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The complete nucleotide sequence of the S genome RNA of the Josiah strain of Lassa virus was determined from
cloned cDNA. The S RNA is 3402 nucleotides long with a caiculated molecular weight of 1.09 X 10% Da. The nucleotide
base composition is 26.84% adenine, 21.40% guanine, 22.75% cytosine, and 29.01% uridine. The 5 and 3’ terminal
nucleotide sequences are conserved and complimentary for 19 nucleotides, the nucleoprotein and glycoprotein genes
are arranged in ambisense coding strategy, and the intergenic region contains an inverted complimentary sequence,
as do all other arenavirus S RNAs characterized to date. Amino acid sequence comparisons between the nucleopro-
teins and glycoproteins of the Josiah and Nigerian (N sequences only) strains of Lassa virus, the WE and ARM strains
of lymphocytic choriomeningitis virus (LCMV), Tacaribe, and Pichinde viruses are presented. These findings reveal that

the G2 envelope glycoprotein is more conserved among different arenaviruses than the internal nucleoprotein.

Academic Press, Inc.

Lassa virus, a member of the family Arenaviridae, is
the etiologic agent of Lassa fever (7, 2). The disease is
endemic in western and central Africa where the virus
is maintained by persistent infection of the rodent spe-
cies Mastomys natalensis (3-5). Upon infecting hu-
mans, which usually occurs via contact with persis-
tently infected animals, the virus can cause a severe
and often fatal hemorrhagic fever.

The Lassa virus genome consists of two pieces of
single-stranded RNA designated large (L) and small (S)
(6, 7). The S RNA encodes the viral nucleoprotein and
glycoprotein genes in the ambisense organization
characteristic of the Arenaviridae. A cDNA clone of the
nucleopratein gene of the Nigerian strain of Lassa virus
has been constructed and expressed in vaccinia virus
(8). Vaccination of guinea pigs with this recombinant
resuited in protection from a lethal infection with Lassa
virus. We have recently reported that a recombinant
vaccinia virus expressing the glycoprotein gene of the
Josiah strain of Lassa virus also protects guinea pigs
(9) and primates (70) from a lethal Lassa virus infection.

To directly compare the protective efficacies of vac-
cinia virus recombinants expressing the nucleoprotein
and glycoprotein genes, to provide ¢cDNA clones of
these genes for expression in other systems, and to
provide sensitive hybridization probes for analyzing
Lagsa virus RNA for experimental and diagnostic
purposes, we have completed the cloning and se-

' Sequence data from this article have been deposited with the
EMBL/GenBank Data Libraries under Accession No. 104324,
2 To whom requests for reprints should be addressed.
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guencing of the S genome RNA of the Josiah strain of
Lassa virus. We report the results of this work here,
including amino acid sequence comparisons of the N
and GPC proteins of Lassa virus to those of lympho-
cytic choriomeningitis (LCM), Tacaribe, and Pichinde
viruses.

Three preparations of cDNA were synthesized from
viral RNA templates and blunt-end ligated into the
unique Smal site of pUC18 for sequence analysis. Ini-
tially, a DNA oligonucieotide complimentary to the 18-
nucleotide conserved sequence on the 3’ end of Are-
navirus S RNAs was used to prime cDNA synthesis.
This produced a library from which two overlapping
clones, LS55 and LS13, corresponding to nucleotides
620-1974 and 1745-2454, respectively, were iso-
lated. To protect and conserve the 3’ terminus of the
S RNA, poly(A) tails were enzymatically added and a
second cDNA preparation was made by oligo(dT)-
primed first-strand synthesis. Clone LS60-7 was iso-
lated from the resulting library, and sequence analysis
revealed it to contain 30 A residues reading into the
conserved sequence on the 3’ end of the S RNA. This
clone terminated at position 1032. Finally, a cDNA
clone extending to the 5" end of the Lassa S RNA was
produced by priming first-strand cDNA synthesis with
the viral complimentary strand of a Ddel restriction
fragment corresponding to positions 2110-2410. The
single-strand cDNA product of this reaction was re-
solved by polyacrylamide gel electrophoresis, its 5’ end
was protected by terminal transferse tailing, and it was
subsequently converted to dsDNA and cloned. Clone
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SHORT COMMUNICATIONS

80 90 100 110 120

CGCACAGUGGAUCCUAGGCUAUUGGAUUGCGCUUUGCUVUUGUCAUVUUUGGCAGAUAGUCUCAGUUCUUUGUUGCGUGCAUACAACACAACAAUCUGGCGAUGAGUGCCUCAAAGGAAAY
METSerAlaSerLysGlulle

130 140 150 160 170 180 190 200 210 220 230 240
AAAAUCCUUUUUGUGGACACAAUCUUUGAGGAGGGAAUUAUCUGGUUACUGCUCCAACAUCAAACUACAGGUGGUGAAAGAUGCCCAGGCUCUVUUACAUGGACUUGACUUCUCCGAAGU
LysSerPheLeuTrpThrGlnSerLeuArgArgGluleuSerGlyTyrCysSerAsnlleLysLeuGlnValvValLysAspAlaGlnAlaleuLeuHisGlyLeuAspPheSerGluval

250 260 270 280 290 300 310 320 330 340 350 360
CAGUAAUGUUCAACGGUUGAUGCGCAAGGAGAGAAGCGAUGACAAUGAUUUGAAACGGUUGAGGGACCUAAAUCAAGCGGUCAACAAUCUUGUUGAAUUAAAAUCAACUCAACAAAAGAG
SerAsnValGlnArgLeuMETArgLysGluArgArgAspAspAsnAspleulysArgLeuArgAspleuAsnGlnAlaValAsnAsnLeuValGluLeulysSerThzGlnGlnLysSer

370 380 390 4100 410 420 130 440 450 460 470 480
UAUACUGAGAGUUGGGACUCUAACCUCAGAUGACUUAUVAAUCUUAGCCGCUGAUCUAGAGAAGUUAAAGUCAAAGGUGAUCAGAACAGARAGGCCAUUAAGUGCAGGUGUCUAUAUGGG
IleLeuArgValGlyThrLeuThrSerAspAspleuleulleLeuAlaAlaAspleuGluLysleuLysSerLysVallleArgThrGluArgProLeuSerAlaGlyValTyrMETGly

490 500 510 520 530 540 550 560 570 580 530 600
CAACCUAAGCUCACAGCAACUUGACCAAAGAAGAGCUCUCCUGAAUAUGAUAGGAAUGAGUGGUGGUAAUCAAGGGGCUCGGGCUGGGAGAGAUGGAGUGGUGAGAGUUUGGGAUGUGAA
AsnLeuSerSerGlnGlnLeuAspGlnArgArgAlaLeuLeuAsnMETI1eGlyMETSerGlyGlyAsnGlnGlyAlaArgAlaGlyArgAspGlyValValArgvalTrpAspvallys

610 620 630 640 650 660 670 680 690 700 710 720
AAAUGCAGAGUUGCUCAAUAAUCAGUUCGGGACCAUGCCAAGUCUGACACUGGCAUGUCUGACAAAACAGGGGCAGGUUGACUUGAAUGAUGCAGUACAAGCAUUGACAGAUUUGGGUUY
AsnAlaGluLeuLeuAsnAsnGlnPheGlyThrMETProSerLeuThrleuAlaCysLeuThrLysGlnGlyGlnValAspLeuAsnAspAlaValGlnAlaLeuThrAspLeuGlyLeu

730 740 150 760 770 780 790 800 810 820 830 840
GAUCUACACAGCAAAGUAUCCCAACACUUCAGACUUAGACAGGCUGACUCAAAGUCAUCCCAUCCUAAAUAUGAUUGACACCAAGAAAAGCUCUUUGAAUAUCUCAGGUUAUAAUUUUAG
IleTyrThrAlaLysTyrProAsnThrSerAspLeuAspArgLeuThrGlnSerHisProlleLeuAsnMETIleAspThrLysLysSerSerLeuAsnlleSerGlyTyrAsnPheSer

850 860 870 880 890 900 910 920 930 940 950 960
CUUGGGUGCAGCUGUGAAGGCAGGAGCUUGCAUGCUGGAUGGUGGCAAUAUGUUGGAGACAAUCAAGGUGUCACCUCAGACAAUGGAUGGUAUCCUCAAAUCCAUUUUAAAGGUCAAGAA
LeuGlyAlaAlavalLysAlaGlyAlaCysMETLeuAspGlyGlyAsnMETLeuGluThrlleLysValSerProGlnThe METAspGlylleLeulysSerlleLeulysValLlysLys

970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
GGCUCUUGGAAUGUUCAUUUCAGACACCCCUGGUGAAAGGAAUCCUUAUGAAAACAUACUCUACAAGAUUUGUUUGUCAGGAGAUGGAUGGCCAUAUAUUGCAUCAAGAACCUCAAUAAC
AlaLeuGlyMETPhelleSerAspThrProGlyGluArgAsnProTyrGluAanlleLeuTyrLysIleCysleuSerGlyAspGlyTrpProTyrlleAlaSerArgThrSerIleThr

1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
AGGAAGGGCCUGGGAAAACACUGUCGUUGAUCUGGAAUCAGAUGGGAAGCCACAGAAAGCUGACAGCAACAAUUCCAGUAAAUCCCUGCAGUCGGCAGGGUUUACCGCUGGGCUUACCUA
GlyArgAlaTrpGluAsnThrValvValAspLeuGluSerAspGlyLysProGlnLysAlaAspSerAsnAsnSerSerLysSerLeuGlnSerAlaGlyPheThrAlaGlyLeuThrTyr

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
UUCUCAGCUGAUGACCCUCAAGGAUGCAAUGCUGCAACUUGACCCAAAUGCUAAGACCUGGAUGGACAUUGAAGGAAGACCUGAAGAUCCAGUGGAAAUUGCCCUCUAUCAACCAAGUUC
SerGlnLeuMETThrLeuLysAspAlaMETLeuGlnleuAspProAsnAlaLysThrTrpMETAsplleGluGlyArgProGluAspProvalGlulleAlaLleuTyrGinProSerSer

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
AGGCUGCUACAUACACUUCUUCCGUGAACCUACUGAUVUUAAAGCAGUUCAAGCAGGAUGCUAAGUACUCACAUGGGAUUGAUGUCACAGACCUCUUCGCUACACAACCGGGCUUGACCAG
GlyCysTyrlleHisPhePheArgGluProThrAspLeuLysGlnPhelLysGlnAspAlaLysTyrSerHisGlylleAspValThrAspleuPheAlaThrGlnProGlyLeuThrSer

1450 1460 1470 1480 1430 1500 1510 1520 1530 1540 1550 1560
UGCUGUCAUUGAUGCACUCCCCCGGAAUAUGGUCAUUACCUGUCAGGGGUCCGAUGACAUAAGGAAACUCCUUGAAUCACAAGGAAGAAAAGACAUUAAACUAAUUGAUALUUGCCCUCAG
AlaVallleAspAlaLeuProArgAsnMETVallleThrCysGinGlySerAspAsplleArglysLeuLeuGluSerGlnGlyArgLysAspllelLysLeulleAsplleAlaLeuSer

1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
CAAAACUGAUUCCAGGAAGUAUGAAAAUGCAGUCUGGGACCAGUAUAAAGACUUAUGCCACAUGCACACAGGUGUCGUUGUUGAMAAGAAGAAAAGAGGCGGUAAAGAGGAAAUAACCCC
LysThrAspSerArgLysTyrGluAsnAlavValTrpAspGlnTyrLysAspLeuCysHisMETHIsThrGlyValvValvalGluLysLysLysArgGlyGlyLysGluGlulleThrPro

1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
UCACUGUGCACUAAUGGACUGCAUCAUGUUUGAUGCAGCAGUGUCAGGAGGACUGAACACAUCGGUUUUGAGAGCAGUGCUGCCCAGAGAUAUGGUGUUCAGAACAUCGACACCUAGAGU
HisCysAlaLeuMETAspCysIleMETPheAspAlaAlavValSerGlyGlyLeuAsnThrSerValLeuArgAlavValLeuProArgAspMETValPheArgThrSerThrProArgval

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920
CGUUCUGUAAAUGGACGECCCCGUGACCCACCGCCAAUAGGCGGUGGGUCACGGGEBCCCUGACAAGGGUCUCAUCUCUUCCAVUUCACAGGCACACCAGGCUGUUUGUAGAGUCCACAG
VallLeuend

1930 1940 1950 1960 197¢ 1980 1990 2000 2010 2020 2030 2040
GAACAAAUGCCCAUAUGAUUCAAUCUGUGAGGUUUGGCACACGACUUGCCUACAAUAUGCCUAUGAGUUGGUAUUUUGACUAGGUGAAGGAAGAUGCUAAUAAGAUAGAAACUUGUACUG

2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2160
AACACAAAGAGGUCAACUAGACCCAAUGGUGUCUUCCCCUGCCUCUCCAUAUACUCCUUCUGUAACAUCUCAGUGAUCAUAUUGUCAGCUUGUUGUUCAAUAUCAUCAGAAAAGUGGGUC

2170 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280
UCGUUCAAGUAUGAACCAUUUGAUACAAGCCAACAUUUGGGCAGUGAUGUUCUCCCAGUAGUUGUGUGGUUGAGGUACCAAUACUUGCUGUAAUUACAGUAUGGAAUUCCCAUGAUGUCC

2290 2300 2310 2320 2330 2340 2350 2360 2370 2380 2390 2400
CGUAGAUGGUUCUUCAUUAUAAGUUGGUCAUUUAUCAAAGCAUUUACUGCUUUGUUGAUCAACUGAAUGCUCAUUUGUGCUUCAGCUUUCAACCUUUGAAUGGCUUGUUUGUUGAAGUCA

2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 2510 2520
AACAGCCUCAGCAUGUCACAAAAUUCCUCAUCAUGCUUCUCAUUACAUUUUGCCACAGCUGUGUUCCCGAAGCAUUUUAGUUCAGCCUCAAUUAGCAUCCACCUGGUCAGACAAUAUCCC

2530 2540 2550 2560 2570 2580 2590 2600 2610 2620 2630 2640
CCUGGUGUGUCUUUACCUUCAGAAUCUGACAGUGUCCAUGUGAAUGUGCCUAGCAAUCUUCUACUAAUAUAAAUAUCUCUAGUCCUUUGUGAGAGGAGCCCGAGAUAACCGAUGGGAGAU

2650 2660 2670 2680 2690 2700 2710 2720 2730 2740 2750 2760
GGUCUCGAGAAUUGGCAGUGAUCUUCCCAGGUUGUAUUUUGGAUUAUCAGAUAUUGAUAACUAGUCAUAAUACAGUCCCAGUUGCCACGGCCUGAGUCAAGAGCAAUGUAGCUCCCACCC

2710 2780 2790 2800 2810 2820 2830 2840 2850 2860 2870 2880
CAAGCCAUCCUCAUAAAAGUCUGUAACACACCAUUUGCAACAGUACCACAAUGGUUGGCUGCAUCCCCAGCAUAGCUGUGACUCAGGUUGUACUGCACACUAAUCUUUCCCCCAUUAAAA

2890 2900 2910 2920 2930 2940 2950 2960 2970 2980 2990 3000
UCGCAGCUCAUUGCCUCAUACUGAUUGAAGUUGGGGAUGGACAAGUGGAAAGUUGAGAUUAUGCUCAUAAGAGCGUGGUCAUAGAGGUUCUUUUUCUGGGCAUCAGACAGAUUGCAAAAY

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100 3110 3120
UUGUGAUUAAUAAUGCUCGUGUUGGUCAAGGUCAGUUCUAGUCCUGUCUCAUUGCCCACCAUUAUAUAAUGAUGACUGUUGUUCUUUGUGCAGGAGAGAGGCAUGGUCAUVAUUGAGUGUC

3130 3140 3150 3160 3170 3180 3190 3200 3210 3220 3230 3240
UCCAUGUUUAGUUCCAGAGUCUGAAGCUCAUAAACCCCUUVAUAAAGACUGGUUGUGCAAGACCUACCACACAACAGGAGGAAAGUGACCAAACCAACAAGGCCACACGUUGCAAAALUG

3250 3260 3270 3280 3290 3300 3310 3320 3330 3340 3350 3360
UACAGACCUUUCAGCACUGCUAGUACAGACAGUGCAAUGAGAACAAUGUUCAUCACCUCUUCUAUUACAUGAGGCACUUCCUGGAAGAAUGUCACUAUUUGUCCCAUUUUAAAUAGGACA

3370 3380 3390 3400
CUUGAATTGCGCAACCAAAAAUGCCUAGGAUCCCCGGUGCGC
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1 50
LASSA JOS MSASXEIKSF LWTQSLRREL SGYCSNIKLQ VVKDAQALLH GLDFSEVSNV
LASSA NIG ...... VEov sntosssent srssansacss stoaesssss asseovnavn
LCMV WE Llolwve..s QLal@e.. g.ft.dv.aa .i...ts..n
LCHMV ARM P RO - I R gsft.dv.aa .l...tn..n ... -
TACARIBE LA, VP Laieans kg. .gqftgtv.sd 1l...kliad si..nqg.aq.
PICHINDE --medn.p.. r.v.....g. .nwthpv.ad .ls.tr...s a...hk.aq.
51 100
LASSA JOs QRLMRKERRD DNDLKRLRDL NQAVNNLVEL KSTQOKSILR VGTLTSDDLL
LASSA NIG  ...... QKoo Gornncees ererennaan areesaeVar cars Bouaes
LCHV WE cefiiael.. k..g...s. ..t.hs..dp sk.nv k r,saee.m
LCHV ARM sedli.o.k.. Jk..Qo..s. .. t.hs..d. .a.sk.nv.k ..r.saee.m
TACARIBE L.vl..tk.t .d..nk.... .ie.dr.msm ..v.knt.fk ..d.ar.e.m
PICHINDE wv..dk.t .s..tk...m .ke.da.mnm r.v.rdnv.k ..g.akee.m
101 150
LASSA JOS SAGVYHGNLS SQQLDQORRAL LNMIGMSGGN
LASSA NIG = .iccicvine ane B e iee S it it e t.vs
LCMV WE as....... t a. qi .q.v..rrpg
LCMV ARM AS . .. tot.. .sql .qlv..rkpg
TACARIBE gtna..... p gs. nx sei .rtl.faqgaqg
PICHINDE qp...e...t nt. .ael .rsm.fapar
151 200
LASSA JOS QGARAGRDGV VRVWDVKNAE LLNNQFGTMP SLTLACLTKQ GQVDLNDAVQ
LASSA NIG GeGKGAS . el i veuteeaat eaieeiae sreeasaeee aeeeanaen
LCMV WEN Ve T RS c e dSs ...i.iiiiee e m..ma s.tp...v..
LCMV ARM P bl S dSS ... aan m..ma.. s.tp...v..
TACARIBE qu———~n | S dss k...... s.. a..l..m.v. .getm.nv
PICHINDE pa--gn. k...t.dnt L L) s a..i..m.e geqg...v..
201 250
LASSA JOS ALTDLGLIYT AKYPNTSDLD RLTQSHPILN MIDTKKSSLN ISGYNFSLGA
LASSA NIG ......viin vuann S.e. o S i vitnee tetrtavane dserenaans
LCMV WEN  ....... l.. v....1l...e ..kdk..v.g v.teqq..i. ..........
LCMV ARM ..., 1.. v In..e ..kdk..v.q v.teqq..l. ..........
TACARIBE cevS.a.ll veoo ool k.olpn.ec.q i.tkee. . i ce.a1..10
PICHINDE sa...l.. v.f..mt..e k...g.sa.k l.shep.a.. .....1..s.
251 300
LASSA JOS AVKAGACMLD GGNMLETIKV SPQTMDGILK SILKVKKALG MFISDTPGER
LASSA NIG = .t iiiivis ciasnanane tatoannane connans S.0 c.Vilieans
LCMV WEN ...... al.h ...... s.1i k.snsedl av.ga..k.n ,.v..qv.d4,
LCMV ARM ...... al.. ...... s.1i k.snsedl av.ga.rk.n ..v..gv.d.
TACARIBE ...... - r. ..dnfssll. nt.q..rre, ...d.r..s.
PICHINDE P L q. k.smfstli. .l.gi.nre. ..v.t...q.

301 350
LASSA JOS NPYENILYKI CLSGDGWPYI ASRTSITGRA WEHTVVDLES DGKPQKADSN
LASSA NIG n....igng
LCMV WE eklv ----- a
LCMV ARM ekpav---~--
TACARIBE kpdavpepga
PICHINDE . kpsaigppvr
351 400
LASSA JOS NSSKBLQSAG PTA--GLTYS QLMTLKDAM- LQLDPNAKTW MDIEGRPEDP
LASSA NIG g n. I fkc £n.t..ooil il
LCMV WE zpvpg a gppqv. t.l.0.1.9 -gb.L.pes Lol fn
LCHMV ARM prpapg a qppqv..a. PR DU DY - £ IPUIY - R S fn..
TACARIBE apxpaerkgq nlrlas..eg elivra is -e snti. 1...d1ql
PICHINDE .g9gspdlkql pkekedtvv. sig------- -m...r.t.. i....t.n.
401 450
LASSA JOS VEIALYQPSS GCYIHFFREP TDLKQFKQDA KYSHGIDVTD LFATQPGLTS
LASSA NIG .......een aun Viereeae tostnnsacs secoaansus sosBoieenns
LCMV WE c...tf..qn .gf.. .y .. .. Geerrnn s ... m.la na.a..”
LCHV ARM «e..1f..9qn .gf...¥... V.G, 8 ..... m.la na......
TACARIBE PR DI ak kg...c..k. h.e.g..ngs rh .lmk. iedav..vl
PICHINDE ..m.,1...4t .n...cy.f. h.e.s..egs ..... 111k ada....i
451 500
LASSA JOS AVIDALPRNM VITCQGSDDI RKLLESQGRK DIKLIDIALS KTDSRKYENA
LASSA NIG P Bet viaeneann I a....f...
LCMV WE 5..9...499 IS.eeinn venn d..n.x ...... vemt ea..e..dk
LCMV ARM S..9...99. .ls....... (... d..n.. ...... vemt rea..e..dk
TACARIBE ¥-eGl..Pee oen Boiine v dih... .1....vkft sdga.lf.hq
PICHINDE si.rh..q f.a tr.f.mh..r .l.vl.vk.. aeqga.tf.de
501 550
LASSA JOS VWDQYKDLCH MHTGVVVEKK KRG----GKE EIT-PHCALM DCIMFDAAVS
LASSA NIG R e e St raaeasaans
LCMV WE Lookigwelk Ll rd.. .K~------=~ ... Shaesae ens i.es.sk
LCMV ARM ...k.gw..kx ....i.rd.. .ke----- it -0 ol {.es.sk
TACARIBE ...kfgh..k g.n..ils.. nkskdsppsp spde..... 1 ..., hs...
PICHINDE i.er.ng..t k.Xx.l.ik .k.~----avqg ttan..... 1 .t.....t.t
551 578
LASSA JOs GGL~NTSVLR AVLPRDMVFR TSTPRVVL
LASSA NIG cea~BaK. L. Vel aias e k...
LCMV WE ar.pdlktvh ni..h.li.. gpnvvtl-
LCHMV ARM ar.pdlktvh ni..h.l1.. gpnvvtl-
TACARIBE .e.pkeepip ~1..kefl.f pk.afal-
PICHINDE .wvrdgkpm. c~..i.tly. nn.dltn.

Fic. 2. Amino acid sequence comparisons of the nucleoproteins of the Josiah and Nigerian strains of Lassa virus, the WE and Armstrong
strains of LCMV, Tacaribe, and Pichinde viruses. The alignments were generated by reiterative comparisons between two amino acid sequences
until no additional gaps were inserted using the algorithm of Needleman and Wunsch (76) as supplied in the University of Wisconsin Genetics
Computer Group software package (77). The Lassa Josiah nucleoprotein was used as the reference sequence, and the alignments were made

without allowing the substitution of evolutionarily related amino acids within a given sequence. Dots (. -

-) indicate identity with the reference

sequence and dashes (- - -) denote gaps introduced by the alignment algorithm.

LS37 was isolated from this library and found to origi-
nate precisely at position 2110 and terminate at posi-
tion 3402 with a C residue reading into a homopolymer
tail of 22 A nucleotides.

Figure 1 presents the complete nuclectide se-
guence of the Lassa virus S RNA given as viral compli-
mentary RNA and the amino acid sequence of the nu-
cleoprotein it encodes. The S RNA is 3402 nucleotides
long with a calculated molecular weight of 1.09 X 108
Da. The nucleotide base composition is 26.84% A,
21.40% G, 22.75% C, and 29.01% U. The 3’ and &' ter-
mini of the Lassa virus S RNA are conserved and com-
plimentary for 19 nucleotides, as has been observed
for other arenaviruses. This sequence presumably rep-
resents a binding site for the viral-specific RNA poly-
merase to initiate RNA synthesis.

The nucleoprotein coding sequence initiates at po-

sitions 101-103 and terminates with a UAA stop co-
don at positions 1808-1810. The protein contains
569 amino acids with a calculated molecular weight
of 63,006 Da and a net charge of +9 at neutral pH.
The glycoprotein coding seguence initiates at posi-
tions 3347-3345 and terminates with a UGA stop co-
don at positions 1874-1872 in the viral RNA se-
quence. The intergenic region located between the
termination codons of these two genes contains an
18-nucleotide inverted complimentary sequence
(1818-1857) capable of forming a hairpin structure
similar to the S RNAs of other arenaviruses. The con-
servation of such a structure by all members of the
Arenavirus family sequenced to date (Lassa, LCMV,
Pichinde, Tacaribe) suggests its importance in regu-
lating RNA replication and gene transcription during
productive as well as persistant infection.

Fig. 1. Viral complimentary RNA nucleotide sequence of the Lassa virus (Josiah strain) S genome RNA. The amino acid sequence
of the nucleoprotein is given beneath the nucleotide codons. Overlined sequence corresponds to the inverted complimentary sequence
within the intergenic region. Underlined sequence delineates the glycoprotein gene encoded by viral RNA sequence. Nucleotide sequences
were determined by the method of Maxam and Gilbert (77) on cloned cDNA. Double-strand data were obtained for greater than 95% of the

sequence.
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1 50
LASSA JOS MGQIVTFFQE VPHVIEEVMN IVLIALSVLA VLKGLYNFAT CGLVGLVTFL
LCNV WE ..., m.ea l..i.d..1. ..i.v.ilit
LCMV ARM  .....« m.ea 1l,.1.d..4. ..d.v.ildit
TACARIBE .. .fis.m.. f.1flq.al. ,a.v.v.lic
PICHINDE = ...... 1i.s 1.e.1qg..£. va..iv...c
51
LASSA Jos LLCGRSC-~- --- TTSLYKG VYELQTLELN
LCHMV WE f.a....gmy glngpdi... ..
LCMV ARM c.d....gmy glkgpdi... ..
TACARIBE v.a....see tfkigmht.f gevslis.sal
PICHINDE [ R dsmmidr rHa-Ehv. f

LASSA JOS IMVGNET-~- -GLELTL g

LCMV WE .8M.8-8--~ -, ,,p.£. 1.,

LCMV ARM .sm.-ts--- -..,.. £. A
1tr .e

TACARIBE lks.rssfki nidsv.v v 1ts--- -
PICHINDE ykgpsfii——§ w.i..... ] g
151
LASSA JoS DHALMSIIST FHLSIPNFN- QYEAMSCDFN
LCNV WE LEeloves 1Ll rg-.8 n.k.ov....,
LCHMV ARM ..te...ves 1l....7rg-.8 n.k.v...., ool . tH
TACARIBE spk.g.cfes deewvvaw-- wl..ighzrwd qdpgllcr|.k tegkliqi
PICHINDE g.t.kwllne l.fnvlhvtr hig.rcktve .agvli..l.. tpgdr.gevg
201 250
LASSA JoS HCGTVANGVL, QTPMRMAWGG SYIALDSGRG NWD----- CI MTSYQYLIIQ
LCMV WE q.r.frgr.. dm.-.t.£., k.mrsqgw.wt gs.gkttw.s q.........
LCMV ARM .r.frgr.. dm.~.t.f.. k.mrsgw.wt gs.gkttw.s g.........
TACARIBE éﬁzadgn.h ygw-.1lkn.1l dh.yrgreep cfegeqclik iqp-------
PICHINDE rhliaslaql 1igdpki..v. kcf .dt crltncegg- -.h.nf....
251 * 300
LASSA Jos TTWEDHCQF SRPSPIGYLG LL--SQRTRD IYISRRLLGT FTWTLSDSEG
LCMV WE .kfe.n.ry --ag.f.msz 1.faqek.k- -flt...8., ........ s.
LCMV ARM .r.)..n..ty --ag.f.msr 1.lsgek.k- -fft...a.. ........ 8.
TACARIBE ~--=,.wptd ckadhtntfr f.sr..ksta --vg.t.kaf .s.s.t.pl.
PICHINDE [ -n .ty ---t.--mat {zmal...ay ssv..k...f ...d....s.
30 350
LASSA JO8 KDTPGGYCLT RWMLIEAELK CFGNTAVAKC NEKHDEEFCD MLRLFDFNKQ
LCMV WE ven....... LS ¥ Y T t.y..a
LCMV ARM
TACARIBE
PICHINDE
351 400
LASSA JOS AIQRLKAEAQ MSIQLINKAV WY
LCMV WE .1skf.qdve salhvfkttl .s..s...1. L £..
LCHV ARM .1skf.edve salh.fktt. .s..s...1. £,
TACARIBE ..kt.ne.tk trvnvlshti ....s.n.1. .. £.
PICHINDE ..kt.qlnve n.ln.fk.tl .g..s.s. LE. .
401 450
LASSA JOS LEHYTTGRTS DIEQQADNMI TEMLQKEYME
LCMV WE .e.ak..e.. . Q...8000,. c...r ALK
LCMV ARM .e.ak..e.. . g...8.0... ... d 1k
TACARIBE qls.gh. .. ewiles.fl. s...9...8.
PICHINDE ll...h. . .wlwesg.ly n...m...e.
451 500
LASSA JOS RQGKTPLGLV DLFVFSTSFY LISIFLHLVK IPTHRHIVGK SCPXPHRLNH
LCMV WE PR . PRY PRSP £,
LCMV ARM P DI TS S S
TACARIBE . Jdecfw..v.f tstl.... .8..X.
PICHINDE Jlefw.lv.. t.tv.e . lig oLl i.
501 523
LASSA Jos MGICSCGLYK QPGVPVKWKR ---
LCMV WE Kevanon af. v...kti... r--
LCMV ARM | S af, v...ktv... -~
TACARIBE ..q9.r..k.1 plkk.ti.h. rh-
PICHINDE nsl....y.. i.kk.y..v. lgk

Fic. 3. Amino acid sequence comparison of the glycoprotein pre-
cursors of Lassa virus (Josiah strain), WE and Armstrong strains of
LCMV, Tacaribe, and Pichinde viruses. The alignments were per-
formed as described in Fig. 2. The potential asparagine-linked glyco-
sylation sites are boxed. The (*) denotes the position of the proteo-
Iytic cleavage site (ArgArg or ArgLys) between the amino-terminal G1
protein and the carboxy-terminal G2 protein of Lassa, LCMV, and
Pichinde viruses.

Figure 2 shows a computer-generated alignment of
the amino acid sequences of the nucleoproteins of the
Josiah and Nigerian strains of Lassa virus, the WE and
ARM strains of LCMV, Tacaribe, and Pichinde viruses
(6, 7, 12—15). The N proteins of the two Lassa virus and
the two LCMV strains are very similar to each other,
with 90.86 and 95.52% amino acid sequence similar-
ity, respectively. The percentage of amino acid se-

quence similarity between the N proteins of Lassa
(JOS) and LCMV (WE) is 63.78%, between Las {(JOS)
and Tacaribe is 50.44%, and between Tacaribe and
Pichinde is 56.73%. The most conserved regions of the
protein correspond to amino acid residues 237-268
and 300-338. Four cystein residues at positions 186,
311, 509, and 537 are conserved by all six viruses.
Figure 3 shows a similar alignment of the amino acid
sequences of the glycoprotein precursor of the Josiah
strain of Lassa virus, the WE and ARM strains of LCMV,
Tacaribe, and Pichinde viruses. The G1 portion of the
molecule corresponds to amino acids 1-285 in the
aligned sequence, where a dibasic amino acid residue
occurs that was previously shown to be the cleavage
site for LCMV (78). This site is conserved by all viruses
except Tacaribe, which contains an ArgThr instead of
an ArgArg or an ArglLys. Since this amino acid substitu-
tion cannot be accounted for by a single base muta-
tion, and all evidence to date indicates that Tacaribe
virus possesses only one glycoprotein of approxi-
mately 42,000 Da (19); the details of its synthesis and
processing remain obscure. The G2 portion of the mol-
ecule corresponds to amino acid residues 286-523. It
is apparent from this alignment that the G2 proteins are
considerably more conserved among individual mem-
bers of the Arenaviridae than the G1 proteins. There
are three asparagine-linked glycosylation sites be-
tween amino acid residues 394 and 424 that are con-
served by all six viruses. In addition, Lassa (JOS), Tacar-
ibe, and Pichinde share a fourth glycosylation site at
position 402. The G1 proteins of arenaviruses have the

TABLE 1

PERCENTAGE AMINO ACID SEQUENCE SIMILARITY BETWEEN THE N, G1,
AND G2 PROTEINS OF LASSA, LCM, TACARIBE, AND PICHINDE VIRUSES

Proteins
Viruses compared N G1 G2
Las JOS vs LCMV WE 63.78 50.97 70.21
Las JOS vs LCMV ARM 62.29 52.99 71.06
LCMV ARM vs LCMV WE 95.52 91.99 96.19
Las JOS vs Pichinde 50.54 36.76 57.87
LCMV WE vs Pichinde 50.00 31.62 54.66
LCMV ARM vs Pichinde 50.00 31.47 54.24
Tacaribe vs Las JOS 50.44 24.19 53.19
Tacaribe vs LCMV WE 50.54 23.32 51.70
Tacaribe vs LCMV ARM 51.62 20.16 51.66
Tacaribe vs Pichinde 56.73 32.00 54.01

Note. Amino acid sequence comparisons were performed as de-
scribed in Fig. 2. The G1 and G2 proteins were defined by the cleav-
age site identified for LCMV at position 285 in the aligned sequence.
For this comparison, the G1 and G2 portions of the Tacaribe GPC
were defined similarly even though two glycoproteins have not been
observed for this virus.
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potential for more glycosylation, specifically between
amino acid residues 73 and 140, where depending
upon the virus are four (LCM ARM) to eight (Pichinde)
glycosylation sites. Three glycosylation sites at posi-
tions 95, 140, and 189 are conserved by all six viruses.

Table 1 compares the percentage of amino acid sim-
ilarity (identity and position) between the N, G1, and
G2 proteins of Lassa Josiah, LCM WE and Armstrong,
Tacaribe, and Pichinde viruses. These findings reveal
that the G2 protein is slightly more conserved by these
viruses than the N protein in all but one comparison
(Tacaribe vs Pichinde). The significance of this is not
understood, but it may suggest that the G2 envelope
glycoprotein provides a conserved function at some
point in the infectious cycle, possibly during morpho-
genesis or attachment and entry into susceptible cells.
As expected, the more variable G1 proteins exhibit the
least amino acid sequence similarity.

Now that the genes for the internal nucleoprotein
and envelope glycoproteins of Lassa virus have been
cloned, sequenced, and assembled for expression,
their potential for developing diagnostic antigens,
nucleic acid hybridization probes, and live recombinant
virus vaccines can be explored. In addition, expression
of the Lassa virus N and GPC genes in tissue culture
can now be applied to the study of gene function in
arenavirus replication.
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