereipbr ach zeelsictdd t Hei rbe e$pebsiangialyands.
Therefore, the prinmer sequepnce need not reflect the exact sequence of the
t enpl at e.colf%ﬁ’le&eg}fﬂf%, go nglﬁﬁgfﬁﬂfl eﬁﬁﬁf‘é?y %cPed’tairﬂéugFagﬁ%rﬂlet ) “be
attached Lhe 5 etfiof of Pr iRy . (R t r e ndeg of . r r
sequence S%g}lng conpl 1grrlesnt areryﬁtso Pﬁg s%ﬁr@an%.rﬁaﬁser %%}veﬁ)ﬁ i‘gﬂ%l&d}m
non- tOnplcemepiicaignthes eso diybridiger vaetusizesegrtive istiadidsperskérefioptp the
prinmer, provided that the priner sequence has sufficient conplenentarity
with t he tBeqpsHBer oscaydigedi Ased hdradwirefleahdthe exact sequence of the

template.  For example, a non-complementary nucleotide fragment
may be attached to the 5' end of the primer, with the remainder of the
primer sequence being complementary to the strand. Alternatively,
15 non-complementary bases or longer sequences can be interspersed
into the primer, provided that the primer sequence has sufficient
complementarity with the sequence or hybridize therewith and
thereby form the template for the synthesis of the extension product.
As used herein, the terms "restriction endonucleases" and
20  'restriction enzymes" refer to bacterial enzymes, each of which cut
double-stranded DNA at or near a specific nucleotide sequence.
A cell has been "transfected" by exogenous or heterologous
DNA when such DNA has been introduced inside the cell. The
transfecting DNA may or may not be integrated (covalently linked)
25 into the genome of the cell. A "clone" is a population of cells derived
from a single cell or common ancestor by mitosis. A "cell line" is a
clone of a primary cell that is capable of stable growth in vitro for

many generations.
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thereby formthe tenplate for the synthesis of the extension product. As
used herein, the terns "restriction endonucl eases” and 20 "restriction

enzynmes" _refer to bacterial enzynes, each of which c ut l.e-gtranded
DNA at oyJonJég’P‘wg speci fic nucl eoti de sequence. A cell hagcﬂfgg(ﬂ)/o%é

"transfected" by exogenous or heterol ogous DNA when such DNA has been
introduced inside the cell. The transfecting DNA may or may not be
i ntegrated (coval ent| heterolagapsss regient hel gEwon®PNA” Ceastact . & "&hone" is

i Lout s RgAREBIEThe EnBRL BN ATGIR 3 DFkG TN Mo BRI TRl 50PE of

stabl e gfouidh ihNassokINidOr withBfye daredrattheRSulel Lin\Rafire3849RuECH KISR0/ 06664
A "het erol ogous” region of the DNA construct is an identifiable segnent of

DNA wi t hihe areteradegomNA raglosc uéncadeat 4 smanimaliawndgzene, atleocgerte owilhi t h t he
| arger nolecule ip nature. . Thys,, when the heterol ogous regi on encodes a
nmanmel i awuégﬁe,%et ﬂéng%‘ﬁé’ywapxst%ug??@ ok "I"é}ﬁléga ‘g’g‘?nﬂ\@b%‘haﬁe%‘@éc not
flank t hoNmRIRIHA L GRAN 6f YA d e of e lSm 1In
anot her exanpl e, (r:godi ng sequencegﬂrhéag ggg%ﬁr@g{}ft \A%ﬁ?den%?ﬁéelccgglsggngéquence
itself isoding sdquemndei is matonsria. gvhera tiNBodhgy eseghengenitsle @oalbpg
sequence, contains introns, or synthetic sequences_ having codons different
than 10f0URd At NgRITger(®8)8.» ThecPNAs stherenybat Boromic depdidigedsequence

Por o cronteSndplRES oron SFRERCHERME SRachOt PE R o O, B ol g o

for a

aci qg inhghga{m@n?eﬁ@prane region of the protein such that the 15

transmenbrane protein is able to span or correctly integrate into the
The present invention is directed to a genetically

engineered, membrane-enveloped virus, wherein the virus codes for a

transmembrane protein which has a deletion of one or more amino

acids in the transmembrane region of the protein such that the

15 transmembrane protein is able to span or correctly integrate into the

membrane of an infected cell when the engineered virus replicates in

insect cells, but is unable to span or integrate into the membrane of

an infected cell when the virus replicates in mammalian cells.

Preferably, the virus is an Arthropod vectored virus selected from the

20 group consisting of Togaviruses, Flaviviruses, Bunya viruses and all

other enveloped viruses that can replicate naturally in both

mammalian and insect cells, as well as enveloped viruses that can be

made to replicate in mammalian and insect «cells by genetic

engineering of either the virus or of the cell. Representative examples

25 of such engineered viruses are AK391 virus and TM16 virus. Still

preferably, the insect «cells are mosquito cells, such as Aedes
albopictus cells, and the mammalian cells are human cells.

In a preferred embodiment, the genetically engineered,

membrane-enveloped virus is Sindbis virus, and the transmembrane

12



menbrane of an infected cell when the engineered virus replicates in
insect cells, but is unable to span or integrate into the nenbrane of an
infected | en the virus replicates in mammalian celhé bigk&r ably

TS 00/ ’
the virus |é a%QArthropod vectored virus selected fromt 68 group
consi sting of Togaviruses, Flaviviruses, Bunya viruses and all other
envel oped viruses t.hat an re Ilcgég turaIIy in both nannallan and

i

i nsect c&PEINaLs I y‘é‘?ﬂf@ YBe Vetrha? REFiOBe hayipg o8I cat e
in rram“ralskﬁp ANehisNSectcduth! %é&i)?gng d19t25§ﬂ?' ERAPInRtagbh{1€ah NG Vi T US

or of the cell. Representative e such eng |neered ViTuses are
OK391 vi suscesstullMl Gnstiatled. ibt ithe nemebemabl ypaddiggi rtﬁﬁﬁhufselbﬁ Gfter
nosquito cells, such as Aedes al bopictus cel? and the manmmal i an cells
are humaiigs| memprang preeEns sackndodihent the genetically engi neer ed,

menbr ane- envel oped; Vi rus Si ndb S _VhErus t he tra smenbrane 12 WO
01/ 38499 PCT/ USOQ G664 tb?ot S HTrLTed s al ér&ﬁ;‘,’gerFBE ei n . ﬁ&%ﬁ%? Ya

person h@ﬁ?ﬂﬁ:e@é&i' Nafembedidd-bnbB1dgdas afitusCal! SeleeRdl | roks e(dh&t ? _
simlar ations can be successfully installed in the nenb ran spanni ng

domai ns eobnsistieg of r ﬁiS\herHI\é,nerapm:st eivimissudfemsits, . 8nd n Respibetory

preferred enbodj nent, a (t]h enetically engineered, nenbhrane-envel o%ed Vi rus
i s sel ecP¥ECYTIS Ylllﬂés’graB p %%%P@PFH@’YGPCHSVOWIHV lsr%PdP%‘f}dwaQF@ t

Hepati ti I t n ane protein
is selec eﬁ%@ﬁngfﬂgfngato?o%gcgénm %Soi%‘g‘%g‘%o gi i EI &ms éé‘br otein E2,
and ®protein. 10 jm @il hnaﬂc&rhepréﬁeﬁeerr%dnmmﬂtent thel hgeﬁeﬂ%llcyal ly
engi neered, nenbrane-envel oped virus are RNA tunor viruses, and

transn‘enbnam@epfrd)t emembramgyenveloped virus are RNA tumor viruses, and

the transmembrane protein is Env.
The present invention is also drawn to a method of
producing a viral vaccine from the genetically engineered, membrane-

15 enveloped virus disclosed herein for vaccination of mammals,
comprising the steps of introducing the engineered virus into insect
cells and allowing the virus to replicate in the insect cells to produce a
viral vaccine. Representative examples of the engineered viruses are
AK391 virus and TM16 virus.

20 In addition, the present invention provides a method for
vaccination of an individual in need of such treatment, comprising the
steps of introducing the viral vaccine of the present invention into the
individual and allowing the vaccine to produce viral proteins for
immune surveillance and stimulate immune system for antibody

25 production in the individual.

Further, the present invention provides a method of
producing a viral vaccine to a disease spread by a wild mosquito
population to a mammal, comprising the steps of genetically

engineering a deletion of one or more amino acids in a viral

13



The present invention is also drawn to a nethod of producing a viral
vaccine fromthe genetically engi neered, nenbrane- 15 envel oped virus

di scl osegv&&{/:ﬁi@ for vaccination of manmal s, conprising %F?nﬁﬁﬁ&% of

i ntroduci ng € engineered virus into insect cells and allTow ng ?4he Vi rus
toreplicate in the insect cells to produce a viral vaccine.

Represent ative exanples of the engineered viruses are AK391 virus and TML6
virus. 20randmemprans, RIRECIPr dgeRfodupgentt mmgpnestedesvisusemhsgeinorthe

vacci nati on. of | ndi vi dyal in ed of such treatnent, conprising the
steps of tfarﬂs%é%’a@f%%st Wéggell?alls \?ggec??les%fl b rBFE’sberﬁPei n‘i}’é'_rr‘lr{l)(?%% Y‘%[ed‘ t he

i ndi vi dughe angrug! Irepiibket heinvaassqiditd © RURAUGR: Vid aindb10t @bNSphRr (HemMune
surveillance and stimulate i mune system for antibody 25 production in the
i ndi vi dushembranehenyeldpe prhegerhe i viventiephicptesvirddemammeliand cefls, pmeiduci ng
a viral vaccine to a .di sease .spread g a wld nmosquito population to a

marmed,  COMEFISI HY tHEUStRGPRaiBF GaRablec 0 yePliffiR@erR nglosaddet FeHsof one
or more iBRubineithe NedeifbbAld virhs i/ SUAP SO D86 Ation; and

transmenbrane protern to produce an engl neered virus

t r ansnematlangngr wieeivirus Stoalpéslidate sipagelH MBI WIE ROYQLeHE pop@natidie Vi rus
replicates in nosquito cells, but is unable to span the nenbrane envel ope
when t he t9i pigslucepd i pepwatipn ahrmabqeitos emhich drarber wHer elagcinee seraius

Lo SAPGR! Sl P e R SR e icn SR T G e
to repl i GRduitd Gte Uebiveldanwi LadIRS Ay 120 rRARMIAR! hRfkn. L O Produce a
popul.ati on of nobsquitos which harbor the vaccine strain of the virus and
exclude the wild titps ¢patdwopkned) thatr yshasucdveubizhl t dmpositions may
be prepared using the novel mutated viruses of the present invention.
In such a case, the pharmaceutical composition comprises the novel
virus of the present invention and a pharmaceutically acceptable
15 carrier. A person having ordinary skill in this art readily would be
able to determine, without undue experimentation, the appropriate
dosages and routes of administration of this viral vaccination
compound. When used in vivo for therapy, the vaccine of the present
invention is administered to the patient or an animal in therapeutically
20 effective amounts, i.e., amounts that immunize the individual being
treated from the disease associated with the particular virus. It will
normally be administered parenterally, preferably intravenously or
subcutaineusly, but other routes of administration will be used as
appropriate. The amount of vaccine administered will typically be in
25 the range of about 10° to about 106 pfu/kg of patient weight. The
schedule will be continued to optimize effectiveness while balancing
negative effects of treatment. See Remington's Pharmaceutical
Science, 17th Ed. (1990) Mark Publishing Co., Easton, Penn.: and

Goodman and Gilman's: The Pharmacological Basis of Therapeutics 8th
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10 nosquito bite delivers the vaccine to a manmal bitten. It is
contenpl ated that pharnaceutical conpositions nay be prepared using the

novel rmtv?(ggg g4bg uses of the present invention. In such aqRi6escke
phar maceu |ca? conposition conprises the novel virus of the present

i nvention and a pharnmaceutically acceptable 15 carrier. A person having
ordi nary skill é(g)[thi s art readily would be able to determ ne, w thout
undue expedi MEAYA i oRereamompdiressi avhichjogagesingaapeiaieds dferein by
adm ni st r At f thi ' CGi Laon_..conpound. Wien used.in vivo for
t her apy, I?Eéel%&ggbi ng‘ogfIyéljﬁgkeﬁglgsgarﬁi?ﬁglilﬁ\rlaétﬁ%ﬁ’on % AYr'AT st et!i’etdnf’ﬁg

patient oypasalBni fetmulitéderapest ufl | doskigeef {1Getiabte ANRIAL S (sblEeion@M0UNt S
that inmmnize the individual being treated fromthe disease associ afed

wi th the y@pensignar @imuigion)t wnl | assewiatdhy beithdnani phermdcpatianiley al |y,
preferably intravenousl r ubcut gj neusly, . but other routes of .

adni nPst rHtc8 I IpaB?%E%d ‘fﬁ’é&eapgﬂ”&gr ivﬁ%é’.les"l'ﬁ’ée apisherabdy pedcitpaic

admi ni st erd ydlenbyRld.Y PExdfipfer ¢ g 0 0 L, 106
pfu/ kg of patient vveai‘ﬂght. The xscﬁgeguldgevs\'nh?ﬁl ggﬂgcég{i %{Jeeé&?%etrbp??f#gé

ef f ect i vaRimgsr'vhsbkmtioal, adextogse seddtion,e aptlf 60 Sh@hahr eatui®Nilbufea.

Rem ngton's Pharmaceutical Science, 17th Ed. (1990) Mark Publishing Co.,
Easton, Penn.; and Theodacsineard the mipsent myendear arec dlased cen Bsitiowf

Ther apeutr{uc(?atfsotntl i14 VO g%ﬁ%‘ﬁé{%@’ PCT/ US00/ 06664. Ed (1990) Perganon Press;

whi ch ar € T Hcorpor at I rapgs JURBHS Yy PRI oPL| MEMPRARET at i on,

the yeccigi@elpdd beirgRst  Theisealdgy fRrMitRhRAidM 8f Wikle I0SMGoH0I §St abl e
form (solution, suspension, enulsion) ih association wth a
phar maceltasedl | gn5 thecefolddwmgpariafidenationehi cl Enlikeichmaefinalias areell
e A e TR Y Cine® Membance” B Yhicsi DEAIPLR et She el sienal 2 ©
(Clayton 1964, Mitsuhashi et al 1983). The presence of cholesterol in
membranes in general makes the membrane thicker, with the increase
15 in thickness increasing as the amount of cholesterol increases
(Bretscher, 1993). Many membrane-coated viruses have membrane
glycoproteins on their surface which are responsible for identifying
and infecting target cells (Schlesinger, S. and M.J. Schlesinger, 1990).
These membrane glycoproteins have hydrophobic membrane-spanning
20 domains which anchor the proteins in the membrane bilayer (Rice et
al 1982).
The membrane-spanning domains of these transmembrane
proteins must be long enough to reach from one side of the bilayer to
the other in order to hold or anchor the proteins in the membrane.
25 Experiments have shown that if the domains are shortened by the
deletion of amino acids within the domain, the proteins do not

appropriately associate with the membrane and fall out (Adams and
Rose. 1985). |
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Ri nger's sol ution, dextrose solution, and 5% human serum al bum n. The
vacci nes of the present invention are based on deletion nutations in the
t ransmenbr ane domai ns of proteins of nenbrane- 10 envel oped viruses. The
strat egy WOPUVF¥¥ucti on of these nutations is based on t RETAE0NEFNg
information: Unlike mammalian cell nenbranes, the nenbranes of insect
cells contain no cholesterol (C ayton 1964, Mtsuhashl et al 1983). The
presence of chol estBacensg ninsaeisbrhsayes non C@@&@tarolnmln%hmhermmnﬂhmnes

t hi cker, thth increase 15 in thi ckness reasi ng as the anount of

chol ester%}nF géeélgrat(e reY’é'ﬁllhé?em “ﬂg § n@‘ﬁ%?%nemcﬁ'éﬁséd Sxﬁcrtl%’és have
menbr ane thghyqasr Qi1 NSmeMbrAREd efi‘ ar nsi bl
identifying and i r%f ecting target %ge 9 Sch (ggl n&emgﬁ'and
Schl esi ngeembi@98) .of Thewes nmebrthnmwj ytheplm’ﬁrﬁbfﬁleh@éﬁlnhﬂg“ @Qﬂﬂlihhsﬁ of

rrenbrgne spanni n 20 domai.ns whi ch anchor the proteins in the nmenbrane
bi | ay (HiPE"én%t t&lgr‘ltgézﬁntOTHBSWénﬁ?eaﬁbE%% hqadonaehstaofbe heskong

ety A0 eP OB hd RSRREP L ASAGh omoRe 8L 05 of (he

bi | ayer t the o i'n order to
menbr ane. thaﬁfﬁmerﬂomplﬂb&u&@Vﬁemm tlha'éngfneteli’@d dQ/RIsBS Qﬂﬁcﬁh?éﬁﬁf'&‘g by t

h e deletion of amno acids within the domain, the proteins do n
appropri AmiNg agsidy at Fow t hthehe tremsmemdrane f adomairt (AﬂarTFheandvuRDse

1985). 15.WD 01/ 38499 /USOO 06664 gﬁcause i hsects have no_ chol esterol
in their SRABROER  hENs,JESH tﬁjeHBr &t EdYGPPIteifendY AR Gian beegmRhmer in

Cr08§05991fo'r9ﬁu thag the Mérﬁﬂadée%‘?rﬁ”ﬁ?usg%g xéét?&lfhogh”gl 0E Sgus'b”CF the

menbr anes of sects are thinner anni n
not 1nto the membrane of a virus replicating in a mammal. Thus, the

mutated virus is produced in the insect cell replicating as well as the
parent, wildtype virus in the insect host. On the other hand, in
mammals, the mutant virus can infect the host producing viral

15 proteins; however because the mutated virus glycoprotein cannot span
and be anchored in the mammalian membrane, progeny virus cannot
be produced in mammalian cells. An example of such a virus is TM16.
An additional advantage to the approach of the present invention is
that the mutants are engineered as deletion mutants, hence there is

20  absolutely no chance for reversion to wildtype phenotype, a common
problem with virus vaccines.

The vaccines envisioned by the present invention work for
any membrane-enveloped viruses which grow in vertebrate and
invertebrate cells. Indeed, the present invention is applicable to

25 membrane-enveloped viruses which can be either engineered to grow
in an insect cell, or to membrane-enveloped viruses which grow in

genetically-modified insect cells.
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5 proteins integrated into insect nenbranes do not need to be as long as
those integrated into the nmenbranes of mammals. It is possible, therefore,
to produ s§dol ONS i n engineered viruses which renove &1(?;8 dds from
t he transmenbrane domain of the viral glycoprotein. Thi £°1'8s Ssin a

gl ycoprotein which can integrate 10 normally into the nmenbrane of a virus
replication in an e not _into the.ne ne of a virus
replicating in a nrwl;ﬁn?’ra?é“(%lﬁ dsg' ?ﬁgmp}re[ﬁ afly WYy ¥ %duBEEP(?Sﬁ tRd i nsect
cel I replliwatdtitg agari@ld @HRbbARNeRA’ €HE ,th¥i hﬂleyl%nw:{déﬁ dr8 hBe MmRseqt host.
On the other hand, i n mammals, the nutant virus can iInfect the host
produci ntp Jim# thes esANd| nsr‘enh@wemerarb/edaslsent he nmut ated virus gl ycoprotein
cannot span and be anchored in the manmal i an nmenbrane, progeny virus
cannot be produced in manmalian cells. An exanple of such a virus is T™M
16. sAn additional advantage to the approach of the present invention is
that the nutants are engineered as deletion nutants, hence there is 20
absol utely no chance for reversi oEXAMPIIEI] ype phenotype, a commobn probl em
with virus vaccines. The vaccines envisioned by the present invention work
for any nenbr ane envel oped viruses which grow in vertebrate and

i nvert ebg g, nvention is applicable to 25

menbr ane="er ' (I gi t her engl neered to grow in an
insect cell, or tq rR& e % d S C w

genetical |l y-nodifi egdmlgtr)\stﬁéﬂt ﬂglg %@% é11\9\{!1)&'01 384é b\gh” Ué;&% 06%1614db1‘?'he

f ol 1O ndesexioegdl epremieudyvehid cat tahel 906, pddiee oft idl), u3DBAY,i ng daldiPus

enbodi nents af the |nvent| on and are not nmeant to limt the present
i nvent i of¥MGVIERy basgsggncoding a lysine at position 391 in the amino acid

sequence of the virus glycoprotein E2 has been constructed. This

lysine is part of the putative membrane-spanning domain of this
protein (Rice et al 1982).

15 Site-directed mutagenesis was used to generate a deletion
mutant (Lys391) in Toto 1101, a plasmid containing the full-length
Sindbis c¢cDNA and an SP6 promoter that can be used to transcribe
infectious RNA from the clone in vitro (Rice et al., 1987 Liu and
Brown, 1993a). Using the megaprimer method of PCR mutagenisis

20 (Sarkar and Sommer, 1990) described previously (Liu and Brown,
1993a), three nucleotides were removed in the cDNA clone of Toto
1101, nucleotides (nts) 9801, 9802, 9803, resulting in the removal of
the codon AAA (K391).

A 30 base oligonucleotide of the sequence,

25 5'CTCACGGCGCGCACAGGCACATAACACTGC3' (SEQ ID No.: 1) was used
as the mutagenesis primer. This primer, along with the “forward
primer” 5'CCATCAAGCAGTGCGTCG3' (SEQ ID No.: 2; 18mer),
generated a 518 base “Megaprimer” (nucleotides 9295-9813). The

second PCR reaction consisted of 0.5 pg of megaprimer, 100 pg Toto
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5 EXAMPLE 1 Site-Directed Mutagenesis of Too 1 101 Using the full |ength
clone of the Al pha virus Sindbis 10 described previously (Liu et al 1996,
Rice et 7), a deletion renoving 3 bases encodin at

posi ti onwéﬁ(ll/#%ﬁt he am no acid sequence of the virus gl gcg/grkg(tﬁdeﬁﬁ E2 ha
been constructed. This lysine is part of the putative nenbrane-spanni ng

domai n of i's n (Rice 5 Si t. i rected. mut.agenesi s was
used to gé?grattg%éﬁg%l et |a(|§lr(11 8 ant % 8%91# c[v% 56101 préfnﬁf asmd

cont ai ni @m@h@ﬁc;rmdmmﬁmc@r stQin@mospﬁ Pr RIObER rEHehoqﬁe,n be
used to transcribe infectious RNA fromthe clone in vitro (Rice et al.

1987 Li ueppdoydst Gin cy¢ies3al) 95Udi:g1ge$ Her negapr.j r6er deptdesdfaf lPﬁﬁ’nrruﬂagenl sis

20 (Sark and rmer 199Q) scri be revi ousl y (Liu and Brown, 1993a),
t hree nugF%’@FFd hefdn, @ v%d‘epﬁlt‘ %@Bﬂl\ 81 diedsgreest for 81mn. nifdteeot i des

oD o2 pcifthaceo il 1409nl) WIS ERIBER wiln BEE AP SA/ Rl OD

A 30 base olig e sequence

5' dCACGEMBGACA@@CA%TAA@A@I@éBdu(gSEQldeD 0. Toth) WaS1USefeatitfy L fidie
rrutageneS| S prinmer. This mer, along with the "forward priner"
5' CCATCAAEleAGRGoTrTEst (é@ll D Nd\fterz the 8 deletien) | wagermadirmeds 5b§ base

"Megapri nuc eotl des 9295-9813 Th econd. PCR regcti on consi sted of
0.5 gg ol ‘iFé)d%(;Y ¢ ‘?‘ dq oGy crets ﬁhf"%égoﬁ@smlrﬁcﬁ 887 d666£L101101
t enpl at Cugind @egugnagemhgf rEVB{eR]ib B c1§ve1an83@%ﬁT Gl H LA RIGECCTCC

3" (SEQ CRreact il o
10 was transcribed in vitro using SP6 polymerase and was introduced into

BHK-21 cells.

EXAMPLE 2
15

In vi T L | RNA T fect;
Plasmid DNA containing the full-length cDNA copy of

Sindbis virus K391 or wild type RNA was linearized with Xhol and
transcribed in vitro with SP6 RNA polymerase as described previously
20  (Rice et. al, 1987). 1 pg of Xho I linearized K391 cDNA or wild type
Sindbis virus ¢DNA was transcribed in buffer consisting of 80 mM
Hepes pH 7.5, 12 mM MgCl, 10 mM DTT and 2 mM spermidine and
100 pgm BSA with 3 mM each ATP, UTP, CTP, 1.5 mM GTP and 4.5 mM

m’ GpppG, 20 units SP6 RNA polymerase and 20 units RNase inhibitor

25 in a 20 pl reaction volume. After incubation at 379C for 2 hours, RNA
production was assayed by running 2 pl of the RNA product on a 1%

agarose gel.
Baby Hamster Kidney (BHK21) cells and Aedes albopictus

(mosquito) cells were transfected with RNA derived from the mutant
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enpl oyed 30 cycles at 95 degrees for 1 mn., 64 degrees for 1 mn., 7 2
degrees for 1 mn. and a final incubation at 72 degrees for 8 mn. The 5
resultin oduct (1149 nts) was cleaved with BCL | sabd
inserted%‘gﬁésg{?e corresponding site in Toto 1101, creating t déo del etion
mut ant K391. After the deletion was confirnmed by dideoxynucl eotide

i ; t td .ubcl d i i S ™ (U. S.

o cohont 08 WL HhetlAioSaREO et Sarte TR s ndeld SRR RT RO , o
i SP d i nt d i nt BHK- 2 I1s. E 2 15

:J?ll \r/]?t r ogﬁqgjnzg‘;?gieo rslgﬁ%éas I T; ’g{lng .%Sleinnﬁreﬁl ag}ﬁctjjf"gﬂe%ai‘&r?t :%hgﬁrt he

full-1engblsBBNS WIPY0 ohM F18Y SHY I oS K391 ! MN
| i neari zed S\II takl}liéXhol and t'r?r?s%cr%i bed I n v?t Pngyﬁak@’Sg)équnNA po‘)@ﬁngpélse as

descri bedppr eyi el YddQrdy ce Whshed - cedO8 Were 1 19508 gﬂlﬂ:d‘ l.i negei K391
CcDNA or vvinl d type Sindbis vi rusS cDNACSvas treart%scrfsgep In buflpefcﬁ%g?gjsti ng
of 805 m lplyréepdonaitt 7.(BepdR nivhteCl watkd (NBI) Tteand cB3nodhispeaoni dofie and 100

m BSA wi.ith 3 ac P, UTP, CTP, 1.5 MM GIP and 4.5 mM nv G 20

gni ts SP8 Oghﬁlw{rﬁner%@g HARSABP N s 2ANKS VeEhiagedr toAGG 1l Z@Cgl%%r%eacti on
vol unme. Affer .inc | t 37C for,2 hours roducti on s..assayed b
runni ng feflgo?n?hgp%{\%&ggrregdui? Sn%azlc‘% 888 iggg‘&& CUBES I—la\;@PQrmﬂaéney g

(BHK21) egddifopuntidRdBsratld1OR] ¢briSthebdMaalyl tRds G8hAE MRR X &R\BHECLRd With
RNA derived fromthe nmutant 18 WO 01/ 38499 PCT/ US00/ 06664 or w | d type

clone. MasqdkiRes@. ! trpRsieadtb@ns cURE e ware | e HtedSI B9 370C  until

10 cytopathic effect was observed (about 24 hours).

After 24 hours of incubation, the media was collected from
both infected cell lines as well as non-RNA transfected controls. The
media from each cell line was tested for the presence of infectious
virus by plaque assay (as described by Renz and Brown 1976) on

15 mosquito and BHK-21 cell monolayers (Table 1).
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5x106 cells resuspended in RNase free el ectroporation buffer consisting of

20 MM Hepes pH 7.05, 137 mM Nadl, 0.7 mM Na2HPO4 and 6 nmM dextran. Washed
cell's wengghpsispended in diet hyI S _pyrocarbonate (depc) gbily ter
(HBS) to a concentration of 5 x 107 cells/m. RNA transcri ptsell%r? 0 gl

were added to 400 gl washed <cells and transferred to a 0.2 cmgap length
cuvette. Optinmal electroporation paraneters for these cells was found to
be 2 KV 25 F, 8 resistence. Transfected cells were incubated at 37C until
10 cytopathic effect was observed (pA®ItE34 hours). After 24 hours of

i ncubation, the media was collected from both infected cell |ines as well
as non-RNA transfected controls. The nedia fromeach cell |line was tested
for the presence of infectious  virus. Db

A Ia e 3 say (as descri bed by Renz
i rE¥8 e Table 1). 19 WO

d by transfection

irus wild type

and Bro
01/ 38499 Rl dhik
of BHK21 or

(wm) or mntannI_K3_9_l CeII line BHK BHK with BHK AA AA AA Transf. Mycka w
RNA with Mck with with Transf K301 BNA Transf RNA K391 RNA _Media no
virus 1.5%eboline 9BRK) 03 PRK ruighEBEK108 1| 6Ax 108| Adi t er ed Adet ect ¢d
virus/ m |deiset eflypygciks/ MwivRNAS/ victon BHMMRAI a ph@isd rus [§xiR' 8]0 x 10°
no virus|1l.0x109f2.0 x 109 K391 RNA | Transf. |wt RNA | K391
RNA
Media no virus | 1.5x10° 3.0x 10° no virus | 5.0x10¢ 1.0 x 10¢
titered detected | virus/ml detected | virus/ml | virus/ml
on BHK
Media no virus | gx10’ 8.0x 10 |no virus | 1.0x10° 2.0 x 10°
titered detected | virus/ml detected | virus/ml | virus/ml
on AA
a. Mock indicates that transfection protocol was carried out without RNA
10 As shown in Table 1, the mutant K391 produces significant
amounts of infectious virus particles only when replicating in the
insect cell. BHK cells transfected with K391 produced very low levels
of virus, 4 to 5 orders of magnitude lower than the amount produced
in insect cells.
15
EXAMPIE 3
Metabolic Radioactive I.abeling of Viral Proteins
20 Subconfluent monolayers of BHK21 cells in 25 cm’ flasks

were transfected with wild type or K391 mutant RNA as described

20:



titered detected virus/m detected virus/m virus/m on AA a. Mck

I ndi cates that transfection protocol was carried out without RNA 10 As
shown i nylafilReeh: the mutant K391 produces significant  apPpRboostds

i nfectious virus particles only when replicating in the 1nsect cell. BHK
cells transfected with K391 produced very low levels of virus, 4 to 5

orders of,gRrgnit t t u pr S n_j t. cells. 15
EXAMPLE 3a Met abgk??%&%fsoag%?%egﬁaarbg?i %ro qu(rﬁgrf H& o] ee’lraﬁlls%iﬂg'Sut?&%fl uent
nonol ayereysedinBHIKR4d arédiam n(MEMAD tbatksingel @ FE8ISE egiMd oMitdmhé d type
or K391 nutant RNA as described 20 WO 01/38499 PCT/ US00/ 06664 above.

Monol ayeraidngffe TR (seavaGen 3oedivin).n At 1o diviume- pastdtrangftaiore- feadés nedi um
(MEME) containing 1% FCS, 2 nMglutam ne and 5% TPB (starvation di unm .
At 16 hourerepdsdse-taheded cwithn starsplign medéumulcontiiabreg 80 wiChdt &8 i on

di t al-ni 50. i Ci/ 355] .5 Met/Q tein | abeli R 20
i nut 85, MEREPFnr e TASHIGETER 16 SndMOIGEx.neL ARFIIEy S Lof mAn pEss

ut 8. ‘YEBEPPnt i iface Ny g
ot i) conP i g D (AR oAl L obon P ARRIST A3t niGHAL and

cyst ei ne cgtbiéxigddsl cyenoheydrsi eeere 1OhAVAE 45! A efl Rhkdiban and
Pol yacryl am de Gel El ectrophoresis: 15 Radiol abeled viral proteins were
i Mmunopr eengdingned W tthmes the normal concentration of methionine and

cysteine and 75 pg/ml cycloheximide.

10

EXAMPLE 4

| Pol lamide Gel El | .
15 Radiolabeled viral proteins were immunoprecipitated with
antisera as described (Knipfer and Brown, 1989). [358] Met/Cys
labeled cells were washed twice in cold PBS and lysed in lysis buffer:
0.5% NP-40, 0.02 M Tris HCI pH 7.4, 0.05 M NaCl, 0.2 mM PMSF, 0.2
mM TPCK and 0.02 mM TLCK. The nuclei were pelleted by
20 centrifugation and discarded. The supernatant was pre-absorbed with
100 pl of protein A/Sepharose beads (Sigma) suspended in lysis buffer
for 1 hr, and the beads were pelleted. The pre-absorbed supernatant
was treated with 200 pl of protein A/Sepharose beads coupled to

rabbit anti-SVHR serum or E2 tail monospecific polyclonal serum and

25 agitated overnight at 4°C. The immunoprecipitated bead-antibody-
protein complexes were washed three times with lysis buffer and then
solubilized in SDS-PAGE sample buffer consisting of 12% glycerol, 4%
SDS, 50 mM Tris pH 6.8, 5% mercaptoethanol and 0.02% bromphenol

blue. The samples were heated for 3 min at 95°C and the beads were
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antisera as described (Knipfer and Brown, 1989). [35S] Met/Cys | abeled
cells were washed twice in cold, PBS and lysed in lysis buffer: 0.5% 4
NP-40, O is HO pH 7.4, 0.05 MNad, 0.2 nM PMSF, PCK an
0.02 M #M%de nucl ei were pelleted by 20 centrifugat inrTl?UaSgQM&lzscar ded.
The supernatant was pre-absorbed with 100 gl of protein Al Sepharose beads

Sigma) suspended in lysis byffer for. 1 hr, and_the beads were pelleted.
(Thegpr)e- 5‘5@5#8&?5%5&%8&&1516 ¥ ¢ondsifugatiprn 2@el .eﬂ?C%PPb‘P@_tsléﬁ nwas

Al Sephar beads cguplednt rg%b%_' nt.| - R or B2 tal .
rronogpec?fgfr(l:ago?’?(t:l gﬁal5 gg'rgt?om gn éGggH a?é% o@lg?ﬁ%pghéelat%s4g?sﬁlged _

i munopr ecéyibtsiye (Liveadd aBtowady99pr 9byi nm@@m;lg%%gy W28 pegbedelinrae tines
with lysis buffer and then ~solubilized in SDS-PAGE sanple buffer

consi sti A§5gibadofBppaer ind Jaskens1o%é) nandrrdredHeels Sweses expasagt det hagol
and Og 02 Pl ue. Fhe s |l es were heated for 3 mn at 95C an

t he b%ad?%gm%lgﬁy?§4§§uﬁ US00/ 06664 renoved fromthe sanpl e by
centrifugation. Gel electrophoresis was carried out on a 10. 8% SDS- PAGE or
16% Trici ne gel as described previously (Liu and Brown, 1993 a,b).

Fl uor ography was perforned as described (Bonner and Laskey, 1974) and
dried gels were exposed to 5 Kod oo kil m(see Figure 1). EXAWPLE 5

10 Transm ssion Electron M crosco%&“é@&lﬁjcel | nonol ayers infected with
K391 produced from transfected nosquito cells or transfected with K391 RNA
were lifted fromflasks by trypsin treatnent at desired tine points, and

t he &l | Tranw@nissy : g centrifugation. Cell pellets were

g | y  MIWE S
washed 15 twice in PBS and fixed in 4% gl utaral dehyde at 4C overni ght. The
BHK-21 cell monolayers infected with K391 produced from

transfected mosquito cells or transfected with K391 RNA were lifted
from flasks by trypsin treatment at desired time points, and the cells

were pelleted by low speed centrifugation. Cell pellets were washed

15 twice in PBS and fixed in 4% glutaraldehyde at 4°C overnight. The
cells were then washed three times with 0.2 M cacodylate buffer (pH
7.2), post-fixed with 2% osmium tetroxide for 1 hour at room
temperature, and washed three times in cacodylate buffer. The cells
were stained en bloc for 1 hr at room temperature with 0.5% uranyl

20  acetate. After three washes, cell pellets were embedded in 1% agarose
and dehydrated through a graded ethanol/acetone series. Final

embedding was in Mollenhauer's (1964) Epon-Araldite epoxy mixture

#1 at 70°C for two days. Ultrathin sections were cut on a Sorvall

MT5000 microtome and collected on 150 mesh copper grids. Sections

25 were stained with 1% uranyl acetate and/or lead citrate and were

photographed in a Jeol 100CX transmission electron microscope (see
Figure 2). _

Although BHK cells infected with K391 virus or transfected

with K391 RNA produce no virus detectable by the plaque assay, it was
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cells were then washed three tinmes with 0.2 M cacodyl ate buffer (pH 7.2),
post-fixed with 2% osmumtetroxide for 1 hour at room tenperature, and
washed tfr j,ges in cacodylate buffer. The cells wer i n bl oc
for 1 hragtqﬁ?%lggneterrper ature with 0.5% uranyl 20 acet at g‘f&tﬁ@}rﬁgﬁfﬁr ee
washes, cell pellets were enbedded in 1% agarose and dehydrated through a

graded et hanol [acet eries. Final _enbeddjng was in Ml | enhauer's (1964)
Epon- Ar élﬁ’(?i“fne é}ﬂo;@aﬁe}ﬁ?}r et%e¥61 dg: PFReues, aﬁ/\b‘”&éfys“rﬂf‘t“lré]c hiRf od&ER$ ons
wer e cut rv 500 i a | ect 5 S pper
grids. g@ ﬁ%n§925qugggkgtgi%351ﬁ#ﬁﬁpgggu?%ﬁ&ﬁhacgéggggggé/ngFegl citrate
and wer eassgibleo ghep iewadailidad g@lonl dpRXtibuansHres i cwtes! @EaAN 2. croscope
(see Figure 2). Although BHK cells infected with K391 virus or transfected

wi th K391 RNA produce no virus detectable by the plaque assay, it was 22
WO 0%/ 38499 PCT/ US00/ 06664 shown by PAGE that they do produce all virus

struCtural proteins (Figure 1). r jt was shown by el ectron

m croscopy that they assenble t | ul ar (non infectious) virus
cores (Figure 2). 5 EXAMPLE. 6 Uses for the Sindhis Deletion Mitant K391
and Simlar Miutation,-, Produced in OQther Togaviruses 10 Delta K391

pr oducedJsesr Wohi dgie t §inelbs cln Gumdbi K30Mi rdmsl psinhiledl eM e o | owed
to replicate in nosquito cells. The exposed regions of the proteins (ecto
domai ns i ce. These wild type proteins allow the

BL: Pﬁe\tNo ent er rmf%ﬁlai %Sﬁelﬂr%dﬁggs prvggyu elg irtngsprg %iug]tséln SE‘Selnlc:iibg’sure 1)
virus particles when allowed to replicate in mosquito cells. The
exposed regions of the proteins (ecto domains) are wild type in
sequence. These wild type proteins allow the virus to enter
mammalian cells and produce virus proteins (see Figure 1) but new

15 virus is not assembled as shown by electron microscopy in Figure 2.
Delta K391 is a vaccine strain. It is produced in very high
concentration in cultured insect cells. However, when the virus is
injected into a mammalian host, the virus circulates and infects cells
in a mammalian host, these infected cells produce and present virus
20 proteins for immune surveillance, but, because of the truncation in
the membrane domain, the infection will be limited primarily to
those cells infected initially by the innoculum. Because the vaccine
strain is the result of a deletion mutation, reversion to wild type
pathogenic phenotype is not possible.
25 Further, an engineered deletion mutant may be introduced
into the wild mosquito population. It has been shown that these
viruses are spread from the female parent to the progeny by a process

of transovariol transmission (Leakey 1984). ‘When these mosquitoes

bite a vertebrate they will provide an immunizing dose (106 infectious

30 particles) of the vaccine strain (for example,Delta K391). Karpf et al

23



15 virus is not assenbled as shown by electron mcroscopy in Figure 2.
Delta K391 is a vaccine strain. It is produced in very high concentration

in cultu (ﬁ ct cells. However, when the virus i s inj g}ﬁ@ to a
mam*ralia&& ?)Jé:{%,ﬁﬁt he virus circulates and infects cells ﬂﬁ S ?ﬁﬁrg i an
host, these infected cells produce and present virus 20 proteins for imune

surveill bu because of .the trupcation in_ the nenbrane donmain, the
i nfecti ozpﬁfﬂ Bbbmeﬁi tg‘&tprlpﬁ'élniolny Pb 15665 ecelds | 8Yi omsct Adphani VirS y by

the i nnogulyuRs BeRaugens hfrgﬁc%iel}?gpaﬁ{;fégfeﬂ |5y LAgodhsY! bval %i%%ln?f. on

mutation, reversion to w type t hogeni ¢ ‘phenot ype I's not possi‘bl e. 25

Furt her, relateehgipteendcisdébetanonndefising drayume of ntimedyeeer twd Gehhe iw | d
nmosqui to popul ation. It has been shown that these viruses are spread from
the fenmaFellpgipte.t ovhete ghegdidy Bl a mosasife isf 28r aleyey.ar i Bhus,r dheni ssi on

L . h it bi . il id
| P S os) o BRI o IS 36 partareribe) SBAOM Db Ee RaoL: B n (for
exanpl e, Pai@ KaALblodfardt Spredld A3oMRrOLeBRAPO aRETHMMYYAPE64irdskdO7)

showed that infection of insect cells by one Al pha virus™ prevents the

cel | s frbm bedsaginsecést ed by another, even distantly- related al pha virus
for an indefinite anmount of tinme (over two years in cell culture, where
the life of a nosquito is 28 days). Thus, the 5 presence of the vaccine
strain (for exanple Sindbis Delta K391 o r TML6) will block the spread of
ot her rel ated and pathogenic viruses by these insects. 10 EXAMPLE 7
Addilt0 onal Del eti on Mutations

EXAMPLE 7

Additional deletion mutations in the membrane-spanning

15 domain of Sindbis virus glycoprotein E2 were prepared. The protocol
for production of these deletion mutations is described below. The
procedure is described for the model membrane-containing virus
Sindbis, however, the procedure can be easily applied to any other
virus membrane glycoprotein.

20 The envelope glycoproteins of Sindbis virus are integrated
into the membranes of the endoplasmic reticulum as a multi pass
protein with 6 membrane spanning domains. There are, therefore, 6
potential targets for the production of deletion mutations that will
prevent the correct integration of a transmembrane domain (TMD)

25 (See Figure 3). Some of these targets are less satisfactory for this
procedure than others. TMD #1 (Figure 3 ) is the signal sequence
which 1is recognized by the Signal Recognition Particle and directs
protein synthesis to the membranes of the ER. Truncating this domain

would likely disturb targeting in both mammalian and insect cells.
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Addi ti onal deletion nutations in the nenbrane-spanning 15 domain of

Si ndbis virus glycoprotein E2 were prepared. The protocol for production
of these del etion nmutations is described below The procedure is described
for the nbd& 8 &hor ane- cont ai ni ng virus Sindbis, howeverP,Cqu‘?@"/?ﬂﬂS‘bedure
can be easily applied to any other virus nmenbrane glycoprotein. 20 The
envel opeﬂg\l4 cgér oteins of Sindbis virus are integrated into the nenbranes
of the e é mcOntans c dhanpeetein nyequenses sof gEdtveiighwiretogimesrbpark

[ d ins...fTh . y 7.t f 1.0 tial .t ts f th
o oauct | GTaT i | el o 1toRE iedn”shorn” rEVehE anBrESHPRct® Y8 gr at i on
of a tranpeely ang defidid) (D) réguirsee HOUTLqaL céoff&% ig"e g L dels
ﬁers. 1 ? I gure

are less satisfactory for this procedure than ‘ot 3)
is the sittprmembuamnee domdioh (La eeadgni3sd bhpptheerSinab9RecopMD#dN

Particle and di rechg pfr%ﬁi synthesis to the nenbranes of the ER

Tr uncgti ARETCAPEE. o HEE n I’tgl | Bagel § BHnatignglt adsgeWeHg dsn dosHuedhnal i an

and inse 24 : R 0. 06 T 3 contai t he
%Bq deirt. WO Qi gRdR0 REld 61090 @]ﬁé dRa ik %vou&? einlil.(e& has

protei n sequence of E2 whi recogni zes an nds capsi d pr
been showfiniinate t hbaddiniger gt | ®6tH S ¥&lY syxR@@sf i C | Thixat Yesvand FAHUI res
the sequence that is in the transnenbrane domain (Liu et al., 1996; Lopez

et al., i{oowmemppys 5demainst omdich i kee THDEg#ES hfer atheunptoducsionas okl | as

a structural. conppnent... A significant deletion.in is,d inh would |ikely
el i m nat geﬁqjﬁmsngrwﬁlﬁ%b&ln %@?‘% Wgﬁ%’?e TmtEgTaé’aQ}bszélgu}-’ Eh#deftft ane
domeg s whi cihfrgsyt argets for the production of deletions which will

ef fect menbrane integration (Fig 3., TVMD #2, #4, 10 #5, and #6).

The 6k protein is not a component of mature virus and its
function in virus assembly is not clear. In the poly protein the proper
integration and orientation of 6k in the ER membrane is essential for
the correct integration of El. The transmembrane domains of 6k

15 (TMD #4 and #5) are excellent targets for deletion mutation as failure
to integrate one of these domains may cause the poly protein to
integrate into the membrane in a wrong configuration or cause the
failure to integrate E1. TMD #2 and #6 are the membrane spanning
domains of E2 and El and are both obvious targets for deletion

20 mutation. Multiple membrane spanning domains in this poly protein
suggest that if deletion mutations in a single transmembrane domain
do not totally block virus production in mammalian cells, then
deletions in additional membrane spanning domains can further
reduce maturation to negligible levels.

25
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The 6k protein is not a conponent of mature virus and its function in
virus assenbly is not clear. In the poly protein the proper integration
and orientation of 6k in the ER nenbrane is essential for the correct

i Nt egr at ivYA0HI%4®Y . The transnmenbrane domains of 6 k 15 (PHI/USA0/BRE6H #5) are
excel lent targets for deletion nutation as failure to integrate one of

t hese donai ns nay cause the poly protein to integrate into the nenbrane in
a wong configuration or cause the EXAMPER® integrate El. TVD #2 and #6
are the nenbrane spanning domains of E2 and El and are both obvi ous
targets for deletion 20 nutatlon Nhltlple nenbrane spannlng donalns in
this pol yRgag : i :

transmanbgage dog g gonot tot al | y bl ock Vi rus productl on [ n marmal i an
cells, t i n addi ti onal nenbrane spannlng donalns can further
reduce nmaturation Fp faeeld 9ich! e d ®e! Stheo ¢ 5’:‘»84 PgT §00{h06664

. R/U ]I cti ce

EXAMPLE 8 Design o tagenic Priners for { rop nbrane

Anchor ( TM¥2)embPané océdmafor of eERi (Bighfe B3.eqUVIE ey SlSP'g’iG@lﬁj onThhe
transnmenbrane donmain of E2 (Figure 3, TMD #2) is given. This protocol can
be easi | preesiolcacay ber %ﬁgl}’otl}ﬁ‘@ﬂlcéted hdosi ralyi sothﬂénboéneh@pénndhgs

d d f th tein.
The. hydr QTR NRRNCPBEOMARS ane B AREMGToKensparaing Seaiiing bor do.
As is CORRRNofhdrh v L]y dBpFBicdne TRENR 8D Ngihdbi HPE%H‘?Q&%&LF Chis

honol ogy 15 conserved “anong the al phaviruses, althoug ength o
hydr bpholinchor consists of 26 amino acids. As is common with other

membrane spanning domains little amino acid homology is conserved
among the alphaviruses, although the length of this hydrophobic
region is highly conserved (Strauss and Strauss, 1994). The lack of
sequence conservation in this domain suggests that it is the

15 hydrophobic properties of the domain and not its sequence which is
critical for integration.

The transmembrane domain of E2 begins at amino acid 365
of the PE2 sequence. This hydrophobic region consists of the
sequence: VYTILAVASATVAMMIGVTVAVLCAC (SEQ ID No.: 4). Adams

20 and Rose (1985) demonstrated that a minimum of 14 amino acids in
the transmembrane domain of the VSV G protein were necessary for
proper anchoring in mammalian cells. Therefore, mutagenic primers
have been designed which create a nested set of deletions in the E2
transmembrane domain. Beginning with a deletion of 16 amino acids

25 (which leaves 10 amino acids in the hydrophobic region), a set of
deletions were constructed which delete from as many as 16 amino
acids, to as few as 1 amino acid from the membrane anchor (Figure 4).

Deletions  were constructed using PCR megaprimer
mutagenesis to generate deleted fragments containing unique Bcll and

30 SpllI sites. All resulting constructs were installed into the wt Sindbis
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region is highly conserved (Strauss and Strauss, 1994). The | ack of
sequence conservation in this domain suggests that it is the 15 hydrophobic
properties of the donmain and not its sequence which is critical for

i nt egr atY881384L t ransmenbrane domai n of E2 begins at arﬁqéusé’gll%}ﬁf%% of
the PE2 sequence. This hydrophobic region consists of the sequence:

VYTI LAVASATVAMM GVTVAVL.CAC (SEQ I D No.: 4). Adans 20 and Rose (1985)
denonst relPNe CREFURCH MiftimY§RULL0 agsnrsakici Hie i mutanie RlpsmedenbrAHEr donai n

emonst redBd (RAEL, i e Ries: ¢
cell o Thae BELE, AR SXRGEPIRET ol fieriiBhn yBRE sk B R

nested s@hnedripel etvieenstransficdee 2 infor BEREBP! ARYeslOARIIpicRRIT SliNGb W th a
del etion of 16 am no acids 25 (which |leaves 10 amno acids in the
hydr ophotlieetiopgiraipn a(asedesdribaib| abovrs wBredwdingt r of tinfeasitivsh ighet e from

as ny as _16.amno. _acids, to as fewas 1 amn id,f t he nmenbrane
anchdr (éf’ﬂh?ge% M %S?til%xﬁs WeHFe titened rolﬁ‘clb(?gf" ugrﬁga%@ma‘ﬁﬂsﬁuo

mut agenegii t@ H8BEhAIE AR Bbed hhBONENtReLORLRHuRE . uNi ! 30
Spll sites. Al resulting constrrucgésJ wer eesi%nstal fplelggsl nt (ﬁ%ﬁeeB‘\?NtéhS(?ﬂ bis 26
WO 01/ 38489 RIEtddSOREGbéifets cBhid cthest priater Tokeqoetit@st ougederiat etHdie mut ant
pl asm ds. After _linearization with Xhol and transcription using SP6

pol yrer LLHSUPERIbrj pts were transfected into BHK or Aedes al bopi ctus
d abagve). .Product.i on. of tious

Virus 5 from theod U e ocmsERfor B FURES writist: nbHi nd 10 hosqui 1 o
e Pl IS ne AL el syl eo g ek E1BIT
comprised of the sequence from nucleotide 9306-9327 and reads
from 5'-3! GCGTCGCCTATAAGAGCGACC (SEQ ID No.: 5). The reverse
primer Splext is comprised of the sequence from nucleotide 10420-
10444 which 1is the complementary sequence reading from 5!-3!
15 CAGTGTGCACCTTAATCGCCTGC (SEQ ID No.: 6).
The virus produced by transfection of insect cells is tested
for its ability to produce plaques in BHK and C7-10 mosquito cells as
for the mutant E2 AK391. Those mutants which do not produce
plaques in BHK cells are tested for their ability to infect BHK cell
20 relative to wild type virus by immunofluorescence assay of infected
monolayers.  This later assay is compared to the total protein in
purified preparations of the mutant and wild type virus to establish
the relative infectivity of each mutant population. The goal is to
truncate the transmembrane domain as much as possible and still
25 obtain reasonable amounts of virus in C7-10 mosquito cell monolayers
which can infect but not produce mature virus in BHK cells. If the
circumstance arises that truncation of a single transmembrane domain

reduces but does not eliminate virus growth in BHK cells a second

domain will be truncated and so fourth up to four domains.
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For each construct the sanme priner pair is used to 10 generate the entire
Bcll to Spll region. The forward prinmer E1Bcl21 is conprised of the
sequence _from nucl eoti de 9306-9327 and reads from5'-3'
GOGTCGOCTHINABAECGACC (SEQ ID No.: 5). The reverse pri mBFTSPUISH64 o
conprised of the sequence from nucl eoti de 10420- 10444 which is the

conpl errent ary sequence reading f E\ﬁ% 15 CAGIGTGCACCTTAATCGCCTGC ( SEQ
ID No.: 6). The virus produced bt“g Zfection of insect cells is tested
for i . : 3 ( ] sguito cells as for
t he nmut an ) pl agues in BHK
cells aPemeesiDcsdgtfamﬂsd thyei r aAticleotides 0 i nf ect (Bl-ﬂﬁnnelebu&é) relative to wild
type vi b nmunof | uor es ce, assay of infected nol ayers. This later
assay i X ?%éllrréﬁs’?%mlfrﬁga’t oi\jgr Hoteinin pdFaYsmEs M}b‘&%gﬁf‘ﬁcons of the
nut aist amginwi Wdidsype virus to establish the prighedt iNegalipd eftinMity of each
mut ant popul ation. The goal is t o truncate the transnmenbrane domain as
much as possible and still 25 obtain reasonable amounts of virus in C7-10
mosqui t gxopfjononol ayers  whiygh egn i nf eCI\cR%AA[@AC’PG@@}:ﬁﬁ@%*ﬂA]%A‘ﬁ rus in
BHK cells. If the <circunstance arises that truncation sin
transnmenbrane domain reduces but does not eli fbEQtI® NWorud growth i n BHK

cells a R domain will cated f onai ns.

27 WD o’f?g@%g PCTI USOQY OGGEZEOEPrX%?E 2 Lj ?p‘gﬁ éﬁﬁi%@gﬁ&@wﬁgsi ndhi s

E2 a06d the prinmers used Priner-Designated by KXSEQeDt Ndes)O i gonucl eotide
of Ehafgygrbranal Del etgd, segugnce of MU Al ereeTGeGACGaeT

(SEQ ID No.: 9)

E2 TM16 9743-9773 GCAACAGTTACGACGGCTAAG
(SEQ ID No.: 10)
15 E2 TM17 9743-9770 ACAGTTACGCCGACGGCTAAG
(SEQ ID No.: 11)
E2 TM18 9743-9767 GTTACGCCAATGACGGCTAAG
(SEQ ID No.: 12)
E2 TM19 9743-9764 CGCCAATCATGACGGCTAAGA
20 (SEQ ID No.: 13)
E2 TM20 9755-9773 GCAACAGTTACGGTAGCTGA
(SEQ ID No.: 14)
E2 TM21 9755-9770 AGTTACGCCGGTAGCTGA
(SEQ ID No.: 15)
25 E2 TM22 9761-9773 TGCAACAGTTACCGCCACGGT
(SEQ ID No.: 16)
E2 TM23 9761-9770 ACAGTTACGCCCGCCACGGT
(SEQ ID No.: 17)
E2 TM24 9761-9767 GTTACGCCAATCGCCACGGT
30 (SEQ ID No.: 18)
E2 TM25 9761-9764 ACGCCAATCATCGCCACGGT

(SEQ ID No.: 19)
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5 Amino Acids Prinmer (Negative Strand) E2 TMLO 9734-9782
ACATAACACTGCGATGGTGTACAC (SEQ I D No. 7) E2 TML2 9740-9782
ACATAACACTCCGECTAAGATGG 10 ( SEQ | D No. 8) E2 TML4 9746-
ACATAACAMPHBMIACGECT (SEQ ID No.: 9) E2 TM 16 9743- 97?’%%?5“0’“6664
GCAACAGTTACGACGGCTAAG (SEQ I D No.: 10) 15 E2 TML7 9743-9770
ACAGTTACGCCGACGGCTAAG (SEQ I D No. : 11) E2 TML8 9743-9767
GITACGCCAATGACGCCTAAG (SEQ ID No.: 12) E2 TML9 9743-9764

CGCCAAT CATGACGGCT AAfHis t&&EQdEQrN%d bé?’lhéz reVB 9h9enfdd3 works for
GCAACAGTTACGGTAGCTGA  (SEQ I D No. 1 9755-9770 AGITACGCCGGIAGCTGA

(SEQ | D Ny vifiis ehieh T@Eﬂéﬁli@ﬁﬁ@eﬁMGA@'ﬁmmﬁﬁGhas(SE@grllNo..
16) E2 TM23 9761-9770 ACAGTTA CGGT (SEQ ID No.: 17) E2 TM4
9761- 976N BIFPARRS CANRERIBEACKGTPAR0 QISEE | Pragure, gnamelypd ogagitusess

AWAT%Z%%QQGJM@E&& RMses BA4 28 other enveloped viruses which

can replicate naturally in both mammalian and insect cells, as well as

enveloped viruses which can be made to replicate in mammalian and
insect cells by genetic engineering of either the virus or the cell.

Vaccines are made against any membrane-containing virus

10 by removing amino acids from the membrane-spanning domain of a

protein 1n the viral envelope. This is done by removing bases from a

cDNA clone of the virus as described. @ RNA transcribed from the

altered clone is transfected into insect cells. The virus produced is

amplified by repeated growth in insect cells until large quantities of

15 mutant virus are obtained. This virus is tested for its ability to infect

and produce progeny in mammalian cells. Virus which does not

produce progeny in mammalian cells are tested for ability to produce

immunity in laboratory animals. Those which do produce immunity

are candidates for production of human and animal vaccines as is

20 known in the art. This protocol is employed with any arbovirus or

other enveloped viruses.

EXAMPLE 9
25
The Growth of Deletion Mutants
Table 3 shows the growth of the deletion mutants TM12,
TM16 and AK391 compared to the wild type strain.
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WO 01/ 38499 PCTI USOCO 06664 This protocol described by the present

i nvention works for any virus which replicates in insects and manmal s and
has integral nenbrane proteins as part of its structure, nanely,

Togavi r us¥e 013899| avi vi ruses and Bunya viruses and al | otR¢aVUSSp@bOped
viruses which can replicate naturally in both manmmalian and i nsect cells,
as well as envel oped viruses which can be nade to replicate in mamralian
and insect cells by genetic engineering of either the virus or the cell.
Vacci nes are made agai nst any nenbrane-containing virus 10 by renoving
amino aci ds fromthe menbrane-spaniBL&odain of a protein in the viral
envel ope. This is done by renoving bases froma cDNA clone of the virus as
descri bed. RNA transcribed fromthe altered clone is transfected into

i nsect c®dn$ ha \oifr 8sndli9dTeask-MemBfilel & Ngpgated growh in insect
cells until Iarge quantities of 15 nutant Virus are obtained. This virus is
t est el for |ts abi I|ty to infect and produce progeny in mammalian cells.

\/i rus V\II H 1T U Auu\lb plv' Cﬂr\n\l Ln !TB;!T!T- | I Qh C | | (a3 QI"D f act ed for
ability(t b?%ﬁh ﬁﬁﬂﬂl VPEn| [ abbMat2ry |ani mhMs16 Thdse W2 do |pr oduce
i mmuni t &1 §a5li dpt es for prpduction of |human and ani mal vaccings as is

20 knowh |n t e art.|{ This protogol is enplgyed with any arbovirus qr other

envel oped ViBHIEES. EXANBLK. 1@ P5 30e Goow|h of 4Qeligf 1 dn M gngge Tgble 3
shows t he—growt-h-of the deleti mutants TN 12 TMI6 _gnd AK391 caofpared to

the wil{l 4ypdbaricgsn| AP wol@1/ 8485 pa9 U0 0566408 6.0 x 10°

Other deletion mutants, other than TM12 and TM16, have

been made including utants TM10, TM 14 and TM 17. Infection data is

10  collected. TM 10 may not be as useful as TM12 is already too short to
replicate in either cell type. TM 14 may be interesting but it may not
work better than TM 16. It will likely not work as well. TM 17 like TM

14 may or may not produce the differential titre seen.

As described in Example 8, TMI12 deletes 14 amino acids

15 (nucleotides 9740-9782 deleted, Table 2) from the membrane
spanning domain of the glycoprotein. TMI16 deletes 10 amino acids
(nucleotides  9743-9773  deleted, Table 2) from the membrane
spanning domain. The data (Table 3 ) demonstrate that TMI12 grows
poorly in both the insect and mammalian cells, while TM16 grows to

20 very high levels in insect cells but poorly (4 orders of magnitude
lower) in mammalian cells. In this regard, TMI16 is like AK391.
However, since TM16 has a larger size deletion (10 amino acids
deleted) compared to single deletion mutant AK391, TM16 should be a
better vaccine candidate than AK391 as the large size deletion insures

25 that the mutant virus cannot revert to wild type phenotype.
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TABLE 3 Replication of Sindhis Trans-Menbrane Domain Mutants 5 G owh in
WIld Type TM 12 TM 16 AK391 Cell Line BHK21 3.5 x 108 3.0 x 105 3.4 x 104
1.5 x 10 | bopi ctus 1.8 x 108 4.5 x 104 1.5 x 108 6 9 Q her

del et oné'ﬂ.fﬁéﬁ% ot her than TML2 and TML6, have been naﬁ‘ngfjﬁ@?ﬁ?ﬁ"ng utants
™ 10, T™ 14 and TM 17. Infection data is 10 collected. TM 10 may not be
as useful as TML2 is already too short to replicate in either cell type.
TM 14 may be interesting but it may n ot work better than TM 16. It wll
likel'y not work asheeltblloWhd "rdfbk@icdM wife NBYed heiBi: NOt produce the
differential titre seen. As described in Exanple 8, TML2 deletes 14 ami no
acids 15 (nuvdaosidel. 9TdOROFBT. Kelt9sl) Tsdrhetu2)l f rapith@enmboane

spanni ng donain of the gly rote n. TML6 del etes 10 ami no acids
(hucl eotMABOT8PaFRIRAN el dRIBen 98] BFOAFT SR BRNEentindneells safnng

domakn. t%ﬁﬁg%a dab! e4|31§_),) Wﬁ@?qutrate that TML2 grows poorly in both the

i nsect an mmal i an cel e TML6 grows to 20 very high levels in

insect cells BuigepaoOl Yedd OrEE)s OhrerB@nbiideCalaveid JMAMBBYBLIsRR; cells.
In this regard, TML6 is |ike AK391. However, since TML6 has a larger size

del et or?f’(dlmdam IﬁHEé%'l Bubl. dbloet €pCp ot ¥H t 6Us$ .ndFevetanetritonOrfficant
AK391, rlgec? better vaccine candi date than AK391 as the | arge
si ze del'2ff Wg ?1%’u 25 that the nmutant virus cannot revert to wild type

phenotype. 30 B¥nfe} 3GAIMPCIAYSRY RE6GO&KeThe (974 0W RIfi Gl & &RCEHNer €

cited herein:
10 method for tritium-labeled proteins and nucleic acids in

polyacrylamide gels. Eur. J. Biochem. 46:83-88.

Bowers, D.F., B.A. Abell and D.T. Brown (1995). Replication and
Tissue Tropism of the Alphavirus Sindbis in the Mosquito Aedes
Albopictus. Virology 212: 1-12

15 Bretscher MS. (1993)Cholesterol and the Golgi apparatus.
Science.  261(5126):1280-1
Brown, D.T., and L. Condreay (1986). Replication of

alphaviruses in mosquito cells. In The Togaviridae and Flaviviridae. S.
Schlesinger (ed.), pp. 473-501.
20 Clayton, R.B. 1964 The utilization of sterols by insects. J. lipid
res. 5:3-19
Karpf, A. R., E. Lenches, J.H. Strauss and D.T. Brown (1997)
Superinfection Exclusion of Alphaviruses in Three Mosquito Cell lines

Persistently Infected with Sindbis Virus. J. Virol.71:7119-

25 Knipfer, M. E.,, and D. T. Brown. 1989. Intracellular
transport and processing of Sindbis virus glycoproteins. Virology
170:117-122.

31



Adams G A. and Rose J. K. (1985) Structural requirenents of a

menbr ane- spanni ng domain for protein anchoring and cell surface 5 I
transport. Cell. 41(3):1007-15 Berge, T.0 (ed.) (1975): Internatlona

Cat al ogu®¥VI13&0ovi ruses; 2nd ed., DHEW Publ. No. (CDC) PEEUSHIp6
Governnment O fi ce, V\ashl ngton, D. C) Bonner, W M, and R A Laskey
1974. A filmdetection 10 nethod for triti uml abel ed proteins and nucleic
acids in pol }gekgl &d4.dd9§d)s. "lElanSOYJarlﬂl deiremisdiB3o8&arbBeiarsss ByF.

B. A Abell and D.T. atlo and Tissue Tropi sm of the
Al phavi r (OS85 s |ﬁ’ &t sHh)YIB“% jelogyn(Mhyioc 2od. f'fﬁ"f%ﬂ 0§9521PP1-12 15

Bret scheg3M® . (1Q93k10! paiser ol and the Gol gi apparatus. Science.
261(5126):1280-1 Brown, D.T., and L. Condreay (1986). Replication of

al phavi ruses ibiumdsgand oDCBI Bsowhn([0#8alogaViansitar anthskbeation r oage S.
Schl esi nger (ed.), pp..473-501, 20 Cdayton, R B. 1964 The utilization of
stero‘rs s sytqnﬁmg (endq)j piemainesof s Fype-Ikargmbrane Rgly®@progeichestal. H,

Thr oo Noeqit b BSIOEG S o pell dhBht |y 2P EesEk with S ndbis Virus. 3.
Yr ;gls (7)rlt 73#314&?05(?;5:‘ ﬁﬁmg):‘vl SlFr?db?slm\?P;nu-sr Iﬁgco r'otlgfggspﬂ@l 1‘?(?1?1555%

170: 1?7 ﬂQEhO&!thQﬁmlwlIDBg49@Vd?¢§'l Upltag/ Oﬁlﬁ‘sﬁtb%l{eaﬁkes Cin. Sitfiddy . virus

Tr ansova;r{aetllllrattlroannsm Ss ?rr(l)lof 186b7 i r ses by

10 Liu N., H. Lee, R. Hernandez and D.T. Brown(1996) Mutations in
the Endo Domain of Sindbis Glycoprotein E2 Block Phosphorylation,
Reorientation of the Endo Domain and Nucleocapsid Binding. Virology
222: 236-246.

Mitsuhashi et al 1983. Sterol free eucaryotic cells from

15  continuous cell lines of insects. Cell Biol. Int. Rep. 7:1057-1062.

Mollenhauer, H. H. 1964. Plastic embedding mixture for use in
electron microscopy. Stain Techn. 39:111-114.

NIAID Report of the Task Force on Microbiology and Infectious
Diseases (1992). NIH Publication No. 92-3320.

20 Renz, D., and D.T. Brown. 1976. Characteristics of Sindbis virus
temperature-sensitive  mutants in cultured BHK-21 and Aedes
albopictus (mosquito) cells. J. Virol. 19:775-781.

Rice CM. et al 1982. Isolation and characterization of the
hydrophobic COOH-terminal domains of Sindbis virus glycoproteins.

25 J.Mol.Biol. 154:355-378

Rice., CM., R. Levis, J.H. Strauss, and H.V. Huang. 1987.

Production of infectious RNA transcripts from Sindbis virus cDNA

clones: mapping of lethal mutations, rescue of a temperature-sensitive

32



nosquitoes. In Vectors in Virus Biology (Mo and Harrap, eds.), pp.
63-92. Academ c Press. Liu, N, and D.T. Brown (1993a). Transient

transl ocgty the 5 cytoplasm c (endo) donain of at t5aoJRERRT ane
gl ycopro EIdIiIBIs%%O cellular nmenbranes. J. Cell Biol. 120¥§§9(§)@§ Liu, N,

and D. T. Brown (1993b). Phosphoryl ation dephosphorylation events play _
critical réﬁles in.Sindbjs virus maturation. J. Virol., 196:703-711. 10 Liu

N, H LBarkes, @ndndpq¥yre nmuppgenssiouhe 16985t slefined | mutads. Ende Dommi n

of Si ndby y Qe 2 Bl ock Phosphorylation, Reorientation of the
Endo Do?rvﬁfcrr?gang?ﬁjcl eg?:ég'si d Binding. Virology 222: 236-246. M tsuhashi et

al 1983. SterSurkir, e@..ensdr§.08] Sofghérs 1990, 1Phe0nhegawimese! méiHwe of
insects. Cell Biol. Int. Rep. 7:1057-1062. Mollenhauer, H H 1964.

Pl asti ¢ Hnise@ddigetedx mviagenesisse BioBecdumigees. niSc4@bdOFy. St aijn Tfechn.
39:111-114. I D.Report.of the, Task, Eqrce on M i ol, and I nfectious
Di seéses (193%@.16W3Pr|3ub$‘i aa OM'EOES%@-G%@%I. id%@gz %.%?t/’l‘&ﬁﬂob. T Br own.

1976. Ohpg@antiadhst had $lavdviisples: VidDisg, @rﬁ&rﬁ-ﬁ.e@?%laév%dw afjs in
cul tured K-21 and Aedes al bopictus (nosquito) cells. J. Virol.

19: 775- Métroldgyc¥ ol. 1) ppt 6A7-1BIB2Ravev|PaessorLtdndNelharorkeri zati on of the
hydr ophobi ¢ termpnal domains of Sindbis virus glycoproteins. 25
J.Nol . Biol . PPAeREE. 3R Fydel. Waiithiragyagoel §1985 The S§OVeryd and/.

g A e R R E R
t enper atMbeqsess Conte! Issoc. 2:217-219

Any patents or publications mentioned in this specification
are indicative of the levels of those skilled in the art to which the
invention pertains. Further, these patents and publications are
incorporated by reference herein to the same extent as if each

15 individual publication was specifically and individually indicated to be
incorporated by reference.

One skilled in the art will appreciate readily that the
present invention is well adapted to carry out the objects and obtain
the ends and advantages mentioned, as well as those objects, ends and

20 advantages inherent herein. The present examples, along with the
methods, procedures, treatments, molecules, and specific compounds
described herein are  presently representative of preferred
embodiments, are exemplary, and are not intended as limitations on
the scope of the invention. Changes therein and other uses will occur

25 to those skilled in the art which are encompassed within the spirit of

the invention as defined by the scope of the claims.
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T. Wi thi g}§o P he discovery and distribution of Aedes

al bopictus in Harris County, Texas. J. Am 10 Mosquito Control Assoc.
2:217-219 Any patents or publications nentioned in this specification are

indicative of the 1evels ginetital$ ekginketbd,n rhé@badtieledvelvsdd t Rerus,
invention pertains. Further, these patents and publications are

i ncor por ¥hereipy saiflerdfitfe ¢rdesi nfaro 2 hrapameneltanet grotdincabhving a

i ndi vd dugl, publication was specifically and individually indicated to be
i ncorgporg?lggiot?y ?éf 2Pendt. n@%& sk %d af:‘r‘f{gt h@nar tVRFien aﬁﬁ}‘gcﬁﬁi%uf’éadi ly
that thepr@figeenh irdMSkhftahe Weidteddamed; r tJe o and
obtain ?rhe 1ends arfd advant ggesmﬁrﬂen%i ongltc?? éiodvl\)g‘?l {&/ass%?hos?g 8%?%%&5@ ends
and 20 athtegtadgesntonller enembeamé nenVeleppresdningeXxanglBs whitlongradtibet he

net hods, . p%r ocedures, treatnents, nolecules, and specific conpounds
descri bellReleRh XPaSpPaEReIesy Whah esdiflt aiTuse 16plisateserinednsegtbatilhent s,

are exemhﬁgwhg%narsﬁid‘%létﬁ‘%;?gﬁﬁogrriﬁéss L!% q};,éx} trﬁ%@i)ﬁgr?ez5tp?§telslﬁggﬁatgr<iislt |hgd in

i nventi on. anges therein an u

thelart wdiile aeespieonpasshdeomy hiiﬂtelgﬂﬁtesmdtbt tBé mdiRbideeNtnQR18p
defined by the scope of the clains. 3
resulting in cells which produce non-infectious virus particles when

said virus replicates in mammalian cells.

15 | 2. The genetically engineered, membrane-enveloped

virus of claim 1, wherein said virus is an Arthropod vectored virus.

3. The genetically engineered, membrane-enveloped
20 virus of claim 1, wherein said virus is selected from the group
consisting of Togaviruses, Flaviviruses, Bunya viruses, enveloped
viruses capable of replicating naturally in mammalian and insect cells,
and enveloped viruses which replicate in mammalian and insect cells

as a result of genetic engineering of either the virus or the cell.

25

4. The genetically engineered, membrane-enveloped

virus of claim 1, wherein said insect cells are mosquito cells.

34



WO 01/38499 PCTI USOQ 06664 WHAT IS CLAIMED IS: 1. A genetically

engi neered, nenbrane-envel oped virus, wherein said virus codes for a
transmenbrane protein having a 5 deletion of one or nore am no acids, and
wherein S5 813¥4&%t i on provides a transnembrane protein tB&EYS/64 t o span
or correctly integrate into the nenbrane envelop resulting in cells which
produce infectious virus particles when said virus replicates in insect
cells, while wherein said deletion provides a transnenbrane protein that
is 10 unable to sp or orrectly'iigegrate into the nmenbrane envel op
resulting in cells icﬂﬁﬁro§8891ﬁ3 i nfREnesipd.vi rusdaraneceayelppad sai d
virus repli-gat i1Rigraged, | cell s .. The _genetical |,y engi neered,

nenbr anefptllrrlgil gf)eddlgm\qlr?r us g?{ééﬁaish]ﬁil,rﬁ\%@%gn Csegllsd A% r%sedi% ﬁﬂb%”tcﬁflépod
vect ored sglisus. 3. The genetically engi neered, nenbrane-envel oped 20 virus
of claim1, wherein said virus is selected fromthe group consisting of
Togavﬁruses, Fl avi vi ruses, Bunya viruses, envel oped viruses capabl e of
replicating naturally in mamralian and i nsect cells, and envel oped viruses
which replicate in mammalian and insect cells as a result of genetic

engi neering of eithger thgevi e ; 4. tLcal

engineered, nenbrane-envefopggﬁe%gﬂjs d%ﬁ%kgfﬁgh, dﬂgﬁggﬁggakgqfh%%%? cells
are nosquwites ol tRim34, Woherkin 898 REHMSON 0iB4 afe Hulgageglsi cal | y

engi neered, nenbrane-envel oped virus of claim4, wherein said nosquito
cells are Aedes al bopictus cells.

10
7. The genetically engineered, membrane-enveloped
virus of claim 1, wherein said virus is Sindbis virus, and said
transmembrane protein is viral glycoprotein E2.
15
8. The genetically engineered, membrane-enveloped
virus of claim 7, wherein said virus is selected from the group
consisting of AK391 virus and TM16 virus.
20

9. The genetically engineered, membrane-enveloped
virus of claim 1, wherein said virus is selected from the group
consisting of HSV, HIV, rabies virus, Hepatitis, and Respiratory
Syncycial virus, and wherein said transmembrane protein is selected

25 from the group consisting of glycoprotein El, glycoprotein E2, and G

protein.
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5 6. The genetically engineered, nenbrane-envel oped virus of claim1l,
wherein said nanmalian cells are human cells. 10 7. The_genetafally

engi neer rane-envel oped virus of claim1, whereig SRIsb/d6EUS is

Si ndbi s 3&?%@§ﬁ§nd said transmenbrane protein is viral ¢ choproteln E2. 15
8. The genetically engi neered, nenbrane-envel oped virus of claim?7,

wherein said virus . is sel cted fromthe group consisting of AK391 virus

and TML6 virus. 2018 T en%ﬁr}eé%ﬂaﬂy efBeinesred), mmfoaaeeeweebtmﬂ virus
f cl wher d elected fro roup consis
sve b v e O e oLy | Baid2 (REE rr ST BIE R v RS T i Fanc

wher ei n sehékein amid*etﬂanaﬂﬁenwr@ﬁ@l dt§msq§ eghed 25 fromthe group consisting
of glycoprotein El, glycoprotein and G protein. 35 WD 01/38499

PCT/ USO0/ 06664 10. The genetically engi neer ed, nenbrane-envel oped virus of
claiml, wherein said viruses are RNA tunor viruses, and wherein said
transirenbrane protein is Env. 5 11. A nmethod of producing a viral vaccine

o e oJenet ! callly eRInagbad ofpRianga e e opad Yidoti. O Ghal i for
vacci nation of manmal s, conprising t ste it roduct hg EiPg ¢t
genetlCalgeyneang]llﬁeemfginemdbrEmErnbrane-enveloped virus of clalm 1 for
vaccination of mammals, comprising the steps of:
introducing  said genetically engineered, membrane-
10 enveloped virus into insect cells; and

allowing said virus to replicate in said insect cells to

produce a viral vaccine.

15 12. The method of claim 11, wherein said genetically
engineered, membrane-enveloped virus is an Arthropod vectored virus

or any virus capable of replicating.

20 13. The method of claim 11, wherein said virus is
selected from the group consisting of Togaviruses, Flaviviruses, Bunya
viruses, enveloped viruses capable of replicating naturally in both
mammalian and insect cells, and other enveloped viruses which
replicate  in mammalian and insect cells as a result of genetic

25 engineering of either the virus or the cell.

14. The method of claim 11, wherein said virus is

selected from the group consisting of AK391 virus and TM16 virus.
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10 envel oped virus into insect cells; and allowing said virus to replicate
in said insect cells t o produce a viral vaccine. 15 12. The nethod of
claim1l in said genetically engineered, nenbranes virus is
an A«thrg%%gﬁéggtored virus or any virus capabl e of reprﬁgéﬁhﬁgaﬁ2o 13.
The nethod of claim11l, wherein said virus is selected fromthe group
consi sting of Togaviruses, Flaviviruses, Bunya viruses, envel oped viruses
capable of replicating naturally in both mamualian and insect cells, and
ot her envel oped viruses which replicate in manmalian and insect cells as a
result of genetic 25 engineering of either the virus or the cell. 14. The
met hod of claim 11]swhepemdethed d foi M viscdifatise! aat §HdHiQMAILL g HRUP of
consi sting of AK391 virus and TML6 virus. 36 WO 01/38499 PCTI USOQ 06664
15. A netsheld treéptmerlci sempniging: thedistipdualf: i n need of such treatnent,
conprising the steps of: .5 introducing the viral_ vaccine of claim1l into
sairrg 5i ndigvi dual ; ﬁHBO%‘f“IIBﬁi ndisaivdrali racciBg citfe £31Br oddcelMPr asaigk ot ei ns
for i mypgsgiyel hh@ance and stinul ate immune system for antibody
production in said individual. 10 16. A nmethod of producing a viral vaccine
to a disease sprealdowing smdquirab papihat ionplodudeMavigEl pro@dlki Sidyy t he
steps of: 15 producing deletions in the nenbrane associ ated domai ns
immune surveillance and stimulate immune system for antibody

production in said individual.

10
16. A method of producing a viral vaccine to a disease
spread by a mosquito population to a mammal, comprising the steps
of:
15 producing deletions in the membrane associated domains

of the virus which restrict their ability to grow to insect cells;
introducing said engineered virus into a wild mosquito
population; and
allowing said engineered virus to replicate in cells of said
20 wild mosquito population to produce a mosquito population which
harbors the vaccine strain of said engineered virus and excludes the
wild type (pathogenic) virus such that the mosquito bite delivers the

vaccine to the mammal bitten.

25
17. The method of claim 16, wherein said deletions in the
membrane  associated domains of the virus are prodcued by
genetically engineering a deletion of one or more amino acids in a

viral transmembrane protein to produce an engineered virus, wherein
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of the virus which restrict their ability to grow to insect cells;

i ntroducing said engineered virus into a wild nosquito population; and
al | owi ng gineered virus to replicate in cells of %ﬁ‘ﬁg | d
nosqui to‘%g%‘d"g@. on to produce a npbsquito popul ation whi %ﬁ’r % 68(\?%3 t he
vacci ne strain of said engineered virus and excludes the wld type

(pat hogeni c) virus such that the nosquito bite delivers the wvaccine to the
manmal bis@idefransmembrane mieHda df ablei i Spanwbey emnmimadedeetlewkmm in the

menbr ane 0G| onaimns .of the wmir are prodcued enet i cal

engi neer I“%S%a% ﬂf gﬁ{‘%nqg 11gatgs of” r‘F‘Sﬁ% %S,ﬁ Hg S, BOKVP%QF‘ t PHhshenbr ane
protei n y@apleodycepan BBINMERpAHY I Exvol /

PCT/ US00/ 06664 ngl)d transmanbrar?e pr ot (e)Pg is a Squt \(y?g%;néﬁﬁggtenénbra
envel opecellbhenf ssdid wmammal ephnd atvéserein cedids \ofussa:dnmsqmatpabm@ptdfatl on,

but i <=s[gbl e.to sp n the rrenbra g%lenvel ope when said virus replicates in
cel | & of TR PHREHRI ¢ %n‘HOWF%l id virus remains capable of 5

replicating in the nDsquito cells. 38
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