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 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. 

 

    

1. Background 



    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 genes. Semin 
Immunol, 2001,13:59-66.) 



 

Comparison of CaPV genomes and vaccinia virus genomes.(E.R.Tulman, 
C.L.Afonso, et al. The Genomes of Sheeppox and Goatpox Viruses. Journal of 
Virology, 2002, 76:6054-6061.) 





• The E3 protein is composed of a 
carboxy-terminal dsRNA binding 
domain and an anmino-terminal Z-
DNA binding 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 







Alignment of E3l in SPPV and 
VACV 

VACV 

SPPV 





hydropathy 



Average flexibility  

http://web.expasy.org/protscale/pscale/Averageflexibility.html




Trans membrane 



SignalP predictions 



   Using BLAST to search the similary sequence 
of E3L  in the protein database. 

  

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 
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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 MEGA5 .  
 

 

Tree 



3. Sequence analysis 
of Zα family and 
SPPVZαe3l 
 



• >SPPVZαe3l 
• SCDEVDSYELVKKIVNNLSESESITAIEISKKLNIEKSNVNKQLYKLHNDG

FIFMIRSNPPKWFKKNGI  
• >YabZαe3l     
• CTVNDAEIFSLVKKEVLSLNTNDYTTAISLSNRLKINKKKINQQLYKLQKE

DTVKMVPSNPPKWFKNYNC 
• >YmtvZαe3l 
• GCENDVKTFSLVKNEVMMLNVDEYTTSIDISNKLKINKKKINKQLYKLQK

EGVLKMVPSNPPKWFKNCNC 
• >vvZαe3l 
• KIYIDERSNAEIVCEAIKTIGIEGATAAQLTRQLNMEKREVNKALYDLQR

SAMVYSSDDIPPRWFMTTEA 
• >ovZαe3l 
• MACECASLILELLRKSDDKLPAKQIAKELGISKHEANRQLYRLLDSDEVCCE

DGNPPRWFVECAP 
• >svZαe3l 
• SDISNEDVYSLVKQEVDSLPVGNFITAVEISKKIEKEKSSINRQLYALYQQ

GYIDMVPACPPKWYK-RNQ 
• >hZαADAR1 
• ELSIYQDQEQRILKFLEELGEGKATTAHDLSGKLGTPKKEINRVLYSLAKKG

KLQKEAGTPPLWKIAVST 
• >mZαDLM1 
• DLSTGDNLEQKILQVLSDDGGPVKIGQLVKKCQVPKKTLNQVLYRLKKEDR

VSSPEPATWSIGGAA 



Multiple Sequence Alignment  



The Z-DNA binding domain of the Zα family.(Used WebLogo. 
http://weblogo.berkeley.edu/) 
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The Zα 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 Zα 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 MEGA5.  



Sequence Alignment result of SPPVZαe3l and YabZαe3l.  



4. 3D structure 
analysis of 
SPPVZαe3l 
 
 



• The predicted structure of sppvZαE3L suggests 
that it may belongs to the Zα family of helix-
turn-helix (HTH),winged-helix Z-DNA-binding 
protein. It has an α/β architecture, consisting 
of two β-strands and three α-helices, although 
there are three β-strands in YabZαE3L and 
vvZαE3L. The three α-helices (α1,α2, α3) form 
a core domain, which is flanked by a β-sheet of 
two antiparallel strands (β1 and β2). α2 and α3 
form an HTH motif and two antiparallel β-
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 Zα bound to DNA 
[J]. PANS, 2004, 40: 14367-14372.) 



The 3D structure of YabZαe3l. 
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The 3D structure of SPPVZαe3l. 

α1 

α2 
α3 

β1 
β2 



• The interaction between members of 
the Zα family and Z-DNA is made up 
of residues in the α3 helix and the 
“wing”. Three residues, Asn-47, Tyr-
51, and Trp-69 as numbered in 
YabZαE3L, central to interaction 
with Z-DNA, are completely 
conserved with Zα family. We can 
find those three residues (Asn-43, 
Tyr-47, Trp-65) in sppvZαE3L at the 
relative positions by these two 
sequences alignment. 



 

 sppvZαE3L YabZαE3L 



The carbon alpha (CA) fit of SPPVZαe3l and YabZαe3l. SPPVZαe3l is 
shown by green line. YabZαe3l is shown by white line. RMS (CA)=0.06A. 



The picture of fit molecule. RMS=0. 



•  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 
YabZαE3L. 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 sppvZαE3L. 

 



Sung Chul Ha, Neratur K.Lokanath, et al. A poxvirus protein forms a complex with left-handed Z-DNA: Crystal structure od a 
Yatapoxvirus Zα bound to DNA [J]. PANS, 2004, 40: 14367-14372. 



5. Conlusion 

• The  E3 protein in SPPV might be 
composed of a Zα domain and a DSRM 
domain. There are three α-helices (α1,α2, 
α3) and two antiparallel strands (β1 and 
β2). α2 and α3 form an HTH motif and 
two antiparallel β-strands form the wing. 
There are also three conserved 
residues , Asn, Tyr andTrp in  
sppvZαE3L. 



• The sppvZαE3L 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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