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Abstract: ConSurf database is used for evolutionary conservation analysis of amino acids of given proteins with
known structures in the Protein Data Bank (PDB). In this study we have used PDB ID: 1A06, which is
crystallographic structure of human serum albumin. The evolutionary conservation of each amino acid position in the
alignment was calculated by evolutionary profiles of most proteins of known structure. ConSurf-DB was constructed
based on the fully automated four steps process. The conservation grades are mapped on the three-dimensional
structure of the query protein, which can be viewed using the NGL viewer or FirstGlance in Jmol. Finally, the
evolutionary rates are categorized to discrete conservation grades, ranging from 1 to 9.
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I. INTRODUCTION

ConSurf-DB includes pre-calculated estimates of the evolutionary profiles of most proteins of known
structure. The evolutionary conservation estimates are highly robust because particularly stringent thresholds were
used in constructing the database. A detailed description of regarding use of consurf databes, to study pre calculated
evolutionary conservation profiles of protein structure is available in a publication (8).

ConSurf-DB was constructed based on the fully automated four steps process (a) downloading and parsing
non-redundant PDB entries, (b) collecting sequence homologues and building the multiple sequence alignment
(MSA), (c) calculating evolutionary rates, and (d) formatting the results for presentation in the ConSurf-DB website.

I1. MATERIAL AND METHODS

The first step in building ConSurf-DB is retrieving the PDB entries. In this study we have used 1A06, which is
a crystal structure of human serum albumin (2). Each PDB entry can contain one or more protein chains, which are
handled separately in ConSurf-DB. The chains are extracted from a PISCES file (17), which contains all non-
redundant (unique) chains in the PDB.

The second step is detecting homologues. The sequence homologues are searched in UniRef-90 (14), a
clustered version of the UniProt database (16). This is done using one iteration of HMMER (8) with an E-value
threshold of 0.0001. Next, CD-HIT (3) removes any redundant homologues with a threshold of 95%. Finally, a
multiple sequence alignment (MSA) of the homologues is constructed using the MAFFT-LINSI procedure (4).

The third step is estimating the evolutionary rates. It begins by inferring the best amino acids substitution
model based on the MSA (1). Then, a phylogenetic tree is built from the MSA with the Neighbor-Joining method
(12), implemented in the Rate4Site program (10). Next, Rate4Site assigns an evolutionary rate to each position in the
query sequence, based on the phylogenetic tree and the substitution model, and using an empirical Bayesian
methodology (6).
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The fourth and final step is formatting and visualizing the results. The conservation grades are mapped on the
three-dimensional structure of the query protein, which can be viewed using the NGL viewer (11) or FirstGlance in
Jmol (5). The colors are also projected on the query sequence and on the MSA. Moreover, session files, presenting
the protein structure colored by the conservation grades, are created using the PyMOL (13)and Chimera
(9) programs. A flowchart of the pipeline used to construct ConSurf-DB is shown in figure 2.

I11. RESULTS AND DISCUSSION
ConSurf-Database analysis for PDB I1D: 1A06 was done using calculations based on protein IN5U chain A,

which is 100% sequence identical to 1A06 (17). For all the results following color codes were used, where 1
represents most variable positions and 9 represents most conserved positions as shown in figure 1.

BN s ¢« 5 ¢ 7 RSN

Variable Average Conserved

Insufficient Data

Figure 1: Color scale by conservation score.

NGL 3D viewer was used to analyze ConSurf-DB output and following results were obtained (Figure 3 to
figure 7). From these images we can see that chain A and chain B of 1A06 (human serum albumin) can be visualized
by NGL viewer. We can study structural conformations and structural changes in human serum albmin by using
different prameters provided by ConSurf-DB.

Figure 3: Cartoon style human serum albumin chain A (left) and chain B (right) with NGL 3D viewer
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Figure 2: A flowchart of the pipeline used to construct ConSurf-DB
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Figure 4: Surface style human serum albumin chain A (left) and chain B (right) with NGL 3D viewer

Figure 5: Spacefill style human serum albumin chain A (left) and chain B (right) with NGL 3D viewer
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Figure 6: Backbone style human serum albumin chain A (left) and chain B (right) with NGL 3D viewer

Figure 7: Licorice style human serum albumin chain A (left) and chain B (right) with NGL 3D viewer
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Figure 8: Sequence of human serum albumin (coloured as per conservation scale)

[JRAR19K6949 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 748


http://www.ijrar.org/

© 2019 IJRAR June 2019, Volume 6, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

Table 1: Conservation scores of amino acids with their sequence position and 1 letter codes

position | 2MM% | coLOR | Position | Amino | COLOR | Position | Amino | COLOR
Acid . .
Acid Acid
1 D 8 41 K |5 81 R |5
2 A 6 42 L |6 82 E |4
3 H 7 43 VvV |6 83 T |5
4 K 6 44 N |2 84 Y |6
5 S 4 45 E |4 85 G |5
6 E 8 46 VvV |6 86 E |4
7 V; 8 47 T |5 87 M |5
8 A 7 48 E |4 88 A |6
9 H 4 49 F |5 89 D |5
10 R 6 50 A |6 90 c |9
11 F 2 51 K |5 91 c |9
12 K 1 52 T |3 92 A |3
13 D 1 53 c |9 93 K |4
14 L 5 54 vV |5 94 Q |3
15 G 6 55 A |5 95 E |6
16 E 5 56 D |3 96 P |4
17 E 3 57 E |1 97 E |6
18 N 5 58 s |5 98 R |9
19 F 6 59 A |3 99 N |6
20 K 2 60 E |5 100 E |3
21 A 3 61 N |3 101 c |9
22 L 4 62 c |9 102 F |8
23 v 5 63 D |2 103 L |7
24 L 5 64 K |6 104 Q |5
25 | 6 65 s |3 105 H |7
26 A 4 66 L |4 106 K |8
27 F 5 67 H |4 107 D |5
28 A 8 68 T |4 108 D |4
29 Q 9 69 L |5 109 N |4
30 Y 6 70 F |7 110 P |4
31 L 6 71 G |7 111 N |2
32 Q 7 72 D |5 112 L |3
33 Q 5 73 K |5 113 P |6
34 C 6 74 L |8 114 R |4
35 P 7 75 c |9 115 L |4
36 F 5 76 T |5 116 VARE
37 E 4 77 vV |4 117 R |4
38 D 6 78 A |4 118 P |5
39 H 5 79 T |5 119 E |5
40 Y, 3 80 L |6 120 VvV |5
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Position | Amino | COLOR | Position | Amino | COLOR | Position | ™% | coLoR
Acid Acid Acid

481 L |6 521 R |4 561 A 5
482 Vv |8 522 Q |7 562 D 2
483 N |3 523 | 1 563 D 3
484 R |9 524 K |5 564 K 5
485 R |7 525 K |7 565 E 4
486 P |4 526 Q |6 566 T 4
487 c |9 527 T |4 567 C 9
488 F |8 528 A |6 568 F 8
489 s |6 529 L |8 569 A 2
490 A |4 530 vV |7 570 E 1
491 L |7 531 E |5 571 E 8
492 E |2 532 L |7 572 G 3
493 vV |2 533 VARE 573 K 4
494 D |9 534 K |8 574 K 5
495 E |4 535 H |6 575 L 7
496 T |6 536 K |7 576 V] 7
497 Y |8 537 P |7 577 A 4
498 vV |6 538 K |1 578 A 4
499 P |8 539 A |6 579 S 7
500 K |7 540 T |6 580 Q 5
501 E |1 541 K |1 581 A 7
502 F |5 542 E |5 582 A 4
503 N |6 543 Q |7 583 L 8
504 A |5 544 L |6 584 G 7
505 E |4 545 K |3 585 L 7
506 T |5 546 A |4

507 F |7 547 Vv |5

508 T |4 548 M |3

509 F |6 549 D |1

510 H |4 550 D |3

511 A |4 551 F |8

512 D |6 552 A |3

513 | 7 553 A |1

514 K 554 F |6

515 T |6 555 vV |6

516 L |5 556 E |3

517 S |4 557 K |4

518 E |4 558 c |9

519 K |3 559 c |9

520 E |5 560 K |2
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Hence, with respect to color values, it can be said that amino acids which are in variable regions have high
chances of getting interacted with other molecules. It is particularly important because, the amino acids which are in
conserved regions are generally present in the interior core of the protein. Similarly, colored Sequence of human
serum albumin is obtained by using Consurf databse as shown in figure 8. And conservation scores of amino acids
with their sequence position and 1 letter codes are shown in Table 1.

From this it can be said that amino acids in variable region positions are likely to undergo conformation
change and are generally present in accessible area for other ligands or small molecules. Determination of conserved
and variable regions of protein can be useful to study interaction of different ligands with protein. This is
particularly important because each protein has different ligand binding sites. Similarly, to study the possible
interactions of amino acids with other small molecules amino acid conservation score can be utilized.
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