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The Role of Noncoding Region in Hantaan Viral S Genome
for Expression of Nucleocapsid Protein

Cheong-Hee Yu, Yeon-Seung Lee, Ho-Dong Lee, Chan Park,
Keun-Yong Park™ and Pyung-Woo Lee'

Division of Arbovirus, Department of Virology, National Institute of Health,
Department of Microbiology, College of Medicine, Korea University'

The genome of Hantaan virus, the prototype of the hantavirus genus, is composed of three
segmented, single stranded negative sense RNA genome. The 5' and 3' termini of the Hantaan
virus RNA genome contain noncoding regions (NCRs) that are highly conserved and complementary
to form panhandle structures. There are some reports that these NCRs seems to control gene
expression and viral replication in influenza virus and vesicular stomatitis virus. In this study, we
examined whether NCRs in Hantaan virus play a role in expression of the viral nucleocapsid
protein (Np) and foreign (luciferase) gene. The 5' and/or 3' NCR-deleted mutants were constructed
and analysed. The Np expression of 5' NCR-deleted clone was similar to that of the clone
containing full S genome. In the case of 3' NCR-deleted clone, it showed 40% reduction. To
investigate the role of NCR in foreign gene expression, the clones which are replaced ORF of
Hantaan viral Np gene with that of luciferase gene were constructed. The results were similar to
those of the experiments using Np gene. These results suggest that 3' NCR is more important
than 5' NCR in protein expression. To find out a critical region of 3' NCR in protein expression,
several clones with a deleted part of 3' NCR were constructed and analyzed. The deletion of the
conserved region in 3' NCR showed 20~30% decrease in Np expression. However there were
no change in luciferase activities between clones with or without non-conserved region of 3' NCR.
These results suggest that the 3' NCR of Hantaan virus S genome, especially conserved region in
3' NCR, plays an important role in the expression of Hantaan viral Np and foreign genes.
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grebuto] 2] 2 (Hantaan virus)e -ofuto) 2] 23}
(Family Bunyaviridae), 3tE}uto] 2] 24; (Genus Han-
tavirus)?] prototype ®}o] & Ao|H [17,18}, ZL €
5Z3F (Apodemus agrarius coreae)?] WA E U &
HZ3 &7 A2 w29 vlolgl 2 TEF 9
AMAZ Y 298 EFS AX 9 dE] 1F7)
£ 53 ¥, AEEoEAN F3 AFFEY
€& (Hemorrhagic Fever with Renal Syndrome: HFRS)
< Yo7 MALEL 5~10%9] o] £} [13].
ghetlo] &) A9 ¥l Bunyaviridaed)] 43 v}
HlolB] A5 A 23 (envelope)Z H-§3}H,
470 o 100 nme} FFolth. vho]e] 2 A 5L
370 9] negative sense, single-stranded RNA 4 2
TA o] ¢lem, RNAE nucleocapsid protein (Np)
o2 BN glon ZAzte RAEEL 1 A7)
o me} L (large), M (medium), S (small) ¥ = &
HHET) 6.5 kb A7]9] L £4 9= RNA-dependent
RNA polymerase®} &4 A B 7T <3 3E o] glo]
uhol 2| 2 s 4ke] HALet B o &g} [1,12]
3.6 kbo] M = 7le) Berela (G139 G2)9]
T ABE ds5steln e, o] F dHAES
< 97 Ho g E%3%tw £7] (peplomen)E T4
s, 3 FAE FEFOZA vlolgxe] A
d Eo] g & AA s Rz 4R U
[1,3,19,21]. 1.7 kb2} S ¥ & nucleocapsid protein
Np FA A ¢33t} [1]. 2} RNA Al
42 Np9} 238224 rbonucleoprotein (RNP)
complexE #4350, Al w9 &4 9 mRNA 34
< 9T FRo] % [9]

geutol2 29 S 42 311}9] open reading
frame (ORF)E X 38}31 §) 21, genomic sense2
4] ORF2] %¥tof upstream Z 2 2 36 nucleotides
9] 3' noncoding region (NCR)¥} downstream Z O
2 370 nucleotides9] 5' NCRo| &A) gt} [5]. ek
Hhol 2| ~9] L} M £H = Z}7} slite] ORFE X
el lon L 4. 39 38 nucleotide 2} 5'¢))
43 nucleotide®] NCR& ¥3}3l3 glon, M &4
% 3'9]] 40 nucleotide, 5'9l] 168 nucleotide2] NCRo]
Z2 3%}, 2+ B4 9] NCR 24+ 14-17 nucleo-
tide®] HEH G7IME & 7tA 2 glon, o] £9
T UMY 4B oZ QAste] ZF RNA 22L&
panhandle 728 FA T A o2 WolZit} [26]. ©]
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2| 3} panhandle structure:= influenza virus (INFV)$}
vesicular stomatitis virus (VSV)oll A %= LERUY, o]
T-Z7} RNA ZAALs} upo] 2 2 EA o] fojgirin
B39 b} glok (11, 15, 23). gHehuto] ) A 9] NCR
g EAste HEH G714 €3 panhandle T
Z B FAZ TR ol violg 2 FAd o
e 24 A35E L3ty F83¢ =4 4¥S
stz Ao g2 AAA L gt S £ e NCRE |
FAA LR oA IS FEA T FHAGR
L ¥doju M 249 fA4 ¥¢d =4 7152
TH3te 4= &oldtelet yzadch =3 cis-
acting element® 4] ¢] NCR) 24 7| &}to] &etu}
olgl 2ol T 18R e a2%A o TAE
gl £ 5 A2 Aot

A F7A] Frehutolyf Ao FE 8 2 €A
A, vlo| g 282 SHAA Y AFE B F
Aol glo] ke, upojgjxe] &3 A X A
o] MAL 2 v FA, =Y F F4d #-€E
FAa dds a2 2- @8 A 2 FA%
FolAe dFe 29A BA st watA &
ghntoj ) 27t 3 g £ R A& ut
olg| 2 & TWEI|ZHA wtol 29 {FA AT} o
g zAALoR FHEHME £ 2 3
FEAAA tHsle 42 SR e 2ot ojn]
INFVS} VSVl #3 2 HnE Fo fAA ¢
ol EA3te FEA G7IMEEC] A4 T
Ao YA T3 AL e Aoz ¢HA
Ae v, B AFo e deulelei 2 S 3
9] 5'3} 3' NCRo] Np F-3 4+ 2@ 3 23 #do
e 9] o] 79} vtolrt NCRO] of® FiEo] X
o $83 9L steAE 2AEIRA FAS

Hie
== |

Mz o
1. Blo|2{ AL} M| nljQt

10T A ¥E EAFQ Fghutol 2] A (76-118
) seedE Vero E6 A X (CRL 1586) (ATCC, Rock-
ville, MD, USA)oll 7 &, 5% fetal bovine serumo©|
3} 59 EMEM (Eagle's MEM, Gibco-BRL, MD,
USA)e 2 372} 5% CO, incubatorol] A 7 7} uj
et 1 F ulolgjao] FAo] FldE A X
o] vjakol & A B3 70T o)stdiA W%
B@ste] 2 Aol A&t



Cheong-Hee Yu, er al.: Role of NCR for Np Expression

Table 1. Synthetic oligonucleotides used as primers for amplification of Hantaan virus S segment clones

Polarity
Primers (antigenomic Sequences (5" — 3') ?l(;ixftr\:;::d ;:g:ress
strand) J P
HTN-Bglll B TGGATAGATCTTAGTAGTAGACTCCCTAAAGAGCTA pMTA-SF
pMTA-SS'
pGEM-LucSF
pGEM-LucS5'
pGEM-LucSF5'A
HS-EcoR 1 R? CCCGGAATTCTAGTAGTATGCTCCCTAA PMTA-SF
pGEM-LucSF
pGEM-LucSF5'A
HTN-ORF I F GCTACTAGATCTAGATGGC PMTA-S5'A
HTN-ORF 11 F ATGGCAACTATGGAGGAA pMTA-S3'
pPMTA-SORF
HS-ORF-RI R CATTCATTATCTAGAGTTTCAAAGG pPMTA-S5'
pMTA-SORF
5"-Luc-BamH F CGCGGATCCATGGAAGACGCC pGEM-LucS3'
pGEM-Luc
3'-Luc-BamH R CGCGGATCCACACGGCGATCTT pGEM-Luc

1) Forward, 2) Reverse

Table 2. Description of constructed Hantaan virus S segment and luciferase gene derivative clones

Clones Description
pMTA-SF : 5, 3 NCR and Np ORF (whole S genome)
pMTA-S5' : 5' NCR and Np ORF (deletion of 3' NCR)
pMTA-S3 : 3' NCR and Np ORF (deletion of 5' NCR)
pMTA-S3'A1-21 : non-conserved region in 3' NCR and Np ORF
pMTA-SORF : Np ORF only
pGEM-LucSF : 5', 3' NCR and substituted luciferase ORF for Np ORF
pGEM-LucS5' : 5" NCR and substituted luciferase ORF for Np ORF
pGEM-LucS3' : 3' NCR and substituted luciferase ORF for Np ORF
pGEM-LucS3' A 26-36 : 5" NCR, conserved region of 3' NCR and luciferase ORF
pGEM-Luc : luciferase ORF only

2. Viral RNA2| 22|29} cDNA &4

vhol 2| 2 Zhd 7U A o] A E wiFd-S A, A
& 423 4EY 560 plE Qiagen viral RNA pu-
rification kit (Qiagen, CA, USA)Z A}-8-8lod viral
RNAS E2I3HIch cDNAS) @40 AF8a pric
meres olu] 427 drehutolg A S BA 9] ¢
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Ao} 7] Z3le] NCRE ¥ 3 (Table 1) 3}== g
Ad&tg e, cDNA2] &4 viral RNA template 9}
dNTPs, RNase inhibitor2] mixtures)] primerZ 7}3}
3 70 CH A 58I L3ty 1 3 Superscript
1T Reverse transcriptase (Gibco-BRL, MD, USA) 1
unitE 7183l 23T 155, 42T 60, 95T 58 =
Perkin-Elmer thermo cycler2 1 cyclingdla] €43}
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Aot
3. sietdjoje|{A S 23X %8 cloneE 2| A&t

dervlolei o) S 2UE AN AF 77
2} cloneE 9] A| &< 93l TA vectoro| A FA)
of 13 M Foj|A @Hdo| 7}53F vectordl pCR3.1
(Invitrogen)2 A-8-3}53t}. 9ol A x¢ PCRE &
Z A7) NCRE ¥ 33lE cDNAS pCR3.19) liga-
tion A]7] 3L transformation ¥ YA € colonyE A1
o, restriction enzyme 2. 2 91 %} cloned pMTA-
SF= B w3} t}. Deletion clones < pMTA-SF&

template 2 3}<] 3' 2 5' NCRE- deletion A 7] & pri-
mer (Table 1.)& ©| &, PCRZ ZZA|#A cloning 3}
At o1 A A &3 2z} cloneE2} AJAH-E Table 2.
o aoksth EF ©] cloneEe] F7INEL au-
tomatic sequencer (ABI, model 310, USA)= sequenc-
ingsto] g1k

4. Luciferase gene Z &t clone2| M|zt

Setutol2f 2 S £ NCR @714 LS 23
3} primer2 pGL3-Basic DNA (Promega, GenBank/
EMBL Accession No. U47295)Z template 2 &} 3

A
Hantaan S segment
Genomic sense
3’NCR ORF of N protein (=) 5'NCR 1.8-2.1 Kb
-~ 3'NCR ORF of N protein (+) 5'NCR  pMTA-SF
T7 promoter
- 3’NCR ORF of N protein (+) - pPMTA-S3”
- ORF of N protein (+) 5’NCR . pMTA-S5’
> A3 NCR ORF of N protein (+) - pPMTA-S3’ 41-21
— ORF of N protein (+) . pPMTA-SORF
B

Figure 1. Construction of HTNV S segment derivative clones including Hantaan virus Np ORF. A) Genomic
structures of Hantaan virus S segment and constructed clones. B) Cleavag2e patterns of the derivative clones
from the Hantaan virus S segment digested with Kpn I and EcoR V. M: 1 k bp ladder (Gibco-BRL), Lane 1:
PCR 3.1 vector, Lane 2: pMTA-SF, Lane 3: pMTA-S3', Lane 4: pMTA-S3'A 1-21, Lane 5: pMTA-S5', Lane 6:

pMTA-SORF.
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Wololel s s ¥4 FUwe NCRE THoHEA
Np ORFE luciferase A A2 ol # g clone
PGEM-T easy vectorell cloning 3t o™, 7 E4
< Table 2.9 2.9F3} v} 7} clones] F7| gL
automatic sequencer (ABI model 310, USA)E sequ-
encinga}o] 2ol 3t ok

5. DNA transfection

Vero E6 cell2 35mm dishol 50~80% confluent
A widE &, od7]9] 1 m.0.i.9] recombinant
vaccinia virus (VIF7-3)2 ZFg A7) 1 lipofectamine
(Gibco-BRL, MD, USA)2 A}-&35}c] DNAE trans-
fection A]Z] t}.

6. Western blot

Z} DNA clone5-2 transfection3t A £ &= 48 A 7T
% RIPA buffer (1% Triton X-100, 0.5% SDS, 150
mM NaCl, 50 mM Tris-Cl, 2 mM EDTA, 1 mM
PMSF)Z A TS lysisl A @94 S 29 o
& 7t 23900] 9 SHAZL Lowry method
2 27 eItk Bl WF 7, Tl 2zele
10% SDS-PAGE=Z 77199 %38} nitrocellulose me-
mbraneol transfer }% T} 5% skim milkE -85}
£ TBS buffer 2 blocking3t &, 12} &)= dlet
utol 2] 2 Npo] ©EE FA & 34 (1:1000)3}
AHE-39 1 24 A & anti-mouse IgG alkaline

A
Hantaan S segment
Genomic sense

3’NCR OREF of N protein (-) 5"NCR 1.8-2.1 Kb

- 3"NCR ORF of Luc (+) 5’NCR : pGEM-LucSF
T7 promoter
- 3'NCR ORF of Luc (+) - pGEM-LucS3’
- ORF of Luc (+) 5"NCR : pGEM-LucS5’
- A3INCR ORF of Luc (+) 5"NCR - pGEM-S83" 4 26-36
- ORF of Luc (+) . pGEM-Luc
B
M 1 2 3 4 5 6

Figure 2. Construction of the substituted clones of Np ORF with luciferase gene. A) Genomic structures of
Hantaan virus and the clones including luciferase ORF. B) Cleavage patterns of luciferase clone derivatives dig-
ested with Kpn I and EcoR V. M: 1 k bp ladder (Gibco-BRL), Lane 1: pGEM-T easy vector, Lane 2: pGEM-
LucSF, Lane 3: pGEM-LucS3', Lane 4: pGEM-LucSF3' A 26-36, Lane 5: pGEM-LucSS', Lane 6: pGEM-Luc.
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phosphatase conjugate (Sigma, Wisconsin,USA) 3]

7. Luciferase assa
Ao (1:1000)2 A}-23Fs3th. 4-Nitro-blue tetrazo- y

lium chloride (Roche molecular biochemicals, IN, DNA transfection 48A] 7t o] Luciferase assay
USA)®} X-phosphate/5-bromo-4-chloro-3-indoly-pho- system kit (Promega, USA)2] lysis reagent® A £ &
sphate (Roche molecular biochemicals, IN, USA)Z FZ3o S AL #3 o). Luciferase assay
o] &-3te] WA ¥ image analyzer (GELDOC reagent (Luciferin) 100 plojl 429 20 pig 7}8hod
2000, Bio-Rad, USA)E o] &3}l WdH wuia luminome ter2 luciferase activity 2 2% <+ =3
band®)] intensity2 &4 5} ). gttt
A B
Kba M 1 2 3 4 5
111.0 o ) 02
73.0
2 015
475 e 2
S o1
33.9 0.05
0
1 2 3 4 5
C
120
£ 100 -
c
o
@ 80
ol
x
o g0 o
o
2
@
3 404
©
S 204
0 .

1 2 3 4 5 6

Figure 3. The role of 3' and 5' NCR on Np expression and luciferase activity. A) Western blot analysis of
Np expression in Vero E6 cell infected with recombinant vaccinia virus (VIF7-3) and transfected with Np clone
derivatives. M: low range protein marker (Bio-Rad), Lane 1: pCR 3.1 vector, Lane 2: pMTA-SF, Lane 3:
PMTA-S3', Lane 4: pMTA-SS', Lane 5: pMTA-SORF. B) Densitometric representation of Western blot results.
1: pCR 3.1 vector, 2: pMTA-SF, 3: pMTA-S3!, 4: pMTA-S5', 5: pMTA-SORF. C) Luciferase assay in Vero E6
cells infected with recombinant vaccinia virus (vIF7-3) and transfected with luciferase clone derivatives. 1:
pGL2-control, 2: pGEM-T-easy vector, 3: pGEM-LucSF, 4: pGEM-LucS3', 5: pGEM-LucS5', 6: pGEM-Luc.
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2 A A3 Z} cloneE 9] FAA T2 3= Figure 1. A)

& ot o Vel th. pGEM-LucSF clone-& pGL3-basic
2 =& o A ) v g} sLElnlo
1. cDNA®] gt} 2t clone &t DNAE F3 22 A4, 39 5 ko] grehujolg

22 S B89 NCR& Hf8h= clone® 24 pGEM-

utol 2 2 wjgA o) &3 Feutolg xS T easy vectorg ©]-§-3}o] A 231t} (Figure 2. A)).
24 RNAZRE DNAS §A2 o8 FPo oY A2 cloneZ L AFEL A} ¥, 1%
A B

KDa M 2 3 4
0.15

111.0
73.0 > 0.1
‘0
o
475 e 8 o
339
0
1 2 3 4
C
120
2 400 -
fu
S
2 80 -
S
& 60
o ]
2
&
T 407
g
O 20
0

1 2 3 4

Figure 4. The role of conserved and nonconserved regions of 3' NCR on Np expression and luciferase ac-
tivity, A} Western blotting analysis of Np expression in Vero E6 cell infected with recombinant vaccinia virus
(vTF7-3) and transfected with HTNV S segment ‘derivative clones containing nonconserved region of 3' NCR.
M: low range protein marker (Bio-Rad), Lane 1: pCR 3.1 vector, Lane 2: pMTA-SF, Lane 3: pMTA-S3', Lane
4: pMTA-S3'A 1-21. B) Densitometric representation of Western blot results, 1: pCR 3.1 vector, 2: pMTA-SF,
3: pMTA-S3', 4: pMTA-S3'A 1-21. C) Luciferase assay in Vero E6 cell infected with recombinant vaccinia
virus (vTF7-3) and transfected with luciferase clone derivatives containing conserved region of 3' NCR. 1: pGL
2-control, 2: pGEM-T-easy vector, 3: pGEM-LucSF, 4: pGEM-LucS3' A 26-36.
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agarose gelz 7| FF3to] B3t on (Figure
1. B), 2. B)), S8} T7 primer$} Z} clones] A FA]
AF-&-3F reverse primerE o] -§38ta] Z+zteo] g7l A
& A (B A kD)

2. Zt cloneE2| N protein (Np) & B|2

pMTA-SF, pMTA-S5', pMTA-S3', pMTA-SORF
cloneE< Vero E6 cello] DNA transfectiond} <
Np2 @A F, 298 o 2 A2 vy
% A3} pMTA-SORFS} pMTA-S5'& pMTA-SFol|
ulald 3d A=) ok 40% A% Wolx) = Ao
F AHT. 221 pMTA-S3'9) BE FE e
pMTA-SFs} ¥ o7t A Aoz et (Ri-
gure 3. A), 3.B)). o] ZF& gghutol g 20] Np
7}'ORF Ax Tt 2% L&A H 7] = kAT 21 ups-
tream Zof] 91X g 3' NCR9} Exlol] o) Np @
gol B} g o2 Ut AE 9o n gt}

3. Foreign gene 2 0j| A 2| NCRe| 3t

pGEM-Luc series cloneE-2 Vero E6 cello] DNA
transfection A] 7] ¥ luciferase activity S =% 5}
., 1 A3 pGEM-Luc clone?] luciferase &4 o)
PGEM-LucSF cloneel] B]3}o] oF 40% A& & 2
° 2 el e pGEM-LucS5' clone 9 A} lucife-
rase B4 40% P = 7H4s i) ¥, pGEM-
LucS3' clone?] luciferase Al -2 pGEM-LucSF}
¥ 80 T (Figure 3. C)). o] A3} ghebuto] g
220} § B NCRE luciferase @ ol = o 32 1)
A v, Np 23 w9} np37}2 2 3' NCRe] Hu}
FTast e AE ¢ 4 U

4.3'NCRe| & 229t b|HE £9jof g

=1

o]de] 235 Np 2&d) §lo] 3' NCRo] &
L HEL e AL HoFrh o2 Ax2
3' NCR9] B E %9 (conserved region)$} Bl H =
%) (non-conserved region) & o]= 297} o] =
LI7HE 7] YAl 3 NCR Fol|A HE B
A wkg ¥k 2 ¢l clone (pGEM-LucSF3' A26-
36)9] luciferase 4 < pGEM-LucSFS] &A1} )
2% A3} ¥ Aol7} 912L HASHH (Figure
4.0). 22} v EE RS ¥33tm e
clone (PMTA-S3'A1-21)2 pMTA-SORFS} m}3}7}
A2 Npe] ##o| oF 20~30% 3 = ¥3kr} (Fig-
ure 4. A), 4. B)). ©] 3= Febutolg A S BA
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3' NCR9] B& 29| (3' NCRe] 1~20 nucleotide)
7} Np & o]} o] chulal I o glojx &8
39S TS 4 S AN

b

1]

i

getntelg e 379 EAH R o] FolA nega-
tive sense RNA virus2 Z} 24 & & njo] g ~9]
Z4d B4 54 W 72 B9dS 44
AE HAsta gloh o] EHAEL wpol gl 29
B FA T &5 A2l A A
AT HLAG T8 A4S I [22]

Negative-sense RNA virus®} 73 2 viral RNA po-
lymerase+= viral RNAd] ZA}3l& 2 7/ pro-
moterE < ©] &35t RNAE s, 42
RNAS & 715 R B FH o= o7} Atk =
viral RNA polymerase+ encapsidated genomic RNA
2] 3' end promoterZ ©]-&3}d mRNAZ &Adsln
anti-genomic RNA9] 3' end)l &) 3} promoterS
Al-8-5}e] positive-sense RNAZ Al stvlz delA
At} [14,20]. Hepatitis C virus, VSV, INFVE- o] X &
3' NCR¢] polymerase} A g3t transcription} re-
plicationo] 23 &L ke o] wazch
[2,4,10,14]. gtetulold] ~2] A Z+ BAH 2] ORF
upstreamof] &8 3' NCRS §lelu}o] 2] A4 9]
o2 ulo]g AE 3} 90% o)A+l sequence homo-
logyE Bt} [6]. o] F-Eo] 7] FF2 Fehu}
olg el FET YthHe AL 2A vlo]2 A9
A2 glojA o] FEo] F 8T Jd&E 53
Aoz 33 ¢ Yt 28} 5 NCRE o]
1} sequence homologyol] 1M = kA& Hoj
I gle v g [16] vlo]g A9 7] EA Q=& At
FHdA 2 F84°] 3 NCR BErje @& Ao
2 Q7+ 5 Qi

£ A g o)A & tanscription 78 o] o L 1] X
= Ae2 ¢33 NCR 197} translation 73 o))
A ol 98-S A, EF NCRS] oj® B2
o] Ho} F23 J&-E& A dolR A}t 2 NCR
% deletion A7) clone®-2 A 2l (Figure 1, 2),
o] cloneE2 ©]-§3k4 in vitroo] A @A &
Fe] Aol g wmaeeh BEoIH cloneE &
Vero E6 celiel transfection A7) 1 Y% Al7ko] |
W 3 A X d)d S 3=5381a] Westemn blot A]
L S 28 P = vl wstd o). Figure 3. A)s}
3.B)l A ORFHro 2% dhulzgo] &g 4
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PRt 28} 5 NCRS £88t 1 & cloned)
A g ddo] Frlele= A2 2 Hol 5 NCR
< oA d4E-g e ol wt=A e g

32 ohyA W o NCRO| EAGo 2 Bua
TR F L5 AT FANL F AL L S 5

AT} 3' NCRZ- deletion A7) clone©] 3' NCRS
2381 9l cloned] Hldte] A @HH Hx
7t ¢F 40% 7 = wtopdl A 0.2 ] 7o} 3'NCR
AF 99d 3RS 2 REQY A= A
e 4 Utk E@ M EE RS T
€ cloneol M o] & & 3' NCR 252 deletion A]
Z A$HTE 28 A0 2 (Figure 4. A), 4. B)) &
&5 HE 2919 ORF Afole] 3714 A gue
e 22 otd Ao R FEH T HEE
F47t el ddoA old 8-S GFste
A& ALl 7)o dE Bame] $A

A9 g B3I NCRS) Aol e wch we Pu

£ 4T F US AR Y7A
NCR A} Hol o] A 714, 53%) 3' NCR

9ol olgt Fd 7] zo] zpale] FAx) Ty
oPIzt o) 2o} Pl WY 2P ol s
£ ColR 7] 98} luciferase gene 2 L33} clones
o] &3ta] 1 9%-e dolr gkt}. Luciferase clone
. B Vero E6 cello)] transfection A]7] % luciferase
assayE A A& A7} Np clonedl| A 9} w}z7x] =
3' NCR®] deletion¥® cloneol| A luciferase &4do] 7+
4292 &stgt} (Figure 3. C)). 3' NCR o) A
T RZE B AZ deletion A]7! clone& 3' NCRS &
TERL Y AFET S 20% HE 2 &
Aol ZHastATh (Figure 4. O). o] AARES = n|
o Rehubol sl g NCRE ApAle] f74 Wk
olyg} o] F #A 2 1&E & translation 55 o) Al
EX EERIERE NEPES

Non-segmented negative-sense RNA virus$l Para-
myxovirus A 52} 3' end G714 G o} RNA HALE
(transcription rate)g- A 3l YA AR QAL (pr-
mary determinant)y] ©] 2.2 u} [14], §Hgkvto]
298] 3 NCRE ®l&:3 71%S & Rog 3249
t}. 3' NCRo| AAMEE - gchd il 9 o]
zfole HAL FEell A 24 & ol mRNAS| 33
Z}o]u} RNA QF8 A 9] Apolo] o9& whald wry
o] o7t A Aolztzm Hzted 4= & Aolrh
wEtA] B A oA 2183 cloneS S Vero E6 cell
o] DNA transfection A]# total RNAZ H-2]& H
RT-PCRel ©]3] 7} RNA9] A4 2 1 ¢& wlw

1.0

_4A7 -

8} 0 2 A], NCRO] transcriptiono] < &g 9| X|&=X)
2ol B 112} 514 1} RNA levelol| A 9] kA Q] &)
ol A& & AT (B AA &) wEhA
&etrlol ] A9] S genomee] 3' NCR-& HAlTA-
A A 24=E-E 7] E ol tapslation 717 o
M AR 2R 246 B9 Ao Az
v RT-PCRYY| 23 439 ZAAe D3]
RNAS} F7he ¥ @3 Ao)lm g o] Axytog
A B2 AAFA o4 ¢ NCRe} o &8 wj A ghc}
= AL 77t sledd 44 E o NCRY| B
B85 Q82 2ol ] A= RNA SHAA S
v w3 Holol & Aoz AZEW o|F golr
7} 9 &) A = transfectiondl M) Lol A RNAE 35
3}a] Northern hybridization2 2l A] 517 1} primer
extension 53 2L F71 A& o] F3xojof &
Aoz JZtET

Q7R grebuolel x fARt P2 R g
B BAYEELA AF7t @A & ¥t oy

g wlojg) A §AA 2L 3 A7 A4 F
Heo] gA @2 Aot} & A+ 2AE 7=
= grevlolei2o) Wl wd 2 s)zto] %
A BohE vojel 29 fAEA, AT
543, vtolg|aF et s52ke] BA, 2 9 A

5 gatoleize] AWAA 4L Z W
olgl g & ledd ZIdHT. it wlo)
2| 2~ 9] Z2/8 (multiplication cycle) A W+-& o)t
o glojr] @] Sl W AT oja st
£ Ao Ase Qo] ohiBR F5 494 u
o]l £E W= #odslE cis-acting elements9}
trans-acting proteins]] Tl gF A7 HPATHA 1
olgfe] E& Wilew 714E & Aoz A
7.

zAtel 2

£ AT 2Yuad 24T AT 3
#) (Hantaan virus genomic RNA packaging mechan-
ismoll gt A)EA A Aot 7] o
off ZAt=E Y.

%!

i)
rak

gl

i

1) Alexander P, Olli V, Antti V: Hantaviruses: ge-
nome structure, expression and evolution. J Gen
Virol 77: 2677-2687, 1996.

2) Andrew BL, Craig RP, Brain F, Victoria PP,

Gail W: Consequences of Vesicular Stomatitis



243 5: Np 2UAMN NCRY A

virus. J Virol 73: 4705-4712, 1999.

3) Antic D, Lim BU, Kang CY: Molecular cha-
racterization of the M genomic segment of the
Seoul 80-39 virus; nucleotide and amino acid
sequence comparisons with other hantaviruses
reveal the evolutionary pathway. Virus Res 19:
47-58, 1991.

4) Cheng JC, Chang MF: Specific interaction bet-
ween the hepatitis C virus NS5B RNA polyme-
rase and the 3' end of the viral RNA. J Virol 73:
7044-7049, 1999.

5) Dobbs M, Kang Y: Hantaan virus messenger
RNAs contain non-viral 5' terminal sequence and
no poly-A at the 3' terminus. Abstracts of Ninth
International Conference on Negative Strand Vi-
ruses: p. 82. Estoril, Portugal, 1994.

6) Elliott RM: Nucleotide sequence analysis of the
S RNA segment of Bunyamwera virus, the pro-
totype of the family Bunyaviridae. Virology 173:
426-436, 1989.

7) Fuerst TR, Niles EG, Studier FW, Moss B:
Eucaryotic transient expression system based on
recombinant vaccinia virus that synthesized bac-
teriophage T7 polymerase. Proc Natl Acad USA
83: 8122-8126, 1986.

8) Garcia-Sastre A, Muster T, Barclay WS, Per-
¢y N: Use of a mammalian internal ribosomal
entry site element for expression of a foreign
protein by a transfectant influenza virus. J Virol
68: 6254-6256, 1994.

9) Gott P, Stohwasser R, Schnitzler P, Darai G,
Bautz EKF: RNA binding of recombinant nu-
cleocapsid proteins of hantaviruses. Virology 194:
332-337, 1993.

10) Hofacker IL, Fekete M, Flamm C, Huynen
MA, Rauscher S, Stolorz PE, Stadler PF: Au-
tomatic detection of conserved RNA structure
elements in complete RNA virus genomes. Nu-
cleic Acids Res 26: 3825-3836, 1998.

11) Iverson LE, Rose JK: Localized attenuation and
discontinuous synthesis during vesicular stoma-
titis virus transcription. Cell 23: 477-484, 1982.

12) Jin H, Elliot RM: Expression of functional Buny-
amwera virus L protein by recombinant vaccinia
virus. J Virol 65: 4182-4189, 1991.

- 48 -

13) Lee HW, Lee PW: Korean hemorrhagic fever.
Demonstration of causative antigen and antibo-
dies. Kor J Intern Med 19: 371-383, 1976.

14) Lee KH, Seong BL: The position 4 nucleotide
at the 3' end of the influenza virus neuramini-
dase VRNA is involved in temporal regulation
of transcription and replication of neuraminidase
RNAs and affects the repertoire of influenza virus
surface antigens. J Gen Virol 79: 1923-1934, 1998.

15) Lee YS, Seong BL: Mutational analysis of influ-
enza B virus RNA transcription in vitro. J Virol
70: 1232-1236, 1996.

16) Lu M, Wiese M, Roggendorf M: Selection of
genetic variants of the 5' noncoding region of he-
patitis C virus occurs only in patients respond-
ing to interferon alpha therapy. J Med Virol 59:
146-153, 1999.

17) McCormick JB, Sasso DR, Palmer EL, Kiley
MP: Morphological identification of the agent
of Korean hemorrhagic fever (Hantaan virus) as
a member of the Bunyaviridae. Lancet 1I: 765-
786, 1982.

18) Mertz GJ: Hantavirus infection. Dis Mon Mar
44: 85-138, 1998.

19) Parrington MA, Lee PW, Kang CY: Molecular
characterization of the Prospect Hill virus M RNA
segment: a comparison with the M RNA segme-
nts of other hantaviruses. J Gen Virol 72: 1845-
1854, 1991.

20) Parvin JD, Palese P, Honda A: Promoter ana-
lysis of Influenza viral RNA polymerase. J Virol
63: 5142-5152,;1989.

21) Schmaljohn CS, Arikawa J, Hasty SE: Con-
servation of antigenic properties and sequencee
encoding the envelope proteins of prototype Han-
taan virus and two virus isofates from Korean he-
morrhagic fever patients. J Gen Virol 69: 1949-
1955, 1988.

22) Schmaljohn CS, Dalrymple JM: Analysis of
Hantaan viruses RNA: Evidence for a new genus
of Bunyaviridae. Virology 131: 482-491, 1983,

23) Stillman EA, Whitt MA: Transcript initiation
and 5'-end modifications are separable events dur-
ing vesicular stomatitis virus transcription. J Virol
73: 7199-7209, 1999.



Cheong-Hee Yu, et al.: Role of NCR for Np Expression

24) Welzel TM, Kehm R, Tidona CA, Muranyi W, Gibbs CJ: Experimental hantavirus infection in
Darai G: Stable expression of nucleocapsid pro- nonhuman primates. Arch Virel 101: 125-130,
teins of Puumala and Hantaan virus in mamma- 1988.
lian cells. Virus Genes 17: 185-198, 1998. 27) Xiao SY, Liang M, Schmaljohn CS: Molecular

25) Willem L, Mark K: Amplification, expression and antigenic characterization of HV114, a han-
and packaging of a foreign gene by Influenza taviruses isolated from a patient with hemorrha-
Virus. Cell 59: 1107-1113, 1989. gic fever with renal syndrome in China. J Gen

26) Yanagihara R, Amyx L, Lee PW, Asher DM, Virol 74: 11657-11659, 1993.

-49 -



