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The envelope glycoprotein of Ebola virus contains an
immunosuppressive-like domain similar to oncogenic retroviruses
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Genomic RNA of a Zaire strain of Ebola virus was cloned, and ¢<DNA inserts specific for the glycoprolein gene were isolated and sequenced. The

delermined sequence has only one open reading {rame encoding 318 amino acids and is part of ORF-4 on the plus RNA strand. The puative

transcriptional stop site (3 AAUUCUUUUU 5°) and the transcriptional start site (¥ AACUACUUCUAAUU.. 5’) were identified. Computer-

assisted comparison of the amino acid sequence of the C-terminal part of protein encoded by ORF-4 of Ebola virus with sequences of the proteins

present in the SWISSPROT and EMBL banks revealed significant homology with the "immunosuppressive domain® of the p15E envelope proleins
ol various oncogenic retroviruses. The possible role ol such a homology is discussed.

Ebola virus; Immunosuppressive domain: cDNA: Amino acid sequence

l. INTRODUCTION

Ebola virus is an enveloped, negative-stranded RNA
virus. This virus belongs to the family Filoviridae and
has a distinctive morphology similar only to that of
Marburg virus, but apparently has no antigenic charac-
teristics of Marburg virus [1,2]. Its genome is a non-
segmented RNA strand with an approximate molecular
weight of 4-10°. SDS-PAGE profiles demonstrate the
presence of seven structural proteins. These are the
major nucleoprotein NP (104 K), glycoprotein GP (125
K), L protein (180 K), and four proteins: VP40 (40 K),
¥P35 {35 K), VP30 (30 K) and VP24 (24 K). All the
proteins are encoded by monocistronic mRNA tran-
scripts complementary to virion RNA [3,4). GP is the
major protein of the surface spikes. and only this 125
K viral protein is glycosylated [3,5].

To better understand the nature of this exclusively
pathogenic agent of a human infectious disease, it is
necessary to study the organization of Ebola virus
genome. In this paper we present cloning and sequenc-
ing data of the fragment of virion RNA encoding the
C-terminus of the G-protein, In addition we compare
this region with sequences from EMBL and SWISS-
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PROT banks and reveal that it has homology with the
‘immunosuppressive domain’ of oncogenic retroviruses.

2. MATERIALS AND METHODS

The Mayinga strain of Ebola virus (a Zaire sublype) had been
obtained from the Byelorussian Instilute of Microbiology and Epi-
demiology (Minsk. USSR) and wus onze passaged in Macaca rhesus
before use. The virus was cullured in Vero cells and purified from the
tissue culture liguid as described previously [3-5]. The virus was resus-
pended in TNE and used for RNA extraction. Extraction of virion
RNA was carried out as described in [6]. The firstsstrand cDNA
synthesis on viral RNA templates was primed with a random primer
using RT. RNA—<DNA hydrids were poly(dC)-tailed und cloned in
Pstl digested poly(dG)-tailesdvector plasmid pBR322. Recombinant
plasmids with the longest prolonged cDNA inserts were identified by
in situ colony hybridization. DNA sequences were determined accord-
ing 10 Maxam and Gilbert {7]. Homology search through SWIiS-
SPROT or the EMBL bank was performed using the QUICK pro-
gram of the GENEBEE package.

3. RESULTS AND DISCUSSION

Standard gcne-engineering techniques were used to
obtain a wide collection of recombinant clones contain-
ing inserts of cDNA specific for Ebola virus. Seven
partly overlapping inserts of ¢cDNA containing more
than 90% of virion RNA sequence were chosen for nu-
cleotide sequencing.

Here we present the partial nucleotide sequence of
3-end of the ORF-4-encoding gene (1,194 bp) from the
plus RNA-strand (Fig. 1). This nucleotide sequence was
determined by sequencing the inserts of pEbl37 and
pEb102 plasmids (more than 95% of the DNA sequence
was determined for both strands). The full-length se-
quence of the Ebola virus genome will soon be pub-
lished elsewhere.
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1 EAAV S HLYTTLATTISTS SPORS L
1  OMAGCTSCAGTGTCOCATCTAACAACCCTTGCCACAATCTCCACCACTCCACAATECETE
21 T T K PG P D NS THNTPOV Y KL DI
61  ACAACCAAACCAGGTCCGGACAACAGCACCCATAATACACCCGTETATAAACTTEACATS
41 8 B AT @ V E Q@ HHRRTODMNDSTAS

121 TCTAAGGSAACTCAAGTTGAACAAGATCACCOCAGANCAGACAACGACAGEAGAGECTES
61 DT P S AT TAAGTPEPEKARINTIHTS

181 GACACTCCOTOTGCCACCACCUCAGCCOGACCCCCAMAGEAGAGAACACCARCACGAGE
81 ¥ 8 T D P LDGPATTTS P Q@INKNKSET

241  AAGAGCACTGACTTCCTGGACCECGCCACCACAACAAGTCCCCAARACEACAGEGAGACT

0. A G N NN T HHQDTGTET SZSAGS 8 06 K

301  GCTQGCAACAACAACACTCATCACCAAGATACCGGAGAAGACAGTACCAGCAGCG IGANG

122 L 6 L I T N T £ A G ¥V A G L I T 3 ¢RR

361 CTASGCTTARTTACCAATACTATIGCTGOAGTCSCAGGACTGATCACAGGCGCTAGAAGA

141 P R R EA T VN AMQPIHKOG CNTPNTLUHZY W

421 ACTCGAAGAGAAGCAATTGTCAATGCTCAACCCAAATACAACCCTANITRACATTACTGS

162 T T @ DE G AAXIGLAWTIGPRPZYFGEPA

481 ACTACTCAGOATGAAGGTGCTGCAATCGGACTGGCCTGCATACCATATTTCGGGCCAGCA

18 A B & I ¥ I E G LK HNOGQDGTLTIG G L

541 GCCGAGGGAATTTACATAGAGGGGCTAATGCACAATCAAGATGGI ITAATCTGTGGGTTO

200 R @ L AN E T T QADLGQLTFTILZRATTE

601  ACACAGCTGCCCANCGAGACGACTCAAGCTCTTCAACTOTTCOTAAAGSCACAACTAAG

221 L R T F 8 I L N R R A I D PF L L QURMWSG
66l C‘I‘ACGCACEI'PI‘I‘CMTCC‘TCMCCGTMGGCMTI‘GI\TITCTTGUI;GCAGCGATGGGGC
241 ¢ T ¢ H I L 6 P D C C T E P HODW®W TR N
721 GUCACATGCCACATTCTGGGACCGUGACTGCTGTATCGAACCACATGATTAGACCAAGANS
26 I.T O K I D @ I I HDPUWV D IERKTUL P D Q
781 ATAACAGACAAAATTGATCAGATTATTCATCATTTTGTTGATAAAACCCTTCCAGACCAG
28 6 D N D N W W T G W R Q W I P A G I G ¥
841 GUGCGACAATAQACAATTCGTGCACAGGATAGAGACAATCCATACCGECAGOTATTGSAGTY
300 6 V I I AV I ALV F CEI € KR P Y F

1801 ACAGCCSTTATAATTGCAGTIATCCCTTTATTCTGTATATGCAAATITCTCTTITAGTTT
1961 TTCTTCAGATTACTTCATGUAAMAGCTCAGCCTCAAAT CAATGAAACCAGGATTTAATTA
1141 CATCAATCTAGTTATCTCTTTCACAATCATAAACTTGATGAAGATTARGAAAAA

Fig. 1. Nucleolide sequence of 1,194 bp of the part of viral insetts in
pEBI137 and pEB102. The sequence represented is the positive anti-
genome strand in the DNA form, The possible translation product is
indicated. The one-letter code for abbrevialing amino acids is used,
Potentiul glycosylation siles are denoted by single lines under each of
the tripeptide sequences. The slop and start transcription signals are
indicated by the single and double underlines, respectively.

The sequence determined showed that there was only
one open reading frame, which encoded 318 amino
acids. The transcriptional stop site (5
+UUAAGAAAAA 3') on the 3-end of the sequence
was predicted according Lo its homology with the NP
gene of Ebola virus [8]. The putative transeriptional
start site for mRNA-5 (5 UUGAUGAAGAUUAA
..3") was overlapped by the iranseriptional stop site of
mRNA-4 and was identified on the basis of homology
with the corresponding site of the gene [8]. Similar tran-
scriptional signals were found for all the seven pro-
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longed ORFs of the Ebola plus RNA strand (data not
shown).

We supposed this sequence to constitute part of the
GP gene. Recently it was demounstrated that the GP
protein of a related Ebola virus — Marburg virus — was
encoded by ORF-4 of the plus RNA strand [9]. Moreo-
ver, the GP protein of Ebola virus is known to have a
large molecular weight (125 K) and is the only viral
alycoprotein [3,5]. The molecular weight of the protein
encoded by the predicted ORF-4 is about 75 kDa and
contains 12 potential asparagine-linked glycosylation
sites, 7 of them being indicated on the sequence shown
in Fig. 1.

There are data indicating a marked depression of the
immune response observed in Ebola infection of mon-
keys which is not directly associated with virus repro-
duction, but obviously depends on ‘humoral’ factors
[10). One of the proteins of Ebola virus is supposed by
us to have an immunosuppressive-like domain which
plays a crucial role in the pathogenesis of this infection.

The deduced amino acid sequences of all prolonged
OREFs found on the plus RNA strand of Ebola virus
were compared wiih sequences of proteins with im-
munosuppressive properties present in the SWISS-
PROT and EMBL banks. This analysis indicated the
occurrence of a significant level of homology with the
pl5E proteins of the various oncogenic retroviruses.

Retroviruses are known to cause a large number of
animal cancers often associated with immunosuppres-
sion [11-14]. There is evidence that certain retrovirus
virion proteins synthesized by infected cells may con-
tribute to the immunosuppression which has been
linked to a conserved segment of 18 amino acids, the
so-called ‘immunosuppressive peptide’, located within
the transmembrane component of the envelepe protein.
This sequence results in immunodeficiency of the host
organism by blocking the induction of lymphocytes in
response to antigens or mitogens. The immuno-suppres-
sive propgerties of the envelope protein of Avian reticu-
leendotheliosis virus (ARV), notably the inhibition of
the blastogenic response of lymphocytes to Con-A by
induction of a T-suppressor cell population, are well
described {15]. A synthetic peptide representing 14
aminoe acids of Feline leukemia virus (FeLV) pl5E is
known to inhibit the proliferation of lymphoid cells in
vitro [16]. Furthermore, the disrupted Babooen en-
dogenous virus (BAEV), also sharing the pl1SE se-
quence, is capable of blocking CnA-induced blastogene-
sis of human lymphocytes [17].

We compared the amino acid sequences of the enve-
lope proteins of ARV, RSY, ASV, BAEV, HTLVIC
and HTLV2 [18-23] with the sequence of the C-terminal
part of the protein encoded by ORF-4 of Ebola virus.
As shown in Fig. 2, the homologous regions between
Ebola virus and retroviruses involve 160 residues, in-
cluding six cysteine residues, Over this region the enve-
lope polyprioteins of retroviruses and Ebola virus ex-



Volume 305, number 3

VQLWEPTARI

FEBS LETTERS

AS T lnl G I\AI\Q ')

July 1992

14wys LHGTRAINN

RSV DOECSELVOLWEPTAR ngf ISVAIEGV J\Au. 1m1q 'Tw: : W’i"&f:i Hooekion
5 1Tt 3
MO

BAEV RPERAIF1IRE
HTLV1C
HTLVZ2

izsmmv:vvm
R]'RRJ\V['I"\NI‘}‘

ASV nr
EBOLA yw]glg- =GR ]1 T A G Y
ARV RHKRAVIRFTE TG ATSIA SIS

AGTGIENGGVTGSLS

l‘:HI* SNQI
LG lma'rrm\lt TQYTKIPSNQOILIMSMVQT L- 551 (B4]
)ﬁint. VIGRI TGSM: g}'\uul‘ ] iJH‘\Uﬁ SQL- -”.l\ I‘H!II N

l,]J\H 1G] H‘l

WTTQ Q4 LA

EIMYONT- ﬁ‘\.j'i 200

ASSKSIELLEVD

ISHL~ L'h' $IVKNHON

RSV h:l‘ “ D He- (KK} 1u
ASV HA NRAAID ',IAI g CC (K -\1

EBOLA }l'&_. S NREKAID * HII r-}{l CC )||]

ARV D‘ S NRRGLD uuQ GREC] EKss I(-- vui uuu\
BAEV VDS RRGLDLL{SS RGGHCI RIS "":: 713 m R
HTLV1C LLK rr""ﬂrwlumlsmﬂw%‘ 'NG] m.'“ _-.
HTLV2  TLRUAONAAQI O R ATWEQE L [SKATKQES e rfnwv f"n'
RSV DPIGS W LK FGCHGCEWAVHLL Kl.lﬂ( GLVV LLVCLECIFLE F T IRKMINSG
ASVY Eg‘nl'lu g‘! GG @ENAWH LKG Ig_l GLV LVYVC E i LREMIDN
EBOLA ) QWP ——=——~ IS G VTGY VIALFC el St et
ARV RAL Eumn ———————— PYLLPSIG PRy TLG JHK[!I}\]!“UFIQ‘J
BAEV ASHI [‘tJIu(ll--—-—'-i’Yllll'kh.ﬂl'n nu H!llAI]IH’b’I
HTLY1C lgunw_m -G LN mu‘l .awm«rmu'ém qAna LLVILINE |1__)[Jm1 SRVRYP
HTLVZ KRV IT ( LK ‘Juzﬁ;-;wwmu-:.r.mq G ;L_\aﬂ FGE ..151\..“”\1 PORLON
RSV SINYHTEYRKMQGGAV==r=ssmae=

ASV SLGYREERKKFQEAYKQPE-RVY--

EBOLA  —====———————m————mm

ARV SKNPRISPAVQATPNRDGY PRSMV -

BAEV NI THAMVLTQQYQVLRTDEEAQD--

HTLV1IC H--YSLINPESSL-=-=—=————--

HTLV2 HNQYSLINPETML—=—===cce=a=

Fig. 2. Amino acid sequence alignment of the C-terminal ORF-4 of Ebola virus and pl5E-relaied proteins of Rous sarcoma virus (R5V), Avian

sarcoma virus (ASY). ARY, BAEV, Human T-cell leukemia virus type | (HTLVIC) and HTLVY2. Dots indicate amino acid residues identical or

belonging to the same group of chemical similarity us Ebola virus. The amino acid families are separated by us as follows: (P,G.5,T.A)

(F.Y,W,LLM,V); (D.EMN,Q); (K.R,H); (C). Gaps are introduced lo maximize homology. The one-letter code is used 1o abbreviate amino acids.
Residues identical for all proteins are marked by asterisks. The immunosupprassive domain is denoted by single lines.

hibit 24-44 identities, but this optimal alignment re-
quires the insertion of 1012 gaps. In spite of the amino
acid sequence divergence, these proteins exhibit a num-
ber of structural similarities. Firstly, as shown in Fig.
2, the immunosuppressive demain of retroviruses and
the similar domain of Ebola virus (residues 227-252)
have high homology (38-46%). Secondly, the greater
part of the amino acid substitutions is conserved, and
moreover, retroviruses and Ebola virus share potential
sites of glycosylation in these regions. Three cysteine
residues in this region are also conserved, which sug-
gests similar patterns of disulfide bonding.
Hypothetical models of the association of p15E-re-

( B
Fig. 3. The model of a possible structure of the envelope polyproteins
such as that of the retroviruses [24] (A), and the C-terminus of the

glycoprotein of Ebola virus (B) to the hydrophobic part of the mem-
brane. Three hydrophobic regions are denoted by the black boxes.

our
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s

lated proteins of retroviruses and the C-terminus of the
ORF-4 protein (pGPC) with the membrane are similar
(Fig. 3). This is confirmed by calculating the hydropho-
bicity index. In this model the main part of p15E protein
and pGPC is located outside the lipid portion of the
membrane and anchored to the membrane via a hydro-
phobic sequence near the carboxyl terminus.

Therefore we offer as a working hypothesis that the
presence of such a well-conserved region occurring in
the envelope proteins of retroviruses and Ebola virus
may be accounted for by recombination between the
viral RNAs. The evolutionary implications of this hy-
pothesis is discussed but RNA recombination has been
reported for different viruses [24].

For the similarity of the envelope proteins of retro-
viruses and the protein encoded by ORF-4 of Ebola
virus, it is possible that a similar mechanism might be
functional in the pathogenicity of these viruses. It re-
mains to be determined whether the immunosuppres-
sive domain is located on the outside membrane of virus
particles and virus-infected cells and wether it plays a
role in pathogenicity of Ebola virus infection,
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