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Then another aspect this is very important aspect in protein structures, is solvent

accessibility.
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Solvent Accessibility

* The solvent accessible surface area 1s defined as the locus
of the centre of the solvent molecule as it rolls over the
van der Waals surface of the protein.

* Generally, a sphere of water is assumed to be the solvent
molecule with a radius 1.4 A.

M. Michael Gromiha, NPTEL, Biomformatics, Lecture 17

That name itself tells this is divided into two solvent and accessible what is the

accessible?
Student: Reachable.

Reachable like how far we can reach whether it is very close. So, you can reach more or
how far we can in contact right. So, what is the solvent; with the respect to a solvent we
have a protein structures if there is a solvent how far this solvent can reach each atoms
are each residues in a particular protein right. So, based on that you can define the
solvent accessible surface area, because the area we tell because how much area they can

overlap, this we call the accessible surface area.



So, you can define this as the locus of the centre of the solvent molecule, as it rolls over
the van der Waals surface of the protein. So, we have the protein different residues and
they take a different atoms, we can represent these atoms in the over lapping spheres and
if you have a sphere, then we take a solvent molecule and you could roll the solvent
molecule on this protein and see how far they are in contact. There contact is called the
contact area and how far the center of the solvent molecule rolls on the van der Waals
surface then that is called the accessible surface area. Usually we take a solvent, water is

in which environment.
Student: Water.

Water environment the protein used water environment. So, if it consider you proteins
environment, then we take a solvent as water right. So, you can take the water and you

can see the radius of 1.4 A because of the environment of any proteins.
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Solvent Accessibility

* The solute molecule is represented by a set of interlocking
spheres of appropriate van der Waals radii assigned to
each atom

* The solvent molecule is rolled along the envelope of the
van der Waals surface at planes conveniently sectioned.
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So, then what to do? So, you can see the solute molecule; solute molecule what is solute
molecule here? Is a protein right. So, you can see a protein this is a solute molecule, you

can see the interlocking spheres. So, you can see this is the interlocking spheres here.
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Solvent Accessibility
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And we can assign with the different van der Waals radii; what are atoms present in

water in protein; carbon?
Student: Oxygen nitrogen.
Nitrogen.

Student: Oxygen sulfur.
Oxygen sulfur right.
Student: sulphur

So, based on the atoms we have the van der Waals radii. So, each item you can have the
different van der Waals radius. So, they are interlocking spheres now what to do you can
now roll the solvent molecule, on the along the envelop of this van der Waals surface you
can see the van der Waals surface here right. So, this is the water molecule this is the
water, of 1.4 A. So, you roll water molecule on the van der Waals surface. From that now
you can see the radius of the surface is equal to R plus r the solvent molecule, and you
can calculate accessible surface area of atom of radius R you can see these r or this is a
area of the surface of a sphere of radius r which is r equal to r plus r the solvent

molecule, on each point with the center of the molecule are in contact these solute



molecule in contact with there is solute molecule without penetrating the other atoms

right.

So, if we have this water molecule which are rolling around, how far they can penetrate
into each atoms depend based on the van der Waals radius of this each atom in a protein.
So, that area we call as solvent accessible surface area right. So, we have the water
molecule now you roll on this molecule. So, this is the contact, how much you can
contact this is the contact area and how much you can penetrate into the van der Waals
surface that you can get the accessible surface area, that can be that some accessible

surface area you can accessible by the solvent with the atoms.

So, there are several methods; this is the principle how they estimate the solvent
accessibility, there are various methods to calculate the solvent accessible surface area of

each atoms to based on the different algorithms.
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Methods

ACCESS: Lee and Richards (1978)
NACCESS: Hubbard and Thornton (1993)
ASC: Eisenhaber and Argos (1993)

DSSP: Kabsch and Sandor (1983)
GETAREA: Fraczkiewicz and Braun (1998)
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So, I show some of the algorithms one is the ACCESS this is the one first introduced the
literature in 1978, actually started 1971 Lee and Richards they proposed the concept of
solvent accessibility, and the program they developed in 1978.

So, they use this information how the protein can be accessible by a solvent molecule.
Later on they refined in 1993 and they developed NACCESS to get the accessible

surface area of all atoms. Likewise there are several other methods like ASC or DSSP or



GETAREA, ealier we discussed the DSSP for the second structural proteins they
combine the second structure as well as solvent accessibility, at the one file you can get

all the data.

(Refer Slide Time: 04:58)

Comparison ACCESS| DSSP NACCESS | ASC GETAREA

index

Standalone executable | Yes Yes Licensed Yes No

availability

Online calculations/ No Yes No Yes Yes

database

Polar and nonpolar area |No No Yes No Yes

Atom-wise surface area | Yes @ Yes Yes Yes

Source code availability |No Yes No Ye/  [No

Choice of probe radius | Yes No Yes Ye) No

Choice of van der Waals | Yes No Yes By Manual

and other parameters P editing

Secondary structure No (Yes) No No No

Reference and Kabsch and | Hubbard and | Eisenhaber | Fraczkiewicz
Richards | Sander, Thornton, | and Argos, | and Braun,
1978 1983 1993 1993 1998
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So, these are the some of the aspects of different methods, why do we need different
methods? There are various aspects. So, there are several algorithms available to
calculate the accessible surface area of all atoms and residues in a protein. So, the major
programs where ACCESS is the one which are develop early in the literature may be
1970s and followed by DSSP NACCESS ASC GETAREA and so on, currently we have

several other algorithms are also available in the literature.

So, if you look into these different algorithms there are some advantages and some
disadvantages. For example, if you look into DSSP. So, you can easily use standalone
program is available, but it can give you the accessible surface area for only the residues.
So, we cannot get the data for the atoms say if you take the atom wise. So, it is no, but if
you look at this NACCESS you can get the atom wise one right, but here there is no
online calculations or database, but NACCESS you need to get the license you have to
write the copyright agreement and then you have to send, and get the license and then

you can use it.

And here this will give you only the secondary structure though information regard only

the accessibility, but no secondary structure. Look the DSSP it will give you the ASA



plus secondary structure. So, there is advantage of using DSSP, you can get the
secondary structure and solvent accessibility simultaneously when you run the program.
So, ASC standard program, in this case you need to edit or manipulate this files
depending upon your input files right. So, you can edit, here you can see the you can
change the probe radius, you can change the van der Waals radius and source code is also

available. So, this for free they will give you the source code.

So, in the GETAREA. So, standalone is not available, but we can get the online. So, if
you give the PDB then you can get all the data. It give the polar nonpolar area I can give
atom wise surface area right, but you can also use by manual editing you can change the
van der Waals radius and other parameters. So, some program you cannot change
anything some of case only you can get this standalone, some case only you can do the
online some cases you can manipulate the change your default parameters and DSSP

provides both secondary structure as well as the solvent accessibility, this are the

references this is Lee and Richards right.
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——n Definition by the program DSSP, updated CHBI version by EImK / April 1,2000 =ess DATE2-APR-2004

REFERENCE U. KABSCH AND C.SANDER, BIOPOLYNERS 22 (1983) 2577-2637

HEADER  HYDROLASE (0-GLYCOSYL) ————TT®T-8 1

CONPND  LYSOZYME (E.C.3.2.1.17)

SOURCE  HUMAN (HOMO $SAPIENS)

AUTHOR  P.J.ARTYHIUK,C.C.F.BLAKE
130 1 4 4 O TOTAL NUNBER OF RESIDUES, NUNBER
6787.0  ACCESSIDLE SURFACE OF PROTEIN (ANGSTRON
89 68.5  TOTAL NUMBER OF HYDROGEN BONDS OF TYPE O(I)-->H-N(J)

2 1.5 TOTAL NUNBER OF HYDROGEN BONDS IN  PARALLEL BRIDGES,

12 9.2 TOTAL NUMBER OF HYDROGEN BONDS IN ANTIPARALLEL BRIDGES, .

OF CHAINS, NUMBER OF 58-BRIDGES (TOTAL, INTRACHAIN, INTERCHAIN)
el

, SANE NUNBER PER 100 RESIDUES
ZANE NUNBER PER 100 RESIDUES
AME NUNBER PER 100 RESIDUES

~->H-N(I+4), SANE NUMBER PER 100 RESIDUES
-=>H-N(I+5), SAHE NUMDER PER 100 RESIDUES
20 21 22 23 24 25 26 27 28 29 30 *** HISTOGRANS OF *v+

oo RESIDUES PER ALPHA HELIX
PARALLEL BRIDGES PER LADDER
ANTIPARALLEL BRIDGES PER LADDER

27,4 32.3

24.2 .5
25,4  28.6
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So, this is the output obtained from the DSSP, example I show the output from the DSSP.
DSSP is developed by Kabsch and Sander they published in 1983 Biopolymers right. So,
here if you see the data here the data starts from here, this is the residue number the two
numbers one is based on the PDB file one is actual residue number from the UniProt. So,

you have the two numbers. So, here you get amino acid sequence KVFE and so on, and



here this is the assignment of secondary structure and this case ACC this is the accessible
surface area. When you look into the accessible surface area can you see these numbers
and tell something from the accessible surface area, that which residues are buried which

residues are exposed?
Student: Alanine

If you see the numbers some of them are very high for example, here this is 146 and so,
114 these residues are exposed they are at the surface. So, for example, these residues
you see this arginine, and you can see these the glutamine acid these residues are at the

exposed then some residues for example, they are 0 and 1; what is the meaning of the 0

and 1.
Student: They are buried.

They are buried right. So, in this case this is leucine alanine. So, these residues are buried
in the interior fine. So, if you have any PDB code, you can download DSSP you can
standalone program is available, you can execute easily just one line command if you
give the DSSP and you give the your PDB ID, and if you give you the output file name
you will get it. It just a online command you can get the data for the DSSP right, but only
disadvantage is it will give only the residue wise accessible surface area, otherwise it is it

is very fast.
(Refer Slide Time: 09:28)

1 GETAREA

Calculation of Solvent Accessible Surface Areas, Atomic Solvation Energies and Their Gradients for Macromolecules

Robert Fraczkiewicz and Werner Braun

Sealy Center for Structural Biology
University of Texas Medical Branch
Galveston, TX 77385, USA

Quite often a biomolecular researcher wants to quickly calculate solvent accessible surface area or solvation energy of, for example, a protein molecule but does not have timefresources/skills/will to find and.
instal an approprate software. GETAREA, our eficient method of calculaling (1,2) implemnented in program FANTOM, can though this form. An on-ine
manul s avaiable. Atomic coordinates should be supplied in PDB format. Please cite reference [1] in publicatons that use our service. Comments are weloome, please mal them to webraun(uimb ey Sample
| Getarea output; getarea pdf

1 1 Fracakiewicz, R and Braun, W. (1998) "Exact and Efficient Analytical Calculation of the Accessible Surface Areas and Their Gradients for Macromolecules* J. Comp. Chem., 19, 319-333.
2. Fraczkiewicz, R. and Braun, W. 'A New Efficient Algorithm for Calculating Solvent Accessible Surface Areas of Macromolecules® presented at the Third Electronic Computational Chemistry Conference;
Northern Iiinois University, November 1996, World Wide Web.

=
Please select your PDB Fle: Lo,
Please Enter radius of the water probe(4):

14

Do youwant gradient in calculations: i Yy orn, Defulisn
Please enter your Email Address: o gromiha@itm ac.in Forinfommation puspose oty
Select desired level of output: J 2. Avealenergy per residue v

(__Submit for Avalysis |  [__Resetto Defaultvalues |
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This is another program is called the GETAREA, here you can use the online version
where standalone not available, but you can manipulate the probe radius and other
parameters and you can get the data for all atoms. For example, if you want to use the

PDB file you can give the PDB here I give 2PTL the PDB right.

So, water molecule there is 1.4, here if you give the email address and if get the output,

and submit for analysis, then you will get the data.

(Refer Slide Time: 09:59)

Residue Total  Apedar Backbone Sidechain Ratio(r) In/Out

GLU 1 212.43 84.51 127.92 90.6 o.

SN 7 135.37| 770  26.91 108.46 94.9 o

LYS 3 163.87| 117.00 12.88 150.98 91.8 o

GLU Al 5475 | Mo S e T 0 5 1M 2550 87.3 o

SLY § 130.85) 54,90 20,65 110,00 0.9 o Meir Gradients for Macromolecules

THR G AErE EirE . iE 89.1

PRO A0S0 11 00T 44T SHEs 55 /2 90.6 o

GLU E EeR || RO R RS 97.3 o

THR 90625911 Maitav Tz, ca M3 90) 88.2 o

PRO O 00 2o 62 O M C 75 2 B €Yo Nt o

GLU di N dce;cal 55 29 g 6144190, 20 92.2 o

THR T e R RS 97.3 o

AP W R AR A T 48.3
Qui iiﬁ i; :2;:: :é:i; :::2; ,zg:g: ‘22:2 Z rotein molecule but does not have timelresources/skillhwil t find and
st gLy 16 52.26  16.65 13.98  38.28 PR rogramn EANTOM, can be directly accessed through this form. An on-lne
UEl GLy 17  142.58  56.14  28.82 113.76 80.6 ° Comments are welcome, please mail them to webraunuiznb edu Sample
Get vaL 18 43.12 43.12 4.83 38.29 31.3

THR ol O3R7A0 42zl 44 EONE 65.5 o
Ref 1LE 20 59 0.88 1.60 0.00 0.0 i
| |vys 21T Ao ton CHE Al 47.3

ALA 22 6 0.06 0.06 0.00 0.0 fadients for Macromolecules J. Comp. Chem., 19, 319-333.

ASN 23 16.54 0.02 0.00 16.54 14.5 |es" presented at the Third Electronic Computational Chemistry Conference,

LEU 24 4.38 4.38 0.00 4.38 3.0

ILE A5 A 0.00 43.18 29.3

PHE 26l Z5 20 060 5.60  19.69 10.9 i

ALX A Gos D SR S 53.4 o

ASN 28 114.03 60.22 46.03 68.00 59.5 o i

GLY L FaE . EEEE . GRS 0.00 71.0 o

SER R RE ST G0 FVER 66.3 o

THR SR GROE ad ABER ERER 62.4 o

GLN 32 98.49  34.65 6.46  92.03 64.0 o

THR GO FdE PG B 60.8 o

ALX 34 6.64 6.64 6.24 0.39 0.6 i

GLU 351 adolis N aa 05 1 7L 7RI 01 50 71.8 o

PHE S AR AR 3.05  17.48 9.7 1

LYS Ehl GReR . BPREE . FERR . P 58.6 o

peem—— )
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So, if we look into this data. So, each residue this is a total surface area and they group
into different atoms based on the apolar and the polar. So, among total 1 2 accessible
surface area A2, apolar is about 98. Then also they classify into backbone and side chain,
this is the backbone and this is a side chain as well as this ratio. Then based on this area

the classify this is out or in, what it is a meaning of out?
Student: exposed.

This is a exposed. So, values are very high. So, they are out. So, here this is less here this
is less and they are the interior of the protein, they can classified into either interior the

protein are at the surface fine.
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Residue Total Backbone § "w”l :‘HE Gfg”""l ‘“::’2‘““
GLU 1. 212.43 y  84.51 >
sy s.a7| o0 269 dad| @yon e
LYs 3163 87 | Wiz o0liz e SR =T J 0:36
GLU A P\ R R ; gﬁ gtg 1 gi:s
GLU s 130.8s| s4.90 20.85 . ;
o i T oA i s c6 | oLy a 45.31 I Gradients for Macromolecules
PRO 7 110.90 | 104.44 15.63 7 ¢D | GLU 1 1.72
GLU 8 150.22 74.82 12.78 8 OE1 | GLU 1 6.70
THR 9 106.59 | ®81.47 12.88 9 OF2 | 6LU R ace
FRO OR103" 258 e T 7T a2 10 H1 |GLU 1 0.00
GLU 6669 155 29095 4% 1152 GLU i 0.00
THR Hzld2 1 9 e =2 0t E 2 12 B3 GLU 1 0.00
ASP A okl Do) e 13 HA  GLU 1 0.00
SER a0 02 s a1 a 1 5 4
bl e 35 5n 2R n T S OO0 aeculsbu o ol have imefesourcessilhl o fd and
st gpy 16 52.26 16.65 13.98 16 HG2 GLU 3 0.00 fam FANTOM, can be directly accessed through this form. An on-line
Uil GLY o T e HdH 17 HG3 GLU 1 0.00 Aments are welcome, please mai them to webraun@utrb.edu. Sample
Get vaL 18 43.12 4.83 18N ASN 2 3.12
THR 19 42.24  14.14 19 CA ASN a 1.78
Ee: see o | e = @ oo
| T 0.06  0.06 | cpep rm /o fislMcmioiss Comp Oenm,19,31933
ASN 23 0.0z 0.00 23 ¢6  ASN 0.50 presented at the Third Electronic Computational Chemishy Confevance;
LEY 24 4.28 9.00 24 OD1  ASN 22.93
ILE 258 Va3 iialastie 0.00 i oE il o
PHE ZERNZE 25 0 ES) 5.60 W b - Eo
ALA il Odob cEegh) EbD g
SN 28 114.03  60.2z  46.03 iy L g (e
oLY 29 61.95  36.33  61.95 i e O Ll
SER 30 60.71  36.48 5.39 i &y 3 9500
THR 3T a3t a0To s e Sl L 2 0.00
GLN 32 98.49  34.65 6.46 31 D2z AN & 0,00
THR 337 s ma ez EcRZ 2 32N LS 3 0.01
ALA 34 6.64 6.64 6.24 33 Ch LYS 3 9.54
GLU 35 119.15 44.085 17.76 34c LYS 3 0.03
PHE dERNZ0 E3 N Z0 Es 3.08 350 L¥S 3 3.30
LYS o GESH EAED Ee 36 CB LYS 9 R
T ST G B
38 CD LS 3 35,53
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So, now we can also get the this area for each atoms, here this is for each residue, now
here you can see even for these glutamic acid. So, they have for each atoms you can see

the area for each atom in a residue.

(Refer Slide Time: 11:04)

Backbone ¢ ATON NAME RESIDUE  AREA/ENERGY
84.51 | 1N} GLU 1 el
%0 26.91 2 ch| oLy 1 ATOM TY] AREL/ENERG
117.00  12.88 9@ || g ¥ 1 HBB 0.00
77.48  10.91 RCIR\ L UM ZRCHAND 613.40
$4.90  20.85 § CBb | GLU 1 3 C BB 8.20
84.46 18.62 6 CG | GLU 1 aNEB Sk
104.44 15.63 7CD | GLU 1 = =
74.82 12.78 8 OE1 | GLU 1 5 0_B_B 791.07
81.47  12.88 9 Oz |GLU 1 6 H_ALT 0.00
87 e7Azn e 10 B |GLU 1 7 H ARO 0.00
55.29 36.44 11 H2 GLU 1 8 H AMI 0.00
84.75  20.82 12 3 GLU 1 =
22.19 27.61 13 HA  GLU 1 1: :—igt g'gg
EIE1NN a1 5T 14 KBz GLU 1 4 . in
70.42 24.65 15 HB3 GLU 1 11 C_ALI 3958.11 an
16.65  13.98 16 HG2 GLU il 12 C_BYL 33.34 isfom Anondne
s6.14  28.82 17 K63 GLU 1 13 C_ARO 384.49  Junmbed Sumple
it o A AW 2 14 N_ANI 1411.75
0.88 b e g 4 15 N_aNo 0.00
o . 20 ¢ ASN 2 -
38.66 0.05 210 ASN 2 16 O_BYL 628.56
0.06 0.06 22 ¢B s 17 O_BYX 21.06 %
(ef2Es (el 23 ¢6  AsN 18 O_HYD 555.45  dusty Conforome;
2250 24 0D1 ASN 19 S_0XY 3.82
19.69 5. 60 25 NDz  ASN 2 20 S_RED 17.01
43.44 32.88 26 H ASN 2 0.00
e e 27 HA  ASN 2 0.00
e G 28 HB2 ASN 2 0.00
36.48 i 29 HB3 ASN 2 0.00
40.71  16.88 30 D21 ASN 2 0.00
34.65 6.46 31 D22 ASN 2 0.00
62.60 12.26 32N LYS 3 0.01
6.64 6.24 33 cA L¥E 3 9.54
44.05  17.76 34c  LYS 3 0.03
20.53 3.08 350 L1S 3 3.30
52.86 13.38 36 CB  LYS 3 25.81
376 L¥S T BT
38 CD LS Ss s
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So, this each atom type where this is CAB or CBB this is the backbone, and you can see
the different atom types and you can see whether this sulfur and the aromatic aliphatic.

So, you can see the area based on the different atom types.
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ATOM NAME RESIDUE  AREA/ENERGY

Residue pedqr Backbone §
GLU @ 84.51 2l G &
ASN e hem 2 ca| oLy 1 ATOM TYPE AREL/ENERG
LYs 17 00MNiZ 1 EE 9@ || ¥ 1 HBB 0.00
GLY s R0 5 ) EROR\IOLT i 2 CEAED 613.40
GLU $4.90  20.85 § CBb | LU 1 3CB B 5.20
THR 84.46  18.62 6 CG | GLU 1 aNEB 20.59
PRO 104.44 15.63 7D | GLU 1 — - i
GLU 74.82 12.78 8 OE1 | GLU i 5 O_B_B 791.07
THR 81.47 1z2.88 9 OEz | GLU il 6 H_ALI 0.00
PRO B E7aNzD 2 10 B |GLU 1 7 H_ARO 0.00
T sirs s  mm a1 L 2:90
ASP 22 15NGrLsT 13 HA  GLU 1 8 BranL 200
SER 381 a1153 14 HB2 GLU i S e [Bolel.
Q“f_ GLU 70.42 24.65 i5 HB3 GLU B 11 C_ALI 3958.11 Wl:“m;\:"\ﬂ
st gLy 16.65  13.98 16 HGZ GLU 1 dafcuzzr 33.34 isfom Anonine
| s6.14  28.82 17 BG3 GLU 1 13 C_ARO 384.49  dumbels Sumple
A Rl A8 R N 2 14 N_aMI 1411.75
THR 4zi3a  14.14 19 CA ASN 2 S i S¥sa
Ref 1LE 0.88 1.60 = J
20 ¢ SN 2
LYS 38.66 0.05 16 O_BYL 628.56
| 21 0 ASN 2 -
ALR 0.06 0.06 22 CB ASN 17 O_BYX 21.06 3B
ASN 0.0z 0.00 23 66 ASN 18 O HYD 555.45  onisty Confrance;
e=y b 24 OD1 ASN 19 S_OXY 3.82
PHE 19.69 5. 60 25 NDZ2 SN 2 20 $_RED 17.01
ALA 43,44 32.88 gakt il g W
N 4 27 HA  ASN 2 0.0
ASN 60.22  46.03
oLY 36.33  61.95 ciep e O S POLAR / g TERT
SER 36.48 s 29 HB3 ASN 2 0. area/energy .
THR 40.71  16.88 30 D21 ASN 2 0. APOLAR area/energy = 5001.36
(9] 34.65 6.46 ;; ;ZZ ﬁ: ; g' UNKNOV area/enerqy = 0.00
THR 62.60  12.26 .
ALA 6.64 6.24 33 CA LY¥S 3 9.
GLU 44.05 17.76 34 ¢ LYS 3 0. Total area/energy = 8496.85
PHE 20.53 3.05 350 L¥S 3 3.
LYS 52.86  13.38 36 CB  LYS 9 Bk
T Ty 3766 LYS 3 13, Nurber of surface atoms 723
38 CD  LYS 3 35, Number of buried atoms = 586
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These are overall you can say overall polar area and the apolar area, and this is the total

area also there are number of atoms which are the surface which are at the buried.

So, you get all the information because will give you the data for each atom is easy to
use, but now they issue is most of the biologists, they find it difficult to interpret the data.
So, in this case instead of giving numbers, if you provide a kind of figures so that, they
can understand which residues which are at the surface and which residues are the buried

then will be very helpful to interpret the results.
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Pictorial Representation: ASAView

* ASAview is an algorithm and a database of schematic
representations of solvent accessibility of residues in a protein.

* In this program, a characteristic two-dimensional spiral plot of
solvent accessibility has been implemented for providing a
convenient graphical view of residues in terms of their exposed
surface areas.
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So, we develop data the database called ASAView, we developed database as well as
algorithm to represents solvent accessible surface area. It is a characteristic two
dimensional plot kind of spiral plot, which will give you some information so that, you
can view the figures and then get the information right. So, how to do that? Here the

various aspects one is different types of atoms, different types of residues right.

So, here we considered only the residues not different atoms right. So, what are different

types of residues in a protein?
Student: Polar.

Polar residues, non polar residues, charge residues right. So, we can show specifically
these are charge residues or the hydrophobic residues polar residues and so on. Then they
these residues they have different surface area, some of them are less are some of them
are more. You can give this circles with the different sizes based on the surface area. So,
we want to give the plots in the form of the spirals as well as the bar chart just give you
the actual values for each residue in a particular protein. You can use this online plots for

any PDB ID or you can upload your PDB you can get the plots ok.
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v
' \(\*MOY\(\ Spiral view

blue, red, green, gray and | /'
S @ colors indicates théFositively
‘ & % v, charged, negatively charged, polar,
non-polar and Cys residues,
respectively. The size of the sphere
shows the relative ASA

S. Ahmad, M.M. Gromiha and A. Sarai, (2004) BMC Bioinformatics
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Now, I will show you the plot. So, here it is a plot for a particular protein. We got
different colors and the different colors represent for the different types of amino acids

likewise there is the blue right. So, you can see the blue this is the K 32, these are



positive charged residues and the green. So, here you can see the green this is mainly for
the polar residues based on the notations, and you can see the gray, gray is mainly for the
hydrophobic residues valine alanine and the yellow is mainly for these cysteine residues
I do not find any cysteine here. And you can see the size, some of them are very small
and some of them are very big they represent the relative accessible surface area of each
residues. From this one can we guess which residues prefer to be the interior which

residues are in the surface.
Student: Non polar.

Mainly we see the non polar residues see the stretch of these gray colors inside the core.
So, most of the hydrophobic residues this is the hydrophobic residues, which are mainly
at the interior the core in the surface if you see mainly the polar residues and you can see
the charged residues positive charge and the negative charged residues. You can see the

distribution of this residues at the interior of the protein or at the surface.

(Refer Slide Time: 14:41).
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This is another plot is a bar plot which give you the value for each residue. For example,
here these starting from the 1 to n, N terminal to the C terminal will you give the data. If
we look into these plot here also you can see they continuously not with the high ASA or
low ASA; like for example, if you see these residue and here you can see they are
distributed differently in the sequence here these residues, but when you look into this

number they are buriedly interior.



So, comparing this plot and this and this plot, some residues which are far away in the
sequence they are come close to each other and there they placed at the interior of the
protein. This also supports this hydrophobic model right. So, that they collapse and then
they form the core like hydrophobic residues, and the other polar residues which are at
the surrounded by these hydrophobic residues, to make the interactions with the water as

well as with the other residues.

So, here in there if you see this hydrophobic residues but they have very less ASA there
mainly in the interior of the protein. So, we have the values you can plot, either you can
make the parallel plot or you can make the bar chart to see how these residues are

distributed based on accessible surface area.

(Refer Slide Time: 15:52)

Welcome to ASA-View:
Solvent Accessibility graphics for
proteins.
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So, we have the web server, we can it can take any PDB ID, this you can get the PDB ID.

So, get plot right then you can see that what are types of plots you require.



(Refer Slide Time: 16:01)

=== Secondary Structure Definition by the program DSSP, updated CHBI version by ELWK / April 1,2000 DATE23-MAR-2009 .
REFERENCE V. KABSCH AND C.SANDER, BIOPOLYNERS 22 (1983) 2577-2637
HEADER  GENE REGULATION/DNA 22-APR-98  6CRO
CONPND 2 MOLECULE: DNA ('~
S(soURcE 2 SYNTHETIC: YES:
AUTHOR  R.A.ALBRIGHT, B.V. NATTHEUS :
& 0 0 TOTAL NUNBER OF RESIDUES, NUMBER OF CHAINS, NUMBER OF $5-BRIDGES (TOTAL, INTRACHAIN, INTERCHAIN) .
4773.0  ACCESSIBLE SURFACE OF PROTEIN (ANGSTRON?+2) .
0 FOTAL NUNBER OF HYDROGEN BONDS OF TYPE O(I)-->H-N(J) , SAME NUNBER PER 100 RESIDUES o
Thisseverprs O 0.0 TOTAL NUHBER OF HYDROGEN BONDS IN  PARALLEL BRIDGES, SANE NUNBER PER 100 RESIDUES i
schweshave 11 18,3 TOTAL NUNBER OF HYDROGEN BONDS IN ANTIPARALLEL BRIDGES, SAME NUNBER PER 100 RESIDUES E
aea(ASA)of O 0.0 TOTAL NUNBER OF HYDROGEN BONDS >H-N(I-5), SAME NUMBER PER 100 RESIDUES .
caled piral ;1 1.7 TOTAL NUNBER OF HYDROGEN BONDS >H-N(I-4), SAME NUNBER PER 100 RESIDUES o
wegmenied? 0 0.0 TOTAL NUMBER OF HYDROGEN BONDS SH-N(I-3), SAME NUMBER PER 100 RESIDUES B
theaccessbles 0 0.0 TOTAL NUMBER OF HYDROGEN BONDS SH-N(I-2), SANE NUNBER PER 100 RESIDUES .
ofaspmalack 0 0.0 TOTAL NUMBER OF HYDROGEN BONDS SH-N(I-1), SANE NUNBER PER 100 RESIDUES o
1ing ofthe apird 0 0.0 TOTAL NUMBER OF HYDROGEN BONDS OF TYPE O(I)-->H-N(I+0), SAME NUMBER PER 100 RESIDUES
ISRy 0 0.0 TOTAL NUMBER OF HYDROGEN BONDS OF TYPE O(I)-->H-N(I+1), SANE NUMBER PER 100 RESIDUES
smogedinthe 5 5o TOTAL NUMBER OF HYDROGEN BONDS OF TYPE O(I)=->H-N{I+2), SAME NUHBER PER 100 RESIDUES
GraphicsnAd 4 g7 TOTAL NUMBER OF HYDROGEN BONDS 5H-N(1+3), SANE NUNBER PER 100 RESIDUES
2033.3  TOTAL NUNBER OF HYDROGEN BONDS >H-N(1+4), SANE NUNBER PER 100 RESIDUES :
T 2 3.3 TOTAL NUNBER OF HYDROGEN BONDS >H-N(I+5), SANE NUNBER PER 100 RESIDUES .
TZ:K'A"‘I‘Hﬁ =R I s s S s R o N S 20 21 22 23 24 25 26 27 28 2 4% HISTOGRAHS OF ### .
0000068680000 © 0000000 O RESIDUES PER ALPHA HELIX o
(oRoMoNoRo Mo oo oo Moo NG fic! © 00000 00 O PARALLEL BRIDGES PER LADDER 5
0010010000000 0000 00 00 0 ANTIPARALLEL BRIDGES PER LADDER .
© 100000000000 000000 0 0 O LADERS PER SHEET -
# RESIDUE AA STRUCTURE BP1 BPZ ACC) N-B--30 H-N  TCO KAPPA ALPHA PHI PSI  X-CA Y-CA 2-CA
A AnG 0 0 210 0, 0.0  2,-0.1 0.000 360.0 360.0 360.0 83.3 12.0 54.8 89.8
2 3aq - 0 0 10 42,-0.1  2,-0.6 0.504 360.0-178.2 -87.1 146.1 13.5 7.1 90.3
3 aARE W a2 o0A18 -2,-0.1 .886 18.4 164.7-100.9 124.8 15.4 7.2 87.0
4 SAIE - a1 0x 20 -2,-0.6 .995 35.5-105.9-146.6 155.0 17.8  60.0 87.0
S 6AT E > -A 40 Ok 46 35,-0.2 .377 23.7-127.0 -71.5 147.9 20.8 61.3 85.2
g Qi SgE D0 2,-0.2  5,-0.2 0.985 111.4 45.2 -58.0 -58.4 24.3 61.2 86.5
7 BAK H >3 0 0 12 32,-0.2  -1,-0.2 0.925 115.8 49.5 -45.6 -52.2 24.9 64.9 85.9
o GADE x% 0 0 % 1,-0.2  -1,-0.3 0.925 111.0 46.9 -50.4 -57.4 21.6 65.6 87.4
9 10AY H X& 0 0 13  -4,-3.2 4,533 1,-03  §5-0.3 0.922 111.5 $4.5 -57.6 -42.5  22.1 6.5 90.4
Lo 145678 9 1011121314 1516171819 2021 2221242522728
I.||| II-l,III I“lllll”ll”
EAILWNAMAGREKELEELT a sV VAEE VP EER SN

L 1 o
31 32 33 34 35 36 37 38 19 40 41 42 4] 44 45 46 47 43 49 50 51 52 53 54 55 56 57T 58 0 &

i vuenaer nomiha, NPTEL, Bioinformatics, Lecture 17

So, depending upon which one you want the pdf version or the any relative values
whatever you need. So, you can see the graph this parallel plot and you can see the bar
chart. In addition we use the actual values if you see this one you get this is actual
surface area, this is the output from the DSSP we give the link. So, that they can the
users can use and they cannot see the exact values for each residues in their particular

protein of interest fine.
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Here this is the value for each residues this only the ASA values.



So, now if you look into this different residues for example, if you compare glycine and

the lysine, how many atoms in glycine?
Student: 4

Four there is; only if we are the heavy atoms only 4 only the mainchain atom. If you if

you take alanine it is 5.
Student: 5.

If we take arginine or tryptophan try to a more number of atoms. So, when you do they
residue wise accessible surface area they add up, they do it for all the atoms and finally,
add up then you give for the residue. In this case there is a bias of this residues some of
them are small some of them are big in this case we need to normalize, how far your

your residue is accessible right.

(Refer Slide Time: 17:24)

Percentage Accessibility

Percentage accessibility
Ratio between
Accessible surface area computed with Me and
Accessible surface area in extended state
Gly-X-Gly or Ala-X-Ala

The values are

Ala-110.2; Asp-144.1; Cys-140.4; Glu-174.7; Phe-200.7; Gly:78.7; His-181.9; lle-185.0;
Lys-205.7; Leu-183.1; Met-200.1; Asn-146.4; Pro-141.9; GIn-178.6; Arg-229.0; Ser-
117.2; Thr-138.7; Val-153.7; Trp-240.5; Tyr-213.7 (the units are in A**2).
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In this case you can calculate the percentage accessibility that is the ratio between the
accessible surface area, which are computed 3D structures as well extended state what is

they meaning of extended state?
Student: Fully accessible.

The maximum it can be accessible, in this case they are two different ways one is you

can take this tripeptide, and you can use this concept to get the accessible surface area.



And the most easiest one is they take the conformation glycine-x-glycine or alanine-x-

alanine, why they use glycine-x-glycine?
Student: Glycine has no side chain.

Yeah glycine has no side chain. So, in this if it is x it is central residues any residue its
highly accessible, because neighboring two residues they do not have the any side chain.
You look at the glycine-x-glycine in all the proteins and see the conformation and from
that they can take either the highest value or they can take the maximum value with the
average value. From that they will see this into the probable accessible surface area for
any residue whether extended state. These are the values for the 20 residues and as you
see glycine has the lowest one or you can see the tryptophan or the arginine, you can see

the highest values.

Now, you can get the ratio, one from the 3D structures you run the program and any of
the programs; what are the programs we discussed? NACCESS, ACCESS, ASC
GETAREA or DSSP you get it for the folded state and XYZ values we know then you
divide that right then will get the percentage accessibility the percentage ASA.

(Refer Slide Time: 18:59)
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So, that is ASA in the 3D structure and ASA in the extended state, from this you can

calculate the percentage multiply 100.



So, then the value is less than 5 percent, then we call these residues are buried; what is
the meaning of buried? They are in the interior core for example, if you see this figure
this is the buried and you can put the value of 5 to 20 percent this partially buried, and 20
to 50 as partially exposed and more than 50 as exposed. And this is the general values we
use the literature, but this not very strict here also you can change your cutoff based on
the type of application you use. Generally if it is less than 5 percent, we use a buried
some cases they use 2 percent or that is changeable. Then 5 to 20 as partially buried and
20 to 50 is partially exposed and 50 percent is exposed. So, this how we can get the
accessible surface area converted into percentage and we can do it for analysis depending

upon the location of each residue.

So, we summarize what are the various aspect we discussed today?
Student: Structure classes.

Yeah different structure classes, what are different structure classes?
Student: SCOP SCOP and CATH.

Right all alpha, all beta, alpha plus beta, alpha with beta what are different databases

which can give this information?
Student: CATH and SCOP.

CATH and SCOP, then we constructed contact maps what is the contact map? This a plot
connecting the contact between two residues in protein structures; in construct any space
you can define a distance and different different atoms and if you have the contact you
put a dot. So, this will give you the 2D representation of the contacts between residues in
protein structure right. So, from that kind can you can defined mean long range contact,
or short range contact or medium is the contact, depending upon the residues with the

close in space, but how far they are distant in the sequence.

So, then we discussed about solvent accessibility, how far each residue is accessible to
solvent. The different programs to get the solvent accessibility and we can represent in a

pictorial view for example, which is the program to get the pictorial view?

Student: ASAView.



ASAView, and to get the percentage accessibility, so you get the surface area at the
buried the 3D structures and you can do it from the extended state and get the ratio, then
you will get the percentage ASA, based on that we can classify into buried or partially
buried or partially exposed or exposed right. So, you can also derive various other
parameters say conduct order or long range order, and the buriedness preference have
residues to be with the interface, and the free energy, and different types of interactions
and the electrostatic or the residues which can form disulphide bonds, disulphide bridges
right. So, there various features write the properties you can derive from the protein 3D

structures and we will look into details in the following classes.

Thank you for your kind attention.



