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The GP-protein of Marburg virus contains the region similar to the
‘‘immunosuppressive domain’ of oncogenic retrovirus P15E proteins
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c¢DNA was synthesized and cloned on the template of the genomic RNA of Marburg virus (strain Popp). Recombinant plasmids with specific cDNA

inserts were selected and sequenced. The length of the open reading frame encoding the GP-protein is 681 amino acids. GP-protein is proposed

to be an integral membrane protein. Computer-assisted comparison of the deduced amino acid sequence with those of different viruses revealed

significant homology with the GP-protein of Ebola virus and with the ‘immunosuppressive domain’ of the P15E envelope proteins of some oncogenic
retroviruses.
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1. INTRODUCTION

Marburg virus causes severe hemorrhagic fever in
humans with a mortality rate of 30-35% [1]. The first
outbreaks occurred in 1967 in Germany and Yugoslavia
when infected monkeys were imported from Africa [1].
Since then some cases of Marburg disease have been
reported [2,3]. Together with the other extremely viru-
lent virus, Ebola virus, Marburg virus belongs to the
family Filoviridae [4].

The genome of the Marburg virus is a non-segmented
RNA strand of negative sense [S]. It encodes seven
structural proteins in the following gene order: 3’-NP-
VP35-VP40-GP-VP30-VP24-L-5 [6]. All these proteins
are produced from monocistronic messenger RNAs
which are complementary to the negative-strand
genomic RNA [5.6]. The GP-protein is a glycosylated
envelope protein and is presented in virus particles as
a homotrimer [7]. Identification of the primary structure
of the GP-gene and its product is of great importance
in understanding the nature of the virus and the mecha-
nisms of its high pathogenicity.

Our first results of cDNA synthesis, cloning and se-
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quencing of Marburg virus genome fragment were pub-
lished in [8]. In this paper we report the synthesis of a
¢DNA on a genomic RNA template, its cloning, the
nucleotide sequence of the GP-gene and its deduced
amino acid sequence.

2. MATERIALS AND METHODS

The Popp strain of Marburg virus was isolated in 1967 in Frankfurt,
Germany. Virus was obtained from the Byelorussian Institute of Epi-
demiology and Microbiology (Minsk, Byelorussia). Virus was purified
from plasma of infected guinea pigs by gradient ultracentrifugation as
described previously [8]. Isolation of genomic RNA was performed as
described in [9]. cDNA was synthesized using AMV reverse transcrip-
tase and a random primer. A ¢cDNA-RNA hybrid was cloned into
plasmid pBR 322 after poly(C) tatling [9). Specific clones were screened
by colony hybridization on nitrocellulose filters with [**PJATP-labeled
genomic RNA. The primary structure was determined by the Maxam
and Gilbert method [10]. A homology search through SWISSPROT
or EMBL bank was performed by the QUICK program of the GEN-
BEE package.

3. RESULTS AND DISCUSSION

More than 1,000 hybrid plasmids containing specific
viral inserts were screened by cross-hybridization and
restriction endonuclease mapping, of which 37 partly
overlapping plasmids were sequenced. It was shown
that these plasmids contained the complete nucleotide
sequence of the Marburg virus genome (more than
19,100 bp). Seven long open reading frames (ORFs)
which corresponded to seven known virion proteins
were revealed. The complete nucleotide sequence of the
Marburg virus genome will be published in a separate
article.

The nucleotide sequence of the GP-gene (plus-strand
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GAAGAACATTAATTGCCGGGTAAGAGTGATTAAGT TCTTTAAATTTGACCAAAGTAATGTTTTGTTAGTGAATACATTCTTATATTGCTT
GATTAAAAACAAGAAAT TATCCTAACAT GAAGACCACATGTCTCTTTATCAGTCTTATCTTAATCCAAGGGATAAAAACTCTCCCTATTT
M X T TCLFI1SL I LI QG KT L P
TAGAGATAGCTAGTAACAATCAACCCCAAAATGTGGATTCGGTATGCTCCGGAACT CTCCAGAAGACAGAAGATGT CCATCTGATGGGAT
L E1 AS NN QPRQKVDSVCSGTLEKTETDVYUHKLHMGE G
TCACACTGAGT GGGCAAAAAGTTGCTGATTCCCCTTTGGAGGCATCCAAGCCATGGGCTTTCAGGACAGGTGTACCTCCCAAGAATGTTG
FYTLSGQ KV ADTSPLEASTEKT RUWAFRTGVPFPKNYV
AGTATACAGAAGGGGAGGAAGCCAAAACATGCTACAATATAAGT GTAACGGATCCCTCTGGAAAATCCTTGCTGT TGGATCCTCCTACCA
EYTEGETEA AKTOCYNI!ISVTIDPSGKS STLLLDPGEPT
ACATCCGTGACTATCCTAAATGCAAAACTATCCATCATATTCAAGGTCAAAACCCT CATGCGCAAGGGATCGCCCTCCATTTGTGGGGAG
NI RDYPKC CKTTI KHTI® GG aNPHARGGTIALTUHLGWGE
CATTTTTCCTGTATGATCGCATTGCCTCCACAACAAT GTACCGAGGCAGAGTCTTCACT GAAGGGAACATAGCAGETATGATTGTCAATA
AF FLYDRIASTTMKYRGRVYFTEGNTIAANTV]N
AGACAGTGCACAAAATGATTTTCTCGAGGCAAGGACAGGGGTACCGTCACATGAATCTGACTTCTACTAATAAATATTGGACAAGTAACA
K T ¥ H KM I F SRQGQAaGYRHEMNELTSTNKYWT SN
ATGGAACACAAACCAATGACACTGGATGCTTCGGTGCTCTTCAAGAATACAACTCCACGAAGAATCAAACATGTGCTCCGT CCAMATAC
MeraertorTec Fecartlace rMs T xKaTCAPSK:]I
CCTCACCACTGCCCACAGCCCGTCCAGAGAT CAAACCCACAAGCACCCCAACTGATGCCACCACAC T CAACACCACAGACC CAAACAATG
PSP LPTARPETLIKPTSTPT.DATTYTLRTTDPNN
ATGATGAGGACCTCATAACATCCGGT TCAGGGTCCGGAGAACAGGAACCCTATACAACTTCAGATGCGGTCACTAAGCAAGGGETTTCAT
DO EDLI T SGSGSGEG @ETPTYTTSDODAVTI K QGLSs
CAACAATGCCACCCACTCCCTCACCACAACCAAGCACGCCACAGCAAGAAGGAAACAACACAGACCAT TCECAAGGTACTGTGACTGAAC
$TMHPPTPSPQFPSTPQOQEGRHNNTDHSAQGTVTE
CCAACAAAACCAACACAACGGCACAACCGTCCATGCCCCECCACAACACCACTGCAATCTCTACTAACAACACCT CCAAGAACAACTTCA
PR x T T T APl s Hr e KKT T ATLSs THRNKNT s x NNEF
GCACCCTCTCTGTATCACTACAAAACACCACCAAY TACGACACACAGAGCACAGECACT GAAAAT GAACAAACCAGT GECCCCTCAAMA
s TLs Vs LQMNTTNYDTQQaSsSTATESNTES® QTS SAPSKX
CAACCCTGCCTCCAACAGGAAATCTTACCACAGCAAAGAGCACTAACAACACGAAAGGECCCACCACAACGGCACCAAATATGACAMTG
TTLPPTGHRLTTAKS THINTKGPTTTAPNEHNKTN
GGCATTTAACCAGTCCCTCCCCCACCCCCAACCCGACCACACAACATCTTGTATATTTCAGAAAGAAACGAAGTATCCTCTGGAGGCAAG
G H LT sPsPTPRPTTQHLVYFREKTE KT RSILTUWR RE
GCGACATGTTTCCTTTTLTGGACGGGT TAATAARTGCTCCAATTGATTTTGATCCAGT TCCARATACAAAGACGATCTTTGATCAATCTT
G O M F P FLDGLTINAPTIDTFUDODPVYPNTKTTI1 FoDES
CTAGTTCTGGTGCTTCGGCTGAGGAAGAT CAACATGCCT CCCCCAATATCAGT TTAACTTTATCCTATTTTCCTAATATAAAT GAAAACA
S $S GASAEET DG Q@HASPNTISLTLSYFPNTITINEN
CTGCCTACTCTGGAGAAAAT GAGAACGATTGTGATGCAGAGT TAAGAAT TTGGAGCGTTCAGGAGGAT GACCTGGCAGCAGGGCTCAGTT
T AY S GENTENSDTCDAET LT RTIMWSVQEDDTLAAGLS
GGATACCGTTTTTTGGCCETGGAATCGAAGGACT TTATACTGCTGGT TTAAT TAAAAACCAAAACAATTTGGTCTGCAGGT TGAGGLGTC
W1 PFFGPGIEGLYTAGLTIT KNS EGNINKLVYCRLTE RE
TAGCCAATCAAACT GCCAAATCCTTGGAACTCTTAT TAAGAGTCACAACCGAGGAAAGGACAT TTTCCTTAATTAATAGACATGCCATTG
LaWaraxs ettt Ltrvy 1T EERTEF s L[NNI
ACTTTCTACTCACAAGGTGGGGAGGAACATGCAAAGTGCTTGGACCTGATTGTTGCAT TGCAATAGAAGACT TGTCCAGGAATATTTCGG
D F L LT R WG G V- C K:V-L:G P D-C-C:1 [N - G I 1 s
AACAAATTGACCAAATCAAAAAAGATGAACAAAAAGAGGCGACTGGTTOGGGTCTAGGTGGTAAATGGTCGACATCCGACTLGLGTGTTC
E Q@ 1 D a1l KXDEGQ@KXKTETG GTGWGL GGKWUMWNTISDWGV
TTACTAACTTGGGCATTTTGCTACTATTATCCATAGCTGTCTTGATTGCTCTATCCTGTATITCTCGTATCTTTACCARATATATCGGGT
LT W LG LLLL ST AV LIALSCICRIFITIKTYTIG
AATATTAAGTGTGTATTGAT TAAAGCT TTAGGACAAT TGCTACTGAGCCCTTCTTCTAATCTACT GAAATCAACTTGGGAGATTTTTAAG

AAGCTGATAATTTAATGTGAATCAGTAGT TTACGTATTGTTGATTGTTATGGTTTGATATTCAATTGTTATCATAGTCAAGAGTAACCTT
TTCTATTTGATGCATTAATGTTTTAAACTACCTCTTAAGCTTTTGTGGATGGTTTCAATATGTGCGTAGAGGTTAATTTAAAGAGATTTC
TIGTTGCACAGTTTTTTGTATTACTTACTTGGGCTTGAAGACATAGTTAAGACTGGCCGAAAATGCTCTCCAGTCAACTCCATTCCCCCT
CAGAAGAGACGTGCLGTTCAAAGAGTCTTGATTTATAACTAACCATTGTAAGAATTAATTTACTCTTTCCGTTATACTTATCTACATTAA
TTCCTTGAATGTCCAGCATCATTAACCGACTTGTCTTAATTCAATCTT Y TGGATGCAAACCATAAGGAAAAATGAGCCACTTTCCCTCTAC
TCTGAACTAAGGAAATTTCTCTTATCAGCCTAAAATCTGATCCGTTAGGTCATGGGCCCTTCATAATCTGTTTGAGCATGAATGTTGATC

stop
AAATGACCAAATAATAGTGCATTTGTATAGATTCAATTATCCTTTATTAAGAAAAA
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Fig. 2. Schematic representation of the GP-protein based on the predicted amino acid sequence. Hydropathic plot computed by the method of Kyte

and Doolittle [12] using an interval of 9 aa. The plotted line at the —5 value represents the midpoint line. The hydrophobic domains are above

the line and the hydrophilic domains are below it. The positions of potential glycosylation sites (}) and the cysteine residues (1) are shown. The
predicted signal peptide, ‘immunosuppressive domain® and membrane-traversing region are indicated as a, b and c, respectively.

of cDNA), which corresponds to ORF4 [6], and de-
duced amino acid sequence are presented in Fig. 1.
Computer analysis of the full-length RNA sequence re-
vealed the canonic sequences corresponding to those
shown in Fig. 1 before and after each ORF. One of these
sequences constitutes part of the transcriptional start
signal 3-NNCUNCNUNUAAUU-Y (negative-strand
RNA), described in [6] for Marburg Musoke strain and
shown to be mRNA extremities. The other sequence
corresponds to a transcriptional stop signal and mRNA
extremity sequence 3~-UAAUUCUUUUU-Y [6]. The
initiation codon of the ORF corresponds to the Kozak
rule [11]. The deduced polypeptide is 681 aa long. It has
23 potential asparagine-linked sites of glycosylation
(Figs. 1 and 2). Most of these sites are located in two
clusters: aa 171-255 and 310-422.

A hydropathic plot [12] (Fig. 2) shows that the amino
acid sequence contains two extensive regions of hydro-
phobic and mostly uncharged amino acids. The first of
them is situated at the N-terminal of the protein (aa
6-22). It probably corresponds to the hydrophobic frag-
ment of the signal peptide. The second and most strik-
ing of the hydrophobic regions (aa 651-673) is located
at the C-terminal of the polypeptide. This fragment is
predicted to be a membrane-traversing region of the
GP-protein. The last 8 aa at the C-terminal from aa 674,
are considered to lie on the inner side of the membrane.

There are two basic residues immediately near the hy-
drophobic domain: arginine (position 674), and lysine
(678). 1t is possible that any interactions between the
protein and the virion core particles occur through these
residues. Most of the GP-protein located between two
hydrophobic regions has a long hydrophilic region
which includes two clusters of potential glycosylation
sites and is predicted to lie outside the lipid envelope.
Recently it was reported that the C-terminal part of
the GP-protein of Ebola virus has significant homology
with the ‘immunosuppressive domain’ of the P15E enve-
lope proteins of various oncogenic retroviruses [13]. We
have compared the deduced amino acid sequence of
GP-protein of Marburg virus with that of the C-termi-
nal of the GP-protein of Ebola virus and with the ‘im-
munosuppressive domain’ of RSV, ASV, M-MuLV,
FeLV, HTLV-1, ARV, and BAEV [14-20]. Alignment
of the C-terminus of Marburg virus GP-protein (from
aa 518) with the appropriate region of Ebola virus GP-
protein is presented in Fig. 3. Similarity in this region
is 49%. This fact confirms the evolutionary relationship
between these two members of the Filoviridae family.
The comparison of Marburg virus GP-protein (aa 586-
611) with that of Ebola virus and with the ‘immunosup-
pressive domain’ of oncogenic retroviruses is presented
in Fig. 4. The homology between the Marburg and
Ebola viruses in this fragment reaches 81%. The align-

—

Fig. 1. The nucleotide sequence of the Marburg virus GP-gene (cDNA plus-strand). The deduced amino acid sequence is given below the nucleotide

sequence. The canonic sequences corresponding to transcriptional start and stop signals are overlined. The possible asparagine-linked glycosylation

sites are boxed. Two hydrophobic regions located at the N- and C-lerminal parts of the putative polypeptide are underlined. The ‘immunosuppres-
sive domain’ is shaded.
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Fig. 3. Comparison of the Marburg virus GP-protein (C-terminal region from aa 518) with that of Ebola virus [14]. Gaps are indicated by dashes.
Amino acids that are the same in Ebola virus and Marburg virus are replaced by dots.

ment revealed the occurrence of a significant degree of
homology (42-46%) between Marburg virus and the
P15E protein fragments of retroviruses. There is some
experimental evidence showing the participation of this
retrovirus domain in the immunosuppressive activity of
retroviruses. It was demonstrated that lymphocyte blas-
togenic responses to mitogens and alloantigens are in-
hibited by FeLV PISE protein; transformation of
human lymphocytes by concanavalin A is also blocked
by P15E [21.22]; proliferation of murine cytotoxic T-
lymphocyte is inhibited by this protein [23]. M-MuLV
P15E inhibits macrophage accumulation at inflamma-
tory foci in mice [24]. Moreover, a synthetic peptide
(SKS-17). synthesized to correspond to the region of
homology between P15E of various retroviruses, inhib-
ited the proliferation of an interleukin-2-dependent
murine cytotoxic T-cell line and alloantigen-stimulated
proliferation of murine and human lymphocytes [25].
Taking into account these features of the PISE ‘im-
munosuppressive domain’ we consider that the similar
region in Marburg virus GP-protein could play an im-
portant role in the high pathogenicity of Marburg virus.

We revealed another region of similarity with retro-
viruses in the transmembrane domain of the GP-pro-
tein. It is the sequence of four leucines at position 658~
661. There are identical sequences in the transmem-
brane domain of P1SE-proteins of HTLV-1 and BAEV

[18.20]. The existence of regions of similarity between
Marburg virus and different retroviruses may be caused
by recombination events between ancestors of these vi-
ruses.
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Fig. 4. Comparison of Marburg virus GP-protein (aa 586-611) with that of Ebola virus [14] and with the regions of RSV, ASV, M-MuLV, FelLV,
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families as follows: (P,G.S,T.A): (F,Y.W.[LL.M.V); (D.E.N,Q); (K.R.H): (C). Percentages of amino acids identical to that of the Marburg virus
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