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1. Background

The E3 protein of vaccina virus, the
prototypic member of erthopoxviruses,
functions as an inhibitior of innate
immune signaling and is essential for
vaccinia replication in vivo and in many
human cell culture systems.



E3L is vary conserved in
variola and related viruses and
plays a key role in
cirumventing the IFN-
mediated defense of host
cells.(Moss.B, J.L.Shisler.
Immunology 101 at poxvirus U:

immune evasion ?enes. Semin
Immunol, 2001,13:59-66.)
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+ Genomic context

Sequence: MC_004002.1 (2691127444 complement)
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+ The E3 protein is composed of a
carboxy-terminal dsRNA binding
domain and an anmino-terminal Z-
DNA bmdmg domain. While wild-type
vaccinia virus displays a broad cellular
tropism and is highly resistant to
effects of interferon(IFN), deletion
of E3 results in restricted tropism
and sensitivity ro IFNs.




* The ability to bind Z-DNA is
essential for E3L activity. A
replacement of the N-terminal
domain of E3L with a domain
defective in Z-DNA binding
results in a less pathogenic or
nonpathogenic virus.



» Z-DNA-forming sequences found near
the transcription start site can flip

into the Z-conformation in some actively
transcribing genes , and E3L may bind to
the Z-DNA segment of such genes.



2.Basic protein information



LOCUS NP 659606 T linear VEL 26-MAR-Z010
DEFINITION dsBNA-binding PER inhibitor [Sheeppox virus].

RCCESSION NP 659606

VERSICHN NP 659606.1 GI:21432487

DBLINE Project: 14196
DB5CURCE REFSEQ: accession NC 004002.1
REYWORDS

SOURCE
ORERNI
riazes, no RNA stage; Poxviridae; Chordopoxvirinae;
CapripONyesis.
REFERENCE 1 (residues 1 to 177)
LUTHCRS  Tulman,E.R., Afonso,C.L., Lu,Z., Zsak, L., Sur,J.H., Sandybaev,N.T.,
Kerembekova,U.Z., Zaitszev,V.L., Kutish,G.F. and Rock,D.L.
TITLE The genomes of sheeppox and goatpox viruses
JOURNAL  J. Virol. 76 (12), e054-e06l (2002)
PUBMED 12021338
REEFERENCE 2 (residues 1 to 177)
CONSRIM  NCBI Genome Project
TITLE Direct Submiszsion
JOURNAL  Submitted (14-JUN-2002) National Center for Biotechnology
Information, NIH, Bethesda, MD 20894, US4
REFERENCE 3 (residues 1 to 177)
AUTHCRS  Tulman,E.R., Afonso,C.L., Lu,Z., Zsak,L., Sur,J.-H.,
Sandybaev,N.T., Herembekova,U.Z., Zaitszev,V.L., Hutish,G.F. and
Rock, DL,
TITLE Direct Submission
JOURNAL  Submitted (31-J2N-2002) African Swine Fever Rezearch, Plum Island
inimal Dizease Center, U.5. Dept. Agriculture, Agricultural
Research Service, P.0. Box 248, Greenport, NY 11944-0848, USL
COMMENT PROVISIONAL REFSEQ: This record has not yet been subject to final
NCEI review. The reference sequence was derived from SPPV 30,
Method: conceptual translation.
FELTURES Location/Qualifiers

x

o -

source 1..177
/organism="Sheeppox wirus"

Run BLAST
|dentify Consenved Domains
Highlight Sequence Features

Find in this Sequence

Articles about the SPPV_30 gene _
The genomes of sheeppox and goatpax virses
[J Viral. 2002)

Seeall.

Protein clusters for NP_659608.1 “

Double-strand RNA-binding pratein - double-
strand RNA-binding pratein; has adenasine

deaminase activity (converts adenosines to

Total proteins: 18

Total genera: 6

Canserved in: Chordopoxrinae

More about the gene SPPV_30 -

SPPV_30 gene
Also Known As: SPPV 3

Related information
BLink

Related Sequences
BioProject

CDD Search Results
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Protein

Region

Region

a7

/product="double-strand RNA-binding protein”

fca;c:;ated_mc;_wt=4393_ -

177
I

/region name="PHA03103"
/note="double-strand ENA-binding protein; Provizional"

Jdib xref="CDD:177523"
<33..660 =

/region pfme="z-alpha"
/note="Rdenosine deaminaze z-alpha domaiyh clO2633"
/db xref=’
104,168
Jregion nangsZlogl

/note="Double-stranded ENA binding motif. Binding is not
gequence specific but is highly specific for double
atranded BNA. Found in a variety of proteins including
d3RNAE dependent protein kinase PEE, RNA helicazes,
D"cscphi;a staufen p"ctein, E. coli RNaze III, cd0Q048"

- -
UL Ioe—T

or de [ 34,__3 ___,_54 155, 158)

/eite type="other"

/note="dsRN& binding site [nucleotide binding]"
/db_xref="CDD:28330"

o -
I

/locus tag="SPEV 30"

Jeoded by="complement (NC 004002.1:26911..327444)"
/note="double-strand RNA-binding protein; has adgpozine.
deaminase activifi (converts adenosines to inosines);

involved in viral immune evasion, The poxviridae are
enveloped unsegmented dsDNA viruses; unlike many dsDNA
viruses that replicate in the host nucleus poxviruses
encode their own replication machinery and therefore
replicate in the cytoplasm; viral genes are expressed in a

bi-phasic manner with early genes genes encoding

non-structural proteins involved in genome replication and
late genes encoding the viral structural proteins”
Jdb xref="GenelD:344663"

Pratein Clusters

Publed

PubMed (RefSeq)

PubMed (Weighted)

Related Structures (List)
Related Structures (Summary)

Taxanamy

Recentacﬂvhy
Turn Off Clear

B dsRNA-binding PKR inhibitor [Sheeppox

vIrus] Pratein
Q dsRNA-binding PKR inhibitor[All Fields]
(119) Protein

Q dsRNA-inding PKR inhibitor (119)

SEE MOre...



Alignment of E3l in SPPV and
VACV

Pairwise Alignment Result
LENGTH SCORE IDENTITY SIMILARITY

191 297.0 66/191 (34.6%) 96/191 (50.3%) 16/191 ( 8.4%)

VACV == ] MEKIY-IDERSNAEIVCEAIRTIG-IEGATAAQLTRQLNMERREVNKALY 48
| gl zlsmessees @l | semess] 2] sl 1] |
SPPV - ] ———MYSCDEVDESYELVRRIVNNLCESESITAIEISKRKLNIERKSNVNRQLY 47
49 DLQREAMVYSSDDIDPRWEFMTEADKEDADAMADVIIDDVEREKSMREDHK S8
R e - R P O Vel [ eas e sime asmem oy
48 KIHND 7 "M R NI ENREN ——————————— DNDDNENNNTRRLNK 86
99 SFDDVIPARKIIDWKGCANPVIVINEYCQITRRDWEFRIESVY NSPTEY 148
| [l Tasd Tl Tl TeZiedil 'Tilsl=ll el silsl seeelis s
87 SFSDTIPYYRIVLWKERN AINEYCQFTSRDWYIN NCRREMFT 136
149 ACVDIDERVFDRADCGRKSRKRDARKNNAARLAVDRKLLCEYVIIRE 189

I I R R I I B B IR IR I B
137 ASVI] KFFPEICGNTKRKERAKQKSTKRT IDFLINTSIIKE 177



FEFSTATS of dsEWA-binding from 1 to 17T

Molecular weight = 205352, 49 Reziduesz = 17T
Averagze Residus Weight = 116,003 Charze = 5.5
I P —

I=oelectric Point = 9. 65391

S
AEE0 Molay Extinction Coefficient = ZB030
4280 Extinction Coefficient Ilmzfml = 1.27T

Improbability of expression in inclusion bodies = 0,911

Rezidue Humb er Male% DayhoffStat
A= Ala 4 Z. 260 0. 253

E = A=x i} 0. oo 0. Qoo

C = Cyxs 4 Z. 260 0. 779

I = A=p = 5. 055 0. 924

E = 3lua 11 B. 215 1. 0356

F = Fhe 10 5. 650 1.569

;= iFly =} S.390 0. 404
H=His 1 0. 565 0. 252
I=1Il= 21 11. 564 2. B3T
J=-— 0 0. oaa 0. Qoo

K = Ly= =24 15,5549 z. 054

L = Len = 5. 055 0. BST

M= M=t 3 1. 895 0. 99T

H = A=zn 20 11. 2949 2. B25
a=-— i} 0. oo 0. Qoo

F = Fra =} S.390 0. 852

B = &ln 3 1. 695 0. 435

E = drg 4 Z. 260 0. 461

S = Ser 15 10, 1849 1.453

T = Thr = 4. 520 0. 741

= -— i} 0. oo 0. Qoo

¥ o= ¥al =} S.390 0.514

W = Trp 3 1. 895 1.304

X = Xaa i} 0. oo 0. Qoo

T = Twr T 3. 955 1,183

Z = Flx i} 0. oo 0. Qoo
Property Residues Humber Mole%

Tiny (AHCHGHSHT) 40 22,599
Small (A+BHCHIHGHHHPHSHTHY) 51 45, TE3
Miphatic [A+THLAV) 40 22, 599

Aromatic [F+H+4T ] 21 11. 864

Hon—polar (A+FCHFHGHTHIAMAPHAE4YT) T3 14 B33
Folar (D+E+H+E+H+Q+R+AS+T+Z ) 08 B5. 36T
Charzed (E+D+E+H+E+ER+Z) 19 27. BS54
Ba=ic [H+E+E] 29 16384

Aeidie (BE+D+E+Z) 20 11.299
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Averaae flexibility

10 20 30 20 50 60
MYSCODEVDSY ELVEEIVNNL SESESITAIE ISEELNIEKS NVNEQLYKLH NDGFIFMIRS

ProtScale

User-provided sequence:

70 80 =[] 100 110 1zo
NEPPEWFEENG IDNDDNENNN TERLNESFSD TIPYYHIVLW KEENPCSAIN EYCQFISRDW

130 140 150 160 170
YINISSCGNG RKPMFLASVI ISGIKFFPEI GNTHXEAKQK STHKRTIDFLI NTISIIKF

SEQUENCE LENGTH: 177

Using the scale Average flexibility, the individual values for the 20 amino acids are:

Ala: 0.360 Arg: 0.530 A=n: 0.460 A=p: 0.510 Cys: 0.350 Gln: 0.490
Glua: o.500 Glw: 0.540 His: 0.3z20 Ile: 0.460 Leu: 0.370 Lys: 0.470
Met : 0.300 Phe: 0.310 Pro: 0.510 Ser: 0.510 Thr: 0.440 Trp: 0.310
Tvr: o.420 Val: 0.3390 H 0D.485 H 0.4395 H 0D.428

Weights for window positions 1,..,9, using linear weight variation model:

a1 2 3 4 5 & 7 8 =]
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
edge center edge

ProtScale output for user sequence
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http://web.expasy.org/protscale/pscale/Averageflexibility.html
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SignalP predictions

SignalP-NN result:

SignalP-HH prediction feuk networks»! dsRHA-binding
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# data
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SignalP-HMM result:
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Using BLAST to search the similary sequence

(<) Graphic Summary

@Show Consenved Domains

of E3L in the protein database.

Putative conserved domains have been detected, click on the image below for detailed resuls.
{ 25 50 7% 100 125 150 175 169

| |
qery sco,
7 dsRNA binding site 4 M4 ik A

Specific hits
Superfanilies [ z-alpha superfamily DSRM superfamily

Multi-donains (% PHAO3103

The result shows that there exist sequences when align conserved
domain using blastp. From the above image we can see E3L protein
consists of two superfamilies, z-alpha superfamily and DSRM

superfamily



Distribution of 50 Blast Hits on the Query Sequence

Mouse-over to show defline and scores, click to show alignments

Color key for alignment scores
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81 Rabbitpox virus
T Vaccinia virus
r.ee Horsepox virus
Cowpox virus

VEO3_VACCC

99

78 Cantagalo virus

Taterapox Mirus

100

77 variola virus VAR

75 Ectromelia virus

Variola minor virus

VACC Protein E3 VVaccinia vrus

Deerpox virus

Monkeypox viru

Yaba-like disease virus

100 Tanapox virus

uncultured eukaryote

Yoka poxwvirus

Goatpox virus Pellor
100 LSDV

55 Sheeppox virus

Figure. Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method . The percentage
of replicate trees in which the associated taxa clustered together in the bootstrap test
are shown next to the branches . The evolutionary distances were computed using the
Poisson correction method and are in the units of the number of amino acid substitutions
per site. The analysis involved 20 amino acid sequences. All positions containing gaps and
missing data were eliminated. Evolutionary analyses were conducted in MEGAD .



3. Sequence analysis
of Za family and
SPPVZae3l



>SPPVZae3l|

SCDEVDSYELVKKIVNNLSESESITATIEISKKLNIEKSNVNKQLYKLHNDG
FIFMIRSNPPKWFKKNGI

>YabZae3l

CTVNDAEIFSLVKKEVLSLNTNDYTTAISLSNRLKINKKKINQQLYKLQKE
DTVKMVPSNPPKWFKNYNC

>YmtvZae3l|

GCENDVKTFSLVKNEVMMLNVDEY TTSIDISNKLKINKKKINKQLYKLQK
EGVLKMVPSNPPKWFKNCNC

>vwZae3l

KIYIDERSNAEIVCEAIKTIGIEGATAAQLTRQLNMEKREVNKALYDLQR
SAMVYSSDDIPPRWFMTTEA

>ovZae3l

MACECASLILELLRKSDDKLPAKQIAKELGISKHEANRQLYRLLDSDEVCCE
DGNPPRWFVECAP

>svZae3|

SDISNEDVYSLVKQEVDSLPVGNFITAVEISKKIEKEKSSINRQLYALYQQ
GYIDMVPACPPKWYK-RNQ

>hZaADAR1

ELSIYQDQEQRILKFLEELGEGKATTAHDLSGKLGTPKKEINRVLY SLAKKG
KLQKEAGTPPLWKIAVST

>mZaDLM1

DLSTGDNLEQKILQVLSDDGGPVKIGQLVKKCQVPKKTLNQVLYRLKKEDR
VSSPEPATWSIGGAA



Multiple Sequence Alignment
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o~
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The Z-DNA binding domain of the Za family.(Used WebLogo.
http://weblogo.berkeley.edu/)



SPPVZe3|

80

svZe3|

93

YabZe3|
96 YmtvZe3|
wZe3l
ovZe3|
hZADAR1
81 mZDLM1

The Za family evolutionary history was inferred using the Neighbor-Joining method. The bootsrap
consensus tree inferred 500 replicates is taken to represent the evolutionary history of the Za family
analyed. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches . The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the Poisson correction method and are in the units of the
number of amino acid substitutions per site. The analysis involved 8 amino acid sequences. All positions
containing gaps and missing data were eliminated. There were a total of 61 positions in the final dataset.
Evolutionary analyses were conducted in MEGAD.



Pairwise Alignment Result

|ENGTH SCORE IDENTITY SIMILARITY
70 149.0 2870 (40.0%) 44170 (62.9%) 170 (1.4%)
SPEVZ?7e3l 1 -SCDEVDSYE FE-E-ITLIE E v ¥ LHN 49
NI NI TN I ..
YabZ?7e3l 1 DAEIFSLVEK o NDYTTL RLKINKEK ¥ LOK 50
SEEVZ?7e3l 50 DGFIFMIRSNEEHWFKEN 3
----- =TT RIgI A
YakbZ??e3l 51 EDTVEMVESN y 70

Sequence Alignment result of SPPVZae3l and YabZae3l.



4. 3D structure

analysis of
SPPVZae3l



+ The predicted structure of sppvZaE3L suggests
that it may belongs to the Za family of helix-
turn-helix (HTH),winged-helix Z-DNA-binding
protein. It has an aé architecture, consisting
of two p-strands and three a-helices, although
there are three p-strands in YabZaE3L- and
wZaE3L. The three a-helices (al,a2, a3) form
a core domain, which is flanked by a p-sheet of
two antiparallel strands (p1 and p2). a2 and a3
form an HTH motif and two antiparallel p-
strands form the wing. (Sung Chul Ha, Neratur
K.Lokanath, et al. A poxvirus protein forms a
complex with left-handed Z-DNA: Crystal
structure od a Yatapoxvirus Za bound to DNA
[J]. PANS, 2004, 40: 14367-14372.)









- The interaction between members of
the Za family and Z-DNA is made up
of residues in the a3 helix and the
"wing”. Three residues, Asn-47, Tyr-
51, and Trp-69 as numbered in
YabZaE3L-, central to interaction
with Z-DNA, are completely
conserved with Za family. We can
find those three residues (Asn-43,
Tyr-47, Trp-65) in sppvZaE3L at the
relative positions by these two
sequences alignment.
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Asn-47 and Trp-69 make water-mediated
hydrogen bonds to the phosphate backbone
and Tyr-51 makes a direct hydrogen bond
to a phosphate in the DNA backbone in
YabZaE3L. Asn-43 and Trp-65 may make
water-mediated hydrogen bonds to the
phosphate backbone and Tyr-47 may makes
a direct hydrogen bond to a phosphate in
the DNA backbone in sppvZaE3L.
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Sung Chul Ha, Neratur K.Lokanath, et al. A poxvirus protein forms a complex with left-handed Z-DNA: Crystal structure od a
Yatapoxvirus Za bound to DNA [J]. PANS, 2004, 40: 14367-14372.



5. Conlusion

* The E3 protein in SPPV might be
composed of a Za domain and a DSRM
domain. There are three a-helices (al,a2,
a3) and two antiparallel strands (p1 and
p2). a2 and a3 form an HTH motif and
two antiparallel p-strands form the wing.
There are also three conserved
residues , Asn, Tyr andTrp in
sppvZaE3L.



* The sppvZaE3L might play an important
role in the pathogenicity of SPPV. This
result may allow the design of a class of
antiviral agents against SPPV.
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