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Expression of Nucleocapsid Protein Gene of Maaji Virus and Use of the Protein as
an Immunodiagnostic Antigen of Hemorrhagic Fever with Renal Syndrome

Pyung-Woo Lee, Yun-Cheol Kim'and Woo-Hyun Paik’

Department of Microbiology, College of Medicine, the Institute for Viral Diseases, Korea
University, Seoul 136-705;'Central Research Center of Boryung Pharmaceutical Company, 689
Geumjung-dong, Gunpo-si 435-050, Gyunggi-do, Korea

Nucleocapsid protein (NP)which exists in the particle of hantavirus and surrounds the viral
RNA genome is one of the major structural proteins and plays role of antigen to elicit the
antibody detected predorminantly right after infection of the virus in the patients of hemorragic
fever with renal syndrome (HFRS)or experimental animals. NP is important target antigen in
serological diagnostic system of HFRS utilizing whole antigens from the native virus particle,
such as IFA, ELISA and Western blotting. Therefore, the preparation of this protein in the level
of higher quantiity and purity is desirasble for developed dianosis of the disease. The purpose of
this study is the cloning of NP gene which exists in the S genome segment of Maaji (MAA)
virus and expression of the gene to obtain qualified, genetically engineered NP to be utilized as
an immunodiagnostic antigen.

First of all, for the purpose of amplifing the MAA-NP gene by PCR, the specific primers were
built from the known nucleotide sequence of Hantasn viral NP gene. The viral cDNA of the NP
gene was synthesized by using the primers and RNase H AMV reverse transcriptase. Thereafter,
using this cDNA as a template, the NP gene was amplified specifically by Taq DNA
polymrerase. The pT7blue (R)T-overhang vector systems were used for cloning of the amplified
NP gene. The expression system was consisted of BL21 (DE3)pLysS and pET16b as a host and
a plasmid repectively. Into Ndel site of pET16b, NP gene was ligated with cohesive end for the
expression. Insertion of NP gene in the plasmid was confirmed by PCR and mini prep methods.
For expression, IPTG was used and the expressed protein was characterized by Western blotting.
The MAA-NP was expressed as the form of inclusion body (insoluble fraction)and the protein
purified by affinity and metal chealating columns reacted specifically with the sera from patients
of HFRS as to be tested by ELISA and Western blotting.
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Felol 28 A sl Ao fA1@
Ao vpolel 2B 1 wpolgAuA AW =
2 A} Boluto]l ] A3} (family Bunyaviridae)®] =
dH &9 FEpvlolz] X £ (genus hantavirus)e
2 ERa, tolrl vl 35 o149 WRgez
FEEY [1234) F dEHo2e P (Han-
taan), A& (Seoul), 2} (Puumala), ¥ T2
2AH EF (Prospect Hill)ulo]Z A5 2 A, o] & &
5, BF R F=5 F9 ool A FeA F
Z9] 4%3% 24949 (hemorrhagic fever with renal
syndrome, HFRS)] WY 2 Jeh= EHFH LS
g vlo]g 2ojH, A& wiolE & v
£ 288t AAY XA B AF AF
% ¥4 S doith 9% nlolg A A
=, 299 T 578 AN 2Yste Bt
A9 o] AW ARl It 2 FujF
BN 278 T2 AHEY HoldAe ¥
Bde] gle Aoz g AU [6]. Sl &4
oj2| g HREAU EAHY ool RF M=
< vpolH 250] 71 BHP LR AAHD
A, 2 FllA FeEuete] AVe gFT F
AR wpA oA Ed wpA|ulelE A (Maaji
vius)& 53] &t vho] 29 fFALSAI TR B
3 O & 93 2 ulol 28y EAS Ade
22X A2E F79 btolH 2ol WAL 3L
o} [7.8,9,)

Zrelvlo] 2] A~ (Hantavirus)) 2= %7 100nm
ol Yoz HAZAH = lipid 4 I (envelope)
oz §9 Ao gon, B Bdole F FRe
ulol g} 24 B A glycoprotein 137} 2 (G1, G2)
7 A, EEFdT B 4R yRde
segmented viral RNA genomeE-©] nucleo-protein2]
homopolymerZ ©]Fo]Z nucleocapsid protein
(NPl g W dd 2 g &85 o] core partE 3
A gt} [10]. gtebulo] 21 ~2] genomic RNAE &
AN 42 UFA Jded, 2 274 g L,
M, S #4=2 F2n L £4-2 RNA transcriptase S
a8z ML d2o)] 49l= o] neu-tralizing antibody
£ BT o epitopesZ Z8-3H= G134 G2 &,
SE NPE coding T} [11,12,13]. whx|ubo]aj 2~
Al 9ot LT geputolg 22 MY £ &
AUrh o] L M, S £39] gr|1XEo] 71E
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grepulol 8 A4 0] Th & uhol i 29 Aol 7t Ut
= A = §et vio]H 29 2] wA]ulo] g
2] NPdl| i g7t T2 AHEF npo]2 2
o] NP} & uxtitgg dofitte 3ls &
Aol & A Ak [7].

NPE Algoly & FE85F71 deutoly
20 ZAgE A$, M WA gAHE gAY
epitope 2. 2 Zg-3ch. wek AR o] @A
o g gAle] EAdEE B YLYAY (IFA)
9 ELISA 59 93 AZF 289 749 ¥4
A Aho) glo] 293 A ®7F ®Hok [14]. EA
77 o] A9 A= 49 sources A Hlo]
A2 g 2AMEAE 2 AAY == BT
B9 27 £ WA EE BH F53 A o]
Hdx 22E8L 7Ha BYFIZYAY, ELISA,
HDPA 18)3 W83y [14)52 o] &3t 4
AHg 4 ok 23U o)l BE AAPEOA F
o] He utolg 29 partes NPEA 7]E¢]
g9 AzPeze tFe ZAPYE § ECE
o] £¢H o] H|Eo] wgol fdde] o zA 7
A AAE A R L oFA st Yoprt F
A9] quality & EF33}7]0 ol go] Bt
waba NPEHE thfo 2 4314 48 § U2
W o] & o) &3l AAY HEFH HAY FF
S B0l R A= AN 453 A F
glth. o8kt e Ao BE3o FAFHEH
9l Wrgo g mixjulelg 29 NP FAXRE 22
J3la o) & TEA T 2A e, Yoprt F
A A S 39 EAS L B4 AEE B
a Aol 4FHA AP AFF 2¥EY
38 AGS AF M= FY sourceEA
o] 8-t 37} gl

Mz U
1. sietutolaix |
ANE HEE SAdY ¥FL 52

(Apodemus agrarius coreae)o| x| ¥-2]E wiA] w}
o]#8) A (Maaji virus)MAA-1 strain-g o] &3} 2
o, & 24 ol x A@AHA £, $H 3}
o -70C o B Fo|d straing ALE3t] Y
< Y39t 28 AFL o] HiojExE
Vero E-6 cell o] 7~109 vj}3t 3, MEE 3l
3} ulo] 2] 2 sourceZ AHE & T} [7.8,9.]



2. B UM Z

opx ol gl 2o FA3 A Ale" AE
= Vero-E6 cell (CRL 158) (ATCC, Rockville, Md)
2A, AXe 43} Ao 10% fetal bovine
serum (Hyclone, Utas, USA)e] 3¥-&¥ DMEM
(Dulbeccos modified Eagle medium) (Sigma, St.Louis,
MO)2. 2 5% CO,7} ZF 5 £ water-jacketed 37T
incubator (Cell Star)ol| A] ©T&ujjo¥3}g] 28], passa-
ge 5~15 Alole] k& 3 4] o] 90% confluent A

& st A9 e AN ST

3. Cloning %! expression host

Cloning host24] = NovaBlue competent cell
(Novagen)2 A-&3l9 20 pT7 blue (R)vectore)
cloning®l] A}-8-5}9t}. Expression host¥= T7 expre-
ssion system [15]¢] E.coli2] bacteriophage DE3
strain® RNA polymerase geneg X|uUn, T7
Lysozyme geneS episomeFE|Z AUz Y&
BL21 (DE3)pLysS& F.W. Studier [15]2 %E &
Ftol AL8-3l9 k. ©| host: T7 Lysozymeg
codingd}l 31 Q)& plasmid?] pLysSE A U0, o7}
ol coding® T7 LysozymeS T7 RNA polymerase
9] inhibitor2 Z-&3}e] T7 RNA polymerase<]
basal activityE A&t} ¢ FF2| genotypeS
bsdS gal (I clts857 indl Sam7 ninS lacUV5-T7gene
1)e}™ lon protease 9} outer membrane protease
(OMP)$] activityZ AU A &&=t}

4, Plasmid

Cloning plasmid+ pT7blue (R)T-overhang vector
(Novagen)Z A}-83}% 20, o] plasmide thymidine
3} residue7}A] 1 §loJ A PCR pro-ductE& 23
Ao 2 cloning®d 4 Std. EF o]plasmids
ampicillin resistant gene & x4 2.g}t}.

Expressionol| A}-8-¥ plasmid:= pBR3229] deri-
vativeo] B}, expression® plasmid¢]l pET-16b
(Novagen)[15]24] ampicillin resistant gene< A
v, expression® target protein ¢oll 10709} histidine
residue7} §7 BojA 23ddE gl Bast &
o]l & grA 5 o] plasmido|th. &= Ndel site
& AY 3 209X nonfusion expressions]] A}-&2
31+ vectore] T}

o

=

=

P
a9

5. RT-PCR
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1DH}0]2{ A RNAS| 2]

ukA] uto] 2] 22 & vero-E6 celle] ©3wl<FH T-
25 flask (Coming)el] wjoj2] 2 &< 0.1mi& 37}
st ZEA T F 108 T HtelB 28 F4A
At 1§ 2359 cell medium w2} 1 Hio]
27} 399 FEMEE trypsini (Gibco, BRL)L.
2 wojuo] 800pmoE PAEstn HAA B
97} 150p HA FHFE H/HE o, 300p¢]
6M GIT buffer (guanidine isthiocyanate)& 7}3l 1L

Z o] NEE SAAHT A7 50p9] 2M
sodium acetate (pH4.5)9} 500ple] phenol:

chloroform: isoamylalcohol (25:24:1) (Gibco, BRL)
2 7leln B E50) Ye&o] 1083 WolE H
15,000rpmell A} 103t AA £ ot FF AL
APk A o] FFdd FLFI 100%
isopropanol & 7}&l -70TC oA 2417t X% H
4T A 15,000pme 2 20837+ A4 Rt
RNAE ZAAZ T} ©] pelletS 70% ethanolZ g+
¥ washingdt % vacuum dryer2 ZAZFA|F 1
20p1e] DEPC (diethyl-pyrocarbonate, Sigma)7} 3|
2l ¥ H,0Z resuspend A} o} [16,17].

2)cDNAZS| 314

AellA E2d RNA & PCRY A8
primer pairZ 2z} 20pmol #|, 10mM dNTP 2pl
(New England Biolab), 10X buffer 3u1& 3 7}3l 1
DEPC water2 A ¥ & 29uHA 2&E 5,
72Tl A 383} heating Al EAEA RE2E
secondary structureE A ASATE I F
Fol FA3 LEE WF1, RNase H AMV
reverse transcriptase (RTase) (Gibco BRL)1plE 3
7hste] 421 Col A 1A 30283t WG AIF T o
F 94Tl A 5E 7E3te] RTaseE ELEANF L
™, phenol: chloroform: isoamylalcohol (25:24:1)
(Gibco BRL)S %3 zlatx 12,000rpmol A
1083 925t 43 4E& # 3 RTaseE A
AT (18],

3)Primers

RT-PCRel| A}-E-E primere @A Fo &,
A z89 2.5 o] ¥ primer Fehuto]g) 29} n}
Z)ulo]#] 2 9] nucleocapsid protein (NP)e] of ¢
$412 Reded 54 Adcke e Hg
o 2, o] S segment?] 7N Fo] FHZ T
gfol 2] A 76-118 strain®] G| LE o] &3]
AR e, NP A28 B5 FEANE F

AA FAA e 3 sdel 23~26702)



Table 1. PCR primers built for amprification of the ORF of Maaji viral nucleocapsid protein(MAA/NP)

Designation Location Sequence(5'—3")
YC3 37~72 ATGGCAACTATGGAGGAATTACAGAGGGAAATCAAT
YC4 37~60 TTCATATGATGGCAACTATGGAGGAATTACAG
YC5 1291~1326 TTAGAGTTTCAAAGGCTCTTGGTTGGAGATTTCCTT
YC8 1303~1326 TTCATATGTTAGAGTTTCAAAGGCTCTTGGTT

1€ AYsAh ©] 5 primer®] melting
tempera-ture= 2}7] 65Col o, & ulo|
29} S segment Wol A 9] 9JX]= 37~72 (cDNA
8 SIEAA RE RS B9 1291~
13269] §1X) & 3} §T} (Table 1)[18]. = 239
subcloning< 9] 3}o] Ndel restriction enzyme site S
primere] %% Weko] 91X A1 FA SR,
. 9Taq polymeraseof 2|5t RT-PCR

utAjHlo)2j ~9] NP §d 2 cDNAE PCRZ
SHA717] A8k 1p19] cDNA, 2pl9] dNTP
(New England Biolab), 10pl2] 10X Taq poly-
merase buffer (500mM KCI; 1M Tri, pH9.0; 1%
Triton X-100) (Promega), 12ple] 25mM MgCl, 0.
5ple] Taq polymerase (Promega), 4p19] 10pmol
primers& 7}3}31 DEPC-water2 A& 23 Z 100p
2 A8 2 ¥ PCRY §4 2% Z, dena-
turation temperature (94<C), annealing temperature
(487T), exten-sion temperature (72C)E Y 8}o]
Thermocycler (Eric Comp Inc. Twin power block™
system)ol] A 35cycle W8 A FH T} [19].

6. Cloning

1)Vector 2} insert2] FH|

Ndel site® 7}X2 FZ¥ PCR products&
ultrafiltration method (Amicon, cenricon)2 & &3t
%, phenol: chloroform: isoamylalcohol (25:24:1)
(Gibco, BRLYE 3 2]8l Taq polymerase® | A
3}51 ©]& microspin column (Pharmacia Sephacryl
S-200)9)) loading3tx ¥4 ¥-2]8}a] PCRo| AHE-E
3 saltsg AASAC o] ghzko] PAE sample
< agarose gel (FMO)EZ 7Y E3t purityS
checkd}31 71 purity®] o} Rof wa} a2 A}g-3}
A} gene clean kit (Bio 101)Z agarose gel 4+
DNA band® e} & ¥ 2e)3te] Abgatedoh.
Expression vector DNA2] 4]+ pET-16b& 2]
I & HMS 174%& ampicillin (100mg/ml)
(Sigma)e] ¥FH NZCYM (11 & 10g NZ amine,
- 5g NaCl, 5g bacto-yeast extract, 1g casamino acid,
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2g MgSO,.TH,0)# A o]l 4] O.D 0.7~0.97}%] Hj ok
3+ & chloramphenicol (Sigma)E 30pg/mls} Al 3
7heta 1242 o] Wl g3te] 8,000rpm, 2023
sty AEE harveststFHtr o] FFEEE
alkali lysis method$} PEG (Mw 8,000) (Sigma),
precipitation method £ plasmid& &3}/ ¥}
gom, o]slzto] FulH plasmidE Ndel restric-
tion enzyme (Boehringer Mannheim)2. 2 A &3t &
calf intestinal alkaliphospatase (Promega)Z dephos-
phorylationA] A self ligationg 2] A} Z ¢} [20].

2)Cloning %! expression strategy

Cloning vectory= @A 7|48 nvle} Zo] pT
7blue (R)T-overhang vectore]t}. pT7 blue (R)T-
overhang vectore= PCR products& B} 2 cloning®
T Atte B fFo] MEHAL. 4 clon-
ing¥® vectorZ ¥ 3l Ndel2 2|3 & plas-
mide} &8 insertE gene clean kit (Bio 101)&
BABRS. o1¥A LojF insertE ] HFo
2 AojF expression vector$} ligationA]# trans-
formantE FnAt 3Pt o]AF wiA]Hte] A
9] NP gene2 Z293t3 FHAF) 7] 9§ stra-
tegy= Fig. 1] =3} k.

3)Ligation

99 BYE $o Aolx DNAE Abgshod
ligationg 483} 0], L E ligation®] procedure
+ molecular cloning (Maniatis)[21]S =314 ).
Cloning stepg AXA HAEY Ndel digested
(cohesive ended)insert& A}-8-3}of
vector®}2] ligationS F %35t} Ligation mix-
turex> pET-16b vector DNA 50ng ¥} insert DNA
200ngE 4 3 2p19] 5X buffer (Gibco BRL),1p12]
ligase (Gibco BRL)E X33l 2 wHE o, o
£ 16 Co| A 124 3} incubation 3}3 t}. o] & & o}
A& AR ligation mixtureZ E.colid] transfor-
mation 3} ¢}

4)Transformation

pT7blue (R)o] o3t transformationS Nova-
Blue competent cell (Novagen)& Al-&314 o,

expression



pET-16b9)l w3 transformation& host E.coli?l
BL21 (DE3)pLysSEZ 37Co| A O.D 0.4~0.6%
7}A] incubation A]7] & Hl—i g Lo "hx] 3l
AL FAAANAT. 2 F 4TA 4,000 pme
E 2087 44 €8st A XE harvestdt I, A}
ZF95 ¥z AAY A¥Ed 99 2u9 y
109] 0.IM CaCL& 7}eta B4 e 5 A d&
o 1083 YojFo] 2x71 0Trt g4 39
ok ohA] AR sle] A EE A wjokelo) o
2] 1/100%-3 2] 0.1M Cacl, 2 resuspend3} 2, o]
A @o]z competent cell 200l ligation mixture
10pE H7tstd I 30—c Yy o] Fo] DNA9
adhesiong F =3ttt 1 F 427004 28 Zo)
heat shock & 7}8t5 thA] 800pl2] SOC medium
= A7tske] 37T A 1A 2Bt Wl et o ThA|
ampicilline] 3 7}¥ SOB agar plated]] spreadings}
o} 12A]12F Fof] colonyE #9134 o} [15,21].
5)Recombinant clone2| screening

A1 microtip© 2 2}7] 2] cloneg pickings}od
SOpl_J DWoll resuspenddl 3 o] 8998 PCR master
mix (1p1¢] dNTP, 2.5p1¢] 10X Taq polymerase
buffer, 3p1¢] 25mM MgCl, 0.13p12] Taq polymerase,
1p1€] 10mol primers in DEPC-water)o 5l 3 7}-3}]
PCRE <83}11 agarose gel A7|FdF oz
productsE #Q1 g Z A trans-formantS Al
F At} o}21 & PCR screening methodZ A}
3le] transformant® Y3} A cloneS thA] 3hi}e]
vector primer$} insert®] PCRe| A& E dh}gl
primerg ©]-£3}e] PCREC 24 orientationg &
ATt o] 23t screen-ing® - E3519d trans-
formant= ¥}3] 7 cloned THA] mini prep method

2 inserte] EAE A &elstA ) [22]
7. O}X|H}o]| 2| A NPo| gt& 1} £ 5}

1)Recombinant O} X} H}Oj2{A
NP)2o| s

Transformant=. Y] 2] 1 orientation®] right frame
“}Hl 2 cloning® clone-& 5mlo] LB mediumo)] 3
F3td 37T oA 1243 ¥ &3 3 4T A 24)
A Y. 1 H o8 g B s AE g
= 91 o] & tA EvjYE LB mediumol] HE
3l e} o] Eujokel O.D7} 0.6~1Y w] 100mM
IPTG (Sigma)E& 1mMHS Al 3 7tale] wjA] ulo] g
2 NP9 &&E HXx (induction)s}th. Induction
o] 3 2~3A12t Fof o] & thA] Lol 1087

NP (MAA/

Y olE 5, 8,000rpmol A 1025 <t Y4l ¥2] 3}
AETE A o] MEE o] §3te] o]F 9 A
22 FPsA 23]

2)Soluble %! insoluble fraction2| £2|

Ao} FE B3l dojF MEE TEN (10mM
Tris-HCl; 20mM EDTA; 100mM NaCl, pH 8.0)
buffere]] resuspendA] 7] 3 7] lysozyme (Sigma)
< A7ksta Ao A 587 FolE H Triton X-
100 (Sigma)E 1% A H7tst] AEE A3
43| A1A ). ©] 3 sonicationdle] genomic DNA
E 703 20,000mpmO. 2 2087 YA Ea s A
A% YHEL Qol A2l thaje] Npe] A
$22 elatan 23]

3) Recombinant ©}X|B}0|2{A NP (MAA/NP)
o A U EMs}

o g9 M=

9o 314 & =3l E.coli® cell lysateE 43
o] & 20,000rpmoil 4} 20% 7} centrifugationdto] A¢
TY9S A oH, AAEL ™™ ureaZ F%3}

MAASS?’mnt

Taq Polymﬂasc n;rn/\i

pT7 blue(R)
Amplified NP seque

ljpﬂon

N‘” Ndel ——__ Ndel

m +
Ligation

Recombmant MAA/NP

Fig. 1. Strategy of cloning and expression of
Maaji (MAA) viral nucleocapsid protein (NP)
(MAA/NP) gene.



3 dialysisA] A refolding® §- 3t} [24]. 99
refold-ing#g ¥ AYHE AHAES YA E=Z A
Aste] 45HE Hdtn o] 45 Hol saturated
ammo-nium sulfateE 2v] 7}stn AHEL AR
t}. o] AAEE 5mM EDTA (pH 8.0)7} d718
PBS (pH 8.0)2. 2 resuspend3}s] thA] H4lEe)
33 J2HL FHho] affinity columnol starting
sample 2 A}&3} 9o}

(2)Affinity chromatography

et ulolg A (76-118 strain)e] NPoj| o)t
monoclonal antibody & protein AE o] &3l &5
£ 3 F o]E CNBr activated sepharose CLAB
(Pharmacia)o]] bindingA]# affinity columng A%
3l t}. o] beadE columnel packing A]7) 31 TSA
buffer (2mM Tris, pH8.0; 0.14M NaCl; 0.025%
NaN,;)Z equillibratingA] 7] & $)ol| 4] ZFu]3l gl
€ B3A]7]3 10 column volume®) wash buffer
(10mM Tris, pH 8.0; 0.14M NaCl; 0.025% NaN,;
0.5% Triton X-100; 0.5% sodium deoxycholate)Z.
unbound proteing AW HTt 1 F 5 column
volume2] sodium phosphate buffer (SOmM sodium
phosphate, pH 6.3; 0.1% Triton X-100; 0.5M NaCl)
2 A] washingdt 5 5 column volume?] glycine
buffer (50mM glycine, pH2.5; 0.1% Triton X-100;
0.15M NaCDZ beado]] binding® 3+-9-& elutionA]
Atk [25].

(3)Immunoblotting

4 9 AL 58 LojA inclusion bodye}t
soluble fractionZ 2x SDS sample buffer (100mM
Tris, pH6.8; 200mM DTT; 4% SDS; 0.2% BPB;
20% glycerol)o] 2.5 0] 31 10% SDS-PAGE gel
£ o] 83ld A7|YEF H ©]E nitrocellu-lose
membrane ©. 2 transfer A7 4] immuno-blotting 2 4=
g3}t (Novex, gel electrophoresis kit and blotter),
ol2H NP Ld %5 NPS] ZA 91X & shetst
ATH X affinity column© 2 FA ¥2)¥ NPE A
719 %33 nitrocellulose membraned)] transfer A}
strip Bl 2 2t o8] $XFAY F YA &
Hoz wgAziezA LAY @9do] NPy
£ 5934 39ttt =8 mouse brain &2
NP2 FUHEL 43sld immuno-diagnostic
antigen. 24 £ wlA S w) gl o2 g
immunoassayA] A}-&3%k conjugate sys-tem-2 biotin
labelled anti-human Ig (Kpl, USA)$} streptavidine
labelled anti biotin (KPL)o]™j, BCIP/NTP (Kpl,
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USAYE 713 2 AHg-8t] 2 A 7 o} [26].

(4)ELISA

¢ oM ¥2]¥ NPE mouse brainfre} NP
double sandwitch ELISAEZ ZA] 9] titrationd} 1 ¥
7 titere] NP solutionS Z}Z} ELISA plateo]] coating
3ttt o] & PBS (0.1% Tween20 3-§)= 39
washing%}t 5} thA] peroxidase labelled goat antihuman
IgG & 1:10,0002 2 3 A3l 7}tz 37C oA
3085 HgAALY, 1 F o] TA] wash
buffer® 3¥ washd}iL o} 7)o ABTS peroxidase
substrate Z 100p1¥ FA7}sto] LAA|A O A E
w3 [27)

2 I

1. Taq polymeraseoi| 2|3t PCR

Taq polymeraseol] 2]3] FZ ¥ DNAE ethi-
dium bromide (Sigma)”’} X ¥E 1% agarose
(FMO)A 71 5 2.2 Maaji virus cDNAS] band&
215 t}. o] Taq Polymerase (Promega)ol] 2} %t
ZEZ2 47CHH 50T7HA) annealing2 =& ¢
3 710 MgCl, 5% 2, 3, 4, SmMdj| A DNAS] &
Z 4B g #ASE )t 1 23 Taq polymeraseo]]
23 DNA9] FE& 48C oA 71 E%an,
3mM MgClL, 048] $Zo] ¢ specificd} ) 1L
A7]| 2 H]Zo] ulx]ulojg] A~ NP ORFY& &
AE F AU (Fig2).

2, Cloning

1)pT7blue (R)cloning vector LY

UM 7lEd viego] £4%& € PCR pro-
duct= 8} 2 pT7blue (R) cloning vectors}2] ligation
o] Alg-stlon, 4 Eeld inset DNAE pT
7blue (R) cloning vector®} ligation A]7]il trans-
formation3}o] v}z vlo] 2] ~ NP2 ORF7} 4 &
pT7blue (R)Z, pT7blue (R)}-MAA/NPE At}
1 & PCR screening 2. £ transformantZ Z gl o
o] transformantst= T}A] miniprep methodZ A} &
A&tqch. pT7blue (R)E2] cloningo A AA)
clone®] ¢F 40% A =7} insert7} E&H cloneo] ),
o} (Fig.3).

2) pET-16b expression vectorL}

pT7blue (R)-MAA/NP vectore] ¢l& insert®
Ndel restriction enzyme2. 2 Zehjjz o] & A7)
AF gel2 28 Ealdto pET-16b2}9] ligationol



1.3kb—

Fig. 2. The PCR amplification by Taq po-
lymerase. This picture represents specificity of PCR
and PCR product at optimal condition (lane 1). Ac-
cording to the size, the product represents ORF of
Maaji viral NP. No PCR product found from nor-
mal cell prep (lane 2).

Fig. 3. The cloning of Maaji viral nucleocapsid
protein (NP) gene into pT7blue (R). The DNA band
represents the presence of insert in recombinant pT
7blue (R) vector digested by Ndel.

AF&-3lt. o]& A doj= colonyE PCR screen-
ing® 2 transformantE Fe 11 I transfor-mant
& THAl miniprep method® A} 291 514 T}. Cloning
€ AXAY: PCR productES 2|4 Ndelo. 2
digestionA| A AP P& Aol & 5 dud
transformants & 8-0]3}A4 Adoid = AU} (Fig,
4),

3. Transformants 2| screening [22]
o] ¥t o 2 200749} colonyZ screeningdl 2
T} false-positivert} false-negative’= W73 ¢

or, 100%9] F&d& AWt 183 PCRo|
©] &t orentation?) ¥ AA| v} A Ty o
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Insert—s

Fig. 4. The cloning of Maaji viral nucleocapsid
protein(NP) gene into pET-16b vector. The re-
combinant pET-16b vector were digested with
EcoRI(1), Ndel(2) and BamHI(3). The digested
DNA bands represent the presence of inserts in pET
7-16b.

F99l resuspend¥ 7] E L LB mediume] J
3t wjeke Holl #59 glycerol stockS THE
o, & ol¥A WFd #FE o] &3] mini-
prep method 2 PCR screening®] A2 2391 3}

At} (Fig. 5).
4. Recombinant MAA/NP2| 23

32 ofit oy

al

E
U EN

&}
TransformantZ& 5mle] LB mediumof A 5A]3F
WA A 0.D7} 0.6~12 w} 100mM IPTG (Sigma)
£ ImME Al F7lste] upz|uto] gl 2~ Npo| 2@
< §%3Ht InductionA]Zl 2~3A17F Fo
1085t A Fojatd AEgrE ¥, o] A
¥ A A Z 2X SDS sample buffer (100mM Tris, pH
6.8; 200mM DTT;, 4% SDS; 0.2% BPB; 20%
glycerol)dl] resuspenddt 3 sonication 3}o] genomic

DNAZ 2 3l9th 1 3 0|2 10% SDS-PAGE
gelo]l loadingsled H71gE3 = nitrocellulose

membrane ©. 2 transferA] 4 Western blottingS 43}
3l ) (Novex, gel electrophoresis kit and blotter).
o] 9}zFo] transfer¥ nitrocellulose membraneS- strip
P2 Feh 79 S8 7H] HA4Ae ¥
e Az Adre #A4EH 9 stripo A BF
oF 52KD9] band7} AR A2, HAdde] ¥3
#t ¥h§-3 stripef & band7} VEIGA] @Eo=
Hol wrdgd chido] NPY S ¢ & AU
(Fig. 6).

T IPTGZ induceA] 7] 2] &€ A3} induceA] 71
A& Bk @7 A A M inducer) 71 A &



Fig. 5. PCR screening and orientation of the transformants. 5 clones contain the Maaji virus insert and a
clone is something different one (A). One of the clones has the insert in right orientation (B).

L

Rormal Patienis

Fig. 6. Characterization of recombinant Maaji
viral NP with patients and normal human sera by
immunoblotting. The 52KD NP bands were visible
from all of the right 7 strips reacted with HFRS pa-
tient sera. The left 7 strips reacted with nolmal hu-
man sera showed no specific bands.

AN E band7t bt @3 induced A
band7} FAJH L0 2 Hol o] NPE IPTGY)
o Ho) FEVGE A T4 Yfed =
b RREA ge YR Budd dAYA
WgHA 2 Hol WYY wudo] NP
% 4 YTt Fig7).

2 T
5. Recombinant MAA/NP2| solubility

2 o o

e

[¢]
-

2
=

1

A 71&7 vhe}l o) induction® A E£E T}
#3}o] solubled?} insoluble partZ B-&] 3 &= g
o} 1 fractiong 2zt @2 A7) S8 western
blotting3le] A YA} whgA|Zl o 2n W x5
+ NP+ insoluble partl inclusion body$} soluble
partel 25 EAE 4 5 Yoy, gLt
NP7} inclusion body o] ZAjstm Y& & 4
AA D =3 purity§ Al inclusion bodyS -z} g
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Patients Hormat

1 0 3 4 L 1 2 3 4

Fig. 7. The presence of recombinant MAA/NP at
induced and non-induced condition. Left panel is
the result of reaction with patient serum and right
panel is the result of reaction with normal human
serum. 1: Non- induced insouluble fraction; 2: in-
duced insoluble fraction; 3: Non-induced soluble
fraction; 4: induced soluble fraction.

A7t Bt F58S & 5 AU (Figs).
6. Recombinant MAA/NP2| purification

Inclusion bodyZ #g]% F refoldingAl7] 1
affinity column©l] loadingsle] 2] 2 A)x8}¢t}
Monoclonal antibodyE- ascitic fluidv} serumo] &
¥ hybridoma cell WY& o) &3t Az
affinity conmn & 2= G F8] 7} o] £olz] %)
grstct. 221} serum free hybridoma A 3 Hlj ool
o 2% ¥ F2] & monoclonal antibodyE A}-838}o]
affinity columng A 23t % 93 B
o] FolHt} (Fig.9). ol¥As Ead oug
T 99%0) 4] purityE B G o], HFRS 3
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Fig. 8. The existance of expressed recombinant
MAA/NP in soluble or insoluble fraction were
visualized by immunoblotting (lower panel) and
Coomassie blue staining (upper panel). 1: Soluble
fraction; 2: Insoluble fraction; 3: Insoluble fraction
washed with Triton X-100; 4: NP purified by af-
finity column using monoclonal antibody against
NP.

A9 A3h BolA oz wgagnt

7. Immunodiagnostic atigen© ZA{ recom-
binant NP 2! mouse brain 32 NP2| 4|1t

1)Immunoblotting

Mouse brain f-2} NP$} recombinant MAA/NP
2 47} 10% SDS-PAGEZ H7]|Q3Fe & o)
nitrocellulose filterol] transferr]7l o4& ©)Z strip
o2 Zehdle] Z7h 7H54] Fxbel AF dH
o2 HEAIZAY. ol HFE T F <
mouse 2} NP2 7%, Eal¥ recombinant NP
stripell M &= & 4 gl background®} extra band S
A2 & e o] 24 mouse {2 NP 1
5o doix] FAel A A3 wrgEE extra

fea

=

=2
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sliver covmassie
stainfiy  staining
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Fig. 9. Purification of recombinant MAA/NP by
affinity chromatography. The only band was ob-
served after chromatography followed by straining
with silver nitrate(left panel) and Coomassie blue

(right panel).

S0k --»

Fig. 10. Characterization of recombinant MAA/
NP and NP from mouse brain infected with Maaji
virus by immunoblotting. The recombinant(lower
panel) and conventional mouse brain (upper panel)
NP strips were reacted with the sera from HFRS
patients and normal humans. The typical bands
were observed only on the strips reacted with the
patient's sera. (Among the normal sera, the serum
shows the visible band has been proved as a po-
sitive serum by other serologic test such as IFA.)



Fig. 11. The serologic test of HFRS patients by ELISA using recombinant MAA/NP. Many of the patient's
sera showed strong reaction whereas there were no positive reactions with 44 nomal sera (panel A). Pancl B
represents the resuits of 6 patient's sera.

Table 2. Comparison of specificity between ELISA systems utilizing recombinant MAA/NP and mouse brain
NP as an immunodiagnostic reagent

IFA positive 44sera IFA negative 44 sera
ELISA result ELISA result .
NP sources ~ - Specificity . 5 Specificity
Positive Negative Positive Negative
Recombinant 44 0 100% 0 44 100%
Mouse brain 44 0 100% 8 36 81.8%

Table 3. Comparison of specificity between ELISA

system utilizing recombinant MAA/NP and mouse 7+ % background& JER| Y o1, 11 Fo] Aol A

brain NP as an immunodiagnostic reagent % IFAS] ZA}s} vjmd w 81.8%2 EojAL

Titers Ve, 28} recombinant MAA/NP&

Serum No. Recombinant NP Mouse brain NP background F4& A9 #AT F fdAodH
AL ) B @3 100%2] EoJAl L ¥

1 2’000 2,000 IF. "] é“‘}'q- ]-LL?‘E:_} EH O%"] = ] é =3 01

2 [FAS}= 54T 5ol & Jehigint (Table 2,

12.900 12,000 Figll). 2% 242 98 971 249 Ashe

3 8,000 8,000 recombinant MAA/NPL} mouse brain -2 NPESF

4 6,000 6,000 H &g 27E BYoEA T O 98 A

5 6,000 12,000 3l ELISA Al@A9 = BT AT

(Table 3, Fig.11).

8. Recombinant MAA/NPA}E  immunoblo-

teing ¥ 3}3lo & Holz -2 ¢
proteinS X322 O £x7} Holxy o tting 2! ELISAS] Zt5 3! S04 |2

F T o W ¢4 28" recombinant NP

9 stripoll & A4 Ao ExdHe 2% Recombinant MAA/NPE A}£-3}e] immunoblo-
ol A extra band& FEE 4 AT} (Fig.10). tting stripg A Z£3 3, FAlol ELISA plated]

2)ELISA coating 3} . 1 & immunobloiting®} ELISA2]

Mouse 2] NP¢t recombinant MAA/NPE b o 2 40719 SAE AT 40708 HAQ ¥
ELISA plateo)] overnight3}le] z}z} coatingdtm < AL 78l ZF vib o] (Y& 7wl EojAl &
71e 4489] SR AT} 44 9] HAAQ AL ZA39 ) o] A8 & Foto] EolAL& immuno-
AT 2 Bl S AP eH, B8 34Y blotting®} ELISAZ} 2% 593 234-& Yehldd
A & 2 fold dilution 3t H7} BN B3 7% O (Tabled)ZF =2l ZH oM = immuno-blotting Al
g 24389t 23 mouse brain &2 NP& ol A %7t o] F U} (Table 5).
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Table 4. Comparison of specificity between ELISA system utilizing recombinant MAA/NP and mouse brain

NP as an immunodiagnostic reagent

IFA positive 40 sera

IFA negative 40 sera

Serologic
result result o
methods — specificity — - Specificity
Positive Negative Positive Negative
Immuno 40 0 100% 0 40 100%
-blotting
ELISA 40 0 100% 0 40 100%

Table 5. Comparison of specificity between immunoblotting and ELISA system using recombinant MAA/NP

Titers Semsitivity
Patient's sera -
ELISA Immunoblotting Immunoblotting/ELISA

1 2,000 6,000 3

2 12,000 48,000 4

3 8,000 24,000 3

4 6,000 12,000 2

5 6,000 12,000 2
vlojgi & g oz X ZAPEY &Y T ¥
LA~ AH e = HAA EAYE AUz ot ot
A wrg Ak £F vS0ld wge BAE opl
A AFF 2899 EATA Adgez A 2 az o) WA AT I EAl
712 29 ol &H3 Y E e RIERYH E ol NZBACIEA ol & AR FA & vL3
¥ (immunofluorescence antibody test, IFA)C. 2 A stn 2RAY €58 Zole do] M FLF}E
ol ¥PL T nlol 2t LAY o] F B AH Az AFEHn ok gebx o] 2L EAE 2

o] AT Ny oz sbg wA gyE Uy
ol o2 U FA4ol A} obd Ayt
A A EFAZF 284 AFF Ao
7Ve 3 Azt v 24 =28 o) [28].

aHY B HE 5L Soldoy FRdE BF
StaL ulolgj 2ot MEWF 71¢ R Al 3
AnjAT 2 55 AuE Ba=sy, o}
239 BEd YoM FHH BE 7dEE
259 I oE SN AR B HHol
avHng Jdut AP Ao E Lol5A AA
+ gde gde] ) waka duk 434 2
AMNLAME Eol8tA 2FF 28Q9 AT
A AGE ANE F e 2R F01E Y E
o] o] &=l 3 ¢lEn}, ELISA ¥, hemagglutination 3
[29]2} HDPA® 12]3 immunoblotting ©] L7 ]
o}t o] & WPHEAA F3] o] §H & wtolH A
99 source = IeputolH A PG ZA Wik

A E 2 mouse brainZF o2 HE THEoz] A

=
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317 e ARFTEA 71YE ol&35td o
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AdA LEAA 54 T ARALGE £538
A dgor Y4 = Ud 478 FRE E
A F Yt o)z FRo e 2 AFAqME
A guadzA wpxglo] 3] A9 nucleocapsid
protein (NP)E A 3td NP HAAE 2248}
I in vito oA FHAIA FAAF S F3 °]
recombinant NP2 X¢hg o zMel HEFA
3 et 712 G99 9N & e $94
%8 B zz FATt

ohA Hho] 2 29) 3709 BB RNAZVS oA
744 gre S BAo) A= NPSHAE AE
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o] NPE ol 2o 29 W Baht TRAM T
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Zteth
A@o) A PCRE o] &3 F2Ae] E2Y
2 insert®] ¥& v AL 4 o] W WY
o2 AAXY 1 FF ZH9 A1} blunted
end P4 @Ale] 294 wFo PCRES o] &3
E2y9] HolAo] wztdn}) gty o] & 3
317] 98] primeroll Ndel restriction enzyme 12}
71N EE H7/ME 224 PCR productse] -2
%, B}Z o] productsE Ndel restriction enzyme©.
Z Ao} cohesive endE FAAF|1 ol E
expression vectoro] WZAAIF| Tz dgHou,
Ndel restriction enzyme2] EAJ 4} 37Co|A o] S
Bt sl 1 DNAS digestiong ¢+ 8lA |x 3}
A Edto] E7l98IA #7189 cloning step
A3 ZFol| Ndel restriction enzyme ©. & insertZ 2
gllojof P} o]FA AE inserts YFHol
Ndel cohesive end& XU A =2 & clonings] u}
2 ARSE ¢ stk o ® ALE3 cloning
vector= T-overhang vectoro]™, cohesive endZ
expression vectorol] £.3}% 0 2 ligation® ¢ ¢
o B A¥ES B AdFoz wolzxg
RNAZ H-¥ cDNA9] #43 PCRo| 9% &4
AR FELE vlolfavt AIE =AY
AE fFHETE BFA X A& o] &3+
o] U ERHolgt= 22 4E F UAE
4], 21 o] cDNAZA 9] T4 9 PCR SZ9
A7} o]= A X initial template2} Fol] FS-E
A9 Aoz YzdErch

%3k 71&2] miniprep methodel] 2%} screening
& A o] Bol 28FH T o GAZ AAotks}
E HAZE 9Ed 22 coneg FT|AW
screening3lA] %5l @AE XY Yt ol
& miniprep®] B3 & F 8334 PCRE o] §-3
colony screening& 48885 t}. ©] PCR screening
W2 g el B2 clone (BT 9671)S & HA
Zt Yol screening® 4 a HHEIITHE S o)
%t} E orientationd LolE 4= 3l PCREL
g3l 3124 <k 100719] cloned] W3}l insert
o] A X 9 19 orientation FA] & 4 ok
€ A3 Add 2] 2EH o= v)$- ve B
£9] transformantZ 7] &2] miniprep method 2 &
AFHUNA RFozA 493 o2} ligationT}
transformant2- ®WHEEjo}p FJPon, L 4o
miniprep& 3t<doF g =d] o]2]F PCR screening
HHoz e A e ¥

=
=

e

clone&
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screening3t o 24 e &9 transformantE A
da d 5 V1ol d4aE 4 AU & 489
A7, 2299 FFE vhAuto] g 29 NP {4
A}& pET-16b vectorel] AU ™ o] Ao Y
% 7}e3t9 1 affinity chromatography & %3}
T+ NP B8 % 7Hsstd e
Affinity chromatography®} 7 -$- antibody®] source
7t 3% BEexd B 9 nxe AR
goto] =%l o1 serum free hybridoma medivmS-
AHg-8HE 99% o) 39] vi¢ &4 NPE E&F
AR

E3 ELISA o 9983y o] &3tdq AF
A AHe3 Q¥ vl §-8 NP9} wluw gt Aat
recombinant NP7} Bt} £& A ggdoz
A AHgo] 7Msdgen, ¥ &2 $dH7]
o] HAZE SBAYOY ohSx o
# 59 dA7t 228384 HAt A2 o
2] NPE A&-3lod ELISA Agte] gtgdo g A}
£ o= ¥ 5o] w3 A} 57] $3 dsouble
sandwitch ¥ & A}&3leH, ol o3 A E A
Holsln 2 A7t Bo) AaHm HAZ oY
recombinant NPE A48 7§ o] & A3 coating
e JAY S 218 ologe BV AL FE
& ¢ 3 v Soukg = ehtA] esith =%
immunoblotting®} ELISAZ %3}<] recombinant
NPs} v} R ZwjoF M X f2 NPete I
@8 FJeorA B0y A=g vnd A3,
recombinant NP7} Bt} $-438 A2 Jeht &
% o]2|§ wlA] ulo]#] 22| recombinant NPE ©]
43t AF%E 2894 NEL ADE Fdo
29] Algo] 75 E Aoz Z1dEr) Yolr) vt
A v}o) 2 2 9] recombinant NPE =243t ¥
A7) E 7ol &HE oM N2 E FEHELo]
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