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Development of a New EXxpression System
Derived from Getah virus
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SUMMARY

Getah virus is a member of the genus alphavirus of the Family Togaviridae, a group of
enveloped viruses containing a single—strand positive RNA genome. The virus was
first isolated by Elisberg and Buescher from Culex gelidus near Kuala Lumpur,
Malaysia in 1955. A related strain, Sagiyama virus, was isolated near Tokyo, Japan in
1956 by Scherer near Tokyo, Japan. And named after the town where it was
discovered. Since then, several strains have been isolated, mostly in Japan and in
Korea. Currently, Getah virus is classified under the Semliki Forest Complex group of

alphaviruses.

The ecology of Getah virus is not yet fully understood. However, the groups of
Marchette, Wada, Sentsui and Kono suggested that swines and horses serve as
vertebrate hosts, with swines having the more important role as an amplifier of the
virus. It is well established that the virus is transmitted between vertebrate hosts by
a mosquito vector (Culex sp.). Evidence of fever, swelling of lymph nodes and some
respiratory symptoms has been observed in infected horses. In humans, there is no
disease associated with Getah virus infection. However, there have been reports of
individuals possessing antibodies against Getah virus in the absence of antibodies
against other alphaviruses, suggesting the possibility of asymptomatic infection in
nature. This observation has led to studies on the potential applications of Getah virus

as an expression vector and drug delivery system.

In recent years, the number of researches on the use of recombinant viruses for
vaccination or therapeutics has increased tremendously. Several studies on
baculovirus—, adenovirus— and rhabdovirus—based expression systemsto display
foreign antigen like HIV. HCV and Dengue are being done. Many of them
demonstrated the ability of these recombinant viruses to allow recognition of the
foreign antigen by host immune cells, thereby resulting in heightened, and probably
protective, immune response against the pathogenic types. Other studies involve
targeting and elimination of tumor cells using recombinant virus that has high tropism
on the immortalized host cells. An example is the recombinant Sindbis virus, an
alphavirus, in specifically infecting cancer cells in tumor—induced mice. Infection of
these cells by the virus leads to cell death due to the cytotoxic gene that the virus
carries.  Another alphavirus, the Semliki—Forest Virus (SFV) that belongs to the
same group as Getah virus, is being studied extensively for its potential use as a
vaccine vectors for HIV and other important viruses and also as carrier of suicidal
genes. Given the similarity of Getah virus and SFV, an expression system based on

this virus was developed.



First, Getah virus was first isolated from a swine farm in Korea. This virus was
propagated and purified by plaque assay using BHK—21 cells. Second, Viral genomic
RNA was extracted from the purified virions and amplified by reverse—transcription,
polymerase chain reaction (RT—PCR) using 7aqg and Pfu polymerase. To obtain the
5 and 3° non-—translating regions (NTR) of the viral genome, the 5° /3 RACE
(Rapid Amplification of cDNA Ends) methods were employed. Third, fragments of the
double—stranded DNA version of the viral genome, ranging from 520 bases to 4
kilobase in length, were cloned into pGEM-—T or pBluescript II. These cloned
segments of the Getah virus was then sequenced using the dideoxy—dye termination
method. Using a DNA analysis program, the full genome sequence of Getah virus was
assembled then compared with that of Sagiyama strain (GenBank Accession Number
AB032553), the only other strain whose full genome has been determined by the
group of Shirako in Tokyo, Japan.

Sequence analysis of the nonstructural ORF between Getah and Sagiyama revealed a
97.9% similarity at the nucleotide level and a 99.3% similarity at the protein level. In
the same manner, the structural ORF of Getah and Sagiyama were highly similar at the
nucleotide level with 97.4%, while at the protein level, these two viruses have a high
homology at 98.6%. The 5° NTR between the two viruses were identical. While at
the 3 NTR, Getah and Sagiyama have a similarity index of 99.8% in the last 258
nucleotides. However, one notable difference between the two is the 102
base—deletion spanning the region nt 11331 to 11340, and nt 11350 to 11441 of
Sagiyama.This region does not exist in Getah virus. Interestingly, this region in the
Sagiyama strain contains the 3’ terminal repeats, a characteristic that is typical of all
alphaviruses. These 3’ terminal repeats form secondary structures that are thought
to play an important role in the synthesis of the complemantary vRNA by nsp3 during
viral RNA replication. The reason for the absence of this structural motif in Getah
virus as well as its effect on viral RNA replication is still unknown.In general however,
the sequence comparison supports the previous report that the Sagiyama strain and

Getah virus are closely related.

The next goal was to construct an expression vector and a helper plasmid based on
the nonstructural ORF and the structural ORF of Getah, respectively. For the
expression vector, the nsP1—4 genes, including the 5 NTR, 3° NTR and the 26
subgenomic promoter region was assembled onto pSFV1 plasmid backbone, mediated
by an SP6 promoter. A multi—cloning site was inserted between the nonstructural
ORF and the 3 NTR, about30 nucleotides downstream of the subgenomic
promoter.As for the helper plasmid, the structural ORF, including a portion of nsP4
containing the 26 subgenomic promoter upstream and the 3° NTR downstream, was
assembled into pGEM—T or pBluescript II backbone, mediated by T7 promoter. DNA

sequencing was done at each step of the genome assembly to closely monitor any



mutation that may occur during the assembly process.

To test whether the Getah expression vector was functioning, two reporter genes,
LacZ and IRES—GFP gene were inserted separately into the multi—cloning siteof the
expression vector. These constructs were transfected in BHK—-21 cells by
electroporation and tested for expression of the reporter genes after 24 hours. For
the Getah helper plasmid, the construct was co—transfected with either
pSFV—containing LacZ or IRES—GFP reporter gene. After 48 hours, the culture
medium was harvested and centrifuged at 100,000 x g to recover mature virus—like
particles (VLP) containing the SFV—Lac Z or SFV—-IRES—GFP recombinant genome,
if any. These recombinant VLPs are then inoculated into BHK—21 cells and tested for

expression of the reporter genes after 24 hours.

Expression of the reporter genes LacZ and IRES—GFP were not observed in BHK—-21
transfected with the Getah expression vector containing the LacZ or IRES—GFP
reporter gene, respectively. This is in stark contrast to the SFV expression vector
containing the same reporter genes, which clearly showed expression of the same
reporter genes (20% of LacZ transfected cells and 90% of IRES—GFP transfected
cells) in BHK—-21, 24 hours after transfection. Similarly, the expression of the
reporter genes were not observed in the cells inoculated with VLPs containing the
recombinant SFV—LacZ or SFV—-IRES—GFP genome in contrast to the positive

expression of the same recombinant genomes using a pSFV helper plasmid.

To rule out the effect of the 102 base deletion on the failure of the Getah constructs
to express the reporter genes, the 3° NTR was replaced with the SFV 3 NTR.
Previous studies mentioned that the 3° UTR of togaviruses may be interchanged
without having anyt detrimental effect on virus replication. However, in our study, the
reporter genes were still not expressed BHK—21 transfected with Getah expression
construct with modified 3° NTR. Also, the reporter genes were not expressed in
BHK—-21 inoculated with the Getah VLPs (source mRNA template contained the
modified 3° NTR) carrying the recombinant SFV—LacZ or SFV—IRES—GFP genome
in contrast with the positive expression of the reporter genes when pSFV helper was

used.

These experiments led us to the conclusion that efficiency of Getah viral RNA
replication is very low when the non—structural and structural ORFs are located on
separate mRNA. This agrees with the group of Shirako et al. who demonstrated that
the Sagiyama viral genome was expressed efficiently when the full genome is located
in cis. Therefore, a full genome clone of Getah virus may be required in order to

utilize the virus’ mechanism of gene expression.
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Fig. 1. Plaque purification of Getah virus
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T2lgk Algutole} =9 3° UTR @714 9& 7]l Bag Aetatolef e d7]Aq4 3} vl
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Forest virus, Sindbis virus, Sagiyama virus, Aura, VEE 12]31 EEE ¢l 4] nonstructural
proteins ¢l nsp 1,234 ¢ structural proteins ¢l capsid E2 ¢ 97148 A5AE v
st A7 gA BEHoUE Sagiyama virus®t 97% ©]/Fe] FEAdel S phylogenetic
trees & UEFUATE (Fig. 5, 6). Fig. 10 o A2 s s IdHE FEo] G7I4ES &
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1~787+ A1 €} 11289~115287} A= nontranslated region, 79~74827}A|= nonstructural protein
S 2 nsP1234E codingdhe ASZ Holw, 7]&9] alphavirus® 5731 nsP3F-Fol stop
codon®] Yol 79~563871A] nsP123E EH A 7]1% 3tttk T3 7587~112887FA| = structural
protein?l C-E3-E2-6K-El< codingdt= AS= HITh(Fig. 8, 9).
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Query: 662 ctctggatgtctcc 675
Sbjct: 845 olelooatototcs 352

Fig. 4. Nucleotide sequence analysis of E1 partial sequence. Identities : 633/674

(93%)
| Getah
1 Sagiyama
SFV
Aura
Sindbis
EEE
WEE
nspl
Geiah
Sagiyama
5FV
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EEE
WEE
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Fig. 5. Alphavirus phylogenetic trees based on nonstructural proteins (nsp 174).
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Sindbis
— EEE
— WEE
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Fig. 6. Alphavirus phylogenetic trees based on structural proteins (c, E2).

3. Full clone

AltutolH 25 o] &3 WE A X2ES FHs7] #% replicon B helpers A1 x£3}7] 9137t
AHgo=z Aol H29 full clone #HE FPATt. 44 pGEM-T vectors
self-ligationgt =, Mlule = cutting s} linearize =g Multicloning
site(Mlul-EcoRI-BgIlI-Xhol-Xbal) S ®tE7] #8t] primer 329} 335 98TolA 10&3t
denaturationS 2 A|Et 4ToA F43HA coolingdt F, 37ColA 103t anealingS 4
yeAth (Fig. 7). ©1E2A 591X multicloning siteE W] FHIS|E vector9} ligationd}
of WEE ZustgTh Algutelel 2o =7|7F 10kb7t e ZA7]ojBE 3o FEYLS

shed FErie] , BAE AR 971 EE 7|F 0 E 59 onessiteZ cutting F &
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3 1. List of primers

1 1F 5-ATGGCGGACGTGTGACAT-3

2 FendR | 5-GTAAAATATTAAAAAAACY

3 98F 5-TTGAGGCTGACAGCCATT-3’

4 541F 5-GTGCACGCACCGACGT-3

5 1387F 5-CAGACTATCGTCAAAGTGC-3’

6 1445R 5-TGACCACAGGCTCGGTAT-3

7 2424F 5-CCTTTACGTCGATGAGGCGTT-3

8 2500F 5-GTCGCCACACAGTACTACCT-3

9 3279F 5-ATTCTCAGCGCAGTCAGTT-3¥

10 3359R 5-TTGAACCCATACATGCGTCC-3’

11 3420R 5-CGAGTTCATGTTGCCACGTAG-¥
12 3740F 5-TGAGTACCGGCAACACCACT-3
13 4460R 5-AATAAGTGGTTCAAGGACTG-3¥
14 4650F 5-CAGTGCAACTGACGGTA-3¥

15 4886F 5-AGCGAGTTGCCAGACTTAGG-3
16 5036R 5-GGACTTACTAGTGACG-¥

17 6040F 5-AATTATCCGACCGTGGCG-3

18 6143R 5-GGGCAGAACGTAGCTCTGTC-3
19 7030F 5-GCCTTCATAGGTGATGACAA-3
20 7283R 5-CTGTCTTCATCCTGGTTGTC-3'
21 7856F 5-ACGAATGTGCATGAAGATAGA-¥
22 8030R 5-TCATACTTGCTCGATTTCTT-3’
23 8525F 5-GTGACGGAACACTTCAATGT-3¥
24 8689R 5-ATGCCAATTTGCGCTGCGACC-3’
25 8821F 5-TCATCGTGGCCTACTGCCCT-3’
26 9500F 5-TFFFATCGAGTACAGATGGG-3’
27 9573R 5-CCATGGGGTTTGCCTTCAGT-3
28 10476F 5-GCCTGGACGCCTTTCGACAAC-¥
29 10617R | 5-TGGCATACAGGTCTTTGC-3'
30 11080F 5-TATCTGTGTGCAGTGCCAAA-3
31 11204R | 5-CTGCACCCATGTCATTGCCGT-3
32 Mlu-S 5-CGCGTGAGAATTCGAAGATCTGACTCGAGGATCTAGAT-3
33 Mlu-AS | 5-CGCGATCTAGATCCTCGAGTCAGATCTTCGAATTCTCA-3
34 1S-Mlul | 5-GAGACGCGTATGGCGGACGTGTGACATCACCC-3’
35 19815 5-CGTAAGCTACACCACATAGC-¥
36 8400S 5-GTTGCTATGAAAAACAACCA-¥
37 End-Xbal | 5-GGCTCTAGATw3)GTAAAATATT-3

restriction enzyme siteE Ztolx 1E 83l full clones FiLA sl Multicloning
site= A7IME +4 23, SP6 promoterd downstream® 2 A4t¢)o] HAT THE X WH
of AetutolH2E Ul /H9 fragment® AZstH FEYS AT FE2Y Adde
216701 913} EcoRIT 47600 $1X18h= Bglll, 18] 3 84780 A= Xhol siteS 77} o
39tk A WA fragment= 1~2500, 7 WA= 1981~5036, Al WA= 4650~8689, WA=t
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< 8400~ E7HAE, mhA| ol 4370 9] poly-AE At FUAh(Fig. 10). 222 Ul 7R #
A (Fig. 10. A, B, C, D)2 WE7] 93t overlapping PCRS 53t PCRS F331 1L,
full clone 29S SR 1} AHHOZ 9] stratege= > PCR ¥HoZ Qlsh
Hpol 22 gene®] mutationo] FA T Ths/go] Fw3] AVIEHo e WA o] project

o A<= A= stk

MIuI EcoRI BgIII XhoI
MIu-S; 5’ -C6GCGTGAGAATTCGAAGATCTGACTCGAGGA T-3
Mlu-AS; 5 -C6CGA TCCTCGAGTCAGATCTTCGAATTCTCA-3'

v

98°C 10min, denature — 4°C, cooling — 37°C 10min

C6CGTEAGAATTCGAAGATCTGACTCGAGGA T
ACTCTTAAGCTTCTAGACTGAGCTCCT AGCGC

Fig. 7. Formation of multicloning site.
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atggcggacgtgtgacatcacccttcgetetttctaggatcctttgetactccacatagt

gagagacaaacaacccaaatgaaggtaaccgtggacgt tgaggctgatageccattcectt
M KV TVDVEADSZPTFL
aaggcccttcagaaggegtttccegectttgaggt tgaatcacagcaggtcacaccgaat
K ALQKAFPAFEVESAQQVTTFPN
gaccatgctaacgctagagecattttcgcatctggctactaaactgat tgagcaagaggtt
ODOHANARAFSHLATI KL I EQEV
ccaacaggcgtcaccatcctggacgtgggtagtgcacccgcaaggaggttgatgtctgac
PTGV T I LDVGSAPARRLMSTD
cacacctaccactgcatctgecccatgaaaagtgcggaagacccagagaggcetggegaat
HTYHCI CPMKSAETDTPERTLAN
tacgctcgaaagctggcgaaageatcggggactgtgectagacaagaatgtgtccggaaag
Y  ARKLAKASGTVLDZIKNVSAGHK
ataacggacctacaagacgtcatggccactccagacttggaatccccgactttttgectg
/| TOLQDVMAT®PDLESZPTTFTC GCL
catactgacgagacgtgccgcactagggctgaggtcgetgtgtaccaggacgtatacgcet
HTDZETC CRTRAEVAVYQDVYA
gtgcacgcaccgacgtcactgtaccaccaggccatcaaaggtgtcaggacggegtattgg
VHAPTSLYHQAI KGVRTAYW
attggattcgacaccactccattcatgttcgaggcactagegggegegtaccctgettac
| G FOTTPFMFEALAGAYP PAY
tctaccaactgggcagatgatcaagtgetgcaggctcgtaacatcggectgtgegegaca
S TNWADDO QVLQARNIGLTE GCAT
ggcctcecteccgaggggcgtcecgeggcaaactcetctatcatgagaaagaagtget tgcgacceg
GLSEGRRGKTLSI MRKZKT GCLRTP
agcgatagagtaatgttttcggtcgggtcecaccttgtacaccgagageccgaaagetgetg
SDRVMFSYVGSTLYTESRIKTLL
cgcagcetggcatttaccttceccgtgtttcacctgaagggtaagaacagttttacctgcagg
R SWHLPSVFHLZI KU GHKNST FTT CHR
tgcgacacggtggtgtcatgcgaaggt tacgtggtaaagaagatcaccataageccggge
cobTvVvVVvVvVSCEGYVVKKI T I SPAG
atatatggaaaaacagtcgattacgcagttacccatcacgcagagggtttcctgatgtgt
Il Y GKTVDYAVTHHAETGTFTLMGC
aagatcactgatacagtcagaggagaaagagtctctttcccggtctgtacctatgtgect
K1 TbOTVRGERVSFPVCTYVP
gcaaccatatgcgaccagatgacgggtatacttgccactgacgtgacaccagaggatgcc
AT I ¢cDQMTGI LATDVT®PETDA
cagaagctcctggttggattgaaccaacgcatagtgogtgaacggtaggacgcaaagaaac
Q K LLVGLNQRI VVNGRTZ QRN
acaaacacaatgaaaaactacctactgccagtggtagcgcaagceattcagtaaatgggcea
TNTMKNYLLPVVAQAFSIKWA
cgagaggcacgcgcagacatggaggacgaaaaacccctaggcaccagagaacgcacgt tg
R EARADMEDEIK®PLGTRERTL
acgtgttgttgectgtgogcgt t taaaagccacaaaatccacaccatgtataageggect
T ¢cCCLWAFKS SHIKTI HTMYKRP
gaaacgcagactatcgtcaaagtgcecttccacttttgactcctttgtgataccgagectg
ETQT I VXKVPSTFDSFV I PSL
tggtcatccagtctttccatgggtatcagacagaggatcaaattgectactcagegcaaga
wWsSSLSMGI RQRI KLLLSAR
atggcccaaggectaccatactcaggagaccgcactgaaget cgecgecggcagaagaagaa
M AQGLPYSGDARTEARAAETEE
gagaaggaggtgcaggaggctgaact tacgagggctgcgetgccaccgetagtgagegge
EKEVQEAELTRAALZPPLYVSSG
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tcttgtgctgacgatatcgeccaggtggatgtagaggaactaacct tcagagecggagece
S CADDI AQVDVEELTTFRBRAGA
00ggttgtggaaacacccaggaatgccctgaaggt tacaccgcaagcacacgaccatctce
GVVETPRNALKYVT®PQAHTIDHIL
ataggctcctacttgatcctttccccccaaacggtgt tgaaaagcgagaagetggeacce
/I G SYL I LSPQTVLKSEIKTLATP
atccaccctcttgetgagcaagtcacggtcatgacccactctggaagatccggcagatac
| HPLAEQVTVMTHS GRS GRY
ccagtcgacaagtacgacggacgggtattgatcccaacaggagcagecatcccagtgagt
PV DKYDGRYVLI PTGAAI PVS
gagttccaggcactcagcgagagegcaaccatggtgtacaatgagagggaatttataaat
EFQALSESATMVYNTERTETFTI N
cgcaagctacaccacatagegctatacgggccagect tgaataccgacgaggaaagcetac
R K LHHI ALY GPALNTUDTETETSY
gaaaaagtgagagctgaaagggcagagacagagtatgtgt tcgacgtggacaagaaggcea
E K VRAERAETEYVFDVDIKKA
tgtatcaagaaggaggaggcatcaggect tgtgt taacaggggacctaatcaatccacct
CcC Il KKEEASGLVLTSGDTLTI NZPFP
ttccacgaattcgcatacgaaggact caagatccgeccagcagecccgtaccacacgacg
FHEFAYEGLIKI RPAAPYWHTT
atcattggtgtgtttggcgttccgggt tcgggcaagtcggctatcat taagaacatggtg
Il I G VF GV PGS GKSAI | KNMYV
acgactcgcgatctggtggeccagtggaaagaaggagaactgccaagagatcatgaatgat
T TRDLVASGKI KTENTC CIQETI MND
gtaaagaggcaacgcgggat tggacgtaaccgctaggaccgtcgactcaatcttactgaat
VKRQRGLDVTARTVDZ S I L LN
gogtgcaagaaaggcgtagaaaacctttacgtcgatgaggegttcgegtgtcactcggogt
G CKKGVENLYVDEAFACGCHTSSEG®G
actttgctagcgetcatcgegetggtgagaccgtcaggtaaggtagtactgtgeggegac
TLLALI ALVRPSGKYVVLCSGHDHD
cctaagcagtgtggtttcttcaatttgatgcaactgaaggtgcactataaccacaacatt
P KQCGFFNLMQLIKVHYNHNI
tgtacaagggtgctccataagagcatctccagaagatgcactctacctgttacggegatc
C TRVLHKSI SRRCTL®PVTAI
gtgtccaccttgcactaccaagggaagatgagaacgacgaaccgatgcaacacccectatt
vV STLHYQGKMRBTTNRT CNT P I
cagattgacaccaccggttcctccaaaccagectcaggagatatecgtgttaacgtgettc
Q I DT TGS SKPASGD I VLTTEGCTF
cgcggetgggtgaagcaactgcaaatcgactatcgtggacacgaggtgatgaccgeaget
RGWVKQLQ@I DYRGHEVMTAA
gcttcccagggtctgacaaggaaaggcgtgtacgecgtgagacagaaagtgaacgaaaac
ASQGLTRKGVYVYYAVRQKVNEN
ccactgtactcacctctgtcggagcacgtcaacgtgctgt tgacccgaactgaaaaccga
PLYSPLSEHVNVLLTRTTENHR
ctggtgtggaagacactgtcgggtgacccgtggataaaggtgttaaccaatgttccacgt
L VWKTLSGDPWI KV LTNVPR
gogoatttcagtgcaactctggaggaatggcatgaagaacatgacggtatcatgagagtg
GDFSATLEEWHTETEHDGI MRV
t tgaacgagcgaccggcggaggt tgatccat tccaaaacaaggctaaggtgtgctgggcea
L NERPAEVDPFQNIKAKYVYCWA
aaatgtctogtgcaagttcttgagacggecggaatacgtatgacggcagatgaatggaac
K ¢LVQVLELETAGIRMTADTEWN
accatcttggcetttcagagaggacagagegtactcaccagaagtcgetctcaacgagatt
T 1 LAFREDRAYSPEVALNEI
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tgcactcgttactacggegt tgacctagacageggectattctcagegeagteggtttece
C TRYYGVDLDSGLFSAQSVS
ctcttttatgagaacaaccactgggacaacaggcctggaggacgcatgtacgggttcaac
L FYENNHUHWDNRPGGRMYGTFN
catgaagtagccaggaaatacgcagcecaggtttccatttctacgtggcaacatgaactcg
HEVARKYAARTFPFLARBRGNMNS
gogctacaactaaacgtccctgagaggaagetccagecct ttagecgectgaatgecaacata
GLQLNVPERKLA QQPFSAET CNI
gtcccatccaatcgtcggttaccgcaagetctggtcacaagttatcagcagtgtcgtggg
VPSNRRLPQALVTSYQQT CRG
gagagggtagagtggttgctgaaaaagat tccaggtcaccaaatgttact tgtaagtgag
ERVEWLTLI-KIZKI PGHQMLTLV SE
tacaacctggtgatacctcacaaaagagtcttctggattgcacctccgegggtgtcaggce
Y NLV I PHKRVFWI APPRYVSSAG
gcggaccgcacgtacgact tggacctagggttacctatggatgcaggecgttacgacctg
AADRTYODLTDLGLZPMDAGRYT DL
gtattcgtcaacatccatactgagtaccggcaacaccactaccaacaatgcgtcgaccat
VFVNIHTEYRQHHYQQCV DH
tcaatgcgectgcagatgetgggaggggat tcactacacctget tagaccaggaggctcg
S MRLAQ@MLGGD SLHLLRPGTGS
ctgctgatgagagcatatggt tacgcagacagagtcagcgagatggtggtgacagecctg
L LMRAYGYADRVSEMVV TAL
gctaggaaattctecggegttececgtgtectgagaccggegegtgtgacgagcaacacagaa
ARKFSAFRVLRBPARVTS SNTE
gtgttcctgctgttttctaactttgataacggcagaagagcggtaacct tgcaccaaget
VF LLFSNFUDNGRRAVTLHA QA
aaccagaaacttagctcaatgtatgcctgcaacggattgcacactgetggttgtgeaccg
N Q@ KLSSMYACNGLHTAGT CATP
tcatacagggtccgecgegecagatatatcaggacacagtgaggaageggtcgtaaatgcet
SYRVRRADI SGHSEEAVVNA
gccaatgccaaaggtaccgtgagegacggagtgtgcagggcggtcgectaagaagtggeca
ANAKGTV SDGV CRAVAKZKWP
tcatctttcaaaggggctgcaactccagtcggcacagccaaaatgatccgegecagatgge
S SFKGAATPVYVGTAKMIRATDAG
atgaccgtaatccacgcagtgggaccaaact tctccaccgtaacagaagccgaaggggac
M TV I HAVYGPNZFSTVTEAEGTED
agagagctagceggccgegtatcgagetgtggctagcataat tagtaccaacaacataaag
RELAAAYRAVASIT I STNNIK
agcgtcgecagtaccgetgetgtccacaggeaccttttccggecggtaaggacaaagtgatg
S VAVPLLSTGTFSGGIKTUDIKVM
cagtccttgaaccacttattcacggcactggacgcaaccgatgcagacgtggttatctac
Q SLNHLFTALDATDADVYV IY
tgcagagataaaaactgggaaaagaagat tcaggaagccatcgacaggcggacggeaatc
C RDKNWEKIKTI QEAIT DRRTA I
gagctcgtatctgaagacgtgacct tggaaaccgatctggt tagggtacacccggacagt
ELVSEDVTLETDLVRVHPTDS
tgcttagtcggcagaaatggttacagtgcaactgacggtaaactgtactcctacct tgag
CLVYGRNGYSATDG GKTLYSYLE
ggcacgaggttccaccagacggcggtcgacatggetgaaatatcaactttatggecaaga
G TRFHQTAVDMAETI STLWPR
ctccaagatgctaacgagcagatctgectgtacgecctaggggagacgatggacageata
L DANEQI CLYALGETMDS I
cgcactaaatgcccagtagaagacgecgattcgtctacgecgecgaaaacggtaccegtgt
R TKCPVEDADSST®PPKTVPC
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ctatgtcggtacgecgatgaccgecggagegggt tgccagact taggatgaataacaccaaa
L CRYAMTAERVYARLARBMNNTK
aacatcatcgtgtgctectectttccattaccgaagtacaggatagaaggecgtgcagaag
NI I VCSSFPLPKYRI EGV QK
gtgaagtgtgaccgagtgctaatttttgaccagaccgtcccgtcactagtaagtcccaga
vV KCDRVLI FDQTVPSLVSPR
aagtacatacagcagccgccggaacagcetggataatgtgagectgacttctacgacgtcg
K'Y Il @ QQPPEQLDNYVYSLTSTTS
acgggatccgecatggtcatttccgtcggaaacgacctacgaaaccatggaagtcgtagec
TGS AWSFPSETTYETMEV VA
gaggtacacaccgaacctccaatccctccgectcgecgacgtagagcagecgtcgeccaa
EVHTEPPI PPPRRRRBRBRAAVANAQ
cttagacaggatctggaagtcaccgaggagatcgagecgtacgtgacacagcaagcagag
LRQDODLEV TEEI EPYVTQQAE
atcatggtcatggagagggtcgcgacgacagacatacgegcetatcccagtcccggcacgg
/I M VMERYATTDIRAI PV P AR
cgggccattacaatgccagtcccageccccagggt tcgtaaggtcgetactgaaccteca
RAI TMPVPAPRVRKVYATTETPTP
ttagaaccggaagctcctatcccggcaccaagaaagagaagaaccactagceacctcacct
L EPEAPI PAPRKRRTTS ST SEP
ccgcataaccccgaggatttegttcccagggtacctgt tgagt taccgtgggagecggaa
P HNPEDFVPRVYPVELZPWETPE
gacctagacatccaattcggtgact tggagccacgecgecggaacaccagggaccgagat
ObLDI @QF GDULEPRIRRNTRUDARBTD
gtcagcacaggaatacagttcggtgacatcgactttaaccagtcctgactaggcagggct
vV S TG I @QF GD I DFNQ@S * L GR A
ggcgcgtatatcttttcgtctgacactggecccgggtcacctacaacagaagtccgtaagg
GAY I FSSDTGPGHTLAQ@Q@KS VR
caacatgaattgccatgcgagactctgtacgecccatgaagacgaacgcatatacccgecg
Q HELPCETLYAHEDTERTIYZPFP
gcatttgacggagagaaagaaaaggtactccaggcaaagatgcagatggecccgacagaa
AAFDGEKEKVLQAKMQEMATPTE
gcgaataagagcaggtaccagtcgaggaaagtagagaacatgaaggcattaattgtagaa
AANKSRYQSRKVENMKAL I VE
agactacgcgaaggagcaaagttgtacctccatgagcaaaccgacaaagtacccacgtac
R LREGAKLYLHEQTTDIKVPTY
accagcaagtaccctaggectgtgtactcaccatcggtggatgacagectgagecgatccg
T SKYPRPVYSPSVDDSLSDTFP
gaagtggctgtggccgectgtaactctttcttagaggagaattatccgaccgtggegaac
EVAVAACNSFLEENYZPTVAN
taccagataaccgatgagtatgacgcttatctggact tggtcgacggctctgaaagetge
Yy Q| TDEYDAYLUDLVDGSTESSC
ctcgacagagcetacgttctgeccggccaaactaagatgttaccctaagcaccacgeatac
L DRATFCPAKLRBRCY®PKHHAY
caccaaccacaaatcaggagcgcagtaccttccccttttcaaaacacgttacaaaacgtg
HQFPQI RSAVPSPFQNTLAQ@NYV
ctagccgeggeccactaaaagaaat tgcaacgtcacccaaatgagagaat taccaaccatg
L AAATKRNCOCNVYTQMRBETLZPTM
gactctgecgogtgttcaacgtagaaagcet tcaaaaaatacgcatgtaccggcecgaatattgg
Db SAVFNVESFKKYACTSGEYW
caagaatttaaagacaatcctatacggatcaccaccgaaaacataacgacgtacgtggct
Q EFKDNPIRI TTENITTYVA
aaactcaagggtccaaaggctgetgecctttttgecaagacgcataacctggtgecgett
K LKGPIKAAALFAKTHNLVPL
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caggaggtgccaatggaccgettcgtgatggatatgaagagagatgtgaaagt tacacca
Q EVPMDRFVMDMEKARBRDVKYVTP
ggcaccaagcataccgaagaaaggccaaaagtgcaagtaat tcaagcggcggaaccactg
G TKHTEERPKYQV I QAAEFPL
gccacggcatatttatgecggaatccacagagagt tagtcaggcggctaaaagecgttctg
AT AY LCGI HRELVRRLIEKAYVL
accccgaacattcatactctgtttgacatgtcggeggaggact ttgatgecatcatageg
TPNI HTLFDMSAETDTFDATI | A
gcacatttccaaccgggagatgctgtactggaggcagatatcgecatcct tcgacaagage
AHF QPGDAVLEADTI ASFTDIKS
caagacgactcctttgegetaacggegetgatget tctggaagacctcggggtcgaccaa
Q bDbDODSFALTALMLTLTETDTLGVDA
gaactgctggaccttatcgaagetgegtttggtgagatcacgagtgtgeatctacctgec
ELLDL I EAAFGETI TS VHLPA
gotacaagatttaaattcggtgctatgatgaagtcaggaatgtttcttacactcttcate
G TRFKFGAMMEKSGMFLTULF I
aacacgctgctgaacattgtcatagecgtgecgegtcettacgecgacaaattatcgtecteg
NTLLNIT VI ACRVLARDZ KTLSSS
gcgtgcgecgect tcataggtgatgacaacatagtgcacggegtgaggtcagaccegeta
ACAAF I GDDNIVHGVRSUDTPIL
atggcagaaaggtgcgegagt tgggtcaacatggaagtaaagatcatcgatgecacaatg
M A ERCASWVNMEVKTI | DATM
tgtgagaaaccaccgtacttttgtggaggattcatcctgtacgacagtgtcgecggtaca
CEKPPYFCGGF I LYDSVAGT
gcgtgtagogt tgcagacccgt taaagaggetgt tcaaactcgggaaaccgetcccggocg
ANACRVADPLIKRLFKLGKZ®PLZPA
gacgacaaccaggatgaagacagaagaagggcactaaaagatgaaacagt taagtggtce
D DNQDEUDRRBRRALIKDETVKWS
cgcataggattgagagaagaat tagacgtggcat tgagctcaagataccaagtcagegge
R I GLREELDVALSS SRYQVSG
gtcggaaacatcactagagcgatgtccacgetgtctaagagtttgaagtcttttaggaaa
VGNI TRAMSTLSKS STLIKSTFRK
ataagaggtcccatcatacatctgtacggcggtcctaaatagatgcaggattacactaca
I RGP I I HLY GG P K =
tctaaagaccacgtattacagacaccatgaattacattccaactcaaaccttttacggac
M NY I PTQTTFYG
gcegt tggegaccacgeccggegtaccgtccatggegggtgccgatgcagecggecccac
RRWRPRPAYRPWRVYVYPMQPATP
ccatggtgattcctgagetgcaaactccgatcgtccaggeccaacagatgecagecagetaa
P MYV I PELQTPI VQAQQ@MAQAQL
tcagtgcagtttctgccctgacgaccaagcaaaatggcaaagcaccgaagaagcecgaaga
Il S AV SALTTHKA GOQNGIE KAZPIKZKPK
aaaagccgcaaaaagcgaaggctaagaaaaacgaacagcaaaagaagaacgagaacaaga
K KPQKAKAKIKNEQQKIKNENK
aaccaccgcctaagcagaagaatccggetaagaagaagaaaccaggaaaaagggaacgca
K PPPKQKNPAKZIKI KIEK®PGIKR RTER
tgtgcatgaagatagagaatgattgcatcttcgaggtcaaget tgacggtaaggtcacgg
Mm CMKI ENDT GCIFEVKLDGKVT
gatacgcctgcectagtcggggataaagtgatgaagecggcecacacgtcaaaggtgtgatceg
GYACLVGDIKVMKZPAHYVKGV I
acaaccccgacctagcgaagcet tacctacaagaaatcgagcaagtatgacctggagtocg
DNPDLAKLTYKZKSS SKYDULTESTC
cccagataccagtgcacatgaagtcagatgcet tcaaagtacacccatgaaaaaccagaag
AAQ I PVHMKSDASKYTHETKTPE
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ggcactacaattggcatcacggtgcagtgcagtacageggtggcaggt tcacaatcccega
GHYNWHHGAV QY SGGRFT I P
caggcgcaggtaagccaggagacagceggccggecgatct tcgacaacaaaggacgegtgog
T GAGKZPGDSGRPI FDNKGR RV
tggccatcgtcctgggaggggccaacgaaggagecaggactgecctatectgtegtaacct
vV AI VL GGANEGARTALSVVT
ggaccaaagacatggtcacacggtacaccccagaaggaacagaagaatggtccgecgect
WTHKDMVTRYTPEGTTETEWSAA
tgatgatgtgegtcttagccaacgttacattcccatgetcagageccgegtgtgeacccet
L MmMmCcCVLANVTFPCGCSEPACATP
gttgctgtgaagaacaaccagaacagacactgaggatgt tagaggacaacgtggaccgcec
c cCCEEQFPEQTLARMLTETDNVYVDR
cgggctactacgacctgetcgaggccacgatgacgtgtaacaatagtgcecacgecacggtce
P GYYDLULTEATMTT CNNSARUHEG
gcagtgtgacgaaacact tcaacgtctacaaggccacgaaaccgtatctagegtattgeg
R SVTKHFNVYKATIK®PYLAYTC
cggactgcggagacgggcagttctgttacageccggtggctatagaaaaaat tagggatg
AADCGDGQFCYSPVAI EK I RD
aggcttccgatggcatgataaaaatccaggtcgcagegcaaat tggcatcaacaaaggag
EASDGMI K I Q@QVAAQI G I NKG
gaacacacgaacacaacaaaatcaggtacatcgccgggcatgacatgaaagaggcaaacce
G THEHNKI RY I AGHUDMKTEAN
gogactctttacaagtgcatacttccggtgtgtgcgetat tcgaggcacgatgggecact
R DSLQVHTSGV CAI RGTMGH
tcatcgtggcctactgecctccaggggacgaactaaaggtcecagt tccaagatgcagaat
F I VAYCPPGDELI KV QFQDAE
cgcacacccaggcctgcaaagtgcagtacaaacacgcaccggecccagtaggcagagaaa
S HTQACKVQYKHAPAPVGRE
aattcaccgtcaggccccacttcggtatcgaagtgeccatgcacaacgtaccagetgacta
K FTVRPHFGI EVPCTTY QLT
ccgcaccgacggaggaagagatcgacatgecataccccaccggatatcccagacataacgt
TAPTEEEI DMHT®PPD I PD I T
tgctgtcgcagcagtcaggtaatgtaaagatcacagcaggaggaaaaaccatcagataca
LLSQQSGNVKI TAGGKTI RY
actgcacgtgtggtagtggcaacgtgggcaccaccagtagcgacaagactatcaattcgt
NCTCGSGNVGTTSSDIKT I NS
gcaaaatagcacagtgccacgctgecggtgactaaccacgataagtggcagtacacctect
C K1 AQCHAAVTNHDIKWQYTS
cgtttgtccctagagecgaccagttgtctcgcaaaggtaaagtgeacgtaccttteccte
S FVPRADQLS SRKG GKVHVPTFP
tgaccaactccacatgcagggtgectgttgcacgtgcaccaggtgtcacatacggaaaga
L TNSTCRVPVARAPGVTYSGHK
gagaactgacagtgaaactgcacccagatcatcccacgetgttgacgtaccggagtctag
R ELTVKLHPDHPTLULTYRSIL
gagcagatccgegeccgtatgaggagtggatagaccgatacgtcgaacggaccataccgg
GADPRPYEEWI DRYVERT I P
tgaccgaagatgggatcgagtacagatggggaaacaacccacccgtgceget tgtgggece
vV TEDGI EYRWGNNPPVRLWA
agctgacaactgaaggcaaaccccatgggtggecgcacgagatcatactctattactatg
Q L TTEGKPHGWPHETI I LYYY
ggctatacccagcagcecaccatcgecgecgtctcagecgegggtctcecgecagtegtactat
GLYPAATI AAV SAAGLAVYVL
cgctgetggcgtecatgttacatgttcgecactgecacgecgcaagtgectgaccccatacg
S LLASCYMFATARRBIKT CLTHPY
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ccctgaccccecggagetgtegtecccggtaacactaggagtactatgetgegeaccacgag
AL TPGAVVPVTLSGVLT CCOCATPHR
cgcatgcecgegtceatttgeggaatctatggegtatctatgggatgagaatcaaaccctgt
AHAASFAESMAYLWDTENRI GQTL
tttggctggaget tgcaacgecgetcgetgecataatcatacttgtatgetgectgaaga
FWLELATPLAAILI I I LV CCTLK
acctgctttgetgetgcaaaccgetttettttttagtgetggtgagectgggaactcecg
NLLCCCK®PLS SFLVLVSLGTF®P
tcgtaaaatcttacgaacacaccgcaacgatcccgaatgtggtgggattccegtataagg
VVKSYEHTATIPNVVGFPYK
ctcacattgagaggaacggcttctccccgatgaccctacaget tgaagtact tggaacca
AHI ERNGFSPMTLA GQLEVLGT
gcttggaacccacgctaaact tagagtacataacctgtgaatacaagacagtcgtgcecat
S LEPTLNLEY I TCEYKTVVEP
caccttatatcaagtgctgcgggacatcagaatgcagatccatggagegecccgactate
S PY Il KCCGTS SECR SMERTPTDY
aatgccaggtctacacaggagtgtacccatttatgtggggcggegeatactgettctgeg
Qe cQVvVYyYyY TGVvVvVYPFMWGSGAYT CTEFTC
acactgagaacgcccagctgagtgaagcatacgt tgatagatcggacgtatgcaagcacg
O TENAQLSEAYVDRSTUDVCKH
accatgccgecgectacaaggegeatactgeggcaatgaaagecaccatccgaataaget
DHAAAYKAHTAAMEKATT I R I S
acgggaacctcaatcagacaacaacggcgt tcgtcaacggggagcacacagtgaccgtcg
Y GNLNQTTTAFVNGEUHTVTYV
gaggcagcaggtttacttttggtccaatctccactgectggacgectttcgacaacaaga
GGSRFTFGPI STAWTUPFDNK
tcgtcgtctacaagaacgacgtctacaaccaggact tcccaccctacgggtcaggacaac
| VVYKNDVYNAQDF®PPYGSGA
cagggaggct tggagacatccagagcaggacggtagagagcaaagacctgtatgecaaca
P GRLGDI Q SRTVESIKTDTLY AN
ccgccctcaagttgtcaagaccttegtececggtactgttcacgtgect tacacacagacce
TALKLS SRPSSGTVHVYPYTAQT
cttctggctttaagtactggataaaagagagaggcacgtcgcectgaatgacacggetectt
P SGFKYWI KERGTS SLNUDTAP
ttggatgcgtaatcaagaccaacccagtcagagcagaaaat tgcgecgt tggcaacatce
F GCV I KTNPVRAENT GCAVGNI
cagtctccatggacatcccggacaccgegtttacgegegtgattgatgcacctgecgtca
PV SMDI PDTAFTRVY I DAPAYVY
caaacctggagtgccaagtgogecggtctgeacgcactcatcggact tcggecgggatcgega
TNLECQVAVY CTHS S SDFGSG I A
ctctgactttcaaaactgacaaacccggaaaatgtgctgtccactctcattcgaacgtag
TLTFKTDIKZPGKT CAVHZSHSNYV
ccaccatacaggaggcagcetgtggacatcaaaacagatggcaagataaccctgecatttct
AT I @ EAAV DI KTDGK | TLHF
ctgcagcatcagcatcccecggeattcaaggtatctgtgtgcagtgeccaaaacgacatgea
S AASASPAFKYSVCSAKTTC
tggcagcegtgtgagecgecgaaggaccacatcgtecct tatggggcgagecataacaace
M AACEPPKIDHI VPYGASHNN
aagtttttcctgacatgtctggcacggcaatgacatgggtgcagegggtagecggeggac
Q VFPDMSGTAMTWYVQRYVAGSG
tcggcgggctaacactcgecgecagtggecagtacttatactggtgacgtgtgtgactatge
L GGLTLAAVAV LI LVTCVTITM
gccgctaaccgggaggettgacataatgtatatatataagcatcatagttttaataaage
R R =
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ccctgaatagtaacaaaacataaaaaccaaaaacagtagt tcaaagggctatacaaccce 11400
tgaatagtaacaaaatacagaaaaaccataaaaattataaaattaactaatcagatcatc 11460
taaatttgactaattggaaatagccgaactctacggagatgtaggegtccgaactccacg 11520
gagacgta 11528
Fig. 8. Nucleotide sequence of Getah virus. *; stop codon.

5 NTR 3'NTR
— nsP123 nsP4 H C-E3-E2-6K-E1 —
79 5638 7482 7587 11288

Fig. 9. Genomic organization of Getah virus.
0 2 4 6 8 10 kb
i i i i i
<« 220~600 <«~——> 6040~7283

<« 1~600
«—> 98~1445
«——> 1387~2500
<«—> 2424~3359

«——> 3279~5036
<«——> 4886~6143

B

> »><
< >« >4

<«—> 7030~8030
«——> 7856~8689
<«—> 8525~9573
<«—> 8821~10617
10473~11204 «——>
11080~end «—>

c D R

>&
>4

ML EcoRT BglLT XhoL Xbal
?—’#wﬁl

Fig. 10. Cloning strategy of Getah virus full clone.
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4. PCRE &% A& vo]# X genedl FF
A AdSs T3l FulEi Aol A plaque purification WH o2 &4 E2®H  AEpnfo]

Eal

Ll
N,

XS o] g3te] wHjgsH i FSHo=HE Qiagen viral RNA

o

extraction kitE ©]-83}l4] viral RNAE FE3t. F5% RNAE =322 oligo-dTio
2 o] &3l ¢cDNAEZ A3 th Reverse transcriptions GIBCOAFS] Superscriptl =
o]-§3to] 42T oA 507 A ATE ¥HE0(Xl cDNAE FH o= 9] NCBI9 blast
searchE E3lo] 7)|&0] WREH Alr])ofn} ®lo]#] A (sagiyama virus)e @714 49S E)
= primerg Al#Fste] Al zbdl©] PCRE 2H7] FasiA AlEF wlolgfx=o] BE 7] A
45 F=2Jedr. A WA PCRel  AF8%¥ primerte  sense;  1S-Mlu I
5-GAGACGCGTATGGCGGACGTGTGACATCACCC-3, antisense; 2500R 5-GTCGCCA
CACAGTACTACCT-3" o]# & W PCRo| AF&% primere sense; 1981S 5-CGTA
AGCTACACCACATAGC-3, antisense; 5036R 5-GGACTTACTAGTGACG-3' ©°]™, A W
A PCRol| AF&-% primer= sense; 4650F 5-CAGTGCAACTGACGGTA-3, antisense;
7283R 5-CTGTCTTCATCCTGGTGTC-3'°]", 4l ¥&] PCRO| AM8-¥ primere sense;
7030F 5-GCCTTCATAGGTGATGACAA-3, antisense; 9573R 5-CCATGGGGTTTGCCT
TCAGT-3' o], T4 WA PCRo| AFE-H prime sense; 9500F5-TGGGATCGAGTAAGAT
GGG-3, antisense; End-Xbal 5-GGCTCTAGATu3GTAAAATATT-3’¢]t}. PCR 4H$-&

TAKARA EX Taq polymeraseE AF&3}SaL, 94C 13, 58Tl 1+ 30%, 72T 2+9

s

HA4 & 403] whEste] FEepdvh. 2 A A WA fragment= $Fol] Mlu 1] 4
1 ~2500 ¥ WA= 1981~5036, Al WA= 4650~7283, Ul WA= 7030~9573 v}X|2h&
9500~ E7HA 2, RZl 4371 poly-A$t Xba 1°] A9 E 5712 PCR product bandE
< F AAJY (Fig. 11). X3 Taq polymerasett F0 fidelity7} £ blunt end PCR
products Y=+ pfu polymerase (solgene)s ©]-&3t AE RNAE 2t oligo-dTio&
o] &3l TS cDNAE FPo=2 x (24 AAS primerZ 67012] blunt end PCR

product bandg LS4 UATHFig. 12).
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Miul Xba I

[
acacet [ 5] nspl-3 (1-5628) SGP| C-E3-E2-6K-El (7527-11288) \} 3° ] aaa, TcTaGAACC
w L
Miu 1-1 2500
[ ]
1982 5036
4650 7283
[ ]
7030 9573
|
9500 End-Xbal
[ ]
5 —

Constructs:
PGEM-Getahl (Mlu I to 2500)
e g T | 3 pGEM-Getah 2 (19820 5036)

pGEM-Getah 3 (4650 to 7283)
pGEM-Getah 4 (7030 to 9573)
pGEM-Getah5 (9500 to end)

(=]

Fig. 11. PCR amplification of Getah genimic DNA fragments with Taq polymerase

and cloning of Getah genomic fragments into pGEM-T Easy vector

# 2. list of primers and PCR products

Fragment Primer pair Primer sequence Amplicon Size
Getah 1 Mlu I-Sagi-1F 5" ACG CGT ATG GCG GAC GTG TGA CAT 3’ 2,526 bp
Sagi-2500R 5’ GTC GCC ACA CAG TACTACCT 3’ (-6 to 2520)
Getah 2 Sagi-1981F 5’ CGT AAG CTA CAC CAC ATA GC 3’ 3,056 bp
Sagi-5036R 5 GGA CTT ACT AGT GACG 3’ (1981 to 5036)
Getah 3 Sagi-3273F 5’ CGG CCT AT CTC AGC GCA GTC AGT TTC 3’ 5,194 bp
Sagi-8466R 5’ AGC CCG GGC GGT CTA CGT TGT CCTC 3’ (3273 to 8466)
Getah 4 Sagi-7255F 5’ CCA GCG GAC GAC AAC CAG GAT GAA GAC 3’ 3,950 bp
Sagi-11204R 5’ CTG CAC CCA TGT CAT TGC CGT 3’ (7255 to 11204)
Getah 5 Sagi-10476F 5’ GCC TGG ACG CCT TTC GAC AAC 3’ 1,082 bp
Sagi-11560R 5’ GAT GGT CTG GGG TTC GGC AG 3’ (10476 to 11558)
Getah 6 Sagi-11071F 5’ TAT CTG TGT GCA GTG CCA AA 3’ 578 bp
Xba I-EndSagiR 5" GGC ICT AGA TTT,, TGT AAA ATATT 3’ (11071 to11648)
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Mlu I Xbal

— —
acacar [5)f nspl-3 (1-5628) nSpAN5629-7482))| SGP| C-E3-E2-6K-E1 (7527-11288) '} 3’ | aaa, TCTAGAACC
%

| Getah 2 (3,056 bp) |
[ Getah 3 (5,194 bp) |

[ Getah 4 (3,950 bp) |

/ \ sac
‘\\ BstX| Constructs:

AAA,, TCTAGAACC
f 7 pBS/Getah 1 (-6 to 2167)

| pmu“m pl " KS + - pBS/Getah 2 (2167 to 5036)
ol PBS/Getah 3 (5025 to 7360)

EcoR| pBS/Getah 4a (7255 to 11204)

Hind Il pBS/Getah 4b (9539 to 11204)

Accibinclisdl  pBS/Getah 5[Sca 1] (10695 to 11251)

Xho
Apa iDrallEco0 1091 pBS/Getah6 (11071 to end)
Konl

AN

Fig.12. PCR amplification of Getah genimic DNA fragments with pfu polymerase

and cloning of Getah genomic fragments into pBluescript II KS + vector

5. PCR productd] €249 2 47 Ag &4
olglAl sty Taq polymerase® SFH ¥ T 79| cohensive end PCR productE
promega®] pGEM-T Easy vectordll 224 s th(fig. 11). o] tAl 7Nl plasmidE 7l
E} wlo]l#l~ genome?] Al wEl Mlu o] AYdE 1 ~25008 FE4Y3 plasmidE
pGEM-Getahl, 1981~5036> pGEM-Getah2, 4650~7283> pGEM-Getah3, 7030~9573 &
pGEM-Getah4, 9500~E-> pGEM-Getah5 2}il ™ a}3lth. ®3g blunt end polymerase
2 FF9 6719 blunt end PCR productE pBluescript II KS +(STRATAGENE)¢] £
3 s (Fig. 12) Mlu 19°] Ad"E 1 ~2167S FEY3I plasmidES pBS/Getahl,
2167~5036  pBS/Getah2, 5025~7360 pBS/Getah3, 7360~9539-2 pBS/Getah4a,
9539~11204 pBS/Getah4b, 10695~11251-> pBS/Geta5, 11071~end 2 pBS/Getah6 ©]z}

i gtk ol 24 AlEt wolg{ 9] full genome @71 M E 4 R 747t
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# 3. Getah genome comparison with Sagiyama genome

nonstructural proteinORF : 1234

midlectide dfference

aminoacd dffeence
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miclectide difference

amnoaod diffaence
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miclectide difference amunoacid dffaence
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structural protein ORF C-E3-E2-6k-E1
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fragmentZ ligation 3224 A€} replicon ¥ helper plasmid®] F30] 7Fs3atA w31
th. AlEl full genome?] F7] A E 42 pGEM-T Easy vector®} pBluescript II KS +
o 249 % AEjol A T7 sequencing primer H Z} 500bpv}lt} gene specific sequencing
primers A|#tsled 7h7] oAl 9] plasmid § 2737] 9 T2 FES FA A SAE
of oFste] A7) MYE EAS stk 183l NCBI9 blast searchE 3t 7]&] &
#9 Aeputoldl~ 9 & Alphavirus® @71X 3o A4S Hlws] Hokth Hlw

il

7 A AP A olm] AAFHE alphavirus 5 Sagiyama virus®t 97% ©]39 FE8ES

Zk= Aol 3t th 3k Taq polymerase}t blunt end polymerase?] fidelity2] z}o]

of s FHe 2 Atolel= FH e A7) MLl AolE EHAT (3. 3).

. At wo]Eq 2 5'UTRY &<l

pGEM-T Easy vectore]l Z=2Z4d® A€l vlolgi= Al 719 fragmentsS 7}A| a2 AE}
Hlo] 2] 2~ 9] genomes oAl 5'UTRo a@sl= 1778 ¥97] A<€3}  nonstructual protein®ll
st 177526 947 AEES E=24Ys7] 98l pGEM-Getahl,2,3 plasmid& ©]-&3}7]
2 3tk 21 AE vlo]# 2~ repliconE A ZFs7] kA AlE} wpel# 2~7) &t Gy
viole] 2= 5'UTR ¢ RNA 27} vlo] el 2~ 9 replicationol] 2.3 &
Ho dol Alet wpelef o] 5'UTRe dial] Frl #AlS ZHAl HAh. Aer vheo]g 2]
5'UTRE X3tslal 3= pGEM-Getahl> NCBIC] blast searchE §3}o] 7]&Eo] &3k

o
ot
v
=
H
=

H Ab7]ofut vle]el 2~ (sagiyama virus)e]l @7IX €S EUZ 5'UTR primers Al 4+31]
PCRE &3l genes 5% 37| whidol AEf nlolg =9 5'UTR ¥+ Apo|7F A& F

ths e 2a 492 A4 Stk AdleldaE AWALE o] §3te] WFT

ot

T owjF A=do2HE Qiagen viral RNA extraction kitE ©]-&3}o viral RNAS F=
3l & Reverse transcriptione GIBCOA}Y] Superscriptll & ©]&3}o] RNAS F3oz
oligo-dT1oE primerZ 3} 42TCelA 50&3F 3tk 18]a Rocheol A wlst=
5'/3" RACE KIT, 2nd Generations ©]-83}o] protocoldll wz} A} vlolef2 ¢ 5'UTR
¥} nonstructural protein 1S ¥3%3= < 600bpE  PCRZ FZ3ith. aglx
pGEM-T easy vectorell 24 el A F2 3|AF £AE 9 F3sle] T7 sequencing
primer® 7] Ad A4S 3 A3 AlE wpe]ly = 5'UTR¥I Ab7] ofwh wpole]x
S'UTRZ Aol7h fl&= ¥tk ®ek Algt whel#] replicons Al#Fst7] fsiA] Ahg-d
PGEM-Getahl= AE} wlo]e=e] 5'UTR (Fig. 13a)%te] Miul 4@ &k site® ¥
(Fig. 13b) 8}aL 9lo] o] 2oz <3} 5'UTRS RNATZ7F @ebd & gloerz Miul
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o] f5o wE RNATZE Ay Btk 2 23 Miul A3 &4 site® E3ata 9o
%= 5'UTR® RNAZol& ¥ Ael7b §lo] Evh(Fig. 13). LA pGEM-Getahl,2,3

plasmid& ©]-&3&}o] AE} vlo]#] 2 replicong A|2tet7| 2 &FSich

Getah-5utr
a) DNA sequence
5’ ATGGCGGACGTGTGACATCACCGTTCGCTCTTT

CTAGGATCCTTTGCTACTCCACATAGTGAGAGACA

b)

Getah-Miul 5'utr

DNA sequence

5’ ACGCGTATGGCGGACGTGTGACATCACCGT
TCGCTCTTTCTAGGATCCTTTGCTACTCCACA
TAGTGAGAGACAAACAACCCAA 3’

AACAACCCAA 3’

A

Fig. 13. Secondary structure of getah_5 utr RNA and getah_Mlu I 5 utr

RNA

7. A€} vielgj~ 3'UTRY <l
oty} wlolgl 9] AL 3'UTRo| Hlo]l2] 2~ replicationd] =83 9SS 3ria Hi1E o]
vl Aok -8 7 ZAFSE AlEl vleo]2] 2~ gene coding region ¥ 5'UTRe 7
Hholg 29t 97%9] AEAdE Hole= Aoz Ayt ysisd 3'U
113307114404kl 2] °F 100bp7k AlEF wHiolgf el deletiono] ¥ ez HIY (Fig.
14b). o]Z2 3 3'UTR® RNATZ7} @dtAl 55 (Fig. 14a)olA BofFa qlth
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a) Sagiyvama 3'UTR (410 nt)

nit 11451 to 11537

nit 11425 1o 11450

Getah 3'UTR (309 nt)
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Fig. 14. Structural motifs at the 3'UTR

8. Ale}l vlo]H 2 replicon ¥ helper plasmid9 T
Ael ve]lE 2 replicons AZghell lo] ofn &3t ¥ gl= pSFVI (Fig. 15a)&
o]-&3F3th. ©] vectori= AEF wiolel 2~k 22 Alphavirusoll &3l=  Semliki Forest
virusE 48313 wvlolglx Wy A" o]t} pSFV19 Semniki Forest virus
nonstructural protein 12345915 A A1 23S AE vlol#l 2~ nonstructural protein
1234 (Fig. 15b)= wAgom oz culd Ids 93 oz & coding genes 4t
A& multi cloning siteE subgenomic promoterF el A% st %4 subgenomic
promoter 2} multi cloning site§ pSFVI1el AFdat7] 91814 sense;  7030F
5-GCCTTCATAGGTGATGACAA-3, antisense; 7526-26sR 5'-AGATCTCTAGAGGGCC
CTGTAGGTGTCTGTAATACGTGGTCTTT-3" primerE AF&3te] A€l vlo]#8 2~ cDNA

& FY28 TAKARA EX Taq polymeraseE ©]-§3le], 94C 14, 58Tl 1+ 30,
72 ol HAE 403] WHESEe] nonstructual protein 4 H 5437} subgenomic promoter

T 2
a8]3 Xho I, Apa I, Xba I, Bgl 12 multi cloning siteE X33l= ¥9E5 PCRZ
343tk PCR product= Qiagen pDrive cloning kitoll 2493t @7 A 4%
Kpn I, Bgl A &4 2 %23 Kpn [, BamH [ A &&= A2 pSFVIe]
ligation 3t$1th. 2 § 5'UTR $ell Mlu I o] EA8t= pGEM-GetahlE pSFV1el ligation
at7] 918 A B oz pSFVIE SP6 promoterF ol Mlu I siteS AFY3t9 3l F plasmid
£ EF EcoR I, Mlul Al &4 & A3t % elution 3t ligation sttt 15 AE
Hpolo] 2 nonstructual protein 1234 WA 91 = Aol pGEM-Getah2,3°]
one-site= cutting %= restriction enzyme site?]l 2167 9 *|sl= EcoR 13 4760 93|
Sk Bgl 1, 18]al 7127 o Q= Cla I site9} A &4F o]&3ste] A= ligation 2t

Qe AT A3 A wholelx replicons AATE AT vholelx helper AZE
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E} wlo]# 2 structual proteinz} 3'UTRR1 7527 #7HA & X &3t pGEM-Getahd,5&
one-site= cutting == restriction enzyme site®l 95399 $]X]3t= Apa [ & o] &3t %}

231 ligationd}e] A€} wlo]le] 2 helperEs #1235ttt (Fig. 16).

a)
Frak % [}
P T ETE
SF
| .
] I 1
u 'l ! II
pSEVI
. 11033 bp
i
2 e bma |- Masi |
il §
D) Getah cONA
- Nsp1234(nt1 ~nt7482) 26s (nt7483~n17526) +MCS

Fig. 15. Construction of pGetah replicon plasmid

40



MluT

Xbal
[
acaear (3 nsp1-3 (1-5628) SGP| C-E3-E2-6K-El (7527-11288) B 3" | AAA,, TCTAGAACC
w w

Subgenimic
promoter Apal

Apal

Xbal

pGEM-Getah 4

<«— Apa | Digestion <«— Apa | Digestion

Subgenimic
promoter  Apg /

Xbal

pGetah helper

Fig. 16. Construction of pGetah helper plasmid

9. Ale} vlo] g 2 replicon®l reporter 4 &S GFP 4t ¢
2ol ¢AE AEl nlo]# 2 replicond] s oAFE FlE7] 9|4 replicon®l
reporter Q1 GFPe} AlE} vlo] 8] 229 replicatione] 8.3 93& 3= 3'UTRE 4
dat71= skt GFP 720bpE PCRE F%3te] pGEM-T Easy vectorel &=4 3}il
3'UTRS X &3l pGEM-getah5E 1110091 $ X3l Nsi I Alg 4= Z2t structual
protein E19] c-termianal §% ¢F 1007]¢] o}v|x=4ty} 3'UTRE GFPH el 42 &ttt

83 Apa I, Xba o2 Ze JA| 22 Agtasr=2 2 AE vle]# 2 replicond
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ligation &1t}

10. Mamalian A|3Z o)A A€} ¥lo]H £ replicond 2& o7 &<l
AEF vlol# 2~ replicondll A ¥ reporter AR GFPo] @S =R &olR 7] 9
3] mamalian #|13% <1 BHK (Baby hamster kidney)-21 cell®l in vitro RNA transcription
H Aer vlo]#] 2 replicone electroporation & E transfection stith. GFP7F wad

positive control pSFV1-GFP7} transfection® BHK-21 cell® 3}$ 3 negative control

< plasmidZ transfectiondt#] %<& BHK-21 cellZ 3t}

7}. cell culture
BHK-21 cell& 5% fetal bovine serum¥ 10% tryptose phosphate broth, 20nM HEPES,
2mM glutamine (Gibco BRL, USA) 281 0.1U penicillin and 0.1x¢/ml streptomycin”}
A 7FE  minimum essential medium (a-MEM)2 A}F8331 COS-1 cell> 10% fetal
bovine serum©] ¥F%¥ Dulbecco's modified essential medium (DMEM, Gibco BRL)<

AH&3te] 5% CO2, 37TCol Al wjggket.

1}, in vitro RNA transcription® mammalian 4| £ 2 9] transfection
pSEV1-GFP® pGetah-GFPE Z}Z} Spe I, Xbal Al §42 AHEste] 44 DNAZ
WE % o] DNA 5ul, 40mM Tris-HCl (pH7.5), 6mM MgCl2, 2mM spermidine, 5mM
DTT(TaKaRa), ImM each of ATP,CTP and UTP, 05mM GTP(BM), 1mM Cap
analogue m7G(5")PPP(5")G(BM), 40U RNase inhibitor(TaKaRa), and 50U SP6
RNApolymerase (TaKaRa), & miture® W & 37CeolA 1A]3F 308 B<F ¥8 A
t}. Transfected mRNA (50u0)E PBSol| H-5-171 BHK-21 cell(10” cell/ml) 800ulo]

23 (0dem cuvetteol A 830v/25uF 2 2% pulseZ FA T}

tt. §% duF o2 GFP 9439 <
BHK-21 celld] pSFV1-GFP¢ pGetah-GFPE Z+Z} electroporation® @ transfectiondk

5% CO2, 37CelA 1243 Mgt 5 @33 dvjd oz GFP 2de] o555 A=

i

d] positive control?l pSEFV1-GFPo| transfection®® BHK-21 cell ¢F 70%2 W3 &S
Bl vbH (Fig. 17 b)pGetah-GFP7} transfection® BHK-21 cell2 =1 ©d A7} vk

SF A 10% W kel cell Tro] WE  HtH(Fig. 17 c¢). negative control?]l plasmidE
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transfectiond}#] %2 BHK-21 cell2 @do|¥ R ¢kokaS &<l A th(Fig. 17 a). lac Z
gene?}t & A Z& reporter gene?l W& A=  transfectionEE =o]7] ¢
BHK-21 celle] o}d t & cell line o149 transfection®] A% Zgla ZEZFH Atl

replicon®] 4 Hoto] tfa] HE Fol At}

a) b) c)

Fig. 17. GFP expression in BHK-21 cell untransfected (a), transfected with

pSEFV1-GFP (b), and pGetah-GFP (c). magnification X 200
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H 4 S 245 2 HHZo2 7|0

7h71enNd 5%

Aletutel &S s Aol ZElste] Al A7IE S
Zehy] RS FE35ke] replicon? helper system$ T-53k¢] o]
olefd i d s ae AIAEAN TAAZ 5 = o @ud Y

=G FEAA e fARe] FubA AL AW Azwg T3}

LR P B S = S

F7hEE e Zhzte] ANE B div] AAS getete] Hutste @rtEEe dAE <
AP e PR TR bl
D AEd Faw @) @8
T T Fa Mg # H9
1A 2 . Plaque purifications ©]-&3gk AEprto] ] =
w2 % cDNA & 2z
A QUG AA 9 Ao el o
:[L}\-] il.o]
H 2§25 o] 8% repliconA %
2 FRUNFHARE o] &3k helper
plasmid A%
2 . Reporter §A#2 o] &ato] Fletuto]e]~
(&&AT 2 AAFEAAD DAWE A AE S5
TR el iE AN
. Vitrool A EfFAEo Ao ok =
e gl
3SA 3 s E 2 A s EAY Ao "HE
Ao gy g9l
FobEoke] {8 ww by g A g
A tS 913 AMA A 2~E 5
2) e =
U sl Aol A AlEluto]l 8] S plaque purification W 02 &5 Eglsle] oo tjd A
3 cDNA 22 29S8 43391 AA §F4x9 G714 sy} o8 EUgz 7]
#9] Alphavirus ¢ ]/\10334 Hlal FA8ke] frdate] Mgz v 72 o faxret 2 o
W FRAe] S gRleksith 2Ea v E 9 {FHAE o] 839 replicon AlFE B

Z ol GARE o] &8 helper plasmidE AlZ3¥th. Zh7be] plasmid AZE 918 T7
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promoter®}t SP6 promoterE ©]-83te] RNA transcript @ DNAE Az
S AxgozA 1A AT gis dx Hiad =gkt a2y 294 HRE A Ag
Green fluorescent protein A= reporter A= @] @3 ofHE 3kQldt Ay @y
o] Aol HHFS Eol7] 98 oA A ARE il e Folth. LA reporter #7

A @ wd oo ol F AW & A A replicong o §3 @ 399 in
Vito ERAZAA Ol 2d e L OgEE 2 AAETeIAY Ao WezAY @
AuE el Telm AFH HE FAFoR] F& v wd % AN 1 AWy
& A% AN A2E TS BYAA 2Pk
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Getah virus+v

1‘3]

Forest virus % sl
Alphavirus& o] &

WA 5

- 3l
S8 A=

Semliki Forest virus A2~

N =

Togaviridae®] Alphavirus®ll

Hpol 2

S5 Ao auld AFAS A s

3 A@

U m% S agA ol WEES
vivoR HAYEE A3 Fo AL Ffol=
G wiEol old &

A glrh 2AA o v

s dpolel s Alde] W Alzgle] sl e
2 me] @ ATso] A

shufole} A Ao W Azl

nonstructural protein gene®] coding 3=

suicidal vector #I1%E

Sindbis virus, Semliki
ol &@h ole @
A7k W, eenae o
o WAQIT B me AP Rofol
Sindbis virus,

protein®l] 2] 3|

s> A Lo cytopathic effect 7} vEFETE o] 29l

in vitrool A cell lined| transfection st Y infection PSu] 273

o] o] A
FErh B% olye} in
cytopathic effect 7} vEldeh =
*F%E]%Eﬂ o] & o]

o] 3t Sindbis

e

R

o] s}

s
a

a9

virus, Semliki Forest virus vector™ DNA vaccine® & o]&% 9}7‘:‘3] DNA vaccine
o Ag &F MEol AdEHol Eo7F 5o 4s WAHAA F de ¥l Ak
Sindbis virus, Semliki Forest virus vector®} #-& suicidal vector®= DNA vaccine® =
o] ro] &F Ao Bt F HFAETE oS st FA &) Wit o9
DNA vaccine®] #13A4S Ialad Ak v 5= X7 UF 98 A5 &4
HAFE5o] Hojxl= w@io] di=d o]Z H U378 suicidal vectore] antiapototic
proteine codingd}i= genes ¢ gened A AYUst= Aol B AFEo o]&H

AT
T3k Sindbis virus,
sto] A EE
wf) 7)) =

EEENIE S EEAR

|

= AAstE 4%

=

=

rie

oh;].

suicidal vector”7} infection ¥ o] I A Ll

Semliki Forest virus vector® cytopathic effect& %
FHAAE FHE= GA

E;g
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