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Figure 8 
: Infectivity Assay 
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Dilution : Undiluted , 2 - fold , 4 - fold , 8 
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: : : 

. : : . : : : 
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ALPHAVIRUS REPLICON PARTICLE 
CROSS REFERENCE TO RELATED 

APPLICATIONS 
[ 0001 ] This application claims the benefit of U . S . provi 
sional Patent Application No . 62 / 608 , 213 filed on Dec . 20 , 
2017 , the entire contents of which are incorporated by 
reference herein . 

[ 0008 ] An alphavirus replicon particle ( ARP ) is produced 
in cells or cultures and incorporates a “ replicon ” that can 
express non - alphavirus genes within the virion shell com 
prising alphavirus structural proteins and membrane lipid . 
[ 0009 ] Alphavirus replicon particles are described in U . S . 
Pat . No . 7 , 045 , 335 , WO 2004 / 085660 and Virology 239 , 
389 - 401 , 1997 . Processes for their manufacture are 
described in U . S . Pat . No . 7 , 078 , 218 , the contents of the 
documents cited in this paragraph are incorporated by ref 
erence . 
[ 0010 ] Clinical application of gene therapy is still limited 
because of lack of suitable methods for proper introduction 
of genes into cells and therefore , this is an area of interest for 
many researchers . To achieve successful gene therapy , 
development of proper gene delivery systems could be one 
of the most important factors ( Int . J Pharm Investig . 2013 
Jan . - Mar . ; 3 ( 1 ) : 1 - 7 ) . 

TECHNICAL FIELD 

[ 0002 ] The present invention relates to an alphavirus rep 
licon particle that can be used as a gene delivery system . 

BACKGROUND ART 

CITATION LIST 

Patent Literature 
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[ 0015 ] [ PTL 3 ] 
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Non Patent Literature 

[ 0017 ] [ NPL 1 ] 
[ 0018 ] Int J Pharm Investig . 2013 Jan . - Mar . ; 3 ( 1 ) : 1 - 7 
[ 0019 ] [ NPL 2 ] 
[ 0020 ] Virology 239 , 389 - 401 , 1997 

SUMMARY OF INVENTION 

[ 0003 ] Gene therapy is designed to introduce genetic 
material into cells to compensate for abnormal genes or to 
make a beneficial protein . If a mutated gene causes a 
necessary protein to be faulty or missing , gene therapy may 
be able to introduce a normal copy of the gene to restore the 
function of the protein . 
[ 0004 ] Gene therapy is an emerging field in medical and 
pharmaceutical sciences because of its potential in treating 
chronic diseases like cancer , viral infections , myocardial 
infarctions , and genetic disorders , etc . 
[ 0005 ] A gene that is inserted directly into a cell usually 
does not function . Instead , a carrier called a vector is 
genetically engineered to deliver the gene . Certain viruses 
are often used as vectors because they can deliver the new 
gene by infecting the cell . The viruses are modified so they 
can ' t cause disease when used in people . Some types of 
virus , such as retroviruses , integrate their genetic material 
( including the new gene ) into a chromosome in the human 
cell . Other viruses , such as adenoviruses , introduce their 
gene into the nucleus of the cell , but the gene is not 
integrated into the chromosome . 
[ 0006 ] The vector can be injected directly into a specific 
tissue where it is taken up by individual cells or given 
intravenously ( by IV ) in the body . Alternately , a sample of 
the patient ' s cells can be removed and exposed to the vector 
in a laboratory setting . The cells containing the vector are 
then returned to the patient . If the treatment is successful , the 
new gene delivered by the vector will make a functioning 
protein . ( https : / / ghr . nlm . nih . gov / primer / therapy / procedures , 
Int J Pharm Investig . 2013 Jan . - Mar . ; 3 ( 1 ) : 1 - 7 . ) 
[ 0007 ] Alphaviruses comprise a set of genetically , struc 
turally , and serologically related mosquito - borne viruses of 
the Togaviridae family . The alphaviruses include Eastern 
Equine Encephalitis Virus ( EEEV ) , Venezuelan Equine 
Encephalitis Virus ( VEEV ) , Everglades Virus , Mucambo 
Virus , Pixuna Virus , Western Equine Encephalitis Virus 
( WEEV ) , Sindbis Virus , Semliki Forest Virus , Middleburg 
Virus , Chikungunya Virus ( CHIKV ) , O ’ nyong - nyong Virus , 
Ross River Virus , Barmah Forest Virus , Getah Virus , Sagi 
yama Virus , Bebaru Virus , Mayaro Virus , Una Virus , Aura 
Virus , Whataroa Virus , Babanki Virus , Kyzylagach Virus , 
Highlands J virus , Fort Morgan Virus , Ndumu Virus , and 
Buggy Creek Virus . Structural subunits containing a single 
viral protein , capsid , associate with the RNA genome in an 
icosahedral nucleocapsid . In the virion , the capsid is sur - 
rounded by a lipid envelope covered with a regular array of 
transmembrane protein spikes , each of which consists of a 
heterodimeric complex of two glycoproteins , El and E2 . 

[ 0021 ] The present invention relates to a gene delivery 
system comprising an improved alphavirus replicon particle . 
[ 0022 ] In one aspect , an alphavirus replicon particle 
( ARP ) , which comprises 

[ 0023 ] ( i ) alphavirus structural proteins comprising 
capsid and / or envelope , and 

[ 0024 ] ( ii ) an alphavirus replicon comprising a poly 
nucleotide encoding alphavirus non - structural proteins 
nsp1 , nsp2 , nsp3 and nsp4 and at least one gene of 
interest 

[ 0025 ] wherein at least one of capsid , E3 and E2 in the 
envelope comprise one or more amino acid alteration 
but E1 in the envelope comprises no amino acid 
alteration . 

[ 0026 ] In one aspect , the invention provides an ARP , 
wherein the virus structural protein has one or more altera 
tions in the alphavirus capsid protein Nuclear Localization 
Signal ( NLS ) . 
0027 ] In one aspect , the alphavirus capsid protein is an 
EEEV , WEEV , VEEV , CHIKV , Ross River virus , or Barmah 
Forest virus capsid protein . In various embodiments of the 
above aspects or any other aspect of the invention described 
herein , the one or more alterations is in an NLS at amino 
acids 67 - 70 of an EEEV capsid protein ; at amino acids 67 - 70 
of an WEEV capsid protein ; at amino acids 64 - 68 of an 
VEEV capsid protein ; at amino acids 62 - 69 of a CHIKV 
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capsid protein ; at amino acids 71 - 74 of a Ross River virus 
capsid protein ; or at amino acids 64 - 68 of a Barmah Forest 
virus capsid protein . 
[ 0028 ] In various embodiments of the above aspects or 
any other aspect of the invention described herein , the 
alteration is a substitution in a charged amino acid of the 
NLS or basic charged amino acid of the NLS . In some 
embodiments , the charged amino acid or basic charged 
amino acid is lysine or arginine . In certain embodiments , the 
lysine or arginine is substituted with a non - lysine or non 
arginine amino acids . In specific embodiments , the lysine or 
arginine is substituted with asparagine or alanine . 
[ 0029 ] In various embodiments of the above aspects or 
any other aspect of the invention described herein , the EEEV 
virus capsid protein NLS is altered at amino acid 67 . In 
particular embodiments , the EEEV virus capsid protein NLS 
has a substitution K67N . 
[ 0030 ] In various embodiments of the above aspects or 
any other aspect of the invention described herein , the 
WEEV virus capsid protein NLS is altered at one or more of 
amino acids 67 , 68 , and 69 . 
[ 0031 ] In particular embodiments , the WEEV capsid pro 
tein NLS comprises K67N , K68N , and / or K69N . 
10032 ] In various embodiments of the above aspects or 
any other aspect of the invention described herein , the 
VEEV capsid protein NLS is altered at one or more of amino 
acids 64 , 65 , and 67 . In particular embodiments , the VEEV 
virus capsid protein NLS comprises K64N , K65A or K65N , 
and / or K67A or K67N . 
[ 0033 ] In various embodiments of the above aspects or 
any other aspect of the invention described herein , the Ross 
River virus capsid protein NLS is altered at one or more of 
amino acids 71 , 72 , 73 , and 74 . In particular embodiments , 
the Ross River virus capsid protein NLS comprises R71N , 
R72N , R73N , and / or R74N . 
[ 0034 ] In various embodiments of the above aspects or 
any other aspect of the invention described herein , the 
Barmah Forest virus capsid protein NLS is altered at one or 
more of amino acids 64 , 65 , 67 , and 68 . In particular 
embodiments , the Barmah Forest virus capsid protein NLS 
comprises K64A , K65A or K65N , K67A , K67N , K68A 
and / or K68N . 
[ 0035 ] Alteration in the capsid NLS is described in detail 
in US Patent Publication Nos . 2014 - 170186 or 2017 
073377 . The contents of these publications are herein incor 
porated by reference . 
[ 0036 ] In one aspect , alphavirus E2 protein may have a 
non - lysine residue ( e . g . , asparagine ) at the amino acid 
position corresponding to amino acid 234 in the CHIKV E2 
protein and / or a modification at the amino acid position 
corresponding to amino acid 251 in the CHIKV E2 protein 
that destabilizes the E2 protein during viral budding . 
[ 0037 ] In one aspect , the alphavirus E3 protein may com 
prise an alteration / mutation in the amino acid sequence at 
the furin site ( Arg - X - X - Arg ) ( SEQ ID NO : 13 ) . 
[ 0038 ] The term “ Arg - X - X - Arg ” ( SEQ ID NO : 13 ) indi 
cates the minimal cleavage site of furin and “ X - X ” includes 
any combination of two amino acids . Example of the altera 
tion to the amino acid sequence at furin site includes the 
alteration to Ile - Glu / Asp - Gly - Arg , Asp - Asp - Asp - Asp - Lys 
( SEQ ID NO : 14 ) or Ser - Gly - Gly - Gly - Ser ( SEQ ID NO : 
15 ) . Details regarding furin site alteration are described in 

US Patent Publication Nos . 2016 - 0040134 and 2016 
0200775 ( the cited documents are herein incorporated by 
reference ) . 
10039 ] For example , VEEV CT83 strain has a furin site of 
RKRR ( SEO ID NO : 16 ) at the end of its E3 region and 
RKRR ( SEQ ID NO : 16 ) may be replaced with SGGGS 
( SEO ID NO : 15 ) . 
[ 0040 ] According to the present invention , the alphavirus 
replicon comprises nucleotide encoding alphavirus non 
structural proteins nsp1 , nsp2 , nsp3 and nsp4 , and at least 
one gene of interest . The alphavirus nonstructural proteins 
may be those derived from the same alphavirus as the 
alphavirus from which the structural proteins are derived . 
The alphavirus nonstructural proteins may be those derived 
from an alphavirus different from the alphavirus from which 
the structural proteins are derived ( chimeric alphavirus 
replicon particle ) . For example , ARPs comprising the 
alphavirus structural proteins derived from CHIKV and 
alphavirus replicon comprising nucleotides encoding VEEV 
nsp1 , nsp2 , nsp3 and nsp4 and a gene of interest may be 
provided according to the present invention . 
[ 0041 ] In one aspect , the present invention provides an 
alphavirus replicon particle ( ARP ) , which comprises 
[ 0042 ] ( i ) CHIKV structural proteins comprising capsid 

and / or envelope , and 
[ 0043 ] ( ii ) a VEEV replicon comprising a polynucleotide 

encoding VEEV non - structural proteins nsp1 , nsp2 , nsp3 
and nsp4 and at least one gene of interest . 

[ 0044 ] The gene of interest may be chosen from a wide 
variety of sequences derived from any desired source , e . g . , 
viruses , prokaryotes , eukaryotes , archaea . Examples of cat 
egories of gene of interest include , for example , immuno 
gens , including antigenic proteins , cytokines , toxins , thera 
peutic proteins , enzymes , antisense sequences , and immune 
response modulators . 
[ 0045 ] In another aspect , the invention provides a method 
for preparing alphavirus replicon particles , comprising the 
steps of co - transfecting cells with 
[ 0046 ] i ) a vector comprising a polynucleotide encoding 

alphavirus non - structural protein nsp1 , nsp2 , nsp3 and 
nsp4 , and at least one gene of interest , 

[ 0047 ] ii ) a vector comprising a polynucleotide encoding 
an alphavirus capsid protein , and 

[ 0048 ] iii ) a vector comprising a polynucleotide encoding 
an alphavirus E3 - E2 - 6K - E1 , 

wherein at least one of the capsid , E3 and E2 comprises one 
or more amino acid alteration but El comprises no amino 
acid alteration , 
culturing the transfected cells , and 
purifying the ARPs from the cell culture . 
[ 0049 ] In general , nucleotides encoding alphavirus struc 
tural proteins comprise those encoding E1 , E2 , 6 k and E3 . 
Upon expression of the wild type virus structural proteins , 
6K and E3 are naturally cleaved during the process of 
assemble and removed from the ARPs . The mature wild type 
ARPs may comprise capsid , El and E2 proteins . When one 
or more alterations of the amino acid sequences are intro 
duced in , for example , the furin site of E3 protein , E3 may 
not be cleaved and contained in the ARPs . In the present 
specification and claims , “ viral structural proteins ” refers 
not only those having 6 k and / or E3 but also those not having 
6K and / or E3 . 
[ 0050 ] Representative ARPs wherein the alphavirus is 
CHIKV or VEEV are exemplified by FIG . 1 . 
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[ 0051 ] In one aspect , the present invention provides a 
chimeric alphavirus replicon particle , 
[ 0052 ] ( i ) CHIKV structural proteins comprising capsid 
and / or envelope , and 

[ 0053 ] ( ii ) a VEEV replicon comprising a polynucleotide 
encoding VEEV non - structural proteins nsp1 , nsp2 , nsp3 
and nsp4 and at least one gene of interest . 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0054 ] FIG . 1 shows a schematic protocol for producing 
ARPs . 
[ 0055 ] FIG . 2 shows the construction of the VEEV repli 
con particle . 
[ 0056 ] FIG . 3 shows VEEV PBR322 NLuc vector . 
[ 00571 . FIG . 4 shows TC83 _ CMV _ CAwt _ helper lp vec 
tor . 
[ 0058 ] FIG . 5 shows TC83 _ CMV _ CAmut _ helper 1P vec 
tor . 
[ 0059 ] FIG . 6 shows TC83 _ CMV _ WTgp _ helper 2P vec 
tor 
[ 0060 ] FIG . 7 shows TC83 _ CMV _ E3gp _ helper 2P vector 
[ 0061 ] FIG . 8 shows schematic protocol for determining 
the packaging ability of VEEV replicon into VEE VRPs . 
[ 0062 ] FIG . 9 shows results of the test shown in FIG . 8 . 
[ 0063 ) FIG . 10 shows incorporation of multiple cloning 
site in the construction of the VEEV replicon particle . 
[ 0064 ] FIG . 11 shows VEEV PBR322 MCS NLuc Putative 
vector . 
[ 0065 ] FIG . 12 shows result of western blotting of purified 
VEE virus replicon particles . 
[ 0066 ] FIG . 13 shows western blotting of the cells infected 
by VRPs comprising a nucleotide encoding IKK . Lane 1 , 
cells infected by VRPs , Lane 2 , cells transfected by IKK 
plasmid vector ( positive control ) . 
[ 0067 ] FIG . 14 shows western blotting of the cells infected 
by VRPs comprising a nucleotide encoding JNK2 . 
10068 ] FIG . 15 shows the results of luciferase assay of the 
cells infected with VRPs comprising a gene encoding 
luciferase . 
[ 0069 ] FIG . 16 shows the expression of GFP in the cells 
infected with VRPs comprising a gene encoding GFP . 
[ 0070 ] FIG . 17 shows the GFP expression in M2 polarized 
macrophage cells infected with VRPs comprising a gene 
encoding GFP . 
[ 0071 ] FIG . 18 shows schematic protocol of Example 9 . 
[ 0072 ] FIG . 19 shows the results of Example 9 . 
[ 0073 ] FIG . 20 shows western blotting of purified chime 
ric ARPs obtained from CHIKV structural proteins and 
VEEV replicon . 
[ 0074 ] FIG . 21 shows FACS analysis of the cells infected 
by the ARPs of FIG . 20 . 

( CHIKV ) , O ' nyong - nyong Virus , Ross River Virus , Barmah 
Forest Virus , Getah Virus , Sagiyama Virus , Bebaru Virus , 
Mayaro Virus , Una Virus , Aura Virus , Whataroa Virus , 
Babanki Virus , Kyzylagach Virus , Highlands J virus , Fort 
Morgan Virus , Ndumu Virus , Buggy Creek Virus and Ock 
elbo virus . 
10076 ) By “ alphavirus structural protein ” is meant a poly 
peptide or fragment thereof having at least about 80 % amino 
acid sequence identity to a naturally occurring viral capsid 
or envelope protein . In one embodiment , the alphavirus 
structural protein has at least about 85 % , 90 % , 95 % or 
greater amino acid sequence identity with Eastern Equine 
Encephalitis Virus ( EEEV ) , Venezuelan Equine Encephalitis 
Virus ( VEEV ) , Everglades Virus , Mucambo Virus , Pixuna 
Virus , Western Equine Encephalitis Virus ( WEEV ) , Sindbis 
Virus , Semliki Forest Virus , Middleburg Virus , Chikungu 
nya Virus ( CHIKV ) , O ’ nyong - nyong Virus , Ross River 
Virus , Barmah Forest Virus , Getah Virus , Sagiyama Virus , 
Bebaru Virus , Mayaro Virus , Una Virus , Aura Virus , Wha 
taroa Virus , Babanki Virus , Kyzylagach Virus , Highlands J 
virus , Fort Morgan Virus , Ndumu Virus , and Buggy Creek 
Virus . Wild type amino acid sequences of alphavirus struc 
tural proteins can be obtained from GenBank . 
[ 0077 ] In specific embodiments , the alphavirus is a 
CHIKV , for example CHIKV strain 37997 or LR2006 
OPY - 1 . In other embodiments , the alphavirus is a VEEV , for 
example VEEV strain TC - 83 . 
[ 0078 ] By " an alphavirus replicon ” is meant an RNA 
molecule which can direct its own amplification in vivo in 
a target cell . The replicon encodes the polymerase ( s ) which 
catalyze RNA amplification ( nsp1 , nsp2 , nsp3 , nsp4 ) and 
contains cis RNA sequences required for replication which 
are recognized and utilized by the encoded polymerase ( s ) . 
An alphavirus replicon typically contains the following 
ordered elements : 5 ' UTR , sequences which encode alphavi 
rus nonstructural proteins ( nsp1 , nsp2 , nsp3 , nsp4 ) , 3 ' UTR , 
and a poly A signal . An alphavirus replicon also contains one 
or more viral sub - genomic promoters directing the expres 
sion of the gene of interest . Those sequences may have one 
or more mutations taught in a prior art . 
[ 0079 ] By “ alphavirus replicon particle ” ( ARP ) is meant 
an alphavirus replicon packaged with alphavirus structural 
proteins . ARP does not contain polynucleotide encoding any 
of the alphavirus structural proteins . 
[ 0080 ] By " agent ” is meant any small molecule chemical 
compound , antibody , nucleic acid molecule , or polypeptide , 
or fragments thereof . 
[ 0081 ] As used herein , the term “ adjuvant ” is meant to 
refer to a compound that , when used in combination with a 
specific immunogen in a formulation , will augment , alter or 
modify the resultant immune response . In certain embodi 
ments , the adjuvant is used in combination with a ARP . 
Modification of the immune response includes intensifica 
tion or broadening the specificity of either or both antibody 
and cellular immune responses . Modification of the immune 
response can also mean decreasing or suppressing certain 
antigen - specific immune responses . In one embodiment , the 
adjuvant is Ribi adjuvant . 
10082 ] By “ ameliorate ” is meant decrease , suppress , 
attenuate , diminish , arrest , or stabilize the development or 
progression of a disease or a symptom thereof . 
[ 0083 ] By “ alteration ” is meant a change in an amino acid 
or nucleotide at a specified position with reference to a 
polypeptide sequence or polynucleotide sequence . As used 

DESCRIPTION OF EMBODIMENTS 
Definitions 

[ 0075 ] As used herein “ alphavirus ” is meant to refer to 
RNA - containing viruses that belong to the Togaviridae 
family of viruses . Exemplary Togaviridae viruses include 
but are not limited to Eastern Equine Encephalitis Virus 
( EEEV ) , Venezuelan Equine Encephalitis Virus ( VEEV ) , 
Everglades Virus , Mucambo Virus , Pixuna Virus , Western 
Equine Encephalitis Virus ( WEEV ) , Sindbis Virus , Semliki 
Forest Virus , Middleburg Virus , Chikungunya Virus 
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herein , an alteration includes a substitution , deletion , or 
insertion of an amino acid or nucleotide at a specified 
position of a polypeptide or polynucleotide . In some 
embodiments , an alteration in an alphavirus capsid protein 
nuclear localization signal includes substitution of a charged 
amino acid ( e . g . , lysine or arginine ) with an uncharged 
amino acid ( e . g . , alanine or asparagine , or any amino acid 
except a basic charged amino acid such as lysine or argi 
nine ) . 
[ 00841 By " alteration ” is meant a change ( increase or 
decrease ) with reference to the expression levels or activity 
of a gene or polypeptide as detected by standard art known 
methods , such as those described herein . As used herein , an 
alteration includes a 10 % , 25 % , 50 % , 75 % , 100 % or greater 
change in expression levels . An alteration includes a 10 - , 
20 - , 50 - , 70 - , 80 - , 90 - , 100 - , 200 - , 500 - , 1000 - fold or greater 
change in expression levels . 
[ 0085 ] By " analog ” is meant a molecule that is not iden 
tical , but has analogous functional or structural features . For 
example , a polypeptide analog retains the biological activity 
of a corresponding naturally - occurring polypeptide , while 
having certain biochemical modifications that enhance the 
analog ' s function relative to a naturally occurring polypep 
tide . Such biochemical modifications could increase the 
analog ' s protease resistance , membrane permeability , or 
half - life , without altering , for example , ligand binding . An 
analog may include an unnatural amino acid . 
[ 0086 ] In this disclosure , " comprises , " " comprising , " 
" containing ” and “ having ” and the like can have the mean 
ing ascribed to them in U . S . Patent law and can mean 
" includes , " " including , ” and the like ; " consisting essentially 
of or “ consists essentially ” likewise has the meaning 
ascribed in U . S . Patent law and the term is open - ended , 
allowing for the presence of more than that which is recited 
so long as basic or novel characteristics of that which is 
recited is not changed by the presence of more than that 
which is recited , but excludes prior art embodiments . 
[ 0087 ] “ Detect ” refers to identifying the presence , absence 
or amount of the analyte to be detected . 
[ 0088 ] By " disease ” is meant any condition or disorder 
that damages or interferes with the normal function of a cell , 
tissue , or organ . 
[ 0089 ] By “ effective amount ” is meant the amount of an 
agent required to ameliorate the symptoms of a disease 
relative to an untreated patient . The effective amount of 
active compound ( s ) used to practice the present invention 
for prevention or treatment of a disease varies depending 
upon the manner of administration , the age , body weight , 
and general health of the subject . Ultimately , the attending 
physician or veterinarian will decide the appropriate amount 
and dosage regimen . Such amount is referred to as an 
" effective ” amount . 
[ 0090 ] By “ fragment " is meant a portion of a polypeptide 
or nucleic acid molecule . This portion contains , preferably , 
at least 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , or 
90 % of the entire length of the reference nucleic acid 
molecule or polypeptide . A fragment may contain 10 , 20 , 30 , 
40 , 50 , 60 , 70 , 80 , 90 , or 100 , 200 , 300 , 400 , 500 , 600 , 700 , 
800 , 900 , or 1000 nucleotides or amino acids . 
[ 0091 ] By “ marker " is meant any protein or polynucle 
otide having an alteration in expression level or activity that 
is associated with a disease or disorder . 
10092 ] As used herein , " nuclear localization signal ” or 
“ NLS ” is an amino acid sequence that , when present on the 

surface of a polypeptide , targets the polypeptide to the 
nucleus of the cell . NLS sequences are known in the art . See , 
for example , Goldfarb , D . , and N . Michaud ( 1991 ) Trends 
Cell Biol . 1 , 20 - 24 ; Gorlich , D . , and I . W . Mattaj ( 1996 ) 
Science 271 , 1513 - 1518 ) . In one embodiment , an NLS 
includes one or more short sequences of positively charged 
amino acids , such as lysines or arginines . Consensus 
sequences for NLS include K - K / R - X - K / R ( Schneider , J . et 
al . ( 1988 ) Cell 54 , 117 - 125 ) and two clusters of basic amino 
acids , separated by a spacer of about 10 amino acids , e . g . , 
KR [ PAATKKAGQA ] KKKK ( SEQ ID NO : 17 ) ( Dingwall 
et al . , / Cell Biol . 107 ( 3 ) : 841 - 9 ) . With reference to the 
alphavirus amino acid sequences of the invention , NLS are 
present at amino acids 67 - 70 of an EEEV capsid protein 
( KRKK ) ( SEQ ID NO : 18 ) ; at amino acids 67 - 70 of an 
WEEV capsid protein ( KKKK ) ( SEQ ID NO : 19 ) ; at amino 
acids 64 - 68 of a VEEV capsid protein ( KKPKK ) ( SEQ ID 
NO : 20 ) ; at amino acids 62 - 69 of a CHIKV capsid protein 
( RRNRKNKK ) ( SEQ ID NO : 21 ) ; at amino acids 71 - 74 of 
a Ross River virus capsid protein ( RKKK ) ( SEQ ID NO : 
22 ) ; and at amino acids 64 - 68 of a Barmah Forest virus 
capsid protein ( KKPKK ) ( SEQ ID NO : 20 ) . For example , 
K64N of VEEV TC83 capsid protein may be employed . 
[ 0093 ] As used herein , “ obtaining ” as in “ obtaining an 
agent ” includes synthesizing , purchasing , or otherwise 
acquiring the agent . 
[ 0094 ] By “ reduces ” is meant a negative alteration of at 
least 10 % , 25 % , 50 % , 75 % , or 100 % . 
[ 0095 ] By " reference ” is meant a standard or control 
condition . 
[ 0096 ] A “ reference sequence ” is a defined sequence used 
as a basis for sequence comparison . A reference sequence 
may be a subset of or the entirety of a specified sequence ; for 
example , a segment of a full - length cDNA or gene sequence , 
or the complete cDNA or gene sequence . For polypeptides , 
the length of the reference polypeptide sequence will gen 
erally be at least about 16 amino acids , preferably at least 
about 20 amino acids , more preferably at least about 25 
amino acids , and even more preferably about 35 amino 
acids , about 50 amino acids , or about 100 amino acids . For 
nucleic acids , the length of the reference nucleic acid 
sequence will generally be at least about 50 nucleotides , 
preferably at least about 60 nucleotides , more preferably at 
least about 75 nucleotides , and even more preferably about 
100 nucleotides or about 300 nucleotides or any integer 
thereabout or there between . 
[ 0097 ] Sequence identity is typically measured using 
sequence analysis software ( for example , Sequence Analysis 
Software Package of the Genetics Computer Group , Uni 
versity of Wisconsin Biotechnology Center , 1710 University 
Avenue , Madison , Wis . 53705 , BLAST , BESTFIT , GAP , or 
PILEUP / PRETTYBOXprograms ) . Such software matches 
identical or similar sequences by assigning degrees of 
homology to various substitutions , deletions , and / or other 
modifications . Conservative substitutions typically include 
substitutions within the following groups : glycine , alanine ; 
valine , isoleucine , leucine ; aspartic acid , glutamic acid , 
asparagine , glutamine ; serine , threonine ; lysine , arginine ; 
and phenylalanine , tyrosine . In an exemplary approach to 
determining the degree of identity , a BLAST program may 
be used , with a probability score between e < h3 > and 
e < " 100 > indicating a closely related sequence . 
[ 0098 ] By " structural polyprotein ” is meant a composite 
amino acid molecule comprising at least two separable 
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alphaviruses or may have one or more alterations in the wild 
type amino acid sequences . Alterations of alphavirus non 
structural proteins are disclosed in various prior art refer 
ences and the art can choose a suitable alphavirus nonstruc 
tural protein based on those publicly known information . 
[ 0109 ] Alphavirus replicons are well known in the art and 
may be employed any of those previously disclosed repli 
cons ( for example , Virology . 1997 Dec . 22 ; 239 ( 2 ) : 389 - 401 . , 
WO2009 / 131604 , WO2011 / 005799 , WO2012 / 031043 , 
WO2014 / 1270493 and WO2015 / 095167 , the contents of the 
cited documents are herein incorporated by reference ) . 

polypeptides that contribute to a viral capsid or envelope . In 
one embodiment , the polypeptides are susceptible to cleav 
age with a viral enzyme ( e . g . , capsid autoproteinase and 
signalases ) . 
[ 0099 ] By “ subject ” is meant a mammal , including , but 
not limited to , a human or non - human mammal , such as a 
bovine , equine , canine , ovine , or feline . 
10100 ] Ranges provided herein are understood to be short 
hand for all of the values within the range . For example , a 
range of 1 to 50 is understood to include any number , 
combination of numbers , or sub - range from the group con 
sisting 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 
18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 
34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 
or 50 . 
10101 ] As used herein , the terms “ treat , ” treating , ” “ treat 
ment , ” and the like refer to reducing or ameliorating a 
disorder and / or symptoms associated therewith . It will be 
appreciated that , although not precluded , treating a disorder 
or condition does not require that the disorder , condition or 
symptoms associated therewith be completely eliminated . 
10102 ] Unless specifically stated or obvious from context , 
as used herein , the term “ or ” is understood to be inclusive . 
[ 0103 ] Unless specifically stated or obvious from context , 
as used herein , the terms “ a ” , “ an ” , and “ the ” are understood 
to be singular or plural . 
[ 0104 ] Unless specifically stated or obvious from context , 
as used herein , the term “ about ” is understood as within a 
range of normal tolerance in the art , for example within 2 
standard deviations of the mean . About can be understood as 
within 10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , 2 % , 1 % , 0 . 5 % , 
0 . 10 , 0 . 05 % , or 0 . 010 of the stated value . Unless otherwise 
clear from context , all numerical values provided herein are 
modified by the term about . 
[ 0105 ] Any compositions or methods provided herein can 
be combined with one or more of any of the other compo 
sitions and methods provided herein . 

Alphavirus Replicon 
[ 0106 ] The alphavirus replicon can , when delivered to an 
eukaryote cell , lead to the production of multiple daughter 
RNAs by transcription from itself ( via an antisense copy 
which it generates from itself ) . The alphavirus replicon can 
be directly translated after delivery to a cell , and this 
translation provides a RNA - dependent RNA polymerase 
which then produces both antisense and sense transcripts 
from the delivered RNA . Thus the delivered RNA leads to 
the production of multiple daughter RNAs . These daughter 
RNAs , as well as collinear subgenomic transcripts , may be 
translated themselves to provide in situ expression of an 
encoded protein , or may be transcribed to provide further 
transcripts with the same sense as the delivered RNA which 
are translated to provide in situ expression of the protein . 
The overall result of this sequence of transcriptions is a huge 
amplification in the number of the introduced replicon 
RNAs and so the encoded protein becomes a major poly 
peptide product of the cells . 
[ 0107 ] According to the present invention , the alphavirus 
replicon comprises polynucleotides that encode non - struc 
tural proteins nl , n2 , n3 and n4 , and at least one gene of 
interest . Alphavirus replicon does not encode any of the 
alphavirus structural proteins . 
[ 0108 ] The alphavirus nonstructural proteins may be wild 
type proteins derived from one of the above discussed 

Alphavirus Structural Proteins 
[ 0110 ] The ARP has alphavirus structural proteins of 
capsid and envelope proteins . Preferably , the alphavirus 
structural proteins comprise the capsid protein and E2 and 
El proteins of the envelope , and may also have E3 protein 
of the envelope . According to the present invention , at least 
one of capsid and envelope has at least one alteration that 
enhances ARP expression in mammalian cells . 
10111 ] In one embodiment , the alphavirus structural pro 
teins includes at least an alphavirus capsid protein having a 
non - lysine residue ( e . g . , alanine or asparagine ) at an amino 
acid position corresponding to a lysine residue in the 
alphavirus capsid protein NLS and / or a non - arginine residue 
( e . g . , alanine or asparagine ) at an amino acid position 
corresponding to an arginine residue in the alphavirus capsid 
protein NLS . In specific embodiments , the alphavirus capsid 
protein is a WEEV CBA87 strain capsid protein having one 
or more of the alterations K67N , K68N , and K69N . In 
certain embodiments , the alphavirus capsid protein is a 
VEEV TC83 strain capsid protein having one or more of the 
alterations K64N , K65A , K65N , K67A , and K67N . In some 
embodiments , the alphavirus capsid protein is a EEEV PE - 6 
strain capsid protein having an alteration K67N . In particu 
lar embodiments , the alphavirus capsid protein is CHIKV 
Strain 37997 capsid protein having one or more of the 
alterations R62A , R63A , R65A , K66A , K68A , and K69A ; 
the alphavirus capsid protein is a Ross River Virus capsid 
protein having one or more of the alterations R71N , K72N , 
K73N , and K74N ; the alphavirus capsid protein is a Barmah 
Forest Virus capsid protein having one or more of the 
alterations K64A , K64N , K65A , K65N , K67A , K67N , 
K68A and K68N . The wild type capsid protein amino acid 
sequences of the above - discussed alphaviruses are available 
at GenBank . 
[ 0112 ] In one embodiment , the alphavirus E2 protein has 
a non - lysine residue ( e . g . , asparagine ) at the amino acid 
position corresponding to amino acid 234 in the CHIKV E2 
protein and / or a modification at the amino acid position 
corresponding to amino acid 251 in the CHIKV E2 protein 
that destabilizes the E2 protein during viral budding . 
[ 0113 ] In one embodiment , the polynucleotide encoding 
alphavirus E3 may be modified to comprise an alteration 
mutation to the amino acid sequence at the furin site 
( Arg - X - X - Arg ) ( SEQ ID NO : 13 ) . 
[ 0114 ] The term “ Arg - X - X - Arg ” ( SEQ ID NO : 13 ) indi 
cates the minimal cleavage site of furin and “ X - X ” includes 
any combination of two amino acids . Example of the altera 
tion to the amino acid sequence at furin site includes the 
alteration to Ile - Glu / Asp - Gly - Arg , Asp - Asp - Asp - Asp - Lys 
( SEQ ID NO : 14 ) or Ser - Gly - Gly - Gly - Ser ( SEQ ID NO : 
15 ) . Detailed descriptions described in US Patent Publica 
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tion Nos . 2016 - 0040134 and 2016 - 0200775 ( the cited docu 
ments are herein incorporated by reference ) . 
[ 0115 ] For example , VEEV CT83 strain has a furin site 
include RKRR ( SEQ ID NO : 16 ) at the end of its E3 region 
and the polynucleotide sequence encoding RKRR ( SEQ ID 
NO : 16 ) may be replaced with that encoding SGGGS ( SEQ 
ID NO : 15 ) . 
[ 0116 ] In some embodiments of the invention , proteins 
may comprise mutations containing alterations which pro 
duce silent substitutions , additions , or deletions , but do not 
alter the properties or activities of the encoded protein or 
how the proteins are made . 

Method of Preparing ARPs 
[ 0117 ] ARPs may be prepared by procedures that are 
known to the art . Exemplified procedure for producing 
ARPs is disclosed in Virology 239 , 389 - 401 , 1997 , the 
contents of the cited document is herein incorporated by 
reference . 
[ 0118 ] In general , ARPs may be produced by co - transfec 
tion of suitable host cells with a vector encoding an alphavi 
rus replicon , i . e . a vector comprising a polynucleotide 
encoding nsp1 , nsp2 , nsp3 and nsp4 , and a gene of interest ; 
and at least one helper vector encoding the alphavirus virus 
structural proteins . Preferably , cells are co - transfected with 
a vector encoding an alphavirus replicon , a vector encoding 
a capsid protein and a vector encoding envelope proteins . 
[ 0119 ] In particular , the invention provides a method for 
preparing alphavirus replicon particles , comprising the steps 
of co - transfecting cells with 
[ 0120 ] i ) a vector comprising a polynucleotide encoding 

alphavirus non - structural protein nspi , nsp2 , nsp3 and 
nsp4 , and at least one gene of interest , 

[ 0121 ] ii ) a vector comprising a polynucleotide encoding 
an alphavirus capsid protein , and 

[ 0122 ] iii ) a vector comprising a polynucleotide encoding 
an alphavirus E3 - E2 - 6K - E1 , 

wherein at least one of the capsid , E3 and E2 comprises one 
or more amino acid alteration but El comprises no amino 
acid alteration , 
culturing the transfected cells , and 
purifying the ARPs from the cell culture . 
[ 0123 ] Those skilled in the field of molecular biology will 
understand that any of a wide variety of expression systems 
may be used to produce ARPs . The precise cell to be 
co - transfected ( host cells ) is not critical to the invention . 
ARP may be produced in a prokaryotic host ( e . g . , E . coli ) or 
in a eukaryotic host ( e . g . , Saccharomycescerevisiae , insect 
cells , e . g . , Sf21 cells , or mammalian cells , e . g . , NIH 3T3 , 
HeLa , COS cells ) . Such cells are available from a wide 
range of sources ( e . g . , the American Type Culture Collec 
tion , Rockland , Md . ; also , see , e . g . , Ausubel et al . , supra ) . 
Non limiting examples of insect cells are , Spodoptera fru 
giperda ( Sf ) cells , e . g . , Sf9 , Sf21 , Trichoplusia ni cells , e . g . , 
High Five cells , and Drosophila S2 cells . Examples of fungi 
( including yeast ) host cells are S . cerevisiae , Kluyveromyces 
lactis ( K lactis ) , species of Candida including C . albicans 
and C . glabrata , Aspergillus nidulans , Schizosaccharomyces 
pombe ( S . pombe ) , Pichia pastoris , and Yarrowia lipolytica . 
Examples of mammalian cells are COS cells , baby hamster 
kidney cells , mouse L cells , LNCAP cells , Chinese hamster 
ovary ( CHO ) cells , human embryonic kidney ( HEK ) cells , 
African green monkey cells , CV1 cells , HeLa cells , MDCK 
cells , Vero and Hep - 2 cells . Xenopus laevisoocytes , or other 

cells of amphibian origin , may also be used . Prokaryotic 
host cells include bacterial cells , for example , E . coli , B . 
subtilis , and mycobacteria . 
[ 0124 ] Methods of obtaining polynucleotides encoding 
said proteins are known in the art . For example , the gene 
encoding a specific alphavirus protein , e . g . , a CHIKV , 
WEEV , EEEV , VEEV , Ross River virus , or Barmah Forest 
virus structural protein can be isolated by RT - PCR from 
polyadenylated mRNA extracted from cells which had been 
infected with said virus . The resulting product gene can be 
cloned as a polynucleotide insert into a vector . 
10125 ] The term “ vector ” refers to the means by which a 
nucleic acid sequence can be propagated and / or transferred 
between organisms , cells , or cellular components . Vectors 
include plasmids , viruses , bacteriophages , pro - viruses , 
phagemids , transposons , artificial chromosomes , and the 
like , that replicate autonomously or can integrate into a 
chromosome of a host cell . A vector can also be a naked 
RNA polynucleotide , a naked DNA polynucleotide , a poly 
nucleotide composed of both DNA and RNA within the 
same strand , a poly - lysine - conjugated DNA or RNA , a 
peptide - conjugated DNA or RNA , a liposome - conjugated 
DNA , or the like , that is not autonomously replicating . In 
many , but not all , common embodiments , the vectors of the 
present invention are plasmids or bacmids . 
[ 0126 ] Typically , the nucleic acid molecule to be 
expressed is " operably linked ” to a promoter and / or 
enhancer , and is subject to transcription regulatory control 
by the promoter and / or enhancer . 
[ 0127 ] The method of transfection and the choice of 
expression vehicle will depend on the host system selected . 
Transfection methods are described , e . g . , in Ausubel et al . 
( supra ) ; expression vehicles may be chosen from those 
provided , e . g . , in Cloning Vectors : A Laboratory Manual ( P . 
H . Pouwels et al . , 1985 , Supp . 1987 ) The references cited in 
this paragraph are herein incorporated by reference . 
[ 0128 ] A variety of expression systems exist for the pro 
duction of the ARPs of the invention . Expression vectors 
useful for producing such ARPs include , without limitation , 
chromosomal , episomal , and virus - derived vectors , e . g . , 
vectors derived from bacterial plasmids , from bacterio 
phage , from transposons , from yeast episomes , from inser 
tion elements , from yeast chromosomal elements , from 
viruses such as baculoviruses , papova viruses , such as 
SV40 , vaccinia viruses , adenoviruses , fowl pox viruses , 
pseudorabies viruses and retroviruses , and vectors derived 
from combinations thereof . 
[ 0129 ] Constructs and / or vectors used herein comprise 
alphavirus polynucleotides that encode structural proteins , 
including envelope proteins or capsid protein as described 
herein . Also , constructs and / or vectors used herein comprise 
alphavirus polynucleotides that encode nonstructural pro 
teins nsp1 , nsp2 , nsp3 and nsp4 and a gene of interest . 
[ 0130 ] The vector may be , for example , a phage , plasmid , 
viral , or retroviral vector . The constructs and / or vectors that 
comprise the nucleotides should be operatively linked to an 
appropriate promoter , such as the CMV promoter , phage 
lambda PL promoter , the E . coli lac , phoA and tac promot 
ers , the SV40 early and late promoters , and promoters of 
retroviral LTRs are non - limiting examples . Other suitable 
promoters will be known to the skilled artisan depending on 
the host cell and / or the rate of expression desired . The 
expression constructs will further contain sites for transcrip 
tion initiation , termination , and , in the transcribed region , a 
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ribosome - binding site for translation . The coding portion of 
the transcripts expressed by the constructs will preferably 
include a translation initiating codon at the beginning and a 
termination codon appropriately positioned at the end of the 
polypeptide to be translated . 
[ 0131 ] Vectors will preferably include at least one select 
able marker . Such markers include dihydrofolate reductase , 
G418 or neomycin resistance for eukaryotic cell culture and 
tetracycline , kanamycin or ampicillin resistance genes for 
culturing in E . coli and other bacteria . Among vectors 
preferred are virus vectors , such as baculovirus , poxvirus 
( e . g . , vaccinia virus , avipox virus , canarypox virus , fowlpox 
virus , raccoonpox virus , swinepox virus , etc . ) , adenovirus 
( e . g . , canine adenovirus ) , herpesvirus , and retrovirus . Other 
vectors that can be used with the invention comprise vectors 
for use in bacteria , which comprise pQE70 , pQE60 and 
PQE - 9 , pBluescript vectors , Phagescript vectors , pNH8A , 
pNH16a , pNH18A , PNH46A , ptrc99a , PKK223 - 3 , 
PKK233 - 3 , PDR540 , PRIT5 . Among preferred eukaryotic 
vectors are pFastBacl pWINEO , PSV2CAT , POG44 , pXT1 
and PSG , PSVK3 , PBPV , PMSG , and PSVL . Other suitable 
vectors will be readily apparent to the skilled artisan . 
[ 0132 ] Recombinant constructs can be prepared and used 
to transfect , can express viral proteins , including those 
described herein , into eukaryotic cells and / or prokaryotic 
cells . Thus , the invention provides for host cells which 
comprise a vector ( or vectors ) that contain nucleic acids 
which encode alphavirus structural proteins , including 
capsid , E3 , E2 , 6K , and El or portions thereof , and a vector 
that comprises nucleic acids which encode alphavirus nspi , 
nsp2 , nsp3 and nsp4 , and at least one of gene of interest 
under conditions which allow the formation of ARPs . 
[ 0133 ] In one embodiment , said vector is a recombinant 
baculovirus . In another embodiment , said recombinant 
baculovirus is transfected into an insect cell . In a preferred 
embodiment , said cell is an insect cell . In another embodi 
ment , said insect cell is a Sf9 cell . 
[ 0134 ] One particular bacterial expression system for 
polypeptide production is the E . coli pET expression system 
( Novagen , Inc . , Madison , Wis . ) . According to this expres 
sion system , DNA encoding a polypeptide is inserted into a 
PET vector in an orientation designed to allow expression . 
Since the gene encoding such a polypeptide is under the 
control of the T7 regulatory signals , expression of the 
polypeptide is achieved by inducing the expression of T7 
RNA polymerase in the host cell . This is typically achieved 
using host strains that express T7 RNA polymerase in 
response to IPTG induction . Once produced , a recombinant 
polypeptide is then isolated according to standard methods 
known in the art , for example , those described herein . 
[ 0135 ] Another bacterial expression system for polypep 
tide production is the PGEX expression system ( Pharmacia ) . 
This system employs a GST gene fusion system that is 
designed for high - level expression of genes or gene frag 
ments as fusion proteins with rapid purification and recovery 
of functional gene products . The protein of interest is fused 
to the carboxyl terminus of the glutathione S - transferase 
protein from Schistosoma japonicum and is readily purified 
from bacterial lysates by affinity chromatography using 
Glutathione Sepharose 4B . Fusion proteins can be recovered 
under mild conditions by elution with glutathione . Cleavage 
of the glutathione S - transferase domain from the fusion 
protein is facilitated by the presence of recognition sites for 
site - specific proteases upstream of this domain . For 

example , proteins expressed in PGEX - 2T plasmids may be 
cleaved with thrombin ; those expressed in PGEX - 3X may be 
cleaved with factor Xa . 
[ 0136 ] Depending on the vectors and host cells selected , 
the ARPs are produced by growing host cells transfected by 
the vectors under conditions whereby the recombinant pro 
teins are expressed and the alphavirus replicon is generated , 
and ARPs containing alphavirus replicon being packaged 
with the particle of alphavirus structural proteins are formed . 
In one embodiment , the invention comprises a method of 
producing an ARP , that involves co - trans fecting a vector 
comprising a polynucleotide encoding alphavirus non - struc 
tural protein nsp1 , nsp2 , nsp3 and nsp4 , and at least one gene 
of interest , at least one vectors each encoding at least one 
alphavirus protein into suitable host cells and expressing 
said alphavirus protein under conditions that allow ARP 
formation . In another embodiment , the eukaryotic cell is 
selected from the group consisting of , yeast , insect , amphib 
ian , avian or mammalian cells . The selection of the appro 
priate growth conditions is within the skill or a person with 
skill of one of ordinary skill in the art . 
[ 0137 ] Methods to grow cells that produce ARPs of the 
invention include , but are not limited to , batch , batch - fed , 
continuous and perfusion cell culture techniques . In one 
embodiment , cells co - transfected with a vector encoding an 
alphavirus replicon and a vector comprising a polypeptide 
encoding capsid , and a vector comprising a polynucleotide 
encoding envelope proteins , such as those derived from a 
CHIKV or VEEV are grown in a bioreactor or fermentation 
chamber where cells propagate and express protein ( e . g . , 
recombinant proteins ) for purification and isolation . Typi 
cally , cell culture is performed under sterile , controlled 
temperature and atmospheric conditions . A bioreactor is a 
chamber used to culture cells in which environmental con 
ditions such as temperature , atmosphere , agitation and / or pH 
can be monitored . In one embodiment , the bioreactor is a 
stainless steel chamber . In another embodiment , said biore 
actor is a pre - sterilized plastic bag ( e . g . , Cellbag® , Wave 
Biotech , Bridgewater , N . J . ) . In other embodiment , said 
pre - sterilized plastic bags are about 50 L to 1000 L bags . 
[ 0138 ] The ARPs are isolated using methods that preserve 
the integrity thereof , such as by gradient centrifugation , e . g . , 
cesium chloride , sucrose and iodixanol , as well as standard 
purification techniques including , e . g . , ion exchange and gel 
filtration chromatography . 
0139 ] The following is an example of how ARPs of the 
invention can be made , isolated and purified . A person of 
skill in the art appreciates that there are additional methods 
that can be used to make and purify ARPs . Accordingly , the 
invention is not limited to the methods described herein . 
[ 0140 ] In general , production of ARPs of the invention is 
accomplished by seeding a mammalian cell ( e . g . , human 
embryonic kidney ( 293T ) cells ) or Sf9 cells ( non - infected ) 
into shaker flasks , allowing the cells to expand and scaling 
up as the cells grow and multiply ( for example from a 
125 - ml flask to a 50 L Wave bag ) . The medium used to grow 
the cells is formulated for the appropriate cell line ( prefer 
ably serum free media , e . g . , insect medium ExCell - 420 , 
JRH ) . Next , the cells are transfected or infected with an 
appropriate vector ( e . g . , mammalian expression vector or for 
SF ( cells recombinant baculovirus at the most efficient 
multiplicity of infection ( e . g . , from about 1 to about 3 plaque 
forming units per cell ) . The polynucleotides , or portions 
thereof , are expressed in the cells where they self - assemble 
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into ARPs and are secreted from the cells approximately 24 
to hours post infection ( hpi ) . Usually , transfection or infec 
tion is most efficient when the cells are in mid - log phase of 
growth ( 4 - 8 . x10 < b > cells / ml ) and are at least about 90 % 
viable . Additionally , the transfected cells may be exposed to 
high pH conditions in cell culture ( pH > 7 . 2 , e . g . , pH 7 . 2 , 7 . 3 , 
7 . 4 , 7 . 5 , 7 . 6 , 7 . 7 , 7 . 8 , 7 . 9 , 8 . 0 , 8 . 1 , 8 . 2 , 8 . 3 , 8 . 4 , 8 . 5 , 8 . 6 , 8 . 7 , 
8 . 8 , or higher ) to increase ARP production . 
[ 0141 ] ARPs of the invention are harvested approximately 
48 to 120 hours post infection , when the levels of ARPs in 
the cell culture medium are near the maximum but before 
extensive cell lysis . The cell density and viability at the time 
of harvest can be about 0 . 5x10° cells / ml to about 1 . 5x10° 
cells / ml with at least 20 % viability , as shown by dye 
exclusion assay . Next , the medium is removed and clarified . 
NaCl can be added to the medium to a concentration of 
about 0 . 4 to about 1 . 0 M , preferably to about 0 . 5M , to avoid 
ARP aggregation . The removal of cell and cellular debris 
from the cell culture medium containing ARPs of the 
invention can be accomplished by tangential flow filtration 
( TFF ) with a single use , pre - sterilized hollow fiber 0 . 5 or 
1 . 00uzu filter cartridge or a similar device . 
[ 0142 ] Additionally , the ARPs may be exposed to high pH 
conditions during purification ( pH > 7 . 2 , e . g . , pH 7 . 2 , 7 . 3 , 
7 . 4 , 7 . 5 , 7 . 6 , 7 . 7 , 7 . 8 , 7 . 9 , 8 . 0 , 8 . 1 , 8 . 2 , 8 . 3 , 8 . 4 , 8 . 5 , 8 . 6 , 8 . 7 , 
8 . 8 , or higher ) to increase ARP production . 
[ 0143 ] Next , ARPs in the clarified culture medium are 
concentrated by ultrafiltration using a disposable , pre - ster 
ilized 500 , 000 molecular weight cut off hollow fiber car 
tridge . The concentrated ARPs can be diafiltrated against 10 
volumes pH 7 . 0 to 8 . 0 phosphate - buffered saline ( PBS ) 
containing 0 . 5 M NaCl to remove residual medium compo 
nents . 
[ 0144 ] The concentrated , diafiltered ARPs can be fur 
thered purified on a 20 % to 60 % discontinuous sucrose 
gradient in pH 7 . 2 PBS buffer with 0 . 5 M NaCl by centrifu 
gation at 6 , 500xg for 18 hours at about 4 C to about 10 C . 
Usually ARPs will form a distinctive visible band between 
about 30 % to about 40 % sucrose or at the interface ( in a 20 % 
and 60 % step gradient ) that can be collected from the 
gradient and stored . This product can be diluted to comprise 
200 mM of NaCl in preparation for the next step in the 
purification process . This product contains ARPs and may 
contain intact baculo virus particles . 
[ 0145 ] Further purification of ARPs can be achieved by 
anion exchange chromatography , or 44 % isopycnic sucrose 
cushion centrifugation . In anion exchange chromatography , 
the sample from the sucrose gradient ( see above ) is loaded 
into column containing a medium with an anion ( e . g . , Matrix 
Fractogel EMD TMAE ) and eluded via a salt gradient ( from 
about 0 . 2 M to about 1 . 0 M of NaCl ) that can separate the 
ARP from other contaminates ( e . g . , baculovirus and DNA 
RNA ) . In the sucrose cushion method , the sample compris 
ing the ARPs is added to a 44 % sucrose cushion and 
centrifuged for about 18 hours at 30 , 000 g . ARPs form a 
band at the top of 44 % sucrose , while baculovirus precipi 
tates at the bottom and other contaminating proteins stay in 
the 0 % sucrose layer at the top . The ARP peak or band is 
collected . 
10146 ] The intact baculovirus can be inactivated , if 
desired . Inactivation can be accomplished by chemical 
methods , for example , formalin or beta . - propiolactone 
( BPL ) . Removal and / or inactivation of intact baculovirus 
can also be largely accomplished by using selective precipi - 

tation and chromatographic methods known in the art , as 
exemplified above . Methods of inactivation comprise incu 
bating the sample containing the ARPs in 0 . 2 % of BPL for 
3 hours at about 25° C . to about 27° C . The baculovirus can 
also be inactivated by incubating the sample containing the 
ARPs at 0 . 05 % BPL at 4° C . for 3 days , then at 37° C . for 
one hour . 
[ 0147 ] After the inactivation / removal step , the product 
comprising ARPs can be run through another diafiltration 
step to remove any reagent from the inactivation step and / or 
any residual sucrose , and to place the ARPs into the desired 
buffer ( e . g . , PBS ) . The solution comprising ARPs can be 
sterilized by methods known in the art ( e . g . , sterile filtration ) 
and stored in the refrigerator or freezer . 
[ 0148 ] The above techniques can be practiced across a 
variety of scales . For example , T - flasks , shake - flasks , spin 
ner bottles , up to industrial sized bioreactors . The bioreac 
tors can comprise either a stainless steel tank or a pre 
sterilized plastic bag ( for example , the system sold by Wave 
Biotech , Bridgewater , N . J . ) . A person with skill in the art 
will know what is most desirable for their purposes . 
[ 0149 ] As described herein , upon administration to a 
desired host , the ARPs of the present invention are taken up 
by cells normally infected by the alphavirus from which the 
structural proteins are derived . The gene of interest con 
tained in the replicon is internalized into the cell upon ARP 
entry . This property facilitates the use of the ARPs described 
herein as delivery vehicles of the gene because they enable 
the delivery of the gene of interest into a desired cell . 
[ 0150 ] Whereas natural alphavirus genomes encode virus 
structural proteins in addition to the non - structural replicase 
polyprotein , the alphavirus replicon does not encode 
alphavirus structural proteins . Thus the alphavirus replicon 
can lead to the production of genomic RNA copies of itself 
in a cell , but not to the production of RNA - containing 
virions . The inability to produce these virions means that , 
unlike a wild - type alphavirus , the replicon cannot perpetuate 
itself in infectious form . The alphavirus structural proteins 
which are necessary for perpetuation in wild - type viruses are 
absent from the replicon and their place is taken by at least 
one gene of interest , such that the subgenomic transcript 
encodes the protein of interest rather than the structural 
alphavirus structural proteins . 
[ 0151 ] Thus , in certain embodiments , the ARP comprises 
a gene of interest that may be , or may encode , such as a 
therapeutic or diagnostic agent ( s ) that needs to be delivered 
to a subject , e . g . , imaging agent , nucleic acid sequence 
( including siRNA and microRNA ) , radionuclide , hormone , 
peptide , antiviral agent , antitumor / chemotherapeutic agent , 
cell growth modulating agent , cell growth inhibitor , 
cytokine , antigen , adjuvant and toxin . The replicon pack 
aged in the particle of the virus structural proteins should not 
adversely affect the stability of the ARP . This may be 
determined by producing ARP containing a given gene of 
interest and assessing its effects , if any , on ARP stability . 
[ 0152 ] Accordingly , the present invention provides meth 
ods for introducing a gene of interest into a cell . According 
to the present invention , the gene of interest is contained in 
the alphavirus replicon and alphavirus replicon is packaged 
with the particle of alphavirus structural proteins . In related 
embodiments , the ARP is contacted with a cell . In related 
embodiments , the ARP is allowed to enter the cell , thereby 
resulting in delivery of the gene of interest into the cell . 



US 2019 / 0185822 A1 Jun . 20 , 2019 

amounts of the active ingredient required will depend on the 
judgement of the practitioner , but typically range between 5 
ug to 250 ug of antigen per dose . 

[ 0153 ] As used herein , the terms “ treat , ” treating , ” “ treat 
ment , ” and the like refer to reducing or ameliorating a 
disorder and / or symptoms associated therewith . It will be 
appreciated that , although not precluded , treating a disorder 
or condition does not require that the disorder , condition or 
symptoms associated therewith be completely eliminated . 
[ 0154 ] As used herein , the terms " prevent , " " preventing , " 
" prevention , " " prophylactic treatment " and the like refer to 
reducing the probability of developing a disorder or condi 
tion in a subject , who does not have , but is at risk of or 
susceptible to developing a disorder or condition . 
[ 0155 ] The gene of interest may be a gene that encodes an 
antigen . ARPs of the present invention may be prepared in 
an injectable form , either as a liquid solution or as a 
suspension . Solid forms suitable for injection may also be 
prepared as emulsions , or with the ARPs encapsulated in 
liposomes . Vaccine antigens are usually combined with a 
pharmaceutically acceptable carrier , which includes any 
carrier that does not induce the production of antibodies 
harmful to the subject receiving the carrier . Suitable carriers 
typically comprise large macromolecules that are slowly 
metabolized , such as proteins , polysaccharides , polylactic 
acids , polyglycolic acids , polymeric amino acids , amino 
acid copolymers , lipid aggregates , and inactive virus par 
ticles . Such carriers are well known to those skilled in the 
art . These carriers may also function as adjuvants . 
10156 ) . The ARPs described herein may be administered in 
combination with an adjuvant ( e . g . , Ribi ) . Adjuvants are 
immunostimulating agents that enhance vaccine effective 
ness . If desired , the ARP comprising one or more alphavirus 
polypeptides or fragments or variants thereof are adminis 
tered in combination with an adjuvant that enhances the 
effectiveness of the immune response generated against the 
antigen of interest . Effective adjuvants include , but are not 
limited to , aluminum salts such as aluminum hydroxide and 
aluminum phosphate , muramyl peptides , bacterial cell wall 
components , saponin adjuvants , and other substances that 
act as immunostimulating agents to enhance the effective 
ness of the composition . 
[ 0157 ] Immunogenic compositions , i . e . the ARPs 
described herein , pharmaceutically acceptable carrier and 
adjuvant , also typically contain diluents , such as water , 
saline , glycerol , ethanol . Auxiliary substances may also be 
present , such as wetting or emulsifying agents , pH buffering 
substances , and the like . Proteins may be formulated into the 
vaccine as neutral or salt forms . The immunogenic compo 
sitions are typically administered parenterally , by injection ; 
such injection may be either subcutaneously or intramuscu 
larly . Additional formulations are suitable for other forms of 
administration , such as by suppository or orally . Oral com - 
positions may be administered as a solution , suspension , 
tablet , pill , capsule , or sustained release formulation . 
[ 0158 ] Immunogenic compositions are administered in a 
manner compatible with the dose formulation . The immu 
nogenic composition comprises an immunologically effec 
tive amount of the ARP described herein and other previ 
ously mentioned components . By an immunologically 
effective amount is meant a single dose , or a composition 
administered in a multiple dose schedule , that is effective for 
the treatment or prevention of an infection . The dose admin 
istered will vary , depending on the subject to be treated , the 
subject ' s health and physical condition , the capacity of the 
subject ' s immune system to produce antibodies , the degree 
of protection desired , and other relevant factors . Precise 

Pharmaceutical Compositions and Administration 
[ 0159 ] The invention features pharmaceutical composi 
tions that comprise ARPs as described herein . The pharma 
ceutical compositions useful herein contain a pharmaceuti 
cally acceptable carrier , including any suitable diluent or 
excipient , which includes any pharmaceutical agent that 
does not itself induce the production of an immune response 
harmful to the vertebrate receiving the composition , and 
which may be administered without undue toxicity and a 
ARP of the invention . As used herein , the term “ pharma 
ceutically acceptable ” means being approved by a regulatory 
agency of the Federal or a state government or listed in the 
U . S . Pharmacopia , European Pharmacopia or other gener 
ally recognized pharmacopia for use in mammals , and more 
particularly in humans . These compositions can be useful as 
a vaccine and / or antigenic compositions for inducing a 
protective immune response in a vertebrate . 
[ 0160 ] Pharmaceutically acceptable carriers include but 
are not limited to saline , buffered saline , dextrose , water , 
glycerol , sterile isotonic aqueous buffer , and combinations 
thereof . A thorough discussion of pharmaceutically accept 
able carriers , diluents , and other excipients is presented in 
Remington ' s Pharmaceutical Sciences ( Mack Pub . Co . N . J . 
current edition ) . The formulation should suit the mode of 
administration . In a preferred embodiment , the formulation 
is suitable for administration to humans , preferably is sterile , 
non - particulate and / or non - pyrogenic . 
[ 0161 ] The composition , if desired , can also contain minor 
amounts of wetting or emulsifying agents , or pH buffering 
agents . The composition can be a solid form , such as a 
lyophilized powder suitable for reconstitution , a liquid solu 
tion , suspension , emulsion , tablet , pill , capsule , sustained 
release formulation , or powder . Oral formulation can include 
standard carriers such as pharmaceutical grades of mannitol , 
lactose , starch , magnesium stearate , sodium saccharine , cel 
lulose , magnesium carbonate , etc . 
[ 0162 ] In certain embodiments , the ARP composition is 
supplied in liquid form , for example in a sealed container 
indicating the quantity and concentration of the ARP com 
position . 
[ 0163 ] Preferably , the liquid form of the ARP composition 
is supplied in a hermetically sealed container at least about 
50 ug / ml , more preferably at least about 100 ug / ml , at least 
about 200 ug / ml , at least 500 ug / ml , or at least 1 mg / ml . 
0164 ] . Alternatively , the vaccine formulation is adminis 
tered intranasally , either by drops , large particle aerosol 
( greater than about 10 microns ) , or spray into the upper 
respiratory tract or small particle aerosol ( less than 10 
microns ) or spray into the lower respiratory tract . While any 
of the above routes of delivery results in an immune 
response , intranasal administration confers the added benefit 
of eliciting mucosal immunity at the site of entry of many 
viruses , including alphaviruses , for example CHIKV or 
VEEV . 
[ 0165 ] Thus , the invention also comprises a method of 
formulating a vaccine or antigenic composition that induces 
immunity to an infection or at least one symptom thereof to 
a mammal , comprising adding to said formulation an effec 
tive dose of ARPs , e . g . , alphavirus ( e . g . , CHIKV or VEEV ) . 
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[ 0166 ] In certain cases , stimulation of immunity with a 
single dose is preferred , however additional dosages can be 
also be administered , by the same or different route , to 
achieve the desired effect . In neonates and infants , for 
example , multiple administrations may be required to elicit 
sufficient levels of immunity . Administration can continue at 
intervals throughout childhood , as necessary to maintain 
sufficient levels or protection . 
[ 0167 ] Similarly , adults who are particularly susceptible to 
repeated or serious infections , such as , for example , health 
care workers , day care workers , family members of young 
children , the elderly , and individuals with compromised 
cardiopulmonary function or immune systems may require 
multiple immunizations to establish and / or maintain protec 
tive immune responses . Levels of induced immunity can be 
monitored , for example , by measuring amounts of neutral 
izing secretory and serum antibodies , and dosages adjusted 
or vaccinations repeated as necessary to elicit and maintain 
desired levels of protection . 
[ 0168 ] The dosage of the pharmaceutical formulation can 
be determined readily by the skilled artisan , for example , by 
first identifying doses effective to elicit a prophylactic or 
therapeutic immune response , e . g . , by measuring the serum 
titer of virus specific immunoglobulins or by measuring the 
inhibitory ratio of antibodies in serum samples , or urine 
samples , or mucosal secretions . Said dosages can be deter 
mined from animal studies . A non - limiting list of animals 
used to study the efficacy of vaccines include the guinea pig , 
hamster , ferrets , chinchilla , mouse and cotton rat , and non 
human primates . Most animals are not natural hosts to 
infectious agents but can still serve in studies of various 
aspects of the disease . For example , any of the above 
animals can be dosed with a vaccine candidate , e . g . , ARPs 
of the invention , to partially characterize the immune 
response induced , and / or to determine if any neutralizing 
antibodies have been produced . For example , many studies 
have been conducted in the mouse model because mice are 
small size and their low cost allows researchers to conduct 
studies on a larger scale . 
10169 ] . In addition , human clinical studies can be per 
formed to determine the preferred effective dose for humans 
by a skilled artisan . Such clinical studies are routine and well 
known in the art . The precise dose to be employed will also 
depend on the route of administration . Effective doses may 
be extrapolated from dose - response curves derived from in 
vitro or animal test systems . 
[ 0170 ] As also well known in the art , the immunogenicity 
of a particular composition can be enhanced by the use of 
non - specific stimulators of the immune response , known as 
adjuvants . Adjuvants have been used experimentally to 
promote a generalized increase in immunity against 
unknown antigens . Immunization protocols have used adju 
vants to stimulate responses for many years , and as such , 
adjuvants are well known to one of ordinary skill in the art . 
Some adjuvants affect the way in which antigens are pre 
sented . For example , the immune response is increased 
when protein antigens are precipitated by alum . Emulsifi 
cation of antigens also prolongs the duration of antigen 
presentation . The inclusion of any adjuvant described in 
Vogel et al . , “ A Compendium of Vaccine Adjuvants and 
Excipients ( 2nd Edition ) , ” herein incorporated by reference 
in its entirety for all purposes , is envisioned within the scope 
of this invention . 

[ 0171 ] Exemplary adjuvants include complete Freund ' s 
adjuvant ( a non - specific stimulator of the immune response 
containing killed Mycobacterium tuberculosis ) , incomplete 
Freund ' s adjuvants and aluminum hydroxide adjuvant . 
Other adjuvants comprise GMCSP , BCG , aluminum 
hydroxide , MDP compounds , such as thur - MDP and nor 
MDP , CGP ( MTP - PE ) , lipid A , and monophosphoryl lipid A 
( MPL ) . RIBI , which contains three components extracted 
from bacteria , MPL , trehalose dimycolate ( TDM ) and cell 
wall skeleton ( CWS ) in a 2 % squalene / Tween - 80 emulsion 
also is contemplated . MF - 59 , Novasomes® , MHC antigens 
may also be used . 
10172 ] The ARPs of the invention can also be formulated 
with “ immune stimulators . ” These are the body ' s own 
chemical messengers ( cytokines ) to increase the immune 
system ' s response . Immune stimulators include , but not 
limited to , various cytokines , lymphokines and chemokines 
with immunostimulatory , immunopotentiating , and pro - in 
flammatory activities , such as interleukins ( e . g . , IL - 1 , IL - 2 , 
IL - 3 , IL - 4 , IL - 12 , IL - 13 ) ; growth factors ( e . g . , granulocyte 
macrophage ( GM ) - colony stimulating factor ( CSF ) ) ; and 
other immunostimulatory molecules , such as macrophage 
inflammatory factor , Fit3 ligand , B7 . 1 ; B7 . 2 , etc . The immu 
nostimulatory molecules can be administered in the same 
formulation as the ARPs , or can be administered separately . 
Either the protein or an expression vector encoding the 
protein can be administered to produce an immunostimula 
tory effect . Thus in one embodiment , the invention com 
prises antigenic and vaccine formulations comprising an 
adjuvant and / or an immune stimulator . 
10173 ] . According to the invention , the delivery system 
comprising said ARP can deliver a gene of interest into the 
cytoplasm of eukaryotic cells , thereby can treat cancers , 
viral infections , neurological disorders , autoimmune dis 
eases , graft rejection and monogenic or polygenic hereditary 
diseases . 
[ 0174 ] The invention will be described in detail with 
reference to the following examples , which , however , are 
not intended to limit the scope of the present application . 

Example 1 
[ 0175 ] Construction of VEEV Replicon Particles ( VRPs ) 
[ 0176 ] Schematic procedure is shown in FIG . 2 . 

Establishment of VEEV Replicon Plasmid Expressing 
Luciferase 
[ 0177 ] 1 ) Full - length VEEV TC83 non - structural protein 

( nsp ) 1 , nsp2 , nsp3 and nsp4 fragment was synthesized 
( Thermo Fisher ) . Similarly , gblocks corresponding to vari 
ous fragments of the Replicon construct were synthesized 
( IDT ) as follows 

[ 0178 ] 2 ) VEEV gblock1 - ClaI - RSVp - 5 ' UTR - nspl ( bpl 
470 ) - Rsrll - Apal - 26Sp - sgRNA up to ATG of the VEEV 
CA gene . This fragment had a 36 bp overlap with the 
pBR322 backbone plasmid at the 5 ' end . This is fragment 

[ 0179 ] 3 ) VEEV gblock2 — This fragment had a 64 bp 
overlap with VEEV gblock1 starting at the Apal site up to 
the ATG start codon . This was followed by the Nano 
Luciferase ORF ( Promega ) and the first 72 bases of the 
VEEV 3 ' UTR . 

[ 0180 ] 4 ) Cloning of fragment # 2 — VEEV gblock2 , full 
length VEEV 3 ' UTR and the VEEV PolyA signal 
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( A ( n = 55 ) were first assembled by overlap extension PCR 
using the oligomers shown in the table below : 

packaged Virus Replicon Particles ( VRPs ) were harvested 
either 48 hpt ( hours post transfection ) or 72 hpt . To harvest 

TABLE 1 
Primer Name Sequence 5 ' 3 ' 
VEEV _ gblock2 _ fwd tcattcagctacctgagaggg ( SEQ ID NO : 7 ) 
VEEV _ gblock2 _ rev aaataaaaattttaaggcggcatgc ( SEQ ID NO : 8 ) 

VEEV Oligol fwd ttaaaatttttattttatttttcttttcttttccgaat 
cggattttgtttttaatatttc ( SEQ ID NO : 9 ) 

VEEV Oligo2 fwd CATCAATGTATCTTATCATGTCTGtcqcqaTTTTTTTT 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
TTTTTTTTTgaaatattaaaaaca ( SEQ ID NO : 10 ) 

the VRPs , the culture supernatant of the transfected cells 
was obtained by centrifuging the cell culture at 1200 rpm for 
5 min at 4° C . to pellet any cell debris . The supernatant was 
filtered through a 0 . 45 um filter . The harvested VRPs were 
either stored at 4° C . or - 80° C . 

Example 2 

[ 0181 ] VEEV Oligo2 has a 15 bp overlap with the PBR322 
backbone plasmid . 
[ 0182 ] 5 ) Next , the VEEV gblock1 ( fragment # 1 ) , frag 
ment # 2 and PBR322 backbone ( digested with Clal and 
Nrul - HF ) were assembled using Gibson Assembly to 
obtain the pBR322 - RSVp - Rsrll - Apal - 26Sp - sgRNA - Na 
noLuc - A ( n = 55 ) - SV40 PA backbone construct ( BB ) . This 
backbone construct lacked the full - length TC83 nspl - 4 
fragment . 

[ 0183 ] 6 ) The nsp1 - 4 fragment ( bp 470 - 7461 ) was ampli 
fied from the synthesized Thermo plasmid obtained in 1 ) 
using primers containing the RsrII and Apal restriction 
sites — i ) 5 ' - ccggccCGGACCGacaagtctctatcacc - 3 ' ( SEQ 
ID NO : 11 , fwd primer ) and ii ) 5 ' - ggccggGGGC 
CCctctcaggtagctgaatg - 3 ' ( SEQ ID NO : 12 , rev primer ) . 
This PCR amplified nsp fragment was cloned into the BB 
backbone plasmid using the RsrII and Apal sites to obtain 
the full - length VEEV TC83 Replicon construct . ( FIG . 3 ) 

[ 0187 ] Determining the Packaging Ability of the VEEV 
Replicon into VEE Virus replicon particles ( VRPs ) 

Infection and Luciferase Assay 

Helper Plasmids 
[ 0184 ] Helper plasmid constructs encoding the VEEV 
TC83 capsid are shown in FIGS . 4 and 5 . The constructs 
express wild type VEEV capsid protein ( SEQ ID NO : 1 ) and 
VEEV Capsid having a mutation in the NLS ( K64N , SEQ ID 
NO : 2 ) , respectively . 
[ 0185 ] Helper plasmid constructs expressing the VEEV 
TC83 glycoproteins E3 - E2 - 6K - E1 used herein are shown in 
FIGS . 6 and 7 . The constructs express wild type VEEV 
TC83 glycoproteins E3 - E2 - 6K - E1 ( SEQ ID NO : 3 ) and E3 
modified E3 - E2 - 6K - E1 ( furin site at the end of E3 RKRR 
( SEQ ID NO : 16 ) was replaced with SGGGS ( SEQ ID NO : 
15 ) , SEQ ID NO : 4 ) , respectively . 

[ 0188 ] Schematic protocol is shown in the FIG . 8 . 
[ 0189 ] 293T cells were seeded in complete DMEM in a 
96 - well plate at a density of approximately 10 , 000 cells per 
well . Cells were infected with undiluted or 2 - fold serial 
dilutions of the harvested VRPs at 37° C . At 14 hours post 
infection ( hpi ) , the VRPs were removed ; the cells were 
washed with PBS and fresh DMEM was added to the wells . 
Cells were further incubated and harvested for Luciferase 
assay at 24 , 48 , and 72 hpi . Luciferase assay was performed 
by adding equal amounts of infected cells and Nano - Glo 
Luciferase Assay System ( Promega ) to a white bottom 
opaque 96 - well plate ( Costar ) . Luciferase activity was mea 
sured immediately using the Bio - Tek Synergy HTX 
microplate reader . 

Result 
101901 Results are shown in FIG . 9 . Luciferase expression 
was confirmed in the cells infected with the VRPs ( VR ) as 
early as 24 hpi . Cells infected with the backbone construct 
lacking nsp 1 - 4 ( BB ) expressed almost no luciferase . 

Example 3 

New VEEV Replicon Constructs 

Cell Culture and Co - Transfection 
101861 293T cells were seeded in a 6 - well plate in com 
plete DMEM containing 10 % FBS , Penicillin and Strepto 
mycin . The cells were co - transfected with equal amounts of 
the VEEV RSVP - NLuc construct containing ( VR ) ( SEQ ID 
NO : 5 ) or lacking ( BB ) the nsp1 - 4 fragment , along with 
helper plasmid encoding capsid and that encoding glyco 
proteins E1 - 6K - E2 - E3 using PEI ( 1 . 7 ug of each plasmid ) . 
The combination of the helper plasmids was ( SEQ ID NO : 
1 and 3 ) , ( SEQ ID NO : 1 and 4 ) , ( SEQ ID NO : 2 and 3 ) or 
( SEQ ID NO : 2 and 4 ) . Cells were incubated with the 
transfection mixture for about 3 hours at 37° C . , following 
which the transfection mixture was removed , cells were 
washed with 1xPBS and fresh DMEM was added . The 

[ 0191 ] New VEEV TC83 replicon plasmid constructs was 
prepared by introducing multiple cloning site ( MCS ) to 
enable introducing various “ gene of interest " . The schematic 
protocol is shown in FIG . 10 . The construct is shown in FIG . 
11 and SEQ ID NO : 6 . In the construct of FIG . 11 , a 
nucleotide encoding luciferase is introduced as gene of 
interest . Promoter in the plasmid may be selected in view of 
the cells to be infected . 
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Example 4 
[ 0192 ] Preparation of VRPs with / without a Mutation in 
Capsid and / or E3 - E2 - 6K - E1 , and Having a Gene of Interest 
[ 0193 ] In this example , VEEV replicon plasmid contain 
ing a gene of interest was co - transfected with VEEV Capsid 
helper plasmid and VEEV E3 - E2 - 6K - E1 glycoprotein 
helper plasmid to 293T cells in the similar manner as 
Example 1 . As the gene of interest , genes encoding 
luciferase , GFP , IKK or JNK2 was employed . 
[ 0194 ] The following plasmids were used : 
[ 0195 ] i - 1 ) plasmid comprising a polynucleotide encoding 
VEEV CT83 wild type capsid protein , or 

[ 0196 ] 1 - 2 ) plasmid comprising a polynucleotide encoding 
VEEV CT83 capsid protein having a mutation in the NLS 
( K64N ) . 

[ 0197 ] ii - 1 ) plasmid comprising a polynucleotide encod 
ing wild type VEEV CT83 E3 - E2 - 6K - E1 , or 

[ 0198 ] ii - 2 ) plasmid comprising a polynucleotide encod 
ing VEEV CT83 E3 - E2 - 6K - E1 , having mutation in the 
furin site in E3 and 

[ 0199 ] iii ) plasmid comprising polynucleotide encoding 
VEEV CT83 nsp1 , nsp2 , nsp3 and nsp4 , and a gene of 
interest encoding luciferase , GFP , IKK or JNK2 . 

[ 0210 ] The expression of IKK in the VRP - infected 293T 
cells was confirmed by western blotting . As positive control , 
293T cells transfected with IKK expression vector plasmid 
were used . Cell lysate was subjected to western blotting with 
Rb anti - IKK antibody ( Proteintech ) as the first antibody 
( 1 : 500 ) and HRP labelled anti - RbIgG as the secondary 
antibody ( 1 : 4000 ) . 
[ 0211 ] Results are shown in FIG . 13 . In FIG . 13 , Lane 1 
shows 293T cells infected with the VRPs . Lane 2 shows 
positive control , i . e . cells transfected with IKK expression 
vector plasmids . As shown in this figure , the 293T cells 
infected with the VRPs expressed IKK protein . 
[ 0212 ] The expression of JNK2 from the replicon inserted 
JNK2 gene in the infected 293T cells was confirmed by 
western blotting . As the control , 293T cells without infection 
were used . Mouse anti - JNK2 antibody ( Santa Cruz ) was 
used as the first antibody ( 1 : 500 ) and HRP labelled anti 
mouse IgG was used as the second antibody ( 1 : 4000 ) . 
Results are shown in FIG . 14 . 293T cells infected by the 
VRPs having JNK2 as the gene of interest were confirmed 
to express JNK2 . 

Co - Transfection 
[ 0200 ] 293T cells were co - transfected with the VEEV 
TC83 replicon plasmid comprising the gene of interest , a 
helper plasmid encoding VEEV capsid ( WT or mutation ) 
and a helper plasmid encoding E3 - E2 - 6K - E1 ( WT or muta 
tion ) . Three plasmids ( 1 ug of capsid , 1 ug of E3 - E2 - 6K - E1 
and 10 ug of VEEV replicon containing the gene of interest ) 
were transfected to 293T cells ( by PEI method ) and cells 
were incubated 4 - 7 days . Then , VRPs were harvested from 
the supernatant and purified by optiprep density sedimenta 
tion . 
[ 0201 ] The purified VRPs were confirmed by western 
blotting using anti - VEEV antibody ( ATCC ) as the first 
antibody ( 1 : 2000 ) and anti - mouse IgG ( 1 : 4000 ) as the 
secondary antibody . The results of VRPs obtained by using 
the following plasmids are shown in FIG . 12 : 
[ 0202 ] i ) plasmid comprising a polynucleotide encoding 
VEEV CT83 capsid protein having a mutation in the NLS 
( K64N ) . 

[ 0203 ] ii ) plasmid comprising a polynucleotide encoding 
wild type VEEV CT83 E3 - E2 - 6K - E1 , and 

[ 0204 ] iii ) plasmid comprising polynucleotide encoding 
VEEV CT83 nspi , nsp2 , nsp3 and nsp4 , and also a 
polynucleotide encoding GFP , IKK or JNK2 . 

Example 6 
[ 0213 ] Effect of mutation in Capsid NLS Two types of 
VRPs obtained in Example 4 using the following plasmids 
were used : 
[ 0214 ] i - 1 ) plasmid comprising a polynucleotide encoding 
VEEV CT83 wild type capsid protein , or 

[ 0215 ] i - 2 ) plasmid comprising a polynucleotide encoding 
VEEV CT83 capsid protein having a mutation in the NLS 
( K64N ) . 

[ 0216 ] ii ) plasmid comprising a polynucleotide encoding 
wild type VEEV CT83 E3 - E2 - 6K - E1 , and 

[ 0217 ] iii ) plasmid comprising polynucleotide encoding 
VEEV CT83 nsp1 , nsp2 , nsp3 and nsp4 , and also a 
polynucleotide encoding luciferase . 

[ 0218 ] 293T cells were infected with the VRPs in the same 
manner as Example 2 . Luciferase assay was conducted in the 
same manner as Example 2 . Results are shown in FIG . 15 . 
[ 0219 ] In this Figure , control correspond background of 
luciferase activity . VRPs with Capsid having mutation in 
NLS showed much higher luciferase activity ( 900556 ) com 
pared to the VRPs with the WT capsid ( 118063 ) . 
[ 0220 ] The data indicated that modification of the capsid 
leads to higher yield and expression compared to the 
alphavirus replicon particle without modification in the 
capsid . 

Example 7 Example 5 
[ 0205 ] VRPs obtained in Example 4 using the following 
vectors were used : 
[ 0206 ] i ) plasmid comprising a polynucleotide encoding 
VEEV CT83 capsid protein having a mutation in the NLS 
( K64N ) . 

[ 0207 ] ii ) plasmid comprising a polynucleotide encoding 
wild type VEEV CT83 E3 - E2 - 6K - E1 , and 

[ 0208 ] iii ) plasmid comprising polynucleotide encoding 
VEEV CT83 nspi , nsp2 , nsp3 and nsp4 , and also a 
polynucleotide encoding IKK or JNK2 . 

[ 02091 293T Cells were infected with the VRPs that con 
tain IKK or JNK2 gene . The infection of VRPs to 293T cells 
was conducted in the same manner as Example 2 . 

[ 0221 ] VEE Virus replicon particles ( VRPs ) obtained in 
Example 4 by co - transfection of 293T cells with the fol 
lowing vectors were used : 
[ 0222 ] i ) plasmid comprising a polynucleotide encoding 
VEEV CT83 capsid protein having a mutation in the NLS 
( K64N ) . 

[ 0223 ] ii ) plasmid comprising a polynucleotide encoding 
wild type VEEV CT83 E3 - E2 - 6K - E1 . 

[ 0224 ] iii ) plasmid comprising polynucleotide encoding 
VEEV CT83 nsp1 , nsp2 , nsp3 and nsp4 , and a polynucle 
otide encoding GFP . 293T cells were infected with thus 
obtained VRPs in the same manner as Example 2 . Control 
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shows normal cells with no infection . The expression of 
GFP in the cells was confirmed . Results are shown in FIG . 
16 . 

burden of 3000 = ' and / or body weight loss of 20 % or greater . 
The results of all 8 animals in each group are shown in FIG . 
19 . 
[ 0234 ] The data indicated that VRPs comprising the gene 
encoding IKK and the combination of VRPs and anti - PD - 1 
antibody demonstrated superior anti - tumor effect over con 
trol and anti - PD - 1 single immunotherapy . 

Example 8 

[ 0225 ] The same VEEV replicon particles as those used in 
Example 7 were used . Macrophage J774 . A1 cells and Bone 
Marrow - derived macrophage ( BMDM ) cells were infected 
with the VRPs . The gene of interest encoding GFP was 
expressed in the transfected macrophage cells . 
[ 0226 ] The both cells were treated with IL - 4 for 48 hours 
to be polarized and analyzed for GFP expression . Results are 
shown in FIG . 17 . 

Example 10 
[ 0235 ] Chimeric Alphavirus replicon particles were pre 
pared in the same manner as Example 4 using the following 
sets of vectors . 

Example 9 
Chimeric ARP 1 
[ 0236 ] i ) plasmid comprising a polynucleotide encoding 

wild type CHIKV 37997 strain capsid protein , 
[ 0237 ] ii ) plasmid comprising a polynucleotide encoding 
wild type CHIKV 37997 strain E3 - E2 - 6K - E1 , and 

[ 0238 ] iii ) plasmid comprising polynucleotide encoding 
VEEV CT83 nspl , nsp2 , nsp3 and nsp4 , and a polynucle 
otide encoding GFP . 

In Vivo Efficacy Study on CT26 Models 
[ 0227 ] The schematic protocol of this example is shown in 
FIG . 18 . VRPs used in this example were those prepared in 
Example 4 using the following plasmids : 
[ 0228 ] i ) plasmid comprising a polynucleotide encoding 
VEEV CT83 capsid protein having a mutation in the NLS 
( K64N ) , 

[ 0229 ] ii ) plasmid comprising a polynucleotide encoding 
wild type VEEV CT83 E3 - E2 - 6K - E1 , and 

[ 0230 ] iii ) plasmid comprising polynucleotide encoding 
VEEV CT83 nsp1 , nsp2 , nsp3 and nsp4 , and a polynucle 
otide encoding human IKB kinases ( IKK ) . 

[ 0231 ] This study consists of 4 arms , n = 8 , for a total of 32 
animals . Animals were received Animals was randomized 
on Day 0 when tumor volume reaches 60 - 100 mm and 
dosing will begin on Day O with G1 : vehicle , G2 : anti - PD - 1 
mAb , G3 : VRPs and G4 : a combination of VRPs and 
anti - PD - 1 mAb at 10 mg / kg ( BIWx3 and IP ) . The tumor 
growth was monitored until 30 days after the initiation of the 
treatment . 
[ 0232 ] For groups 1 , 3 , 4 , mice were intra - tumoraly 
injected with 50 ul of vehicle or VRPs dispersed in the 
vehicle on day 0 , 2 , 4 , 6 , 8 and 10 . The VRPs or vehicle were 
administered into the tumor at the right flank using a 0 . 3 ml 
insulin type syringe . The aim was to use one entry point , but 
distribute the material through the tumor by moving the 
needle in and out . 
[ 02331 Measurements of tumor size were performed two 
times a week . The humane endpoint for this study is tumor 

Chimeric ARP 2 
[ 0239 ] i ) plasmid comprising a polynucleotide encoding 
wild type CHIKV OPY - 1 strain capsid protein , 

[ 0240 ] ii ) plasmid comprising a polynucleotide encoding 
wild type CHIKV OPY - 1 strain E3 - E2 - 6K - E1 , and 

[ 0241 ] iii ) plasmid comprising polynucleotide encoding 
VEEV C183 nsp1 , nsp2 , nsp3 and nsp4 , and a polynucle 
otide encoding GFP . 

[ 0242 ] The obtained ARPs were purified in the same 
manner as Example 1 . The purified chimeric ARPs were 
confirmed by western blotting using anti - CHIKV rabbit 
serum ( 1 : 2000 ) as the first antibody and goat anti - Rabbit 
IgG - HRP ( 1 : 4000 ) as the secondary antibody . The results are 
shown in FIG . 20 . Generation of both chimeric ARPs were 
confirmed . 
[ 0243 ] The 293T cells were infected with the chimeric 
ARPs encoding GFP . After the infection , cells were incu 
bated for 48 hours and the expression of GFP was confirmed 
by FACS analysis . As a control , cells with no infection were 
used . Results are shown in FIGS . 21 . 5 . 21 % and 4 . 07 % of 
the cells infected with the ARPS expressed GFP , suggesting 
that the chimeric ARPs successfully expressed GFP protein 
( gene of interest is a nucleotide encoding GFP ) in the cells . 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 22 

< 210 > SEO ID NO 1 
< 211 > LENGTH : 275 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Venezuelan Equine Encephalitis Virus 

< 400 > SEQUENCE : 1 

Met Phe Pro Phe Gin Pro Met Tyr Pro Met Gin Pro Met Pro Tyr Arg 
10 

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro 
20 25 

Phe Leu Ala Met Gin Val Gln Glu Leu Thr Arq Ser Met Ala Asn Leu 
35 40 45 
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- continued 

Thr Phe Lys Gin Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Lys 

Lys Pro Lys Lys Glu Ala Ser Gin Lys Gin Lys Gly Gly Gly Gin Gly 
65 80 

Lys Lys Lys Lys Asn Gin Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro 
85 

Asn Pro Lys Ala Gin Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro 
110 

Gly Lys Arg Gin Arg Met Val Met Lys Leu Glu Ser Asp Lys Thr Phe 
120 125 

Pro Ile Met Leu Glu Gly Lys Ile Asn Gly Tyr Ala Cys Val Val Gly 

Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys Ile Asp Asn Asp 
145 160 

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu 
165 

Tyr Ala Asp Val Pro Gln Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr 
190 

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Gly Ala Val Gin 
205 200 

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly 

Asp Ser Gly Arg Pro Ile Leu Asp Asn Gin Gly Arg Val Val Ala Ile 
225 240 

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val 
245 

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys 
260 270 

Glu Gin Trp 
275 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 275 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Venezuelan Equine Encephalitis Virus 

< 400 > SEQUENCE : 2 

Met Phe Pro Phe Gin Pro Met Tyr Pro Met Gin Pro Met Pro Tyr Arg 

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro 
25 30 20 

Phe Leu Ala Met Gin Val Gin Glu Leu Thr Arg Ser Met Ala Asn Leu 
40 35 

Thr Phe Lys Gin Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Asn 
50 55 

Lys Pro Lys Lys Glu Ala Ser Gin Lys Gin Lys Gly Gly Gly Gin Gly 
65 70 

Lys Lys Lys Lys Asn Gin Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro 
85 

Asn Pro Lys Ala Gin Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro 
100 105 110 

Gly Lys Arg Gin Arg Met Val Met Lys Leu Glu Ser Asp Lys Thr Phe 
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- continued 
115 120 125 

Pro Ile Met Leu Glu Gly Lys Ile Asn Gly Tyr Ala Cys Val Val Gly 

Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys Ile Asp Asn Asp 
145 150 155 

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu 
165 

Tyr Ala Asp Val Pro Gin Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr 
180 185 190 

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Gly Ala Val Gin 
195 

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly 

Asp Ser Gly Arg Pro Ile Leu Asp Asn Gin Gly Arg Val Val Ala Ile 
225 230 235 

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val 
245 

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys 
260 265 270 

Glu Gin Trp 
275 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 980 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Venezuelan Equine Encephalitis Virus 

< 400 > SEQUENCE : 3 

Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr Phe Pro Cys 
10 15 

Ala Gin Pro Pro Ile Cys Tyr Asp Arg Lys Pro Ala Glu Thr Leu Ala 
20 25 

Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu Leu Leu Glu 
45 40 

Ala Ala Val Lys Cys Pro Gly Arq Lys Ara Ara Ser Thr Glu Glu Leu 

Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg Cys Ile Arg 
65 70 75 

Cys Ala Val Gly Ser Cys His Ser Pro Ile Ala Ile Glu Ala Val Lys 
90 95 

Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gin Thr Ser Ser Gin Tyr 
100 105 

Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met Arg Tyr Asp 
120 125 

Met His Gly Thr Ile Lys Glu Ile Pro Leu His Gin Val Ser Leu Tyr 

Thr Ser Arg Pro Cys His Ile Val Asp Gly His Gly Tyr Phe Leu Leu 
145 150 155 

Ala Arg Cys Pro Ala Gly Asp Ser Ile Thr Met Glu Phe Lys Lys Asp 
165 170 175 

Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys Phe Asn Pro 
185 180 
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- continued 
Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly Val Glu Gin 

195 200 205 

Ala Cys Gin Val Tyr Ala His Asp Ala Gin Asn Arg Gly Ala Tyr Val 

Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu Val Ser Leu 
225 235 240 

Ser Gly Ser Ser Val Thr Val Thr Pro Pro Asp Gly Thr Ser Ala Leu 
250 255 

Val Glu Cys Glu Cys Gly Gly Thr Lys Ile Ser Glu Thr Ile Asn Lys 
265 270 

Thr Lys Gin Phe Ser Gin Cys Thr Lys Lys Glu Gin Cys Arg Ala Tyr 
275 280 

Arg Leu Gin Asn Asp Lys Trp Val Tyr Asn Ser Asp Lys Leu Pro Lys 

Ala Ala Gly Ala Thr Leu Lys Gly Lys Leu His Val Pro Phe Leu Leu 
305 315 320 

Ala Asp Gly Lys Cys Thr Val Pro Leu Ala Pro Glu Pro Met Ile Thr 
330 335 

Phe Gly Phe Art Ser Val Ser Leu Lys Leu His Pro Lys Asn Pro Thr 
345 350 

Tyr Leu Ile Thr Arg Gin Leu Ala Asp Glu Pro His Tyr Thr His Glu 
355 360 

Leu Ile Ser Glu Pro Ala Val Arg Asn Phe Thr Val Thr Glu Lys Gly 

Trp Glu Phe Val Trp Gly Asn His Pro Pro Lys Ara Phe Trp Ala Gln 
385 395 400 

Glu Thr Ala Pro Gly Asn Pro His Gly Leu Pro His Glu Val Ile Thr 
410 415 

His Tyr Tyr His Arg Tyr Pro Met Ser Thr Ile Leu Gly Leu Ser Ile 
425 430 

Cys Ala Ala Ile Ala Thr Val Ser Val Ala Ala Ser Thr Trp Leu Phe 
435 440 

Cys Arg Ser Arg Val Ala Cys Leu Thr Pro Tyr Arg Leu Thr Pro Asn 

Ala Arg Ile Pro Phe Cys Leu Ala Val Leu Cys Cys Ala Arg Thr Ala 
465 475 480 

Arg Ala Glu Thr Thr Trp Glu Ser Leu Asp His Leu Trp Asn Asn Asn 
490 495 

Gin Gin Met Phe Trp Ile Gin Leu Leu Ile Pro Leu Ala Ala Leu Ile 
505 510 

Val Val Thr Arg Leu Leu Arg Cys Val Cys Cys Val Val Pro Phe Leu 
515 520 

Val Met Ala Gly Ala Ala Gly Ala Gly Ala Tyr Glu His Ala Thr Thr 
540 

Met Pro Ser Gln Ala Gly Ile Ser Tyr Asn Thr Ile Val Asn Ara Ala 
545 555 560 

Gly Tyr Ala Pro Leu Pro Ile Ser Ile Thr Pro Thr Lys Ile Lys Leu 
570 575 

Ile Pro Thr Val Asn Leu Glu Tyr Val Thr cys His Tyr Lys Thr Gly 
585 590 

Met Asp Ser Pro Ala Ile Lys Cys cys Gly Ser Gin Glu Cys Thr Pro 
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- continued 
595 600 605 

Thr Tyr Arg Pro Asp Glu Gin Cys Lys Val Phe Thr Gly Val Tyr Pro 

Phe Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp Thr Glu Asn Thr Gin 
625 635 640 

Val Ser Lys Ala Tyr Val Met Lys Ser Asp Asp Cys Leu Ala Asp His 
655 

Ala Glu Ala Tyr Lys Ala His Thr Ala Ser Val Gln Ala Phe Leu Asn 
665 670 

Ile Thr Val Gly Glu His Ser Ile Val Thr Thr Val Tyr Val Asn Gly 
675 680 

Glu Thr Pro Val Asn Phe Asn Gly Val Lys Ile Thr Ala Gly Pro Leu 

Ser Thr Ala Trp Thr Pro Phe Asp Arg Lys Ile Val Gin Tyr Ala Gly 
705 715 720 

Glu Ile Tyr Asn Tyr Asp Phe Pro Glu Tyr Gly Ala Gly Gin Pro Gly 
735 

Ala Phe Gly Asp Ile Gin Ser Arg Thr Val Ser Ser Ser Asp Leu Tyr 
745 750 

Ala Asn Thr Asn Leu Val Leu Gln Arg Pro Lys Ala Gly Ala Ile His 
755 760 

Val Pro Tyr Thr Gin Ala Pro Ser Gly Phe Glu Gin Trp Lys Lys Asp 

Lys Ala Pro Ser Leu Lys Phe Thr Ala Pro Phe Gly Cys Glu Ile Tyr 
785 800 795 

Thr Asn Pro Ile Arg Ala Glu Asn Cys Ala Val Gly Ser Ile Pro Leu 
815 

Ala Phe Asp Ile Pro Asp Ala Leu Phe Thr Arq Val Ser Glu Thr Pro 
825 830 

Thr Leu Ser Ala Ala Glu Cys Thr Leu Asn Glu Cys Val Tyr Ser Ser 
835 840 

Asp Phe Gly Gly Ile Ala Thr Val Lys Tyr Ser Ala Ser Lys Ser Gly 

Lys Cys Ala Val His Val Pro Ser Gly Thr Ala Thr Leu Lys Glu Ala 
865 875 880 

Ala Val Glu Leu Thr Glu Gin Gly Ser Ala Thr Ile His Phe Ser Thr 
895 

Ala Asn Ile His Pro Glu Phe Arg Leu Gin Ile Cys Thr Ser Tyr Val 
905 910 

Thr Cys Lys Gly Asp Cys His Pro Pro Lys Asp His Ile Val Thr His 
920 915 

Pro Gin Tyr His Ala Gin Thr Phe Thr Ala Ala Val Ser Lys Thr Ala 

Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly Ser Ala Val Ile Ile Ile 
955 945 960 

Ile Gly Leu Val Leu Ala Thr Ile Val Ala Met Tyr Val Leu Thr Asn 
975 

Gin Lys His Asn 
980 

< 210 > SEQ ID NO 4 
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- continued 
< 211 > LENGTH : 981 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Venezuelan Equine Encephalitis Virus 

< 400 > SEQUENCE : 4 

Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr Phe Pro Cys 
10 15 

Ala Gln Pro Pro Ile Cys Tyr Asp Ara Lys Pro Ala Glu Thr Leu Ala 
20 25 30 

Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu Leu Leu Glu 
35 40 

Ala Ala Val Lys Cys Pro Gly Ser Gly Gly Gly Ser Ser Thr Glu Glu 

Leu Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg Cys Ile 
75 

Arg Cys Ala Val Gly Ser Cys His Ser Pro Ile Ala Ile Glu Ala Val 
90 95 

Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gin Thr Ser Ser Gin 
100 105 110 

Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met Arg Tyr 
115 120 

Asp Met His Gly Thr Ile Lys Glu Ile Pro Leu His Gin Val Ser Leu 

Tyr Thr Ser Arg Pro Cys His Ile Val Asp Gly His Gly Tyr Phe Leu 
155 

Leu Ala Arq Cys Pro Ala Gly Asp Ser Ile Thr Met Glu Phe Lys Lys 
170 175 

Asp Ser Val Arq His Ser Cys Ser Val Pro Tyr Glu Val Lys Phe Asn 
180 185 190 

Pro Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly Val Glu 
195 200 

Gin Ala Cys Gin Val Tyr Ala His Asp Ala Gin Asn Arg Gly Ala Tyr 

Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu Val Ser 
235 

Leu Ser Gly Ser Ser Val Thr Val Thr Pro Pro Asp Gly Thr Ser Ala 
250 255 

Leu Val Glu Cys Glu Cys Gly Gly Thr Lys Ile Ser Glu Thr Ile Asn 
260 265 270 

Lys Thr Lys Gin Phe Ser Gin Cys Thr Lys Lys Glu Gin Cys Arg Ala 
275 280 

Tyr Arg Leu Gin Asn Asp Lys Trp Val Tyr Asn Ser Asp Lys Leu Pro 

Lys Ala Ala Gly Ala Thr Leu Lys Gly Lys Leu His Val Pro Phe Leu 
315 

Leu Ala Asp Gly Lys Cys Thr Val Pro Leu Ala Pro Glu Pro Met Ile 
330 335 

Thr Phe Gly Phe Arg Ser Val Ser Leu Lys Leu His Pro Lys Asn Pro 
340 345 350 

Thr Tyr Leu Ile Thr Arg Gin Leu Ala Asp Glu Pro His Tyr Thr His 
355 360 

Glu Leu Ile Ser Glu Pro Ala Val Arg Asn Phe Thr Val Thr Glu Lys 



US 2019 / 0185822 A1 Jun . 20 , 2019 
19 

- continued 

370 375 380 

Gly Trp Glu Phe Val Trp Gly Asn His Pro Pro Lys Arg Phe Trp Ala 
385 390 400 

Gln Glu Thr Ala Pro Gly Asn Pro His Gly Leu Pro His Glu Val Ile 
415 Ala cly Asn Pro His clx 

Thr His Tyr Tyr His Arq Tyr Pro Met Ser Thr Ile Leu Gly Leu Ser 
430 420 

Ile Cys Ala Ala Ile Ala Thr Val Ser Val Ala Ala Ser Thr Trp Leu 
440 

Phe Cys Arg Ser Arg Val Ala Cys Leu Thr Pro Tyr Arg Leu Thr Pro 
460 

Asn Ala Arg Ile Pro Phe Cys Leu Ala Val Leu Cys Cys Ala Arg Thr 
465 470 480 

Ala Arg Ala Glu Thr Thr Trp Glu Ser Leu Asp His Leu Trp Asn Asn 
495 

Asn Gln Gin Met Phe Trp Ile Gin Leu Leu Ile Pro Leu Ala Ala Leu 
500 510 

Ile Val Val Thr Arg Leu Leu Arg Cys Val Cys Cys Val Val Pro Phe 
520 

Leu Val Met Ala Gly Ala Ala Gly Ala Gly Ala Tyr Glu His Ala Thr 
540 

Thr Met Pro Ser Gin Ala Gly Ile Ser Tyr Asn Thr Ile Val Asn Arg 
545 550 560 

Ala Gly Tyr Ala Pro Leu Pro Ile Ser Ile Thr Pro Thr Lys Ile Lys 
575 

Leu Ile Pro Thr Val Asn Leu Glu Tyr Val Thr Cys His Tyr Lys Thr 
580 590 

Gly Met Asp Ser Pro Ala Ile Lys cys Cys Gly Ser Gin Glu Cys Thr 
600 

Pro Thr Tyr Arg Pro Asp Glu Gin cys Lys Val Phe Thr Gly Val Tyr 
620 

Pro Phe Met Trp Gly Gly Ala Tyr cys Phe Cys Asp Thr Glu Asn Thr 
625 640 630 

Gin Val Ser Lys Ala Tyr Val Met Lys Ser Asp Asp Cys Leu Ala Asp 
655 

His Ala Glu Ala Tyr Lys Ala His Thr Ala Ser Val Gln Ala Phe Leu 
660 670 

Asn Ile Thr Val Gly Glu His Ser Ile Val Thr Thr Val Tyr Val Asn 
680 

Gly Glu Thr Pro Val Asn Phe Asn Gly Val Lys Ile Thr Ala Gly Pro 
700 

Leu Ser Thr Ala Trp Thr Pro Phe Asp Arg Lys Ile Val Gin Tyr Ala 
710 705 720 

Gly Glu Ile Tyr Asn Tyr Asp Phe Pro Glu Tyr Gly Ala Gly Gin Pro 
735 

Gly Ala Phe Gly Asp Ile Gin Ser Arg Thr Val Ser Ser Ser Asp Leu 
740 750 

Tyr Ala Asn Thr Asn Leu Val Leu Gin Arg Pro Lys Ala Gly Ala Ile 
760 

His Val Pro Tyr Thr Gin Ala Pro Ser Gly Phe Glu Gin Trp Lys Lys 
770 780 
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Asp Lys Ala Pro Ser Leu Lys Phe Thr Ala Pro Phe Gly Cys Glu Ile 
790 795 800 

Tyr Thr Asn Pro Ile Arg Ala Glu Asn cys Ala Val Gly Ser Ile Pro 
815 

Leu Ala Phe Asp Ile Pro Asp Ala Leu Phe Thr Arg Val Ser Glu Thr 

Pro Thr Leu Ser Ala Ala Glu Cys Thr Leu Asn Glu Cys Val Tyr Ser 
835 840 845 

Ser Asp Phe Gly Gly Ile Ala Thr Val Lys Tyr Ser Ala Ser Lys Ser 

Gly Lys Cys Ala Val His Val Pro Ser Gly Thr Ala Thr Leu Lys Glu 
870 875 880 

Ala Ala Val Glu Leu Thr Glu Gin Gly Ser Ala Thr Ile His Phe Ser 
895 

Thr Ala Asn Ile His Pro Glu Phe Arq Leu Gin Ile Cys Thr Ser Tyr 

Val Thr Cys Lys Gly Asp Cys His Pro Pro Lys Asp His Ile Val Thr 
915 920 925 

His Pro Gln Tyr His Ala Gin Thr Phe Thr Ala Ala Val Ser Lys Thr 

Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly Ser Ala Val Ile Ile 
950 955 960 

Ile Ile Gly Leu Val Leu Ala Thr Ile Val Ala Met Tyr Val Leu Thr 
965 975 

Asn Gin Lys His Asn 
980 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 11542 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic sequence , genomic RNA expression 

vector including Luciferase gene sequence 

< 400 > SEQUENCE : 5 

ttctcatgtt tgacagctta tcatcgatgc accgtgcatg ccgattggtg gaagtaaggt 

ggtacgatcg tgccttatta ggaaggcaac agacaggtct gacatggatt ggacgaacca 120 
ctgaattccg cattgcagag ataattgt at ttaagtgcct agctcgatac aataaacgcc 180 
atttgaccat tcaccacatt ggtgtgcacc tocaataggc ggcgcatgag agaagcccag 240 

accaattacc tacccaaaat ggagaaagtt cacgttgaca tcgaggaaga cagcccatto 300 

ctcagagctt tgcagoggag cttcccgcag tttgaggtag aagccaagca ggtcactgat 360 
aatgaccatg ctaatgccag agcgttttcg catctggctt caaaactgat cgaaacggag 420 

gtggacccat ccgacacgat ccttgacatt ggaagtgcgc ccgcccgcag aatgtattet 480 

aagcacaagt atcattgtat ctgtccgatg agatgtgcgg aagatccgga cagattgtat 540 

aagtatgcaa ctaagctgaa gaaaaactgt aaggaaataa ctgataagga attggacaag 600 
aaaatgaagg agctcgccgc cgtcatgagc gaccctgacc tggaaactga gactatgtgc 660 

ctccacgacg acgagcgtgt cgctacgaag ggcaagtcgc tgtttaccag gatgtatacg 720 

cggttgacgg accgacaagt ctctatcacc aagccaataa gggagttaga gtcgcctact 780 
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ggataggott tgacaccacc ccttttatgt ttaagaactt ggctggagca tatccatcat 840 

actctaccaa ctgggccgac gaaaccgtgt taacggctcg taacataggc ctatgcagct 900 

ctgacgttat ggagcggtca cgtagaggga tgtccattct tagaaagaag tatttgaaac 960 
catccaacaa tgttctattc tctgttggct cgaccatcta ccacgagaag agggacttac 1020 
tgaggagctg gcacctgccg tctgtatttc acttacgtgg caagcaaaat tacacatgtc 1080 

ggtgtgagac tatagttagt tgcgacgggt acgtcgttaa aagaatagct atcagtccag 1140 

gcctgtatgg gaagccttca ggctatgctg ctacgatgca ccgcgaggga ttcttgtgct 1200 
gcaaagtgac agacacattg aacggggaga gggtctcttt tcccgtgtgc acgtatgtgc 1260 

cagctacatt gtgtgaccaa atgactggca tactggcaac agatgtcagt gcggacgacg 1320 
cgcaaaaact gctggttggg ctcaaccagc gtatagtcgt caacggtcgc acccagagaa 1380 
acaccaatac catgaaaaat taccttttgc ccgtagtggc ccaggcattt gctaggtggg 1440 
caaaggaata taagga agat caagaagatg aaaggccact aggactacga gatagacagt 1500 
tagtcatggg gtgttgttgg gcttttagaa ggcacaagat aacatctatt tataagcgcc 1560 
cggataccca aaccatcatc aaagtgaaca gcgatttcca ctcattcgtg ctgcccagga 1620 

taggcagtaa cacattggag atcgggctga gaacaagaat caggaaaatg ttagaggage 1680 
acaaggagcc gtcacctctc attaccgccg aggacgtaca agaagctaag tgcgcagccg 1740 
atgaggotaa ggaggtgcgt gaagccgagg agttgcgcgc agctctacca cctttggcag 1800 
ctgatgttga ggagcccact ctggaagccg atgtcgactt gatgttacaa gaggctgggg 1860 
ccggctcagt ggagacacct cgtggcttga taaaggttac cagctacgat ggcgaggaca 1920 

agatcggctc ttacgctgtg ctttctccgc aggctgtact caagagtgaa aaattatott 1980 

gcatccaccc tctcgctgaa caagtcatag tgataacaca ctctggccga aaagggcgtt 2040 
2100 atgccgtgga accataccat ggtaaagtag tggtgccaga gggacatgca atacccgtcc 

aggactttca agctctgagt gaaagtgcca ccattgtgta caacgaacgt gagttcgtaa 2160 
acaggtacct gcaccatatt gccacacatg gaggagcgct gaacactgat gaagaatatt 2220 

acaaaactgt caagcccagc gagcacgacg gcgaatacct gtacgacatc gacaggaaac 2280 
agtgcgtcaa gaaagaacta gtcactgggc tagggctcac aggcgagctg gtggatcctc 2340 

ccttccatga attcgcctac gagagtctga gaacacgacc agccgctcct taccaagtac 2400 

caaccatagg ggtgtatggc gtgccaggat caggcaagtc tggcatcatt aaaagcgcag 2460 
tcaccaaaaa agatctagtg gtgagcgcca agaaagaaaa ctgtgcagaa attataaggg 2520 
acgtcaagaa aatgaaaggg ctggacgtca atgccagaac tgtggactca gtgctcttga 2580 
atggatgcaa acaccccgta gagaccctgt atattgacga agcttttgct tgtcatgcag 2640 
gtactctcag agcgctcata gccattataa gacctaaaaa ggcagtgctc tgcggggatc 2700 
ccaaacagtg cggttttttt aacatgatgt gcctgaaagt gcattttaac cacgagattt 2760 

gcacacaagt cttccacaaa agcatctctc gccgttgcac taaatctgtg acttcggtcg 2820 
tctcaacctt gttttacgac aaaaaaatga gaacgacgaa tccgaaagag actaagattg 2880 

tgattgacac taccggcagt accaaaccta agcaggacga tctcattctc acttgtttca 2940 
gagggtgggt gaagcagttg caaatagatt acaaaggcaa cgaaataatg acggcagctg 3000 

at cctctcaagg gctgacccgt aaaggtgtgt atgccgttcg gtacaaggtg aatgaaaatc 3060 
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ctctgtacgc acccacctca gaacatgtga acgtcctact gacccgcacg gaggaccgca 3120 

togtgtggaa aacactagcc ggcgacccat ggataaaaac actgactgcc aagtaccctg 3180 
ggaatttcac tgccacgata gaggagtggc aagcagagca tgatgccatc atgaggcaca 3240 
tottggagag accggaccct accgacgtct tccagaataa ggcaaacgtg tgttgggcca 3300 
aggctttagt gccggtgctg aagaccgctg gcatagacat gaccactgaa caatggaaca 3360 
ctgtggatta ttttgaaacg gacaaagctc actcagcaga gatagtattg aaccaactat 3420 

gcgtgaggtt ctttggactc gatctggact ccggtctatt ttctgcaccc actgttccgt 3480 
tatccattaq qaataatcac tqaqataact ccccatcgec taacatatac qaqctqaata 3540 

aagaagtggt ccgtcagctc tctcgcaggt acccacaact gcctcgggca gttgccactg 3600 
gaagagtcta tgacatgaac actggtacac tgcgcaatta tgatccgcgc ataaacctag 3660 
tacctgtaaa cagaagactg cctcatgott tagtcctcca ccataatgaa cacccacaga 3720 
gtgacttttc ttcattcgtc agcaaattga agggcagaac tgtcctggtg gtcggggaaa 3780 
agttgtccgt cccaggcaaa atggttgact ggttgtcaga ccggcctgag getaccttca 3840 
gagctcggct ggatttaggc atcccaggtg atgtgcccaa atatgacata atatttgtta 3900 
atgtgaggac cccatataaa taccatcact atcagcagtg tgaagaccat gccattaagc 3960 
ttagcatgtt gaccaagaaa gottgtctgc atctgaatcc cggcggaacc tgtgtcagca 4020 
taggttatgg ttacgctgac agggccagcg aaagcatcat tggtgctata gcgcggcagt 4080 
tcaagttttc ccgggtatge aaaccgaaat cctcacttga agagacggaa gttctgtttg 4140 

tattcattgg gtacgatcgc aaggcccgta cgcacaatcc ttacaagctt tcatcaacct 4200 

tgaccaacat ttatacaggt tocagactcc acgaagccgg atgtgcaccc tcatatcatg 4260 
tggtgcgagg ggatattgcc acggccaccg aaggagtgat tataaatgct gctaacagca 4320 
aaggacaacc tggcggaggg gtgtgcggag cgctgtataa gaaattcccg gaaagcttcg 4380 
atttacagcc gatcgaagta ggaaaagcgc gactggtcaa aggtgcagct aaacatatca 4440 
ttcatgccgt aggaccaaac ttcaacaaag tttcggaggt tgaaggtgac aaacagttgg 4500 
cagaggetta tgagtccatc gctaagattgtcaacgataa caattacaag t?agtagcga 4560 

ttccactgtt gtccaccggc atcttttccg ggaacaaaga tcgactaacc caatcattga 4620 7 

accatttgct gacagcttta gacaccactg atgcagatgt agccatatac tgcagggaca 4680 
agaaatggga aatgactctc aaggaagcag tggctaggag agaagcagtg gaggagatat 4740 
gcatatccga cgactcttca gtgacagaac ctgatgcaga gctggtgagg gtgcatccga 4800 

agagttcttt ggctggaagg aagggctaca gcacaagcga tggcaaaact ttctcatatt 4860 
tggaagggac caagtttcac caggcggcca aggatatagc agaaattaat gccatgtggc 4920 

ccgttgcaac ggaggccaat gagcaggtat gcatgtatat cctcggagaa agcatgagca 4980 
gtattaggtc gaaatgcccc gtcgaagagt cggaagcctc cacaccacct agcacgctgc 5040 
cttgottgtg catccatgcc atgactccag aaagagtaca gcgcctaaaa gcctcacgtc 5100 

cagaacaaat tactgtgtgc tcatcctttc cattgccgaa gtatagaatc actggtgtgc 5160 

agaagatcca atgctcccag cctatattgt tctcaccgaa agtgcctgcg tatattcatc 5220 
caaggaagta tctcgtggaa acaccaccgg tagacgagac tccggagcca tcggcagaga 5280 

accaatccac agaggggaca cctgaacaac caccacttat aaccgaggat gagaccagga 5340 
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ctagaacgcc tgagccgatc atcatcgaag aggaagaaga ggatagcata agtttgctgt 5400 

cagatggccc gacccaccag gtgctgcaag togaggcaga cattcacggg ccgccctctg 5460 
tatctagctc atcctggtcc attcctcatg catccgactt tgatgtggac agtttatcca 5520 
tacttgacac cctggaggga gctagcgtga ccagcggggc aacgtcagcc gagactaact 5580 

cttacttcgc aaagagtatg gagtttctgg cgcgaccggt gcctgcgcct cgaacagtat 5640 

tcaggaaccc tccacatccc gctccgcgca caagaacacc gtcacttgca cccagcaggg 5700 
cctgctcgag aaccagccta gtttccaccc cgccaggcgt gaatagggtg atcactagag 5760 
aggagctcga ggcgcttacc ccgtcacgca ctcctagcag gtcggtctcg agaaccagcc 5820 
tggtctccaa cccgccaggc gtaaataggg tgattacaag agaggagttt gaggcgttcg 5880 
tagcacaaca acaatgacgg tttgatgcgg gtgcatacat cttttcctcc gacaccggtc 5940 

aagggcattt acaacaaaaa tcagtaaggc aaacggtgct atccgaagtg gtgttggaga 6000 
ggaccgaatt ggagatttcg tatgccccgc gcctcgacca agaaaaagaa gaattactac 6060 
gcaagaaatt acagttaaat cccacacctg ctaacagaag cagataccag tccaggaagg 6120 
tggagaacat gaaagccata acagctagac gtattctgca aggcctaggg cattatttga 6180 6 

aggcagaagg aaaagtggag tgctaccgaa ccctgcatcc tgttcctttg tattcatcta 6240 
gtgtgaaccg tgccttttca agccccaagg tcgcagtgga agcctgtaac gccatgttga 6300 
aagagaactt tccgactgtg gottcttact gtattattcc agagtacgat gcctatttgg 6360 
acatggttga cggagcttca tgctgcttag acactgccag tttttgccct gcaaagctgc 6420 

gcagctttcc aaagaaacac tcctatttgg aacccacaat acgatcggca gtgccttcag 6480 
cgatccagaa cacgctccag aacgtcctgg cagctgccac aaaaagaaat tgcaatgtca 6540 
cgcaaatgag agaattgccc gtattggatt cggcggcctt taatgtggaa tgcttcaaga 6600 
aatatgcgtg taataatgaa tattgggaaa cgtttaaaga aaaccccato aggettactg 6660 
aagaaaacgt ggtaaattac attaccaaat taaaaggacc aaaagctgct gctctttttg 6720 
cgaagacaca taatttgaat atgttgcagg acataccaat ggacaggttt gtaatggact 6780 
taaagagaga cgtgaaagtg actccaggaa caaaacatac tgaagaacgg cccaaggtac 6840 

aggtgatcca ggctgccgat ccgctagcaa cagcgtatct gtgcggaatc caccgagagc 6900 
tggttaggag attaaatgcg gtcctgcttc cgaacattca tacactgttt gatatgtcgg6960 
ctgaagactt tgacgctatt atagccgagc acttccagcc tggggattgt gttctggaaa 7020 
ctgacatcgc gtcgtttgat aaaagtgagg acgacgccat ggctctgacc gcgttaatga 7080 

ttctggaaga cttaggtgtg gacgcagagc tgttgacgct gattgaggcg gotttcggcg 7140 

aaatttcatc aatacatttg cccactaaaa ctaaatttaa attcggagcc atgatgaaat 7200 

ctggaatgtt cctcacactg tttgtgaaca cagtcattaa cattgtaatc gcaagcagag 7260 
tgttgagaga acggctaacc ggatcaccat gtgcagcatt cattggagat gacaatatcg 7320 
tgaaaggagt caaatcggac aaattaatgg cagacaggtg cgccacctgg ttgaatatgg 7380 

aagtcaagat tatagatgct gtggtgggcg agaaagcgcc ttatttctgt ggagggttta 7440 
ttttgtgtga ctccgtgacc ggcacagcgt gccgtgtggc agacccccta aaaaggctgt 7500 
ttaagcttgg caaacctctg gcagcagacg atgaacatga tgatgacagg agaagggcat 7560 
tgcatgaaga gtcaacacgc tggaaccgag tgggtattct ttcagagctg tgcaaggcag 7620 
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tagaatcaag gtatgaaacc gtaggaactt ccatcatagt tatggccatg actactctag 7680 

ctagcagtgt taaatcattc agctacctga gaggggcccc tataactctc tacggctaac 7740 
ctgaatggac tacgacatag tctagtccgc caagatggtc ttcacactcg aagatttcgt 7800 

tggggactgg cgacagacag ccggctacaa cctggaccaa gtccttgaac agggaggtgt 7860 
gtccagtttg tttcagaatc tcggggtgtc cgtaactccg atccaaagga ttgtcctgag 7920 

cggtgaaaat gggctgaaga tcgacatcca tgtcatcatc ccgtatgaag gtctgagcgg 7980 

cgaccaaatg ggccagatcg aaaaaatttt taaggtggtg taccctgtgg atgatcatca 8040 
ctttaaggtg atcctgcact atggcacact ggtaatcgac ggggttacgc cgaacatgat 8100 

cgactatttc ggacggccgt atgaaggcat cgccgtgttc gacggcaaaa agatcactgt 8160 
aacagggacc ctgtggaacg gcaacaaaat tatcgacgag cgcctgatca accccgacgg 8220 
ctccctgctg ttccgagtaa ccatcaacgg agtgaccggc tggcggctgt gegaacgcat 8280 
tctggcgtaa atacagcagc aattggcaag ctgcttacat agaactcgcg gcgattggca 8340 
tgccgcctta aaatttttat tttatttttc ttttcttttc cgaatcggat tttgttttta 8400 

?t?ttt???? ?????????????????????????????????????????????????? 8460 

aatcgcgaca gacatgataa gatacattga tgagtttgga caaaccacaa ctagaatgca 8520 

gtgaaaaaaa tgctttattt gtgaaatttg tgatgctatt gotttatttg taaccattat 8580 

aagctgcaat aaacaagtta acaacaacaa ttgcattcat tttatgtttc aggttcaggg 8640 
ggaggtgtgg gaggtttttt aggacccggc taggctggcg gggttgcctt actggttage 8700 
agaatgaatc accgatacgc gagcgaacgt gaagcgactg ctgctgcaaa acgtctgcga 8760 
cctgagcaac aacatgaatg gtcttcggtt tccgtgtttc gtaaagtctg gaaacgcgga 8820 
agtcagcgcc ctgcaccatt atgttccgga tctgcatcgc aggatgctgc tggctaccct 8880 
gtggaacacc tacatctgta ttaacgaagc gctggcattg accctgagtg atttttctct 8940 
ggtcccgccg catccatacc gccagttgtt taccctcaca acgttccagt aaccgggcat 9000 
gttcatcatc agtaacccgt atcgtgagca tcctctctcg tttcatcggt atcattacco 9060 
ccatgaacag aaatccccct tacacggagg catcagtgac caaacaggaa aaaaccgccc9120 
ttaacatggc ccgctttatc agaagccaga cattaacgct tctggagaaa ctcaacgagc 9180 
tggacgcgga tgaacaggca gacatctgtg aatcgcttca cgaccacgct gatgagcttt 9240 
accgcagctg cctcgcgcgt ttcggtgatg acggtgaaaa cctctgacac atgcagctcc 9300 
cggagacggt cacagcttgt ctgtaagcgg atgccgggag cagacaagcc cgtcagggcg 9360 
cgtcagcggg tgt tggcggg tgtcggggcg cagccatgac ccagtcacgt agcgatagcg 9420 
gagtgtatac tggcttaact atgcggcatc agagcagatt gtactgagag tgcaccatat 9480 

gcggtgtgaa ataccgcaca gatgcgtaag gagaaaatac cgcatcaggc gctcttccgc 9540 
ttcctcgctc actgactcgc tgcgctcggt cgttcggctg cggcgagcgg tatcagctca 9600 

ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 9660 

agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc gcgttgctgg cgtttttcca 9720 
taggctccgc ccccctgacg agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa 9780 
cccgacagga ctataaagat accaggcgtt tccccctgga agctccctcg tgcgctctcc 9840 
tgttccgacC ctgccgctta coggatacct gtccgccttt ctcccttcgg gaagcgtggc 9900 
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getttctcat agctcacgct gtaggtatct cagttcggtg taggtcgttc gctccaagct 9960 
gggctgtgtg cacgaacccc ccgttcagcc cgaccgctgc gccttatccg gtaactatcg 10020 
tuttgagtcc aacccggtaa gacacgactt atcgccactg gcagcagcca ctggtaacag 10080 
gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt ggcctaacta 10140 
cggctacact agaaggacag tatttogtat ctgcgctctg ctgaagccag ttaccttcgg 10200 

aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagcg gtggtttttt 10260 
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 10320 
ttctacgggg totgacgctc agtggaacga aaactcacgt taagggattt tggtcatgag 10380 
attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 10440 
ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc 10500 

tatctcagcg atctgtctat ttcgttcatc catagttgcc tgactccccg togtgtagat 10560 

aactacgata cgggagggct taccatctgg ccccagtgct gcaatgatac cgcgagaccc 10620 
acgctcaccg gctccagatt tatcagcaat aaaccagcca gccggaaggg ccgagcgcag 10680 
aagtggtcct gcaactttat ccgcctccat ccagtctatt aattgttgcc gggaagctag 10740 

agtaagtagt tcgccagtta atagtttgcg caacgttgtt gccattgctg caggcatcgt 10800 

ggtgtcacgc tcgtcgtttg gtatggcttc attcagctcc ggttcccaac gatcaaggcg 10860 

agttacatga tcccccatgt tgtgcaaaaa agcggttagc tccttcggtc ctccgatcgt 10920 
tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc 10980 
tcttactgtc atgccatccg taagatgctt ttctgtgact ggtgagtact caaccaagtc 11040 
attctgagaa tagtgtatgc ggcgaccgag ttgctcttgc ccggcgtcaa cacgggataa 11100 
taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg 11160 
aaaactctca aggatottac cgctgttgag atccagttcg atgtaaccca ctcgtgcacc 11220 
caactgatct tcagcatctt ttactttcac cagcgtttct gggtgagcaa aaacaggaag 11280 

gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactctt 11340 
cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt 11400 

tgaatgtatt tagaaaaata aacaaatagg ggttccgcgc acatttcccc gaaaagtgcc 11460 

acctgacgtc taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac 11520 

gaggcccttt cgtcttcaag aa 11542 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 11596 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic sequence , genomic RNA expression 

vector including Luciferase gene with Multiple cloning sites 

NM OM 

< 400 > SEQUENCE : 6 

ttctcatgtt tgacagctta tcatcgatgc accgtgcatg ccgattggtg gaagtaaggt 60 
ggtacgatcg tgccttatta ggaaggcaac agacaggtct gacatggatt ggacgaacca 120 

ctgaattocg cattgcagag ataattgtat ttaagtgcct agctcgatac aataaacgcc 180 

atttgaccat tcaccacatt ggtgtgcacc tocaataggc ggcgcatgag agaagcccag 240 
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accaattacc tacccaaaat ggagaaagtt cacgttgaca tcgaggaaga cagcccattc 300 
ctcagagett tgcagcggag cttcccgcag tttgaggtag aagccaagca ggtcactgat 360 

aatgaccatg ctaatgccag agcgttttcg catctggctt caaaactgat cgaaacggag 420 

gtggacccat ccgacacgat ccttgacatt ggaagtgcgc ccgcccgcag aatgtattct 480 

aagcacaagt atcattgtat ctgtccgatg agatgtgcgg aagatccgga cagattgtat 540 

aagtatgcaa ctaagctgaa gaaaaactgt aaggaaataa ctgataagga attggacaag 600 
aaaatgaagg agctcgccgc cgtcatgagc gaccctgacc tggaaactga gactatgtgc 660 

ctccacgacg acgagcgtgt cgctacgaag ggcaagtcgc tgtttaccag gatgtatacg 720 
cggttgacgg accgacaagt ctctatcacc aagccaataa gggagttaga gtcgcctact 780 

ggataggett tgacaccacc ccttttatgt ttaagaactt ggctggagca tatccatcat 840 

actctaccaa ctgggccgac gaaaccgtgt taacggctcg taacataggc ctatgcagct 900 
ctgacgttat ggagcggtca cgtagaggga tgtccattct tagaaagaag tatttgaaac 960 
catccaacaa tgttctattc tctgttggct cgaccatcta ccacgagaag agggacttac 1020 
tgaggagctg gcacctgccg tctgtatttc acttacgtgg caagcaaaat tacacatgtc 1080 

ggtgtgagac tatagttagt tgcgacgggt acgtcgttaa aagaatagct atcagtccag 1140 
gcctgtatgg gaagccttca ggctatgctg ctacgatgca ccgcgaggga ttcttgtgct 1200 
gcaaagtgac agacacattg aacggggaga gggtctcttt tcccgtgtgc acgtatgtgc 1260 
cagctacatt gtgtgaccaa atgactggca tactggcaac agatgtcagt gcggacgacg 1320 

cgcaaaaact gctggttggg ctcaaccagc gtatagtcgt caacggtcgc acccagagaa 1380 

acaccaatac catgaaaaat taccttttgc ccgtagtggc ccaggcattt getaggtggg 1440 
caaaggaata taaggaagat caagaagatg aaaggccact aggactacga gatagacagt 1500 

tagtcatggg gtgttgttgg gottttagaa ggcacaagat aacatctatt tataagcgcc 1560 
cggataccca aaccatcatc aaagtgaaca gcgatttcca ctcattogtg ctgcccagga 1620 
taggcagtaa cacattggag atcgggctga gaacaagaat caggaaaatg ttagaggage 1680 
acaaggagcc gtcacctctc attaccgccg aggacgtaca agaagctaag tgcgcagccg 1740 
atgaggctaa ggaggtgcgt gaagccgagg agttgcgcgc agctctacca cctttggcag 1800 

ctgatgttga ggagcccact ctggaagccg atgtcgactt gatgttacaa gaggctgggg 1860 
ccggctcagt ggagacacct cgtggcttga taaaggttac cagctacgat ggcgaggaca 1920 
agatcggctc ttacgctgtg ctttctccgc aggctgtact caagagtgaa aaattatctt 1980 
gcatccaccc tctcgctgaa caagtcatag tgataacaca ctctggccga aaagggcgtt 2040 
atgccgtgga accataccat ggtaaagtag tggtgccaga gggacatgca atacccgtcc 2100 
aggactttca agctctgagt gaaagtgcca ccattgtgta caacgaacgt gagttcgtaa 2160 

acaggtacct gcaccatatt gccacacatg gaggagcgct gaacactgat gaagaatatt 2220 

acaaaactgt caagcccagc gagcacgacg gegaatacct gtacgacatc gacaggaaac 2280 
agtgcgtcaa gaaagaacta gtcactgggc tagggctcac aggcgagctggtggatcctc 2340 

ccttccatga attcgcctac gagagtctga gaacacgacc agccgctcct taccaagtac 2400 

caaccatagg ggtgtatggc gtgccaggat caggcaagtc tggcatcatt aaaagcgcag 2460 
tcaccaaaaa agatctagtg gtgagcgcca agaaagaaaa ctgtgcagaa attataaggg 2520 
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acgtcaagaa aatgaaaggg ctggacgtca atgccagaac tgtggactca gtgctcttga 2580 
atggatgcaa acaccccgta gagaccctgt atattgacga agcttttgct tgtcatgcag 2640 

gtactctcag agcgctcata gccattataa gacctaaaaa ggcagtgctc tgcggggatc 2700 
ccaaacagtg cggttttttt aacatgatgt gcctgaaagt gcattttaac cacgagattt 2760 
gcacacaagt cttccacaaa agcatctctc gccgttgcac taaatctgtg acttcggtcg 2820 
tctcaacctt gttttacgac aaaaaaatga gaacgacgaa tccgaaagag actaagattg 2880 
tgattgacac taccggcagt accaaaccta agcaggacga tctcattctc acttgtttca 2940 
gagggtgggt gaagcagttg caaatagatt acaaaggcaa cgaaataatg acggcagctg 3000 

cctctcaagg gctgacccgt aaaggtgtgt atgccgttcg gtacaaggtg aatgaaaatc 3060 
ctctgtacgc acccacctca gaacatgtga acgtcctact gacccgcacg gaggaccgca 3120 
tcgtgtggaa aacactagcc ggcgacccat ggataaaaac actgactgcc aagtaccctg 3180 

ggaatttcac tgccacgata gaggagtggc aagcagagca tgatgccatc atgaggcaca 3240 
tcttggagag accggaccct accgacgtct tccagaataa ggcaaacgtg tgttgggcca 3300 
aggctttagt gccggtgctg aagaccgctg gcatagacat gaccactgaa caatggaaca 3360 

ctgtggatta ttttgaaacg gacaaagctc actcagcaga gatagtattg aaccaactat 3420 
gcgtgaggtt ctttggactc gatctggact ccggtctatt ttctgcaccc actgttccgt 3480 
tatccattag gaataatcac tgggataact CCCcgtcgcctaacatgtac gggctgaata 3540 

aagaagtggt ccgtcagctc tctcgcaggt acccacaact gcctcgggca gttgccactg 3600 
gaagagtcta tgacatgaac actggtacac tgcgcaatta tgatccgcgc ataaacctag 3660 
tacctgtaaa cagaagactg cctcatgott tagtcctcca ccataatgaa cacccacaga 3720 
gtgacttttc ttcattcgtc agcaaattga agggcagaac tgtcctggtg gtcggggaaa 3780 

agttgtccgt cccaggcaaa atggttgact ggttgtcaga ccggcctgag gctaccttca 3840 
gagctcggct ggatttaggc atcccaggtg atgtqcccaa atatqacata atatttatta 3900 

atgtgaggac cccatataaa taccatcact atcagcagtg tgaagaccat gccattaagc 3960 
ttagcatgtt gaccaagaaa gottgtctgc atctgaatcc cggcggaacc tgtgtcagca 4020 
taggttatgg ttacgctgac agggccagcg aaagcatcat tggtgctata gcgcggcagt 4080 

tcaagttttc ccgggtatgc aaaccgaaat cctcacttga agagacggaa gttctgtttg 4140 

tattcattgg gtacgatcgc aaggcccgta cgcacaatcc ttacaagctt tcatcaacct 4200 
tgaccaacat ttatacaggt tccagactcc acgaagccgg atgtgcaccc tcatatcatg 4260 
tggtgcgagg ggatattgcc acggccaccg aaggagtgat tataaatgct gctaacagca 4320 
aaggacaacc tggcggaggg gtgtgcggag cgctgtataa gaaattcccg gaaagcttcg 4380 

atttacagcc gatcgaagta ggaaaagcgc gactggtcaa aggtgcagct aaacatatca 4440 

ttcatgccgt aggaccaaac ttcaacaaag tttcggaggt tgaaggtgac aaacagttgg 4500 
cagaggetta tgagtccatc gctaagattgtcaacgataa caattacaag t?agtagcga 4560 

ttccactgtt gtccaccggc atcttttccg ggaacaaaga tcgactaacc caatcattga 4620 
accatttgct gacagcttta gacaccactg atgcagatgt agccatatac tgcagggaca 4680 

agaaatggga aatgactctc aaggaagcag tggctaggag agaagcagtg gaggagatat 4740 
gcatatccga cgactcttca gtgacagaac ctgatgcaga gctggtgagg gtgcatccga 4800 
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agagttcttt ggctggaagg aagggctaca gcacaagcga tggcaaaact ttctcatatt 4860 
tggaagggac caagtttcac caggcggcca aggatatagc agaaattaat gccatgtggc 4920 
ccgttgcaac ggaggccaat gagcaggtat gcatgtatat cctcggagaa agcatgagca 4980 
gtattaggtc gaaatgcccc gtcgaagagt cggaagcctc cacaccacct agcacgctgc 5040 
cttgcttgtg catccatgcc atgactccag aaagagtaca gcgcctaaaa gcctcacgtc 5100 
cagaacaaat tactgtgtgc tcatcctttc cattgccgaa gtatagaatc actggtgtgc 5160 

agaagatcca atgctcccag cctatattgt tctcaccgaa agtgcctgcg tatattcatc 5220 
caaggaagta tctcgtggaa acaccaccgg tagacgagac tccggagcca tcggcagaga 5280 

accaatccac agaggggaca cctgaacaac caccacttat aaccgaggat gagaccagga 5340 

ctagaacgcc tgagccgatc atcatcgaag aggaagaaga ggatagcata agtttgctgt 5400 

5460 cagatggccc gacccaccag gtgctgcaag togaggcaga cattcacggg ccgccctctg 
tatctagctc atcctggtcc attcctcatg catccgactt tgatgtggac agtttatcca 5520 
tacttgacac cctggaggga gctagcgtga ccagcggggc aacgtcagcc gagactaact 5580 

cttacttcgc aaagagtatg gagtttctgg cgcgaccggt gcctgcgcct cgaacagtat 5640 
tcaggaaccc tccacatccc gctccgcgca caagaacacc gtcacttgca cccagcaggg 5700 
cctgctcgag aaccagccta gtttccaccc cgccaggcgt gaatagggtg atcactagag 5760 
aggagctcga ggcgcttacc ccgtcacgca ctcctagcag gtcggtctcg agaaccagcc 5820 
tggtctccaa cccgccaggc gtaaataggg tgattacaag agaggagttt gaggcgttcg 5880 

tagcacaaca acaatgacgg tttgatgcgg gtgcatacat cttttcctcc gacaccggtc 5940 
aagggcattt acaacaaaaa tcagtaaggc aaacggtgct atccgaagtg gtgttggaga 6000 

ggaccgaatt ggagatttcg tatgccccgc gcctcgacca agaaaaagaa gaattactac 6060 

gcaagaaatt acagttaaat cccacacctg ctaacagaag cagataccag tccaggaagg 6120 
tggagaacat gaaagccata acagctagac gtattctgca aggcctaggg cattatttga 6180 
aggcagaagg aaaagtggag tgctaccgaa ccctgcatcc tgttcctttg tattcatcta 6240 

gtgtgaaccg tgccttttca agccccaagg tcgcagtgga agcctgtaac gccatgttga 6300 
aagagaactt tocgactgtg gottcttact gtattattcc agagtacgat gcctatttgg 6360 
acatggttga cggagcttca tgctgcttag acactgccag tttttgccct gcaaagctgc 6420 

gcagctttcc aaagaaacac tcctatttgg aacccacaat acgatcggca gtgccttcag 6480 
cgatccagaa cacgctccag aacgtcctgg cagctgccac aaaaagaaat tgcaatgtca 6540 

cgcaaatgag agaattgccc gtattggatt cggcggcctt taatgtggaa tgcttcaaga 6600 
aatatgcgtg taataatgaa tattgggaaa cgtttaaaga aaaccccatc aggcttactg 6660 
aagaaaacgt ggtaaattac attaccaaat taaaaggacc aaaagctgct gctctttttg 6720 

cgaagacaca taatttgaat atgttgcagg acataccaat ggacaggttt gtaatggact 6780 
taaagagaga cgtgaaagtg actccaggaa caaaacatac tgaagaacgg cccaaggtac 6840 
aggtgatcca ggctgccgat ccgctagcaa cagcgtatct gtgcggaatc caccgagagc 6900 
tggttaggag attaaatgcg gtcctgcttc cgaacattca tacactgttt gatatgtcgg 6960 
ctgaagactt tgacgctatt atagccgagc acttccagcc tggggattgt gttctggaaa 7020 
ctgacatcgc gtcgtttgat aaaagtgagg acgacgccat ggctctgacc gcgttaatga 7080 
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ttctggaaga cttaggtgtg gacgcagagc tgttgacgct gattgaggcg gotttcggcg 7140 
aaatttcatc aatacatttg cocactaaaa ctaaatttaa attcggagcc atgatgaaat 7200 

ctggaatgtt cctcacactg tttgtgaaca cagtcattaa cattgtaatc gcaagcagag 7260 
tgttgagaga acggctaacc ggatcaccat gtgcagcatt cattggagat gacaatatcg 7320 
tgaaaggagt caaatcggac aaattaatgg cagacaggtg cgccacctgg ttgaatatgg 7380 
aagtcaagat tatagatgct gtggtgggcg agaaagcgcc ttatttctgt ggagggttta 7440 
ttttgtgtga ctccgtgacc ggcacagcgt gccgtgtggc agacccccta aaaaggctgt 7500 

ttaagcttgg caaacctctg gcagcagacg atgaacatga tgatgacagg agaagggcat 7560 
tgcatgaaga gtcaacacgc tggaaccgag tgggtattct ttcagagctg tgcaaggcag 7620 

tagaatcaag gtatgaaacc gtaggaactt ccatcatagt tatggccatg actactctag 7680 
ctagcagtgt taaatcattc agctacctga gaggggcccc tataactctc tacggctaac 7740 
ctgaatggac tacgacatag tctagtccgc caagggcgcg ccttcgaagg ccggccgttt 7800 
aaacatggtc ttcacactcg aagatttcgt tggggactgg cgacagacag ccggctacaa 7860 
cctggaccaa gtccttgaac agggaggtgt gtccagtttg tttcagaatc tcggggtgtc 7920 
cgtaactccg atccaaagga ttgtcctgag cggtgaaaat gggctgaaga tcgacatcca 7980 
tgtcatcatc ccgtatgaag gtctgagcgg cgaccaaatg ggccagatcg aaaaaatttt 8040 
taaggtggtg taccctgtgg atgatcatca ctttaaggtg atcctgcact atggcacact 8100 

ggtaatcgac ggggttacgc cgaacatgat cgactatttc ggacggccgt atgaaggcat 8160 

cgccgtgttc gacggcaaaa agatcactgt aacagggacc ctgtggaacg gcaacaaaat 8220 

tatcgacgag cgcctgatca accccgacgg ctccctgctg ttccgagtaa ccatcaacgg 8280 
agtgaccggc tggcggctgt gegaacgcat tctggcgtaa gcggccgccc tgcagggcga 8340 

tcgcatacag cagcaattgg caagctgctt acatagaact cgcggcgatt ggcatgccgc 8400 

cttaaaattt ttattttatt tttcttttct tttccgaatc ggattttgtt tttaatattt 8460 
caaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaatcac 8520 

gacagacatg ataagataca ttgatgagtt tggacaaacc acaactagaa tgcagtgaaa 8580 

aaaatgcttt atttgtgaaa tttgtgatgc tattgcttta tttgtaacca ttataagctg 8640 
caataaacaa gttaacaaca acaattgcat tcattttatg tttcaggttc agggggaggt 8700 

gtgggaggtt ttttaggacc cggctaggct ggcggggttg ccttactggt tagcagaatg 8760 

aatcaccgat acgcgagcga acgtgaagcg actgctgctg caaaacgtct gcgacctgag 8820 
caacaacatg aatggtcttc ggtttccgtg tttcgtaaag tctggaaacg cggaagt cag 8880 

cgccctgcac cattatgttc cggatctgca tcgcaggatg ctgctggcta ccctgtggaa 8940 
cacctacatc tgtattaacg aagcgctggc attgaccctg agtgattttt ctctggtccc 9000 

gccgcatcca taccgccagt tgtttaccct cacaacgttc cagtaaccgg gcatgttcat 9060 

catcagtaac ccgtatcgtg agcatcctct ctcgtttcat cggtatcatt acccccatga 9120 
acagaaatcc cccttacacg gaggcatcag tgaccaaaca ggaaaaaacc gcccttaaca 9180 
tggcccgctt tatcagaagc cagacattaa cgcttctgga gaaactcaac gagctggacg 9240 
cggatgaaca ggcagacatc tgtgaatcgc ttcacgacca cgctgatgag ctttaccgca 9300 
gctgcctcgc gcgtttcggt gatgacggtg aaaacctctg acacatgcag ctcccggaga 9360 
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cggtcacagc ttgtctgtaa gcggatgccg ggagcagaca agcccgtcag ggcgcgtcag 9420 

cgggtgttgg cgggtgtcgg ggcgcagcca tgacccagtc acgtagcgat agcggagtgt 9480 
atactggett aactatgcgg catcagagca gattgtactg agagtgcacc atatgcggtg 9540 

tgaaataccg cacagatgcg taaggagaaa ataccgcatc aggcgctctt ccgcttcctc 9600 

gctcactgac tcgctgcgct cggtcgttcg gctgcggcga gcggtatcag ctcactcaaa 9660 
ggcggtaata cggttatcca cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa 9720 
aggccagcaa aaggccagga accgtaaaaa ggccgcgttg ctggcgtttt tccataggct 9780 

cccccccct gacgagcatc acaaaaatcg acgctcaagt cagaggtggc gaaacccgac 9840 

aggactataa agataccagg cgtttccccc tggaagctcc ctcgtgcgct ctcctgttcc 9900 
gaccctgccg cttaccggat acctgtccgc ctttctccct tcgggaagcg tggcgctttc 9960 
tcatagctca cgctgtaggt atctcagttc ggtgtaggtc gttcgctcca agctgggctg 10020 
tgtgcacgaa ccccccgttc agcccgaccg ctgcgcctta tccggtaact atcgtcttga 10080 
gtccaacccg gtaagacacg acttatcgcc actggcagca gocactggta acaggattag 10140 
cagagcgagg tatgtaggcg gtgctacaga gttcttgaag tggtggccta actacggcta 10200 

cactagaagg acagtatttg gtatctgcgc tctgctgaag ccagttacct tcggaaaaag 10260 

agttggtagc tcttgatccg gcaaacaaac caccgctggt agcggtggtt tttttgtttg 10320 

caagcagcag attacgcgca gaaaaaaagg atctcaagaa gatcctttga tcttttctac 10380 
ggggtctgac gotcagtgga acgaaaactc acgttaaggg attttggtca tgagattatc 10440 
aaaaaggatc ttcacctaga tccttttaaattaaaaatga agttttaaat caatctaaag 10500 

tatatatgag taaacttggt ctgacagtta ccaatgotta atcagtgagg cacctatctc 10560 
agcgatctgt ctatttcgtt catccatagt tgcctgactc cccgtcgtgt agataactac 10620 
gatacgggag ggcttaccat ctggccccag tgctgcaatg ataccgcgag acccacgctc 10680 
accggctcca gatttatcag caataaacca gocagccgga agggccgagc gcagaagtgg 10740 
tcctgcaact ttatccgcct ccatccagtc tattaattgt tgccgggaag ctagagtaag 10800 

tagttcgcca gttaatagtt tgcgcaacgt tgttgccatt gctgcaggca tcgtggtgtc 10860 
acgctcgtcg tttggtatgg cttcattcag ctccggttcc caacgatcaa ggcgagttac 10920 

atgatccccc atgttgtgca aaaaagcggt tagctccttc ggtcctccga tcgttgtcag 10980 

aagtaagttg gccgcagtgt tatcactcat ggttatggca gcactgcata attctcttac 11040 
tgtcatgoca tccgtaagat gottttctgt gactggtgag tactcaacca agtcattctg 11100 

agaatagtgt atgcggcgac cgagttgctc ttgcccggcg tcaacacggg ataataccgc 11160 
gccacatagc agaactttaa aagtgctcat cattggaaaa cgttcttcgg ggcgaaaact 11220 
ctcaaggatc ttaccgctgt tgagatccag ttcgatgtaa cccactcgtg cacccaactg 11280 

atcttcagca tcttttactt tcaccagcgt ttctgggtga gcaaaaacag gaaggcaaaa 11340 

tgccgcaaaa aagggaataa gggcgacacg gaaatgttga atactcatac tcttcctttt 11400 

tcaatattat tgaagcattt atcagggtta ttgtctcatg agcggataca tatttgaatg 11460 
tatttagaaa aataaacaaa taggggttcc gcgcacattt ccccgaaaag toccacctga 11520 

cgtctaagaa accattatta tcatgacatt aacctataaa aataggcgta tcacgaggcc 11580 

ctttcgtctt caagaa 11596 
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V 

V 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic oligonucleotide primer , 

VEEV _ gblock2 _ fwd primer 

NNNN V 

V 

V 

V 

< 400 > SEQUENCE : 7 
tcattcagct acctgagaggg 21 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic oligonucleotide primer , 

VEEV _ gblock2 _ rev primer 

ON MOM 
< 400 > SEQUENCE : 8 
aaat aaaa at tttaaggegg catgo 25 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 60 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic oligonucleotide primer , 

VEEV _ Oligo1 _ fwd primer 

wo w i 
V 

< 400 > SEQUENCE : 9 

ttaaaatttt tattttattt ttcttttctt ttccgaatcg gattttgttt ttaatatttc 60 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 100 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
23 > OTHER INFORMATION : Synthetic oligonucleotide primer , 

VEEV _ Oligo2 _ rev primer 
VV 
< 400 > SEQUENCE : 10 
catcaatgta tcttatcatgtctgtcgcga tttttttttttttttttttt tttttttttt 60 

tttttttttt tttttttttt tttttgaaat attaaaaaca 100 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 29 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic oligonucleotide primer 

M ??? 

? ?? 

< 400 > SEQUENCE : 11 

ccggcccgga ccgacaagtc tctatcacc 29 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 30 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic oligonucleotide primer 

< 400 > SEQUENCE : 12 
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ggccgggggc ccctctcagg tagctgaatg 30 

< 210 > SEO ID NO 13 
< 211 > LENGTH : 4 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 2 ) . . ( 3 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

O W OWN 

< 400 > SEQUENCE : 13 
Arq Xaa Xaa Arq 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 

< 400 > SEQUENCE : 14 

Asp Asp Asp Asp Lys 

V 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 

V NNPP N MOM 
V 

V 

< 400 > SEQUENCE : 15 
Ser Gly Gly Gly Ser 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 4 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 

< 400 > SEQUENCE : 16 

Arg Lys Arg Arg 

< 210 > SEQ ID NO 17 
< 211 > LENGTH : 16 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
223 > OTHER INFORMATION : Synthetic peptide sequence 

< 400 > SEQUENCE : 17 
Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gin Ala Lys Lys Lys Lys 

10 15 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 4 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
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< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 

< 400 > SEQUENCE : 18 

Lys Arg Lys Lys 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 4 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 

< 400 > SEQUENCE : 19 

Lys Lys Lys Lys 

V 

< 210 > SEQ ID NO 20 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 

V 

N NAP V 

V 

< 400 > SEQUENCE : 20 

Lys Lys Pro Lys Lys 
1 

< 210 > SEQ ID NO 21 
< 211 > LENGTH : 8 
< 212 > TYPE : PRT 

13 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
223 > OTHER INFORMATION : Synthetic peptide sequence 

< 400 > SEQUENCE : 21 

Arg Arg Asn Arg Lys Asn Lys Lys 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 4 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic peptide sequence 

< 400 > SEQUENCE : 22 
Arg Lys Lys Lys 

What is claimed is : 
1 . An alphavirus replicon particle ( ARP ) , which com 

prises 
( i ) alphavirus structural proteins comprising capsid and / or 

envelope , and 
( ii ) an alphavirus replicon comprising a polynucleotide 

encoding alphavirus non - structural proteins nsp1 , nsp2 , 
nsp3 and nsp4 and at least one gene of interest wherein 
at least one of capsid , and E3 and E2 in the envelope 
comprise one or more amino acid alteration but E1 in 
the envelope comprises no amino acid alteration . 

2 . The ARP of claim 1 , wherein the alphavirus structural 
proteins comprise one or more alterations in the alphavirus 
capsid protein Nuclear Localization Signal ( NLS ) . 

3 . The ARP of claim 2 , wherein one or more of lysine or 
arginine in the alphavirus capsid protein Nuclear Localiza 
tion Signal is substituted with asparagine or alanine . 

4 . The ARP of claim 1 , wherein the alphavirus structural 
proteins comprise one or more alterations in the alphavirus 
E2 protein . 

5 . The ARP of claim 1 , wherein the alphavirus structural 
proteins comprise one or more alterations at the furin site in 
alphavirus E3 protein . 
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6 . The ARP of claim 1 , wherein the alphavirus is a 
CHIKV or VEEV . 

7 . The ARP of claim 6 , wherein the CHIKV is CHIKV 
strain 37997 or strain OPY - 1 . 

8 . The ARP of claim 6 , wherein the VEEV is VEEV strain 
TC - 83 . 

9 . The ARP of claim 1 , wherein the gene of interest 
encodes an antigen . 

10 . A method for preparing alphavirus replicon particles , 
comprising the steps of co - transfecting cells with 

i ) a vector comprising a polynucleotide encoding alphavi 
rus non - structural protein nspl , nsp2 , nsp3 and nsp4 , 
and at least one gene of interest , 

ii ) a vector comprising a polynucleotide encoding an 
alphavirus capsid protein , and 

iii ) a vector comprising a polynucleotide encoding an 
alphavirus E3 - 52 - 6K - E1 , 

wherein at least one of the capsid , E3 and E2 comprises 
one or more amino acid alteration but El comprises no 
amino acid alteration , 

culturing the transfected cells , and 
purifying the ARPs from the cell culture . 
11 . The method of claim 10 , wherein the alphavirus 

structural proteins comprise one or more alterations in the 
alphavirus capsid protein Nuclear Localization Signal 
( NLS ) . 

12 . The method of claim 11 , wherein one or more of 
lysine or arginine in the alphavirus capsid protein Nuclear 
Localization Signal is substituted with asparagine or alanine . 

13 . The method of claim 10 , wherein the alphavirus 
structural proteins comprise one or more alternations in the 
alphavirus E2 protein . 

14 . The method of claim 13 , wherein the alphavirus 
structural proteins comprise one or more alterations at the 
furin site in alphavirus E3 protein . 

15 . The method of claim 10 , wherein the alphavirus is a 
CHIKV or VEEV . 

16 . The method of claim 15 , wherein the CHIKV is 
CHIKV strain 37997 or strain OPY - 1 . 

17 . The method of claim 15 , wherein the VEEV is VEEV 
strain TC - 83 . 

18 . The method of claim 10 , wherein the gene of interest 
encodes an antigen . 

19 . An alphavirus replicon particle ( ARP ) , which com 
prises 

( i ) CHIKV structural proteins comprising capsid and / or 
envelope , and 

( ii ) a VEEV replicon comprising a polynucleotide encod 
ing VEEV non - structural proteins nsp1 , nsp2 , nsp3 and 
nsp4 and at least one gene of interest . 

20 . The ARP of claim 19 , wherein the CHIKV is CHIKV 
strain 37997 or strain OPY - 1 , and VEEV is VEEV strain 
TC - 83 . 


