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The VP35 and VP40 proteins of filoviruses

Homology between Marburg and Ebola viruses*
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The fragments of genomic RNA sequences of Marburg (MBG) and Ebola (EBO) viruses are reported. These fragments were found to encode the

VP35 and VP40 proteins. The canonic sequences were revealed before and after each open reading frame. It is suggested that these sequences are

mRNA extremities and at the same time the regulatory elements for mRNA transcription. Homology between the MBG and EBO proteins was
discovered.
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1. INTRODUCTION

Marburg (MBG) and Ebola (EBO) viruses belong to
the Filoviridae family [1]. These viruses cause similar
hemorrhagic fevers with a high mortality rate [2].

Both viruses have seven structural proteins. GP is the
only glycosylated protein [3,4]. The gene order deter-
mined for MBG by Feldmann et al. [5] is the following:
3’-NP-VP35-VP40-GP-VP30-VP24-L-5". The proteins
are synthesized from mRNAs transcribed from the neg-
ative-strand RNA genome [3,4].

The nucleotide sequence of the MBG Musoke strain
NP gene was reported by Sanchez et al. [6] and of the
L gene by Muhlberger et al. [7]; for the EBO Mayinga
strain the sequence of the NP gene was published by
Sanchez et al. in [8]. In our previous work we reported
the nucleotide sequence of the EBO Mayinga strain 3’
end of the GP gene [9]. In this work, we present the
nucleotide sequences of MBG and EBO genomic RNA
fragments, which encode the VP35 and VP40 proteins,
as well as deduced amino acid sequences and the homol-
ogy between these proteins of both viruses.
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2. MATERIALS AND METHODS

The Popp strain of MBG and the Mayinga strain of EBO were
received from the Belarus Institute of Epidemiology and Microbiology
(Minsk, Belarus). Purification of the virus, isolation of the genomic
RNA, synthesis, cloning and sequencing of cDNA were carried out
as in [10] for MBG and as in [9] for EBO.

3. RESULTS AND DISCUSSION

The primary structures of the MBG and EBO
genomic RNAs were determined by sequencing partly
overlapping cDNA-containing recombinant plasmids.
We found seven long open reading frames (ORFs) in the
cDNA of both viruses which corresponded to the seven
known viral proteins.

The fragment of the cDNA MBG genomic RNA se-
quence with ORF2 and ORF3 encoding the VP35 and
VP40 proteins is shown in Fig. 1. The context of the
initiation AUG codon for ORF1 is not the most favour-
able for translation initiation for eukaryotic ribosomes;
the AUG codon for ORF2 corresponds to the Kozak
rule [11]. The length of the putative VP35 polypeptide
is 329 amino acids (aa) and that of VP40 is 303 aa. The
calculated mol.wt. are 36,149 and 33,734 Da, respec-
tively, which approximates the results of SDS-PAGE
[5]. Computer analysis of the full-length ¢cDNA se-
quence determined canonic regions 3-CUSCEUS-
UAAUU-5 and 3-URAAUUCUUUUU-5 (the se-
quences are given for negative-strand RNA) before and
after each ORF, respectively. The former of the above
sequences constitutes a part of transcriptional start sig-
nal 3’-NNCUNCNUNUAAUU-¥, described in [5] for
MBG Musoke strain and shown to be mRNA extremi-
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TATTAAAGGTTTTCTTTAATATTCAGAAAAGGTTTTTTATTCTCTTCTTTCT
TTTTGCAAACATATTGAAATAATAATTTTCACAATGTGGGACTCATCATATATGCAACAA
M W DS S ¥ H o @O
GTCAGTGAGGGGTTGATGACTGGAARAGTTCCCATACGATCAAGTGTTTGGTGCCAATCCC
¥ $ E 8L BT G K ¥ P I DGV F G AN P
TCAGAGAAGTTACACAAGAGAAGGAAACCAAAAGGCACAGTTGGACTACAATGCAGCCCT
S E XK L HX R R X P K G TV GLQC s P
TGTCTAATGTCAAAGGCGACAAGCACTGATGATATTGTTTGGGACCAACTGATCGTGAAG
C L HsS KATS TDUDI1 VWDGEL I VK
AAAACACTAGCTGATCTACTTATACCGATAAATAGGCAGATATCGGACATTCAAAGCACT
K T L ADVL LI PT1I RGO 11 8 D1 G 8T
CTAAACGAAGTAACAACAAGAGTCCATGAAATTGAGCGGCAATTACATGAGATAACCCCA
L X EVTTRV HETIZEURGGLHETITP
GTGTTAAAAATGGGAAGGACACTGGAAGCAATTTCCAAGGGGATGTCAGAAATGTTAGCC
VLK MGERTULEA ATILISEXGHNSEMHTL A
AAATACGACCACCTCGTAATTTCAACTGGAAGAACCACTGCACCAGCTGCTGCCTTTGAT
K ¥y D HL VI S8TGT RTTA AP AW AATPFTD
GCTTACTTAAATGAGCATGGTGTCCCTCCCCCCCAACCTGCGATTTTCAAAGATCTTGGG
A Y L K EHGV PP P Q@ P A I F K DL @
GTTGCTCAACAAGCTTGTAGTAAGGGGACCATGGTTAAAAATGAAACAACAGATGCAGCC
vV A G @ AC S K GTHNVY X HEETTUDAA
GACAAGATGTCGAAAGTTCTTGAACTCAGTGAGGAGACGTTCTCCAAGCCAAATCTTTICA
D KM s KV L EL S EZETTF S K P HRL S
GCTAAGGATTTAGCCCTTTTGTTGTTTACCCATCTACCCGGCAACAACACTCCATTCCAT
A K DL AL LLFTHULUPG G NI NT?P F H
ATCCTAGCTCAAGTCCTTTCAAAAATTGCTTACAAGTCAGGAAAGTCCGGAGCATTTTTG
I L A @ VL 8 K I A Y X 8 66 K S G A F L
GATGCATTTCACCAGATTCTAAGTGAAGGAGAGAATGCTCACGGCAGCATTGACTCGACTA
D AF H G I L 8 EGEUHNNAOQGAALTTZ RL
AGCAGAACATTTGATGCTTTCCTCGGAGTAGTTCCTCCAGTGATAAGAGTCAAAAACTTC
S R T FDAFL GV VP PV IRV EKENTF
CAAACAGTCCCTCGCCCATGTCAAAAAAGTCTTCGGGCTGTTCCTCCCAACCCAACAATT
T v P R P C Q@ K S L RAV P PNPTI
GACAAAGGATGGGTCTGTGTTTATTCATCTGAGCAAGGTGAGACACGGGCCCTGAAAATC
D K G WV ¢V ¥5S 8 E G EETZ RALEKI
TAATTCTCATTGTTAACAGTTGCAGGGGGAGTGATCTTTCCGAGTTGATACAAAGACACT

*®
AAACATTTCAAAAGCATATATGTGGGCAAAACGTGACTAGACCATCTTAATAGAAGTAGT
AATTTATTTCTGTCTTAAGTGTGATTTTCACCTTGAAAGAGTTAAATGGTGATAGATTAA
TCCTTGAAGTAACTTTTTTATATATTATAGAGGAACTAATATTACTAACAAAAGGGGTCT
ACCTAACAGGTATGACTGAGTGATCAGTATATTTTATAAACCAAGCAATTGACTTCTCAC
TTTTTAAGAATCAACTAACAACATAGAAAACATATTTATCCTTGTGTAATTCTCGGCTTA
GTTGGAATTAACTTTTGT TGCAATTCAAGACGCTTATTCATAGTAGATTATATGATTTTT
TATAAGT TTAAGATATCTTAAATTATACCCACAAGAGATACTGTTTTAAT TAAGAAAAAC
TATGAAGAACATTAAGAAGATCTTTCTC TCGTAGTGTTC TTTTACTGGAAGGAGTATCCC
AATCTCAGCTTGTTGAATTAATTGTTACTTAAGTCATTCTTTTTAAAATTAATTCACACA
AGGTAGTTTGGGTTTATATCTAGAACAAATTTTAATATGGCCAGTTCCAGCAATTACAAC

M A S S § N Y N
ACATACATGCAATACTTGAACCCCCCTCCTTATGCTGATCACGGTGCAAACCAGTTGATC
T ¥ M @ Y L B P PP VY ADUHGAUNU GTL I

CCGGCGGATCAGCTATCAAATCAGCAGGGTATAACTCCAAATTATGTGGGTCGACTTARAC
P A DGL S HOG GG 1 TPHEVY VY DL N
CTAGATGATCAGTTCAAAGGGAATGTCTGCCATGCTTTCACTTTAGAGGCAATAATTGAC
L P Db @ F XK G KV CHAFTLEA ATITI1ITD
ATATCTGCGTATAATGAACCAACAGTCAAAGGTGTTCCAGCATGGCTGCCTCTCGGGATT
I 8§ AY ¥ E P TV K GV P A WL P L G I
ATGAGCAATTTTGAATATCCTTTAGCTCATACTGTGGCTGCGTTGCTCACAGGCAGCTAT
M 8 KR F EY P L AHTUVAALULTGS Y
ACAATCACCCAATTTACTCATAATGGGCAAAAATTCGTCCGTGTAAATCGACTCGGTACA
T I T G F T H NG O X F VRV ERL G T
GGAATCCCAGCACACCCACTCAGAATGTTGCGTGAAGGAAATCAAGCTTTTATTCAGAAT
G 1 P A H P L R KL EREGHOGATF 11 G K
ATGGTGATCCCCAGAAATTTTTCCACTAATCAATTCACCTACAATCTCACTAACTTAGTA
M v I PR N F 8 THNOGQF T VY NLTHRILV
TTGAGTGTGCAAAAGCTTCCTGATGATGCCTGGCGCCCATCCAAGGACAAATTAATTGGG
L $ VQ KL P DPDDAWRUPS K DI KTILTIG
AACACCATGCATCCCGCAGTCTCCATACACCCGAATTTGCCACCCATTGTTCTACCAACA
H T HHPAUV ST HPHNLUPZPTIUVLUPT
GTCAAGAAGCAGGCTTATCGTCAGCATAAAAATCCCAACAATGGACCACTGCTGGCCATA
vV X XK 4 A Y R & HKXHEP K EKEG P L L A I
TCTGECATCCTTCACCAACTGAGGGTCGAGAAAGTCCCAGAGAAGACAAGCCTGTTTAGG
$ G 1 LH @ L RV EZ KV P EZ KTS L FR
ATTTCACTTCCTGCCGATATGTTCTCAGTAAAAGAAGGTATGATGAAGAAAAGGGGAGAA
I 8L PADMNF S VX EGMMIEKI KZRGE
AATTCCCCGGTGGTTTATTTTCAAGCACCTGAGAACTTCCCTTTGAATGGCTTCAACAAC
N S PV V ¥ F Q@ AP ENVFPLHNGTF NN
AGACAAGTTGTACTAGCGTATGCGAATCCAACGCTCAGTGCCGTTTGAAATAATGCTCAA

R @ V VLAY A NPTIL S A V »
ATGAGACAGGAGTCCATCTGCATAAGAAGCATGGCCTAAATGGGTGTCTGTTAAGTTCTC
ACAAGATTAGTTTGTATTGATTTCAATAATGCTTTAACCTTACATTGCTGCTTTAAATGG
TTAATTAAGCTGATCAGCTTGCAAGATGTAATCTCTTTTGGGTCATCAGATCTATAATGG
GTTTACTAGATTATATAAAAGAAATAGTAATGTTTTATAAACAATTCTTGCTTAGTTTTA
CTTTGATTTACTAACATATATCATTGTGCCCTTCATTGCTAAGTAAACTCAACTGATGAT
GATATTCCTTCTGAAATAGTAAL
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ties. The latter corresponds to the transcriptional stop
signal and mRNAs extremity sequence 3-UAAUUC-
UUUUU-5 [5] (Fig. 1). We suggested that the con-
served sequences from Fig. 1 are mRNA extremities
and signals for initiation and termination of transcrip-
tion simultaneously.

The sequence of the cDNA EBO genomic RNA frag-
ment is shown in Fig. 2. The VP35 gene ORF starts
from the AUG codon located at positions 100-102 (cal-
culated mol. wt. of the putative protein is 37,362 Da).
Despite the fact that the first AUG codon corresponds
better to the consensus sequence for eukaryotic initia-
tion [11] than the second one located at 157-159, we
assume that the VP35 synthesis starts from the latter.
In this case the length of the putative polypeptide is 321
aa; the calculated mol. wt. of 35,277 Da fits better that
evaluated by SDS-PAGE analysis [4]. The comparison
of the putative polypeptide with the corresponding
MBG polypeptide (see below; Fig. 3) supports this as-
sumption. The AUG codon near the 5 terminus of the
VP40 ORF corresponds to the consensus sequence for
eukaryotic ribosomes [11]. The length of the putative
VP40 polypeptide is 326 aa; the calculated mol. wt. of
35,182 Da is less than that estimated by SDS-PAGE
(40,000 Da) [4]. A conceivable reason for this difference
may be post-translation modification of synthesized
protein.

As with MBG, computer analysis of the full-length
¢DNA of EBO genomic RNA revealed the canonic se-
quence ¥-3CUACUUCUAAUU-5 before all the seven
ORFs and the sequence 3'-UAAUUCUUUUU-5 after
6 of the 7 ORFs (with the exception of the 7th ORF)
(data not shown). Since these sequences are similar to
the transcription start signal, 3’-UACUCCUUCUAA-
UU-5 and to the stop signal, 3*-UAAUUCUUUUU-
5, respectively, which were described for the NP gene
of EBO and shown to be NP mRNA extremity se-
quences [8], we suggest that the canonic sequences from
Fig. 2 are transcriptional start and stop signals and
mRNA extremities for the VP35 and VP40 mRNAs
simultaneously. The VP35 and VP40 genes of EBO
share a common interesting trait: the stop signal of
VP35 and the start signal of VP40 are overlapping (Fig.
2). A similar feature was found with the MBG VP30 and
VP24 genes ([5]; Bukreyev et al., unpublished data).

Both pairs of the genes have long 3’ and 5" untrans-
lated regions. Table I shows the lengths of these regions.

Significant homology between both polypeptides of
the two viruses was revealed. The alignments between
the MBG and EBO proteins are shown in Fig. 3. The
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Table I

The lengths of the 3’ and 5’ non-coding regions of the VP35 and VP40
genes of MBG and EBO

3" end 5" end
MBG VP35 93 479
EBO VP35 156 (99) 259
MBG VP40 155 343
EBO VP40 91 438

amino acid homology between the VP35 proteins makes
up 33% (the putative N-end of the EBO VP35 corre-
sponds to the second methionine of the ORF); homol-
ogy between the VP40 proteins is 27%. The comparison
of hydropathic plots [12] of the amino acid sequences
is presented in Fig. 4. It is obvious from the figure that
there is similarity between the MBG and EBO proteins.
The plot of the MBG VP35 shows a striking hydrophilic
domain (28-42) (Fig. 1); the analogous domain in EBO
is located at 57-76 (Fig. 2). Since no amino acid homol-
ogy between these two regions was revealed, the exis-
tence of the domains may be due to the functional sim-
ilarity of these regions in both viruses.

The position of the MBG and EBO VP35 and VP40
genes in the genome, and the fact that the VP40 consti-
tutes 39% ofYotal virion protein in MBG [3-5,13], sup-
port the assumption that VP35 is a protein analogous
to the P proteins of paramyxoviruses, and VP40 is the
main matrix protein [3,5,8,13]. However, although con-
siderable homology was revealed earlier between the L
proteins of MBG, EBO and paramyxoviruses [7,14,15],
we failed to discover any homology of the MBG and
EBO VP35 and VP40 proteins with the protein se-
quences of paramyxoviruses.

The significant homology between the MBG and
EBO VP35 and VP40 proteins confirms the evolution-
ary relationship between these two members of the
Filoviridae family.

«—

Fig. 1. The fragment of the MBG genome (cCDNA plus-strand) with the predicted amino acid sequences of the VP35 and VP40 proteins (shown
beneath the nucleotide sequence). The putative start signals for the RNA-dependent RNA-polymerase are underlined and the stop signals are
overlined. The striking hydrophobic region is boxed.
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ATGATGAAGATTAAAACCTTCATCATCCTTACGTCAATTGAATTCTCTAGCACTCGAAGC
TTATTGTCTTCAATGTAAAAGAAAAGC TGGTCTAACAAGATGACAACTAGAACAAAGGGC
M T TZRT XK G
AGGGGCCATACTGCGGCCACGACTCAAAACGACAGAATGCCAGGCCCTGAGCTTTCGGGC
R GHTAATTSOGQNU DT RIMHPGGP EL S G
TGGATCTCTGAGCAGCTAATGACCGGAAGAATTCCTGTAAGCGACATCTTCTGTGATATT
Ww I S E Q@ L M TGUR I PV SDTITFTCTDI
GAGAACAATCCAGGATTATGCTACGCATCCCAAATGCAACAAACGAAGCCAAACCCGAAG
E N KP G L C VY A G M Q6 T K P N P X
ACGCGCAACAGTCAAACCCAAACGGACCCAATTTGCAATCATAGTTTTGAGGAGGTAGTA
T R N § ¢ T g T D/IP T CMHNUHTSTFETEVYV
CAAACATTGGCTTCATTGGCTACTGTTGTGCAACAACAAACCATCGCATCAGAATCATTA
@ T L A S L ATV VO QQ@TTIASESTL
GAACAACGCATTACGAGTCTTGAGAATGGTCTAAAGCCAGTTTATGATATGGCAAAAACA
E Q@ R I T S L EUNGLIKUPUV VY DMATEKT
ATCTCCTCATTGAACAGGGTTTGTGCTGAGATGGTTGCAAAATATGATCTTCTGGTGATG
1 5 L N R V CAEMV YATZXTYODTULIL VM
ACAACCGGTCGGGCAACAGCAACCGCTGCGGCAACTGAGGCTTATTGGGCCGAACATGGT
T T G R AT AT A AATTEATY W ATETH G
CAACCACCACCTGGACCATCACTTTATGAAGAAAGTGCGATTCGGGGTAAGATTGAATCT
Q PP PGP S L Y ETZ ESA ATIUZRTGTEKTIE S
AGAGATGAGACCGTCCCTCAAAGTGTTAGGGAGGCATTCAACAATCTAAACAGTACCACT
R D ETV®PGQS VU REA ATFUHNIZ NTLINSTT
TCACTAACTGAGGAAAATTTTGGGAAACCTGACATTTCGGCAAAGGATTTGAGAAACATT
S L TEEU NTFGT KU PDTI S AEKTDTULTZ RIHNEI
ATGTATGATCACTTGCCTGGTTTTGGAACTGCTTTCCACCAATTAGTACAAGTGATTTGT
M v DHLPGTPFGTATFUHG GLUV GGV I1IC
AAATTGGGAAAAGATAGCAACTCATTGGACATCATTCATGCTGAGTTCCAGGCCAGCCTG
K L G X DS K S5LDTITIHA AETF GAS L
GCTGAAGGAGACTCTCCTCAATGTGCCCTAATTCAAATTACAAAAAGAGTTCCAATCTTC
AE G DS PGQCALTIOQQ@TITTZ XU RUVEPTITF
CAAGATGCTGCTCCACCTGTCATCCACATCCGCTCTCGAGGTGACATTCCCCGAGCTTGC
Q DA APUPUV I HTIZ RS ST RGTDTIPTZ RATC
CAGAAAAGCTTGCGTCCAGTCCCACCATCGCCCAAGATTGATCGAGGTTGGGTATGTGTT
Q K S L R P V PP S P K I DZRGWVCV
TTTCAGCTTCAAGATGGTAAAACACTTGGACTCAAAATTTGAGCCAATCTCCCTTCCCTC
F @ L 6 D GK TULGTL K I =
CGAAAGAGGCGAATAATAGCAGAGGCTTCAACGGCTGAACTATAGGGTACGTTACATTAA
TGATACACTTGTGAGTATCAGCCCTGGATAATATAAGTCAATTAAACGACCAAGATAAAA
TTGTTCATATCTCGCTAGCAGCTTAAAATATAAATGTAATAGGAGCTATATCTCTGACAG
TATTATAATCAATTGTTAJTAAGTAACCCAAACCAAAAGTGATGAAGATTAAGAARAACC
TACCTCGGCTGAGAGAGTGTTTTTTCATTAACCTTCATCTTGTAAACGTTGAGCAAAATT
GTTAAAAATATGAGGCGGGTTATATTGCCTACTGCTCCTCCTGAATATATGGAGGCCATA
M R RV I L PTATPUPETVYHEAI
TACCCTGTCAGGTCAAATTCAACAATTGCTAGAGGTGGCAACAGCAATACAGGCTTCCTG
vV P VRSN NSTTIAZRTGS GHUHSUHNTSGTFL
ACACCGGAGTCAGTCAATGGGGACACTCCATCGAATCCACTCAGGCCAATTGCCGATGAC
T P E SV NGDTUZPSHNKTPTLT RTEPTIATDTD
ACCATCGACCATGCCAGCCACACACCAGGCAGTGTGTCATCAGCATTCATCCTTGAAGCT
T I DH A S HTU PGS VS S ATFTILTEA

ATGGTGAATGTCATATCGGGCCCCAAAGTGCTAATGAAGCAAATTCCAATTTGGCTTCCT
M vV N VI 56 P KV L MWK GGTIUPTIWILP
CTAGGTGTCGCTGATCAAAAGACCTACAGCTTTGACTCAACTACGGCCGCCATCATGCTT
L 6 vADAQ K TVY S F DS TTAATIMML
GCTTCATACACTATCACCCATTTCGGCAAGGCAACCAATCCACTTGTCAGAGTCAATCGG
A S ¥ T 1 THVF G K ATUHNUPLV RV NR
CTGGGTCCTGGAATCCCGGATCATCCCCTCAGGCTCCTGCGAATTGGAAACCAGGCTTTC
L 6 P G I PDHZPLUZ ERILTULTZ RTIGU NG GATF
CTCCAGGAGTTCGTTCTTCCGCCAGTCCAACTACCCCAGTATTTCACCTTTGATTTGACA
L @ EF VL PPV &L PGEVYFTFDULT
GCACTCAAACTGATCACCCAACCACTGCCTGCTGCAACATGGACCGATGACACTCCAACA
AL XL I T g P L P A ATWTUDDTU®PT
GGATCAAATGGAGCGTTGCGTCCAGGAATTTCATTTCATCCAAAACTTCGCCCCATTCTT
G S NG A L R P G I S F HPIEKULURUPTIL
TTACCCAACAAAAGTGGGAAGAAGGGGAACAGTGCCGATCTAACATCTCCGGAGAAAATC
L P NK S G X KGNS ADULT S P EKI
CAAGCAATAATGACTTCACTCCAGGACTTTAAGATCGTTCCAATTGATCCAACCAAAAAT
Q A I M T S L Q@ D F XK I VP11 D PTIK N
ATCATGGGAATCGAAGTGCCAGAAACTCTGGTCCACAAGCTGACCGGTAAGAAGGTGACT
I M 6 1 EV P ETULVHZEXILTZ GZ KI K VT
TCTAAAAATGGACAACCAATCATCCCTGTTCTTTTGCCAAAGTACATTGGGTTGGACCCG
S XK R 6@ P I I PV L L PZX VY I GL DFP
GTGGCTCCAGGAGACCTCACCATGGTAATCACACAGGATTGTGACACGTGTCATTCTCCT
V AP DL THMH¥VITGQ@DOCDTTCHSP
GCAAGTCTTCCAGCTGTGATTGAGAAGTAATTGCAATAATTGACTCAGATCCAGTTTTAT

A S L P AV I E K «
AGAATCTTCTCAGGGATAGTGATAACATCTATTTAGTAATCCGTCCATTAGAGGAGACAC
TTTTAATTGATCAATATACTAAAGGTGCTTTACACCATTGTCTTTTTTCTCTCCTAAATG
TAGAACTTAACAAAAGACTCATAATATACTTGTTTTTAAAGGATTGATTGATGAAAGATC
ATAACTAATAACATTACAAATAATCCTACTATAATCAATACGGTGATTCAAATGTTAATC
TTTCTCATTGCACATACTTTTTGCCCTTATCCTCAAATTGCCTGCATGCTTACATCTGAG
GATAGCCAGTGTGACTTGGATTGGAAATGTGGAGAAAAAATCGGGACCCATTTCTAGGTT
GTTCACAATCCAAGTACAGACATTGCCCTTCTAATTAAGAAAAAA
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Fig. 3. Comparison of the amino acid sequences of (A) the MBG and EBO VP35 proteins (for EBO VP35 shown is the sequence deduced starting
from the first methionine of the open reading frame), and (B) the MBG and EBO VP40 proteins. Dots indicate that the amino acid is the same

as that in MBG. Gaps, included to maximize alignment, are indicated by dashes.

—

Fig. 2. The fragment of the EBO genome (cDNA plus-strand) with the predicted amino acid sequences of the VP35 and VP40 proteins. The marks

are identical to those in Fig. 1; the second methionine in the VP35 open reading frame is boxed.
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Fig. 4. The hydropathicity plots of the deduced polypeptide sequences, computed by the method of Kyte and Dootittle [13] using an interval of
9 aa. The hydrophobic regions are shaded above the midline, and hydrophilic ones below it. (A) The VP35 of MBG; (B) the VP35 of EBO; (C)
the VP40 of MBG; (D) the VP40 of EBO. In B the position of the second AUG codon is shown by the dotted line.
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