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Why composition is important?

>1PRC:M| PDBID | CHAIN | SEQUENCE
ADYQTIYTQIQARGPHITVSGEWGDNDRVGKPFYSYWLGKI
GDAQIGPIYLGASGIAAFAFGSTAILIILFNMAAEVHFD
PLQFFRQFFWLGLYPPKAQYGMGI PPLHDGGWWLMAGLEFMT
LSLGSWWIRVYSRARALGLGTHIAWNFAAAIFFVLCIGC
IHPTLVGSWSEGVPFGIWPHIDWLTAFSIRYGNFYYCPWHG
FSIGFAYGCGLLFAAHGATILAVARFGGDREIEQITDRG
TAVERAALFWRWIIGFNATIESVHRWGWFFSLMVMVSASVG
ILLTGTFVDNWYLWCVKHGAAPDYPAYLPATPDPASLPG
APK
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So I’ll show some examples, this is one amino one sequence for a particular protein and
you give something on the red font. So, can you see this red font? So, can you guess the

region with red font?
Student: Hydrophobic.

So, it is completely hydrophobic if you see the residues most of the residues are alanine
valine, phenylalanine, isoleucine and so on. In this case this protein, this region is

predominantly with the hydrophobic residues.
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Why composition is important?

>5CRO:A | PDBID | CHAIN | SEQUENCE
MEQRITLKDYAMRFGQTKTAKDLGVYQSAINKAIHAGRKIF
LTINADGSVYAEEVKPFPSNKKTTA
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So, if you have another sequence this is another sequence called 5CRO.

So, if you see this sequence is short sequence, when short sequence you will get the

predominant of some specific residues, which residues are dominant?
Student: Positively charged.

Positively charge residues. So, how many residues are here? 1234567 89 10 11

residues, 11 residues, 11 positives are residues in this sequence here.
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Why composition is important?

>2POR:A| PDBID | CHAIN | SEQUENCE
EVKLSGDARMGVMYNGDDWNFSSRSRVLFTMSGTTDSGLEF
GASFKAHESVGAETGEDGTVFLSGAFGKIEMGDALGASE
ALFGDLYEVGYTDLDDRGGNDIPYLTGDERLTAEDNPVLLY
TYSAGAFSVAASMSDGKVGETSEDDAQEMAVAAAYTFGN
YTVGLGYEKIDSPDTALMADMEQLELAATIAKFGATNVKAYY
ADGELDRDFARAVFDLTPVAAAATAVDHKAYGLSVDSTF
GATTVGGYVQVLDIDTIDDVTYYGLGASYDLGGGASIVGGI
ADNDLPNSDMVADLGVKFKF
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You have another residue sequence, here if you see there is a higher occurrence of

serines you can see may be several serine residues in this case.

So, when you scan the literature, if you see the literature about the functions of different
proteins right. So, we can guess these positives charged residues are important to interact
with negative charge moieties.

In this case you can think of a protein, which can have high tendency to interact with

negative charge moieties, we say which molecules have negative charge?
Student: (Refer Time: 01:46).
Mainly DNA has a negative charge because the phosphate group.

So, in this case it requires the opposite side positive charge residues. So, this protein
could be at DNA (Refer Time: 01:54) protein have high tendency to interact with DNA.
In fact this because 5CRO is the cro repressor, these interact with the DNA likewise here
if you see. So, here you can see the dominants of the structure of hydrophobic residues,

they this residues is preferred to be in the membrane right.

So, in this case this chain could be membrane protein actually that is correct because this
is the photosynthetic reaction center of m chain. So, in this case this is a membrane
protein you have several transmembrane segment this is one of the segment. So, likewise
here you can see one example, here this is the sequence for one beta barrel protein. Beta
barrel protein have high dominance of serine residues to form the hydrogen bonding
network to maintain the stability and the function was a structure of these barrels right.

So, this why it is highly occurring in this particular protein fine.

Now, the question is, if | give these 3 sequences, is it possible to discriminate A, is this
type B, is this type and C, is this type, yes or no? Let us see. So, there are various

features we discussed, what various features we discussed till now?
Student: Composition.
Composition, occurrence.

Student: Molecular weights.



Molecular weights.
Student: Hydrophobicity.

Hydrophobicity and different amino acids properties right. So, for example, if you have 2
groups of proteins, group A and group B. If I give a new protein, can we able to tell this
protein belongs to group A or this protein belongs to group B? ok.

(Refer Slide Time: 03:27)

Example (Groups A and B)

Residue Composition (%)

lobular OMP
—Ala 8.47 8.95
Asp 7597 ~5.91
Cys —1.39 0.47
Glu 6.32 4.78
Phe 391 3.68
Gly 7.82 8.54
His 2.26 1.25
Ile 571 4.7
Lys 5.76 493
Leu 8.48 8.78
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So, if I here, | take 2 groups group A and group B. So, | get the, for example, | collected
all the proteins in the UniProt in group A and all the proteins belong to group B, then if
you give to all these sequences | can calculate the composition right. Because just you
can calculate n(i) by N, take all the residues, count the residues of each type, normalized
by N, you will get the composition right. This group A for example, this is group B. You

get the composition for 20 different residues, here 10 residues and here 10 residues.
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Example (Groups A and B)
Residue Composition (%)
Globular OMP %
Met 221 1.56
Asn 4.54 574
Pro 463 3.74
Gln 382 475
Arg 4.93 5.24
Thr 5.79 6.54
Val 7.02 6.76
Trp 1.44 1.24
Tyr 358 413
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And when you compare these 2 values for example, if you take alanine or the group A if

the value is.

Student: (Refer Time: 04:10).
8.47 and the group B.
Student: 8.95.

8.95; if you get the deviation then you can this is the almost similar we use the average
value, but if you consider standard deviation. So, this may plus or minus 0.1 or 2 right.
So, in this case you will get the similar numbers some cases yes for example, aspartic
acid there is no change at all here 5.97 here is 5.91 there is no change. The difference is
only 0.06, but some residues if you look in the details, that are highly different for
example, if we take cysteine, here it is 1.39, but here in this case is 0.47, there is 2-, 3-
times difference, 3-fold difference, is 0.5, in the 1.4. Likewise if you take glutamic acid,

histidine, this is 1.25, is 2.32 times different, isoleucine.

I will show some more data, this is the other residues. Here also you can see the
differences is other way around. Here it is highly dominant in the case of group B, this
8.05, this is group A it is only 5.9, this is 69. So, some residues which are similar in both

the cases and some residues which are significantly different, if they are different then



we can use these residues as features or the parameters or the properties to discriminate

or distinguish between these to 2 groups, group A and group B.
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Example w@@f&

o

Aliphatic k Aromatic Sulfur) Polar } Charged
Gly Ala Val Leu Ile[Phe Tyr Trp Cys Me) Pro Ser Thr Asn Glj Asp Glu Lys Arg His

Amino acid residue
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Difference of amino acid

composition
W

So, how to do this? First we see the important residues and some residues this is just
close to the 0, this a difference of composition, | calculate the A - B, comp(A) -

comp(B), right. So, we have the average values.

So, if we take some cases, it is very high, then will be less than 0, and some cases they
are above 0. So, if you look into these different residues, | made in few groups, this is the
aliphatic and the second one aromatic here, we have sulfur-containing residues and polar
residues and charged residues and we could see some patterns, some cases you can see
pattern for example, polar residues. All the polar residues which are highly preferred in
the case of this group B, in case, minus. Some of this, the sulfur-containing residues they
are dominant in the case of group A, here you can see some cases, also mainly charged

residues in group A.

So, in this case, you can try to relate you can try to understand why some a residues are
dominant in group A and some residues are dominant group B. Actually we know what
is group A what is group B, the structures we know, the functions we know. So, now, we
can explain the importance of these residues, why its occurrence is high in some cases
why it is low in some cases we can find. And we use this information, if it is very highly

different for example; this is highly different, even this plays important role for



discrimination. So, if you take these residues and the combination of these specific
residues, we can able to distinguish between the proteins group A as well as group B.
Fine, how to do this?
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Applications: Discrimination of beta barrel
membrane proteins (Groups A and B)
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Since, a very simple algorithm right, but you can complicate the algorithm when you
refine the results; simply what we do, we have the set of proteins from group A and
group B. Take the all the proteins from group A and the values of group B composition
you can calculate. Then take all the proteins from group B get the composition, now you

have 2 set of values for example, here you have the data one is A one is B.

Now, what you will do is, we get the new protein x, we do not know this belongs to A or
this belongs to B, A or B we do not know. Then what to do first? Get the composition of
this particular protein. So, we get 20 numbers here. So, here you get 20 numbers, we are
here, 1 to 20 per 20 residues and composition B, 1 to 20 and protein x also we have 1 to
20.

Now, we take compare each composition for example, A, D, C or 20 residues get the
differences, comp(A) - comp(X) respectively, we get the difference, take the absolute and
repeat for 20 times 20 residues, then get the summation, i equal 1 to 20. And finally, we
get a number. This says we can see this o(A), deviation from composition of the group of
proteins A. Repeat the same, take the same comp(x) and compare with B, do it for 20

residues, i equal to 1 to 20 right.



So, get the difference now, you can see the total difference will be o(B). So, with the
comparing comp(A), we get the o(A) and comparing with the comp(B), we will get the
o(B). Now compare these 2, 6(A) and o(B). Which one has less deviation? Which one is
less deviation here? B is less, then this belongs to group B, if A is less, then the protein x
belongs to group A.

So, here just we compare the deviations, we can also apply some error functions you can
apply error function &, like 0.1 or 0.2 on 0.3 so on. And you can optimize the
performance. You can, | will explain later about the how to assess the performance, there
are various measures to assess the performance like sensitivity, specificity and accuracy.
I will discuss in later classes. So, you can add this 6 and see in a set of 100 proteins, we
are able to predict or discriminate exactly for the maximum number of proteins, then we
can define this error function. In this method, we use the composition and the deviation.
Instead of deviation, you can also try to use some other measures. What other measures
you can use? Here we use deviation, we can also use the correlation, we got 20 numbers
here, 20 numbers here, you can get the correlation with A, likewise you can get the
correlation with B, then how which one we need to select? Which one belongs to A? The

correlation will be?
Student: lower

Higher; if this correlation or the correlation with A is 0.9, and r with B is 0.7, then the

protein belongs to?
Student: A.
Aright.

So, you can use correlation, you can use the deviation and you can use any error function
and so on. Also here now use the composition of all 20 residues, but if we look into this
figure all 20 residues are not showing very high difference, only some residues the
difference is significant. Then you can try with the residues which are showing only
significance between this group A and B and see whether we can able to discriminate

better or not.



Secondly when you develop any method, it is important to reduce the number of
parameters number of properties. Instead of 20 if you get the same performance with 10,
then 10 is better. Unnecessarily we do not have to include noise in the prediction

performance ok.
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M.M. Gromiha andM. Suwa (2005)
Bioinformatics 21, 961-968.
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Now, I will show an example here this is | got 2 proteins, one is the from group B this is
group B here, this is from group A. So, | have a sequence, now what to do? Get the
composition, occurrence, here this is N, is here from this N, you can calculate the
composition, this composition, then from this composition we know the composition
from the globular protein or group A or group B you can see here this is the composition

of group A and composition of group B.

So, to get the, subtract the values. So, this is the o, o(A) and o(B); do it for all the

residues then finally, sum up; here this is a 34 and here is 39 which one is small?
Student: This

This is small, this is small. So, this is belongs to group A, then we take the example
group B here also we have to calculate N, you can get the composition, and here we can
see, this is A this is B, get the deviation, the original values we have here, these are

original values, it take the composition and subtract from either A or B for 20 residues.



S0,8.47 is here, and you can see this is 8.31. So, the difference is 0.16, or the other case it
is 0.64.

Likewise you can see the difference only if you see the serine is here is 8.46, 8.46; if you
look into this A it is 5.94 and the B, it is 8.05; you can see the difference is 2.52 and B, it
is 0.41. Now take the summation, this is 23, this is B, which is small? B is small right?

Student: Small.

So, B is small. So, this is identified as group B right. So, this is simple algorithm, but we
need to refine this, adding various other factors and then estimating the performance and
validating, that everything we need to do, but simple algorithms or simple features we
obtain from the sequence, you are able to classify the proteins from different structures

or different functions.

So, then once done, then we can do several online methods. So, here these are the

various methods you can discriminate these types of proteins group A and group B.

(Refer Slide Time: 14:28)

Online servers

TMBETA-DISC:
Discrimination of Beta-Barrel Membrane
Proteins from Amino Acid Sequence. e .
TMBETADISC-COMP Discrinmation based on Ammo Acd Composition
TMBETADISC-DIPEFTIDE I

TMBETADISC-MOTIF D
TMBETADISC-SVM Discs i
TMBETADISC-RBF Discrumnation based on PSSM pr

References

aud M Swea (200 TMBETA-NET. Discrimination and Prediction of Membene Spauning Beta-strands in Outer Messbrane Proteins, Nucleic
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So, if you go with the composition you can try with the composition right. So, if you
give the sequence here you give the sequence here, so if you click on this, then you can

give the sequence.
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4
Online servers
n Y
Residue || Occurrence || [Composition(%) Globular Protein Diff. || OMP Diff.
A 12 68 ] s AN 1.97
) 10 581 A ]&\ .10 |
c o j0.00 I AN a7 ()
E s 349 283 129
F 7 233 158 135
G 26 1512 730 6.58
= [ 233 [0.07 1.08
it i .07 1.64 070
K d fa.07 1.69 0.86
L 11 [6.40 208 238
i 5 291 o.70 135
i 12 [6.98 2.44 124
3 g .65 0.02 .91
R B 291 o351 184
R 6 349 144 175
s 6 349 245 [4.56
fr 14 [8.14 235 1.60
v 10 5.81 121 0.95
fwr 5 291 147 1.67
i 14 .14 [a.56 [a.01
Total 172 - 378 "N\ M 36.66
—
Amino acid sequence seems to be m@uln' Membrane h'me}l
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We get the sequence, then we will automatically calculate the occurrence from the
occurrence. We will get the composition, from the composition you will get the c(A)
here, o(B) and from this number we can see this is group B. So, it belongs to group B, I

put the membrane beta barrel membrane protein as group B right.

So if you see this one, the difference is very less, because if you add several residues and
if you add only with use the data only for the specific residues, you can improve your
performance that we need to try again and again. So, improve the performance and I

have question. So, this is the data.
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@cmﬂposition 5 composition
S Exereise® o=
A 9.17 A 8.05
v 799 Vi 5.84
L 11.94 L 7.93
I 739 I 3.86
P 4.34 P 3.48
F 5.94 E 4.02
W 1.93 W 179
M 3.01 M 1.44
S 6.21 S 7.56
T 5.36 T 6.85
(o 1.09 c 0.25
24 3.41 Y 5.22
Q 2.92 Q 4.44
N 3.34 N 6.02
D 3151 D 6.83
E 4.26 E 4.28
K 4.04 K 4.39
R 4.14 R 5.29
H 2.14 H 2.03
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So, | have the composition for alpha and | have the composition for beta, | have 2 values,
this is alpha composition and this is beta composition.
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Exercise

>3alb 2
MTILFQLALAALVILSFVMVIGVPVAYASPQDWDRSKQLIF
LGSGLWIALVLVVGVLNFFVV

3b_Z/>(\]
.45 9.68 17.74 17.74 8.06 3.23 8.06

3.23 3.23 6.45 1.61 0.00 1.61 4.84 (W/\/Pg]hl/“)
1.61 3.23 0.00 1.61 1.61 0.00

D_gl ha D beta Result
25.07 A Alph
s

So, now | have a question. So, this is the question, I give this sequence. | want to know

M. Michael Gromiha, NPTEL. Bioinformatics, Lecture 11

whether this belongs to alpha or beta. How to proceed, what to do?
Student: Composition.

Right first we use the sequence and calculate the.



Student: Composition.

this is the composition. | can calculate, you can take the number of, as number of Ds and
normalize with the number of residues, this is for either same order, we give like GAV,

this is G, this A, this V and so on, now what we do?
Student: (Refer Time: 15:59).

Take these number.

Student: (Refer Time: 16:02).

And subtract.

Student: (Refer Time: 16:04).

With this numbers alpha right. So, if we add up for all the residues, we get 20 numbers
when we take then absolute values and the add up. If you add up everything then we will

get these numbers then what we have to do?
Student: repeat

Repeat the same.

Student: Beta.

With this number, this beta number, and for 20 residues we calculate and sum up the

absolute values finally, we get this number, then what we want to do?

Student: Compare.

You have to compare these two. So, and then how to decide these alpha or beta?
Student: Whichever less.

Whichever lower because the deviation lower that is biased with that particular protein.

So, this is lower. So, you can protect this is alpha.
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Exercise

>lals P
SGFEFHGYARSGVIMNDSGASTKSGAYITPAGETGGAIGRLGNQ
ADTYVEMNLEHKQTLDNGATTRFKVMVADGQTSYNDWTASTSDL
NVRQAFVELGNLPTFAGPFKGSTLWAGKRFDRDNFDIHWIDSDV
VFLAGTGGGIYDVKWNDGLRSNFSLYGRNFGDIDDSSNSVONYI
LTMNHFAGPLQMMVSGLRAKDNDERKDSNGNLAKGDAANTGVHA
LLGLHNDSFYGLRDGSSKTALLYGHGLGAEVKGIGSDGALRPGA
DTWRIASYGTTPLSENWSVAPAMLAQRSKDRYADGDSYQWATFN
LRLIQAINONFALAYEGSYQYMDLKPEGYNDRQAVNGSFYKLTF
APTFKVGSIGDFFSRPEIRFYTSWMDWSKKLNNYASDDALGSDG
FNSGGEWSFGVQMETWF
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| give another quest another question here you can you can do the exercise. So, these also
you can you have a sequence is a long sequence, there is small sequence you can easily
count long sequence you have write to your code, you can calculate as we discussed

earlier about the algorithm; you can write the program to calculate the composition.

(Refer Slide Time: 17:03)

Exercise

la0s P

1251118 8572 A 128755188 3 9300 2 A 285X 811
2166 2242872058188 0°00°4%608 3. 15
6.78 8.23 3.15 4.12 4.60 1.69

D alpha D beta Result
kS
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So, this is a result. 20 residues you have the composition now you subtract these from

either alpha or from beta, then we have to get absolute values and take that the



summation, you will get the values alpha is 36.09, beta is 18.63. So, if you compare
these 2 this is less. So, this belongs to.

Student: Beta.

Beta see you for the different is significant very high 10 15 difference then easily you
can discriminate. If it is very close then it is difficult. Some cases this is why all the
prediction methods sometimes fail in some aspects, you cannot get 100 percent
prediction accuracy because you can see some type of overlapping likewise see in this
composition, you can see some cases it is very close see is very close. May be either
group A or group B this is the reason why it is find a difficult to discriminate.

For that cases you have to identify some features not exactly this one, which can
discriminate in some other way only at least to that situation. In this case you can
combine only if you why is the large difference in composition, you can use this if it is
less difference use some other features. Then you can incorporate this case we can
improve your performance. One give 70 percent and another aspect it will another is 70

percent if you combine both you can increase to 80 percent you can do that.

So, now the another features there is pair preference, in the composition we use only one
residue and see how many times A how many times D how many times D E all these

things.

(Refer Slide Time: 18:44)

Residue pair preference (Dipeptide composition)

It is a measure to quantify the preference of amino acid residue

e L
pairs in a sequence.
QG060

Dipep(i,j) =(EN; 100/ (ENEN;
%{, CA

where ij stands for the distribution of 20 amino acid residues at positions i_
and i+1.Nij is the number of residues of type i followed by the residue j.
IN; and IN; are the total number of residues of type i and j, respectively.

N: N !

EgD i/JTmESA REPED EI<AIRS
Dipep(PE) = 24100/(5+5)=20

Gromiha, NPTEL. Biomnformatics, Lecture 11



But then the question is the occurrence of A always close to A always next to D always
next to E here there are 2 A’s this A is just before C this a is may be something else for
example, this L. So, this A is after C this C is after A with this C is after L.

So, another question is how many times A comes next to A, how many times A comes
next to C or E and so on. In this case you can get the pair preference because we had 2
dipeptides. So, this is so, we call this as like dipeptides if we take these two. So, we can
say this is like dipeptide like on these 2 this is AC and here this is CA. So, in this case

there are various way is to get the preference.

So, if we see the dipeptide of i coma j where is you can see Nij with number of times of
residue i which comes next to j, i and j are the distribution of the 20 residues and to get
the percentage 100 right, but you can normalize with the different factors, either you can
normalize with the N as we did in the case of composition, here I normalize with Ni plus
Nj; that means, totally how many residues which are involved in this i and j if it isi 5

times and j 9 times, then there are 9 cases in the sequence.

So, i normalize Ni plus Nj, but if you want to get the probability, your i residues of type i
i now a this is of type j and this type j then you can use as Ni into Nj. So, there are
different ways to normalize, but they are related to each other right, but eventually the
one which gives the importance is Nij number of times the residue i which is come close
to j. This is distribution of residues and the questions i and i plus 1; here Ni is the number

of residues of type of i and Nj is the number of residues of type j.

For example if we use this equation and | give a dipeptides see if you all for example, if
you see dipeptide preference for PE how many times PE occurs here? 1 2 that is it two

times how many P’s and how many E’s.
Student: 1 2.

123456789105P’sand 5 E’s is equal to 10. So, we get values will be 20.
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>tr|D9PL53|DIPLS3
MALLPAAPGAPARATPTRWPVGCFNRPWTKWSYDEALD
GIKAAGYAWTGLLTASKPSLHHATATPEYLAALKQKSR

HAA
AA 4 1176
AD 0 .00
AC 0 .00
AE 0 .00
AF 0 .00
AG 1 455
AH 0 .00
Al 0 .00
AK 0 .00
AL 3 12.00
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Likewise if you see this real protein, here you can see now number of AA’s totally how
many times A comes? 1 2 3 4 4 times AA for total AA’s is 17 times. So, if we get this

we will get the value of 11.76.

If you see interestly if you see other case is totally 0, keep some 2 classes one class it is
0, another class if you can get some numbers then we can say that that pairs are
important that pairs can be able to discriminate different classes. This case it can perform
better than the specific composition, just we use only one residue preference for any

particular protein.

So, in this case dipeptide proteins preference have more information, but the drawback is
there we have 20 values, but here we get 400 values. So, if your data series is very high
then it is good to use the residue pairs data series is less because we get several zeros, but
that is not so good for that discriminations. So, in this case you better reduce the number

of pairs or reduced amino acid to amino acid composition.
So, summarize what did we discuss today?
Student: (Refer Time: 22:44) lot of features.

A different features because sequence what can we do what are the different features we

discussed.



Student: Composition.
Composition.

Student: Occurrence.
Occurrence.

Student: Molecular weight.
Molecular weight.

Student: Hydrophobicity.

Hydrophobicity different properties pair preference and so on. There are also we explain
one example to distinguish between the 2 types of proteins group A and group B using
amino acid composition. There are several ways we can use the several features, you can
use 2 for the distinguish in different types of proteins based on the structures or function

and so on.

Next class we will discuss about the more details of the hydrophobicitys and the how to
construct profiles, and you can use the potential applications of the different aspects from
the features obtained from the primary sequence, then we go with the secondary

structures secondary prediction and so on.

Thanks for your kind attention.



