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4.1 Secondary structure prediction 

 

 Several studies have been carried out by researchers to gain insights into the 

protease complex structure of Dengue virus type 2 (DEN-2) (The 2nd International 

Conference on Dengue and Dengue Haemorrhagic Fever, 2008; Wahab et al., 2007). 

Until very recently (D'Arcy et al., 2006; Erbel et al., 2006), there was no data on the 

crystal structure of DEN-2 NS2B-NS3 protease complex. The closest structure to the 

DEN-2 protease was a homology model of the protease complex built by Brinkworth et 

al. (1999). This homology model used the crystal structure coordinates of the hepatitis 

C virus NS3-NS4A as template (PDBid: 1JXP). However, the overall identity between 

the two sequences is only about 14.8% although regions surrounding the putative 

catalytic residues, as defined by Bazan and Fletterick (1989), indicated a high level of 

identity. The lack of structural details for the active DEN-2 protease from experiments 

did not offer substantial insights into its interaction with substrates. Thus, the design for 

the protease inhibitor was based mainly on either kinetic studies, such as that reported 

by Tan et al. (2006) or theoretical understandings from in silico simulations 

(Brinkworth et al., 1999; Lee et al., 2006). 

 

 This chapter describes the secondary structure prediction study of 175 N-

terminal amino acids of the DEN-2 NS3 protease using a combination of several 

prediction tools available over the website. This work was carried out before the 

experimental attempts to crystallize the protease complex (Chapter 3) and before the 

report on the DEN-2 NS2B-NS3 crystal structure (D'Arcy et al., 2006; Erbel et al., 

2006) was published. The aim of this work was to map out the secondary structure of 

the different regions in the protease with the knowledge of structurally conserved 

regions obtained from multiple sequence alignment against NS3 proteases of other 
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viruses from the Flaviviridae family. The structural data obtained from the recently 

crystallized protease complex had enabled us to make an evaluation of the prediction 

results and of the predictive power of the in silico methods employed. The work 

described in this chapter has been published (Othman et al., 2007). 

 

4.2 Materials and Methods 

 

 The protocols for this study are as illustrated in the flowchart in Figure 4.1. 

 

4.2.1 Multiple Sequence Alignment 

  

 Protein sequence alignments and comparisons were carried out using the 

BLAST (Basic Local Alignment Search Tool) program, blastp, against database 

specification of non-redundant protein which were available from the National Center 

for Biotechnology Information (NCBI) Web server, (Altschul et al., 1997); 

http://www.ncbi.nlm.nih.gov/blast/). Viruses for proteases used in this study were 

checked against the Universal Virus Database, ICTVdb (International Committee on 

Taxonomy of Viruses) (Büchen-Osmond, 2003). Amino acid sequences were obtained 

from NCBI sequence Viewer 2.0, available at http://www.ncbi.nlm.nih.gov. Multiple 

sequence alignments were done using ClustalW 1.82 (Thompson et al., 1994) available 

at the European Bioinformatic Institute (EBI) Web server. Consensus of amino acid 

sequence was obtained from Boxshade available at the European Molecular Biology 

Network (EMBnet) Web server (http://www.ch.embnet.org). 
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Figure 4.1 Flowchart of protocols involved in the secondary structure prediction 

study of DEN-2 NS3 protease. 
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4.2.2 Secondary Structure Prediction 

 

 The 175 amino acid sequence of DEN-2 NS3 protease was submitted for 

automated prediction of secondary structures to the following programs via their web 

site interfaces: PSIPRED (Bryson et al., 2005; Jones, 1999; McGuffin et al., 2000); 

http://bioinf.cs.ucl.ac.uk/psipred/), PROF on PredictProtein Web server (Rost et al., 

2004); http://www.predictprotein.org), PHD on PredictProtein Web server (Rost, 1996), 

APSSP2 (Raghava, 2002); http://www.imtech.res.in/raghava/apssp2/) and Jnet on 

JpredWeb server (Cuff & Barton, 2000); http://www.compbio.dundee.ac.uk/~www-

jpred/jnet/).  

 

 Threading programs used via their web site interfaces were: 123D+ (Alexandrov 

et al., 1995); http://123d.ncifcrf.gov/123D+.html), 3D-PSSM (Kelley et al., 2000); 

http://www.sbg.bio.ic.ac.uk/servers/3dpssm/) and LOOPP (Meller & Elber, 2001; 

Teodorescu et al., 2004); http://cbsuapps.tc.cornell.edu/loopp.aspx). The secondary 

structure information of some templates used in the threading programs were obtained 

from DSSP database available online (Kabsch & Sander, 1983); 

http://swift.cmbi.ru.nl/gv/dssp/). The templates were chosen based on E-values (E-value 

< 0.05, highly confident; E-value ≤ 1.00, worthy of attention) or z-scores (z-score > 3, 

high confidence). 

 

 Two approaches were employed for the one dimensional (1D) secondary 

structure predictions performed in this study: 

Approach 1. Utilising available structure prediction servers only. Alignment of 

secondary structures obtained from prediction programs was performed 

to result in a consensus. 
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Approach 2. Gaining information on the secondary structures extracted from structure 

prediction servers, threading techniques and DSSP database of some of 

the templates used in the threading techniques. An alignment of all 

secondary structures obtained was performed to result in another 

consensus. 

 

 The results obtained from the two tool sets (Approach 1 and Approach 2) were 

then compared to the observed secondary structure of the recently crystallized NS2B-

NS3 obtained from the Protein Data Bank (Berman et al., 2000) (PDBid: 2FOM). The 

percentage accuracy, A, was calculated as follows: 

 

A =  c  x 100 % 

                            N     

 

where c is the number of residues predicted correctly, and N is the total number of 

residues with predicted secondary structures aligned against structures from crystal 

data. 

 

 Percentage difference, D, in secondary structure between both approaches was 

calculated as follows: 

 D =  d  x 100 % 

                    Nt      

 

where d is the number of residues with different secondary structure from both 

approaches, and Nt is the total number of residues. 
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 The implementation of Approach 2 was carried out to ascertain if a more 

exhaustive technique of secondary structure prediction would result in a more reliable 

result. 

 

4.3 Results 

 

 Figure 4.2 illustrates the multiple sequence alignment of DEN-2 NS3 protease 

(EC 3.4.21.91) and other proteases belonging to the genus Flavivirus of the Flaviviridae 

family. Consensus of sequences obtained from the Boxshade program is shown and 

regions surrounding the catalytic triads were observed to be highly conserved (Bazan & 

Fletterick, 1989; Brinkworth et al., 1999). The secondary structure profiles that were 

built following the two approaches (as stated in the materials and methods section) are 

illustrated in Figures 4.3 and 4.4. Consensus of the secondary structures is given as E 

(β-strand), H (α-helix) or C (coil). It can be seen that both approaches yielded mainly β-

strands, with Approach 1 resulting in 39.43 % of β-strands from the whole structure, 

while from Approach 2, 40 % of β-strands was observed from the whole structure. 

These results are in accordance with the fact that DEN-2 NS3 protease belongs to the 

fold family of trypsin-like serine-proteases (S07.001; according to MEROPS) 

(Rawlings et al., 2006), which falls into the all-β proteins class of protein structure 

(according to SCOP) (Bazan & Fletterick, 1989; Murzin et al., 1995). 

 

 The prediction results obtained from the two approaches were compared with 

the secondary structure of crystallized NS3 protease of DEN-2 (2FOM) to evaluate the 

predictive power of each approach. Difference in secondary structure between both 

approaches was calculated to be 7.43 %. Results showed Approach 2 to yield higher 

accuracy (A = 76 %) compared to the use of prediction servers only (Approach 1; A =  
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Figure 1 
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Figure 4.2 Multiple sequence alignment of DEN-2 NS3 protease and other 

proteases belonging to the genus Flavivirus. The catalytic triad residues: His51, Asp75 

and Ser135, are labelled with the symbol # and are found in boxes labelled A, B and C. 

(The numbers in the diagram may not represent the exact positions of residues in the 

actual protein due to the insertion of gaps during alignment). The boxes labelled A, B, C 

and D identify regions of significant similarity surrounding the catalytic triad residues 

and residues that might form the substrate-binding pocket (Bazan & Fletterick, 1989). 

Consensus of residues throughout the different viruses is indicated by Boxshade, with 

those having 100% similarity written in the upper case font. Sequences used in the 

analyses: DEN-1 (Dengue virus type 1), DEN-3 (Dengue virus type 3), DEN-4 (Dengue 

virus type 4), KUN (Kunjin virus), WNV (West Nile virus), JEV (Japanese encephalitis 

virus), SLEV (St. Louis encephalitis virus) and YFV (Yellow fever virus).        



 

 

 

 

 

Figure 4.3 Profile of 1D secondary structure prediction of DEN-2 NS3 protease based on automated prediction programme. Programs used for 

secondary structure prediction are: PHD on PredictProtein Web server (Rost, 1996), PSIPRED (Bryson et al., 2005; Jones, 1999; McGuffin et al., 

2000); http://bioinf.cs.ucl.ac.uk/psipred/), PROF on PredictProtein Web server (Rost et al., 2004); http://www.predictprotein.org), APSSP2 (Raghava, 

2002); http://www.imtech.res.in/raghava/apssp2/) and Jnet on JpredWeb server (Cuff & Barton, 2000); http://www.compbio.dundee.ac.uk/~www-

jpred/jnet/). Consensus of secondary structure are given as E = -strand, H = -helix or C = coil. 
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Figure 4.4 Profile of 1D secondary structure prediction of DEN-2 NS3 protease based on combinations of results from automated prediction 

programme, threading programme and secondary structure of templates used in threading method obtained from DSSP database. Template sequences 

used in the analyses: 1dy9 (Hepatitis C virus NS3 protease/helicase), 1svp (Sindbid virus capsid protein), 1vcp (Semiliki Forest virus capsid protein), 

1jxp (Human Hepatitis C virus NS3 protease), 1ep5 (Venezuelan Equine Encephalitis virus capsid protein), and 1cqq (Type 2 Rhinovirus 3C protease). 

Codes for secondary structures are given by: E = extended β-strand, B = residue in isolated β-bridge, H = helix, G = 3 /10 helix, T = hydrogen-

bonded turn, S = bend, L = loop and C = coil (Kabsch and Sander, 1983). Regions with no codings are noted as coils. Consensus of secondary structure 

is given as E, H or C. 2FOM: secondary structure of crystallized DEN-2 NS3 protease available on PDB. 
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72.67 %). This showed that Approach 2 gave a more reliable 1D secondary structure 

profile.  

 

4.4 Discussion 

 

 In contrast to the suggestions made by Russell (2002), the techniques used in 

this study do not involve prior knowledge of protein structure to reach the consensus. 

With only a ’palmful’ of knowledge on the DEN-2 NS3 protein structure during the 

early part of this study, the accuracy of the prediction results to the true secondary 

profile of the system was questionable. However, the recently published crystal model 

of DEN-2 NS2B-NS3 protease (Erbel et al., 2006), which resolved to 1.5 Å, assured the 

quality of the prediction results (from Approach 2) at 76% accuracy, which is 

reasonably high. Presumably, this approach for building secondary structure profile of 

proteins could also be suggested to other groups of proteins from the same family of 

virus, i.e. Flaviviridae (which can further be classified into 3 genus). Nevertheless, the 

percentage of accuracy of the prediction results compared with the true structure will 

also depend on the prediction tools chosen. The selection of the appropriate prediction 

tools can be determined by referring to CASP (the Critical Assessment of Structure 

Prediction) (Bourne, 2003) experiments. 

 

 The crystal structure of DEN-2 NS2B-NS3 revealed that the protease adopt a β-

barrel fold (Erbel et al., 2006). It was also reported that residues 51–57 of the cofactor 

NS2B contributed one β-strand to the N-terminal β-barrel. Furthermore, the crystal 

structure of West Nile virus NS2B-NS3, complexed with inhibitor, showed direct 

interactions of NS2B with active site of NS3, underlining the work by Yusof et al. 

(2000), which indicated the dependence of the protease on the cofactor for cleavage of 
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substrates with dibasic amino acids. However, this study only concentrated on the 

secondary structure of the protease domain (NS3) and it was assumed, at this stage, that 

the involvement (or not) of NS2B cofactor in the prediction will not affect the 1D 

secondary structure profile of the NS3 protease, since alignment of the protein was 

made with other proteins of the same domain (when using prediction tools). 

 

 Analysis of conservation in the protein families is effective in secondary 

structure predictions performed before the knowledge of the protein structure was 

obtained (Cuff & Barton, 1999). A strong correlation can be made between structurally 

conserved regions (Figure 4.4) and regions with highly conserved sequences across the 

different proteases (Figure 4.2), particularly the regions surrounding the catalytic triad. 

However, two regions were missed by the prediction methods; i.e., where 2FOM 

defined residues Trp50-Arg54 and Ser131-Ser135 (each carrying residues comprising 

the catalytic triad, i.e. His51 and Ser135, respectively) to be α-helices. On the other 

hand, it is quite unexpected for α-helix to span the region Ser131-Ser135 since this 

region also included Pro132, and proline is well-known to be a ‘helix-breaker’ due to its 

rigid ring conformation (Garrett & Grisham, 1997a). Looking at the prediction results in 

Figure 4.4 for the region Ser131-Ser135, there is 100% consensus for this region to be 

coiled. Perhaps the α-helices could be recognised after the secondary structure profile is 

put through fold recognition procedures. 

 

4.5 Conclusion 

 

 This study illustrated the application of both automated prediction servers and 

information of secondary structures from threading programs, to build a consensus of 

secondary structure (1D) of DEN-2 protease. In the early stages, the secondary structure 
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predictions were carried out prior to the PDB deposition of the crystal structure (2FOM) 

for NS2B-NS3. Soon after the published report of the 3D-structure in the year 2006, a 

validation of the predictive power of the tools was conducted in this study. The 

conclusions were drawn by comparing a combination of tools (Approaches 1 and 2) 

against the observed secondary structure of 2FOM. The consensus obtained in the 

comparison studies showed higher similarity in Approach 2 than Approach 1 to 2FOM 

(Figure 4.5). In the present case and possibly other cases of low homology sequence 

relationships, a significantly better prediction could be attributed to Approach 2 since 

this approach comprises heuristic (similarity of amino acid properties), probabilistic 

(from structural data collections) and more sophisticated overlaying techniques, i.e. 

threading the query into the template backbone to detect hidden phylogenetic 

resemblance. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 Alignment of secondary structure prediction consensus obtained from Approaches 1 and 2, against the secondary structure of 2FOM. 

Underlined secondary structures in the consensus lines refer to regions which differ from 2FOM. The catalytic triad residues: His51, Asp75 and 

Ser135, are labelled with the symbol #. 
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 1                 10                  20                  30                  40                  50                  60                  70                  80                  90     
DEN-2 1-90 AGVLWDVPSPPPVGKAELEDGAYRIKQKGILGYSQIGAGVYKEGTFHTMWHVTRGAVLMHKGKRIEPSWADVKKDLISYGGGWKLEGEWK 

Approach 1 CCCECCCCCCCCCCCCCCCCCEEEEEEEEEECCEEEEEEEEECCEEEEEEECCCCCEECCCCCCECCCCCCCCCCEEECCCCCCCCCCCC  

Approach 2  CCCCCCCCCCCCCCCCCCCCCEEEEEECCCCCCEEEEEEEEECCEEEEEEECCCCCEEECCCEEECCCCCCCCCCEEECCCCCCCCCCCC 

2FOM                          CCCEEEEEEEEECCEEEEEEEEEEECCEEEEEHHHHHCCCEEECCEEECEEEEECCCCEEEECCCCCCCCCCC 

 

 

 
           91                100                 110                 120                130                  140                 150                 160                 170      

DEN-2 91-175 EGEEVQVLALEPGKNPRAVQTKPGLFKTNAGTIGAVSLDFSPGTSGSPIIDKKGKVVGLYGNGVVTRSGAYVSAIAQTEKSIEDN 

Approach 1 CCCCEEEEEECCCCCEEEEECCCCEEEECCCCECCECCCCCCCCCCCCEECCCCCEEEEEECCEEECCCEEEEEEEECCCCCCCC 

Approach 2  CCCCEEEEEECCCCCEEEEEECCCEEEECCCCEEEEECCCCCCCCCCCEECCCCCEEEEEEEEEEECCCEEEEEEEECCCCCCCC       

2FOM         CCCCEEEEECCCCCCCEEEEECCEEEECCCCEEEEECCCCHHHHHCCEEECCCCCEEEECCCEEECCCCCEEEEEEC 
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