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  Abstract 

 

The structural data elucidates more information and detailed study in structural informatics, Endoglin (CD105), 

own a multi dimensional activity results in cure and prophylaxis in many disease and disorder as angiogenesis 

and a types of cancer. As till date no structural domain or information is available in any of the biological 

database. Several non-relevant structure are modeled using a homology and automated system, as the identity 

were relatively below a relevant percentage among the sequence and templates the results has to be discarded. 

Finally, here we implemented the fragment based homology modeling to model a 3D structure of Endoglin, 

resulting in a more appropriate fold the protein was studied in dynamic condition by simulating in a solvent 

body system at 310K using a CHARMM package in VMD-NAMD. The final model was checked by using PROSA 

and Procheck. 
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Introduction 

A numerous experiments and large amount of 

experimental data has shown that Endoglin/CD105 is 

expressed on endothelial cells,(Fonsatti et al., 2008; 

Wong et al., 2000; Wikstrom et al., 2002) and that it 

is over expressed in vascular endothelial cells of 

tissues undergoing angiogenesis such as regeneration 

and inflamed tissues or tumors (Wikstrom et al., 

2002; Burrows et al., 1995; Fonsatti et al., 2000; 

Miller et al., 1999). Research suggests that, levels of 

endoglin/CD105 positively correlate with the extent 

of proliferation of endothelial cells (Burrows et al., 

1995; Fonsatti et al., 2000; Miller et al., 1999) and 

has been suggested to be the most suitable marker 

available to quantify tumor angiogenesis (Fonsatti et 

al., 2008; Wikstrom et al., 2002; Fonsatti et al., 

2000; Wang et al., 1993; Wang et al., 1994; Kumar et 

al., 1999; Shariat et al., 2008). Altogether, these 

valuable research findings support the role of 

endoglin/CD105 as an optimal marker of 

proliferation of endothelial cells and identifies a 

promising clinical potential target for clinical 

investigation such as prognostic, diagnostic, and 

therapeutic vascular target in human cancer (Fonsatti 

et al., 2008; Burrows et al., 1995; Ten et al., 2008; 

Bernabeu et al., 2008). Since over a decade a 

biochemical and biological functions of 

endoglin/CD105 are under active investigation, and 

new data continue to emerge the knowledge on its 

functional role within the TGF-β receptor complex. 

The modulation of TGF- β in cellular responses and 

its involvement in vascular physiology and 

angiogenesis (Bernabeu et al., 2008; Haruta and 

Seon, 1986; Bernabeu et al., 2007). Since no reported 

3D structure of Endoglin/CD105 in biological 

databases, here we have considered an in-silico 

methodology to model the 3D structure of 

Endoglin/CD105 and optimized it using simulation 

methods. 

 

Materials and methods 

Template Identification and Protein modeling 

Searching the RCSB Protein Data Bank 

(http://www.rcsb.org/) confirmed that the tertiary 

structure of Endoglin (CD-105) was not publicly 

available (Berman 2008; Fonsatti et al., 2008; Wong 

et al., 2000; Wikstrom et al., 2002). The complete 

Endoglin (CD-105) protein sequence, that consists of 

658 amino acids and has a calculated molecular 

weight of 70578 kDa, was retrieved from the 

UniProtKB database (http://www.uniprot.org/) 

(accession number P17813) (McAllister et al., 1994). 

BLASTP (Altschul et al., 1990) was used to identify 

homologs in the RCSB Protein Data bank (Berman, 

2008) but revealed a poor homology with 2WOK  

(Mackenzie et al., 2010).  

  

Secondary Structure Prediction 

Secondary structure for Endoglin (CD-105) sequence 

was predicted using CFSSP- Chou & Fasman 

Secondary Structure Prediction Server (Chou and 

Fasman., 1974; Chou and Fasman., 1974), GOR 

(Garnier et al., 1996) and SOPMA (Geourjon and 

Deleage 1995).   

 

Tertiary Structure Prediction 

Tertiary structure for Endoglin sequence (CD-105) 

was predicted and modeled using SWISS-MODEL 

(Arnold et al., 2006; Kiefer et al., 2009; Peitsch, 

1995), CPHmodels (Nielsen et al., 2010), ESyPres3D 

(Lambert et al., 2002), Geno3d (Combet et al., 2002), 

Phyre (Successor of 3D-PSSM) (Kelley and Sternberg 

2009), HHpred  (Remmert et al., 2011; Soding, 2005; 

Soding et al., 2005), SAM-T08 (Karplus, 2009) and 

Bhageerath (Jayaram et al., 2012). 

 

Fragment based homology Modeling 

As the initial results from BLASTP with poor homolog 

templates and subsequently low optimal structure 

from prediction servers leads us to fragment the 

sequence and search the optimum identical structural 

template from PDB (Altschul et al., 1990; Berman 

2008). The iterative fragmentation to the Endoglin 

(CD-105) sequence showed some promising identical 

structural templates from PDB (McAllister et al., 

1994; Berman, 2008) and modeled using Modeler 

tool (Eswar et al., 2006; Martin-renom et al., 2000; 

Sali and Blundell, 1993; Fiser et al., 2000). 

 

Model Building and validation 
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The modeled fragmented structure of Endoglin (CD-

105) were manually ligated using SPDBV tool   (Guex 

and Peitsch, 1997) program and  subjected to 

molecular dynamics simulation at 500 pico seconds, 

01, 05 and 10 nano seconds using CHARMM 

algorithm under the water solvent system using 

NAMD (Brooks et al., 2009; Philips et al., 2005). The 

simulated structures were finally passed through 

validation process using PROSA (Wiederstein and 

Sippl 2007; Sippl 1993), Procheck . (Laskowski et al., 

1993) and Ramachandran analysis (Ramachandran et 

al., 1963). 

 

Results and discussions 

The output from BLAST-P for Human Endoglin (CD 

105) was extremely poor and Delta BLAST as follows: 

15% identity with 3NK3_A (Han L et al., 2010), 15% 

identity with 4AJV_A (Diestel et al., 2013), 16% 

identity with 3QW9_A (Lin et al., 2011) and 11% 

identity with 3D4C_A (Monne et al., 2008), belongs 

to Zona Pellucida domain, ranging among query 

amino acid 359 - 559.  

 

Table 1. Secondary structure prediction result. 

Algorithm Helix Extend Strand Random Coil 

Choufasmann 423.00 

64.30% 

277.00 

42.10% 

73.00 

11.10% 

Gor 163.00 

24.77% 

135.00 

20.52% 

360.00 

54.71% 

Sopma 130.00 

19.60% 

171.00 

25.99% 

357.00 

54.26% 

 

Table 2. Template homology with Endoglin sequence in whole and fragment (1st and 2nd iteration). 

Sr no Query length Template id Identity 

1 1-658 2WOK_A 30.00% 

2 1-329 2YOF_A 34.00% 

3 330-658 1HT6_A 29.30% 

4 1 – 200 No significant result --------- 

5 200-400 3DUZ_A 24.00% 

6 400-658 2QPS_A 23.00% 

 

Secondary structure 

The output of secondary structure prediction were not 

clear with percentage determination among the 3 

used algorithm, Helix region were greatly supported 

by Choufasmann and lesser supported by Gor method 

and least followed by Sopma, on the another hand the 

Beta sheet / strands were supported by Choufasmann 

and lesser by Sopma followed by the Gor, Where as 

the coiled region was merely 1/5th as compare to the 

output from Gor and Sopma (Table 1.0), 

supplementary data. 

 

Tertiary Structure 

As initially in the search of homolog to Endoglin 

protein resulted in an extremely poor structure 

templates, the sequence is subjected to online server 

for 3D structure prediction. 

 

CPHmodels 

The total modeled residues among the 658 is only 86 

range: 252 -338 with a high loop region (Figure 1a). 

 

EsyPred 3D 

The total modeled residues among the 658 is only 

230 range: 357 -587 with a high loop region (Figure 

1b).
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Table 3. Template homology with Endoglin sequence in fragment (3rd iteration). 

No Query sequence length Template pdb_id Identity Best model Ramachandran  

Analysis 

1 1 – 53 1CNS (Song and Suh 1996). 39.00% Model_1 

Model_2 

Model_3 

Model_4 

Model_5 

69.80% 

65.10% 

79.10% 

81.40% 

72.10% 

2 54 – 200 2EF4_A (kumravel et al). 35.00% Model_1 

Model_2 

Model_3 

Model_4 

Model_5 

83.40% 

81.60% 

79.20% 

78.40% 

76.00% 

3 201 – 300 3P8S_A  

(Yang and Czapla , 1993; 

sharma et al). 

39.00% Model_1 

Model_2 

Model_3 

Model_4 

Model_5 

70.00% 

81.20% 

75.00% 

78.80% 

78.30% 

4 301 – 400 1HZO_A 

(Nukaga et al., 2002). 

34.00% Model_1 

Model_2 

Model_3 

Model_4 

Model_5 

81.40% 

79.50% 

87.50% 

83.00% 

87.30% 

5 401 – 500 3DUI_A 

(Lopez-Lucendo et al., 

2009). 

37.00% Model_1 

Model_2 

Model_3 

Model_4 

Model_5 

83.10% 

82.00% 

84.30% 

83.10% 

80.90% 

6 501 - 658 3CN5_A 

(Frick et al., 2009). 

39.00% Model_1 

Model_2 

Model_3 

Model_4 

Model_5 

81.10% 

80.30% 

82.60% 

84.80% 

84.10% 

 

Table 4.Optimum selected 3D model for ligation on the basis of Ramachandran analysis. 

No Query sequence length Template pdb_id Identity Best model Ramachandran  

Analysis 

1 1 – 53 1CNS 39.00% Model_4 81.40% 

2 54 – 200 2EF4_A 35.00% Model_1 83.40% 

3 201 – 300 3P8S_A 39.00% Model_2 81.20% 

4 301 – 400 1HZO_A 34.00% Model_3 87.50% 

5 401 – 500 3DUI_A 37.00% Model_3 84.30% 

6 501 - 658 3CN5_A 39.00% Model_4 84.80% 

 

Table 5. Ramachandran plot distribution. 

 500ps 

 

 1ns  5ns  10ns   

Residues in most favoured regions 362 64.3% 363 64.5% 363 64.5% 359 63.8% 

Residues in additional allowed regions 151 26.8% 151 26.8% 151 26.8% 151 26.8% 

Residues in generously allowed regions 29 5.2% 26 4.6% 26 4.6% 32 5.7% 

Residues in disallowed regions 21 3.7% 23 4.1% 23 4.1% 21 3.7% 

Number of non-Glycine and non-Proline 

residues 

563 100.0% 563 100.0% 563 100% 563 100.0% 

Number of end-residues (excl. Gly and Pro) 2  2  2  2  

Number of Glycine residues (shown as 

triangles) 

44  44  44  44  

Number of Proline residues 49  49  49  49  

Total 658  658  658  658  
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Phyre2 (Successor of 3D-PSSM) 

The generated 3-D structure with 100% confidence 

but among 658 residues only 197 residues was 

modeled (Figure 1c).  

Fig.  1a. 3D model from CPH. 

 

Fig. 1b. 3D model from Esypred 3D . 

 

HHpred  

The 3D model have maximum loop region. Only short 

lengths of residues were modeled (Figure 1d).  

Fig. 1c. 3D model from Phyre2. 

 

SAMT08 

The 3-D model have several cuts present between 

residues (backbone was not complete) (Figure 1e).  

Fig.1d. 3D model from HH-pred. 

 

Fig.  1e. 3D model from SAMT08.        

 

Bhageerath H 

The 3-D model have multiple number of 40 cuts i.e. 

missing residual information (backbone was not 

complete) (Figure 1f).  

Fig.  1f. 3D model from Bhageerath H. 

 

Fig. 2a. 3D model from Swiss model server 
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Homology modelling 

Using the homology Swiss model server, based on 

template 3QW9_A (Lin et al., 2011) with 16% 

identities with a short stretch of structure ranging 

sequence 445 – 578 (Figure 2a). The first output for 

the entire sequence length with 2WOK_A  (Fiser et 

al., 2000) shows a very poor homology with template 

and modeled structure had a high loop region (Figure 

2b). 

Fig. 2c. 3D model from template2YOF_A.        

 

Fig. 2d. 3D model from template 1HT6 _A. 

 

Fig. 3a. 3D model of 1-53Amino acids. Amino acids. 

 

Fragment Based homology modeling 

The first fragmentation process resulted into two 

segments, the first shows 34.00% identity with 

2YOF_A (Cui et al., 2012) having a maximum loop 

region (Figure 2c). The second segment shows a 

29.30% identity with 1HT6_A (Robert et al., 2003) 

(Figure 2d). Whereas in second iteration the entire 

sequence is segmented in three fragments, the first 

segment from 1-200 show no significant result. The 

second segment 200-400 shows a 24.00% identity 

wit 3DUZ_A (kadlec et al., 2008) and third segment 

shows a 23.00% identity with 2QPS_A (Bozonnet et 

al., 2007). All models predicted by using different 

matrix were non relevant structures. All models have 

maximum loop region in their 3-D structure. In the 

third iteration the protein was fragmented down in 

six parts and homology models were generated 

(Figure 3a – 3.f). 

Fig. 3b. 3D model of 54-200 Amino acids. 

 

Fig. 3c. 3D model of 201-300 Amino acids.    

 

Fig. 3d. 3D model of 301-400 Amino acids. 
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Fig. 3e. 3D model of 401-500 Amino acids. 

    

Fig. 3f. 3D model of 501-658 Amino acids. 

 

Fig. 3g. Final 3D structure of Endoglin. 

 

Fig. 4a. 3D structure of Endoglin  system.  

Fig. 4b. Endoglin 3D structure under water solvent. 

             

For ligating the 3D structure, we used the best result 

of modelled fragments by validating it through 

Ramachandran plot analysis considering the most 

favoured regions of different models (Figure 3g). The 

structure was initially optimized using Gromacs and 

energy was calculated: 3677522.703884 k/j (Figure 

4a) and simulated under water body condition using 

CHARMM in NAMD with a time scale 500 pico 

seconds, 1, 5, and 10 nano seconds (Figure 4b). The 

following result in table no: 5.0 are giving the residual 

organizing in Ramachandran plot after the 500 pico-

seconds, 1 nano-second, 5 nano-seconds and 10 nano-

seconds. 

 

Structure validation 

The distribution of φ, ψ angles showed a significant 

residues in the most favored, additional allowed and 

generously allowed regions comprising more than 

90% (Table: 5.0).  The model quality was tested under 

PROSA and Procheck and resulted a Z-score as 

foolows 500 ps: -3.34, 01 ns: -3.41, 05 ns: -3.41 and 

10 ns: -3.44 (Figure 5a – 5l). 

 

Discussion 

The 3D modeled structure of Endoglin was travelled 

through a multi process of simulation and 

optimization resulted into a refined structure, but 

even though the 3D modeled structure is not at 

optimum level. In future the identification and 

submission of newer protein structure may increase 

in the percentage homology between the template and 

query sequence of Endoglin may reveal an optimum 

model.
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                            Fig. 5a.                  Fig. 5b.                                    Fig. 5c. 

Fig. Shows the z-score of -3.34 after 500 pico-seconds of simulation. 

 

                          Fig. 5d.                Fig. 5e.                                Fig. 5f. 

Fig. Shows the z-score of -3.41 after 01 nano-seconds of simulation. 

 

                          Fig. 5g.                     Fig. 5h.                    Fig. 5i. 

Fig. Shows the z-score of -3.41 after 05 nano-seconds of simulation. 

 

                        Fig. 5j.                      Fig. 5k.                                   Fig. 5l. 

Fig. Shows the z-score of -3.44 after 10 nano-seconds of simulation. 

Disclaimers 
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Supplementary data (1) 

Results for 2D prediction: 

 

                  10        20        30        40        50        60 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 1   MDRGTLPLAVALLLASCSLSPTSLAETVHCDLQPVGPERGEVTYTTSQVSKGCVAQAPNA  

Helix 1       <----------->      <------->                <-----------  

Sheet 1       EEEEEEEEEE           EEEEEEEE        EEEEEEE              

Turns 1     TT                T               T  T      T   T       T   

Choufasman 

 

 

GOR       MDRGTLPLAVALLLASCSLSPTSLAETVHCDLQPVGPERGEVTYTTSQVSKGCVAQAPNA 

          ccccccchhhhhhhccccccccccceeecccccccccccceeeeeeeccccccccccccc 

 

Sopma     MDRGTLPLAVALLLASCSLSPTSLAETVHCDLQPVGPERGEVTYTTSQVSKGCVAQAPNA 

          cccccchhhhhhhhhccccccchhhhhhhhcccccccccceeeeeccccccccehccccc 

 

                  70        80        90        100        110      120 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 61  ILEVHVLFLEFPTGPSQLELTLQASKQNGTWPREVLLVLSVNSSVFLHLQALGIPLHLAY 120  

Helix 61  --------->      <-------->    <-------->    <------------>   120  

Sheet 61  EEEEEEEEEE      EEEEEE           EEEEEEEEEEEEEEEEEEEEEEEEE   120  

Turns 61              T TT         T TT   T         T                  120  

Choufasman 

 

GOR       ILEVHVLFLEFPTGPSQLELTLQASKQNGTWPREVLLVLSVNSSVFLHLQALGIPLHLAY 

          Hhhhheeeeccccccchhhhhhhhhcccccccceeeeeeccccchhhhhhhccchhhhcc 

 

Sopma     ILEVHVLFLEFPTGPSQLELTLQASKQNGTWPREVLLVLSVNSSVFLHLQALGIPLHLAY 

          hhheeeeeeccccccchheeeeeccccccccccceeeeeeccchheeeecccccceeeee 

 

                  130       140       150       160       170       180 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 121 NSSLVTFQEPPGVNTTELPSFPKTQILEWAAERGPITSAAELNDPQSILLRLGQAQGSLS 180  

Helix 121    <>             <----------------------------------------- 180  

Sheet 121    EEEE     EEE     EEEEEEEE                 EEEEEE       EE 180  

Turns 121  T      T T           T         TT         T T          T    180  

Choufasman 

 

GOR      NSSLVTFQEPPGVNTTELPSFPKTQILEWAAERGPITSAAELNDPQSILLRLGQAQGSLS 

          cccceeecccccccccccccccchhhhhhhhcccccchhhhcccchhhhhhhhccccccc 
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Sopma     NSSLVTFQEPPGVNTTELPSFPKTQILEWAAERGPITSAAELNDPQSILLRLGQAQGSLS 

   Ccceeeecccccccccccccccchhhhhhhhcccceeeeeeccccceeeeeecccccccc 

 

 

                  190       200       210       220       230       240 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 181 FCMLEASQDMGRTLEWRPRTPALVRGCHLEGVAGHKEAHILRVLPGHSAGPRTVTVKVEL 240  

Helix 181 -------->              <------------------>          <------ 240  

Sheet 181 EEE                                    EEEE         EEEEEE   240  

Turns 181        T   T     T                                T          240  

Choufasman 

 

GOR   FCMLEASQDMGRTLEWRPRTPALVRGCHLEGVAGHKEAHILRVLPGHSAGPRTVTVKVEL 

          Hhhhhhhhhhhhhhccccccceeeccccccccccchhhheeeeecccccccceeeeeeee 

 

Sopma     FCMLEASQDMGRTLEWRPRTPALVRGCHLEGVAGHKEAHILRVLPGHSAGPRTVTVKVEL 

          ccccccccccchhhhhcccccccccccccchhcccchheeeeeccccccccceeeeeeee 

 

 

                  250       260       270       280       290       300 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 241 SCAPGDLDAVLILQGPPYVSWLIDANHNMQIWTTGEYSFKIFPEKNIRGFKLPDTPQGLL 300  

Helix 241 ->   <------>     <------------------------------->     <--- 300  

Sheet 241       EEEEEEE    EEEEE      EEEEEEEEEEEE              EEEE   300  

Turns 241     T         TT                  T        TT        T  T    300  

Choufasman 

 

GOR    SCAPGDLDAVLILQGPPYVSWLIDANHNMQIWTTGEYSFKIFPEKNIRGFKLPDTPQGLL 

          Cccccceeeeeeeccccceeeeeecccccceeeecccccccccccccccccccccccchh 

 

Sopma    SCAPGDLDAVLILQGPPYVSWLIDANHNMQIWTTGEYSFKIFPEKNIRGFKLPDTPQGLL 

          Cccccccceeeeeccccceeeeeecccceeeeecccceeeecccccccccccccchhhhh 

 

 

                  310       320       330       340       350       360 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 301 GEARMLNASIVASFVELPLASIVSLHASSCGGRLQTSPAPIQTTPPKDTCSPELLMSLIQ 360  

Helix 301 -------------------------->                       <--------- 360  

Sheet 301       EEEEEEEEEE                        EEE          EEEEEEE 360  

Turns 301        T                       T             TT    T         360  

Choufasman 
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GOR    GEARMLNASIVASFVELPLASIVSLHASSCGGRLQTSPAPIQTTPPKDTCSPELLMSLIQ 

          Hhhhhhhhhhhhhhhccccceeeeeccccccccccccccccccccccccccchhhhhhhh 

Sopma     GEARMLNASIVASFVELPLASIVSLHASSCGGRLQTSPAPIQTTPPKDTCSPELLMSLIQ 

          hhhhhhhhhheeeeeeccccceeeeeecccccccccccccccccccccccchhheeehhc 

            

    370       380       390       400       410       420 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 361 TKCADDAMTLVLKKELVAHLKCTITGLTFWDPSCEAEDRGDKFVLRSAYSSCGMQVSASM 420  

Helix 361 --------------------->              <--------->      <------ 420  

Sheet 361 EE     EEEE      EEEEEEEEEEEE                      EEEEE     420  

Turns 361 T            T                 T     T  T     T              420  

Choufasman 

 

GOR    TKCADDAMTLVLKKELVAHLKCTITGLTFWDPSCEAEDRGDKFVLRSAYSSCGMQVSASM 

          Hcccchhhhhhhhhhhhhhceeeeeeeeeccccccccccccceeeeeccccccceecchh 

 

Sopma     TKCADDAMTLVLKKELVAHLKCTITGLTFWDPSCEAEDRGDKFVLRSAYSSCGMQVSASM 

          cccccchheeeehhhhhhhhhhheeeeeeccccccccccccheeeeccccccccehcccc 

 

                  430       440       450       460       470       480 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 421 ISNEAVVNILSSSSPQRKKVHCLNMDSLSFQLGLYLSPHFLQASNTIEPGQQSFVQVRVS 480  

Helix 421 ---------------------->  <-------->  <------------------->   480  

Sheet 421      EEEE          EEE     EEEEEEEE               EEEEEEEE   480  

Turns 421   T        T     T                   T      T   T  T         480  

Choufasman 

 

GOR    ISNEAVVNILSSSSPQRKKVHCLNMDSLSFQLGLYLSPHFLQASNTIEPGQQSFVQVRVS 

          hhhhhheeeeccccccceeeeeecccchhhhhhhccccccccccccccccccceeeeecc 

 

 

Sopma     ISNEAVVNILSSSSPQRKKVHCLNMDSLSFQLGLYLSPHFLQASNTIEPGQQSFVQVRVS 

          Cccheeeeeccccccchheeeeccccchhheeeecccchhhhcchhhhcccceeeeeecc 

 

                  490       500       510       520       530       540 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 481 PSVSEFLLQLDSCHLDLGPEGGTVELIQGRAAKGNCVSLLSPSPEGDPRFSFLLHFYTVP 540  

Helix 481   <------>             <------->                 <---->      540  

Sheet 481   EEEEEEE             EEEEE        EEEE          EEEEEEEEEEE 540  

Turns 481 T                 T T       T    T       T     T             540  

Choufasman 

GOR    PSVSEFLLQLDSCHLDLGPEGGTVELIQGRAAKGNCVSLLSPSPEGDPRFSFLLHFYTVP 
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          Cccchhhhhhhccceeccccccchhhhhhhhccccceeeecccccccccceeeeccceec 

 

Sopma     PSVSEFLLQLDSCHLDLGPEGGTVELIQGRAAKGNCVSLLSPSPEGDPRFSFLLHFYTVP 

          Cccchhhhhhhcceeccccccceeeeecccccccceeeeeccccccccceeeeeeeeecc 

                  550       560       570       580       590       600 

                   |         |         |         |         |         | 

                   *         *         *         *         *          

Query 541 IPKTGTLSCTVALRPKTGSQDQEVHRTVFMRLNIISPDLSGCTSKGLVLPAVLGITFGAF 600  

Helix 541          <---->    <------------->          <--------------- 600  

Sheet 541 EEEEEEEEEEEE           EEEEEEEEEEE            EEEEEEEEEEEEEE 600  

Turns 541   T           T   T  T              T       T                600  

Choufasman 

 

 

GOR    IPKTGTLSCTVALRPKTGSQDQEVHRTVFMRLNIISPDLSGCTSKGLVLPAVLGITFGAF 

          Cccccceeceeeecccccccchhhhhhhhhheeeecccccccccccceeceecccccchh 

 

Sopma     IPKTGTLSCTVALRPKTGSQDQEVHRTVFMRLNIISPDLSGCTSKGLVLPAVLGITFGAF 

          ccccccceeeeeecccccccchhhhhhhhhhhhccccccchhhcccceehheeeeccchh 

 

                  610       620       630       640       650       658 

                   |         |         |         |         |         | 

                   *         *         *         *         *         

Query 601 LIGALLTAALWYIYSHTRSPSKREPVVAVAAPASSESSSTNHSIGSTQSTPCSTSSMA 658  

Helix 601 ----------->         <------------->            658  

Sheet 601 EEEEEEEEEEEEEE             EEE          658  

Turns 601                   T    T          T  T       T                658  

Choufasman 

 

 

GOR    LIGALLTAALWYIYSHTRSPSKREPVVAVAAPASSESSSTNHSIGSTQSTPCSTSSMA 

          Hhhhhhhhhhheeeccccccccccceeeeeccccccccccceeeeccccccceeeeec 
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Abbreviation 

ps: Pico second 

ns: Nano second. 
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