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ABSTRACT

Functional residues serve a dominant role in mediating the cooperativity of the protein
ensemble and determination of functional residues of any protein has become an important
factor. The basis of functional specificity of proteins is assumed to be conserved among
orthologs and is different among paralogs. We used this assumption to identify residues
which determine specificity of any protein family. Finding such residues is crucial for
understanding mechanisms of molecular recognition and for rational protein and drug design.

Assuming conservation of specificity among orthologs and different specificity of paralogs,
we identify residues that correlate with this grouping by specificity. So we design a tool
which determines the functional residues of any protein sequence using the principle of
orthologs and paralogs. In this project we used somatotropin growth hormone as a test
sequence and then we found out its paralogs namely prolactin and placental lactogen which
have their corresponding orthologs. Multiple sequence alignment (MSA) was done for
individual groups: and profile alignment of the above mentioned individual groups is
performed. Mutual information (MI) is calculated column wise. The main part of this tool is
to compute statistical significance’ of the MI values using three methods like, shuffling';
random orthologs group generation'; and replicate dataset by parametric bootstrap’. Residues
in columns of the MSA which gives high MI and low P(I) values are considered functional
residue. Available programs, some created programs and some in house programs are
combined to design the complete tool.




INTRODUCTION

The project is about designing a tool that would help the user to find the functional residues
of any protein using orthologs and paralogs. This project undertakes various approaches
together to make one final tool. This tool will be one final destination for its user as now he
will not have to use different tools for different tasks involved in determing the functional
residues.

The concepts of orthology and paralogy were originally introduced by Walter Fitch in 1970**
and recently became a subject of active discussion. Briefly, orthologs are genes in different
organisms which are direct evolutionary counterparts of each other. Both paralogs and
orthologs are assumed to have similar general biochemical functions, while orthologs are also
believed to have the same specificity. In this study we exploit another property of orthologs:
similar specificity, as contrasted by different specificities of paralogs.

If the above assumption is correct, grouping by orthology becomes grouping of proteins by
specificity. Here we developed a method, which uses such grouping to identify amino acid
residues that determine the protein specificity. Specificity determining residues can be very
hard to find even when the structure of a protein or a complex is available, since very few
amino acid residues provide specific recognition. Computational prediction of the specificity
determinants can substantially reduce experimental efforts and provide guidance for rational
re-design of protein function.>®

The idea of our method is (1) to start from a family of paralogs in one genome, find orthologs
for each member of the family in other genomes , (2) forming different groups containing
paralog and its orthologs respectively , and (3) apply statistical method to identify residues
that are functionally important and can better discriminate between orthologous (specificity)
groups.

In our case firstly, we have taken three orthologous groups i.e. somatotropin growth
hormone, prolactin and placental lactogen because there both structure and function are
known.

PRL, PL and GH are pituitary hormones that regulate an extensive variety of important
physiological functions. While growth hormone biology generally centers around the
regulation and differentiation of muscle, cartilage and bone cells, it is the PRL hormones and
receptors that display a much broader spectrum of activities, ranging in diversity from their
well-known effects in mammalian reproductive biology to osmoregulation in fishes and
nesting behavior in birds’. An additional set of activities is induced by post-translationally
modified forms of PRL and probably reacts through a noncytokine type of receptor®.

The biology of PRL and GH is integrated on many levels’; however, over the 400 million
years since they diverged from a common gene parent, different regulating components have
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evolved that distinguish them'®"", In primates, the GH receptor (GHR) is activated solely by
homodimerization through its cognate hormone'®'>, However, PRL biology works through
regulated cross reactivity; most receptors are programmed to bind three hormones, PRL, PL

and GH"?,

SGH, commonly known as growth hormone (GH) is a polypeptide chain containing about
190 amino acid residues, produced by the pituitary gland in mammals and is responsible for a
number of anabolic processes. Growth hormone is also of considerable interest as a drug.
Secretion of SGH is regulated by two peptides that act to either stimulate (growth hormone-
releasing factor (GRF)) or inhibit (somatostatin) release of SGH from the pituitary gland.
Functions of growth hormone include: modify carcass composition, improve feed, efficiency
enhance growth rate and milk yield.

PRL is a peptide hormone primarily associated with lactation. It is synthesised and secreted
by lactotrope cells in the adenohypophysis (anterior pituitary gland). It is also produced in
other tissues including the breast and the decidua. It stimulate the mammary glands to
produce milk (lactation), provide the body with sexual gratification after sexual acts,
stimulate proliferation of oligodendrocyte precursor cells, the surfactant synthesis of the
foetal lungs at the end of the pregnancy and immune tolerance of the fetus by the maternal
organism during pregnancy.

PL also called human chorionic somatomammotropin is a polypeptide placental hormone. Its
structure and function is similar to that of human growth hormone. It modifies the metabolic
state of the mother during pregnancy to facilitate the energy supply of the fetus. HPL is anti-
insulin. HPL consists of 190 amino acids that are linked by two disulfite bonds and is
secreted by the syncytiotrophoblast during pregnancy. PL affects the metabolic system of the
maternal organism. HPL increases production of insulin and IGF-1 and increases insulin
resistance and carbohydrate intolerance.

Secondly, we have taken 15 orthologs of SGH, 10 orthologs of PRL and 9 orthologs of PL.
Three groups were formed containing SGH, PRL, PL and their orthologs respectively. Now
profile alignment was done using ClustalW'%, Firstly the profile alignment between the SGH
and PRL was done. Secondly, the profile alignment was done between PL and the resulting
MSA.

Thirdly, three different statistical methods were followed to identify residues that were
functionally important and can better discriminate between orthologous (specificity) groups.
These methods were shuffling, randomization and bootstrapping method respectively. These
methods calculate the mutual information (MI) and then P(I) after which graph is plotted
between MI and P(I). Our statistical procedure determines whether positiohs in the MSA can
discriminate between functional sub-families better than the sequence similarity. Residues
that satisfy these criteria are predicted to be specificity-determining. Thus the residues which
are having higher MI values and lower P(I) values are the functionally important residues.
(Steps followed in these project is shown in the form of flowchart in Figure 1)
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Figure 1: Steps followed in this project.
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MATERIALS AND METHODS

The key idea of this method is to compare paralogous and orthologous proteins from the
same family. As a rule, all paralogous and orthologous proteins have the same biochemical
function. Paralogous proteins, however, usually have different specificity as they act on
different targets, e.g. bind different ligand or different sites on the DNA. Orthologous
proteins, in contrast, have the same specificity in different organisms, e.g. bind the same
ligand and similar DNA sites in related genomes. Hence, orthologous proteins carry the same
or similar specificity-determining residues, whereas paralogous proteins carry different ones.
On the basis of this idea, our analysis is looking for residues that are conserved among
orthologs and different in paralogs. More generally, we are looking for residues that can
discriminate between different paralogs, while grouping orthologs together. We call these
residues specificity determining or functional residues.

The analysis works as following: First, we have taken three paralogous groups — (a)
somatotropin growth hormone, (b) prolactin, (c) placenta lactogen. We have taken 15
orthologs of SGH, 10 orthologs of PRL and 9 orthologs of PL. Second, three groups were
formed containing SGH, PRL, PL and their orthologs respectively. Now profile alignment
was done using ClustalW, firstly the profile alignment between the SGH and PRL was done.
Secondly, the profile alignment was done between PL and the resulting MSA.

Third, we compute the mutual information (MI) for each position of the MSA. The MI
determines how well a residue in the MSA can discriminate between orthologous groups. The
fourth and the most important step are to compute the statistical significance of the
discrimination and to select residues that can discriminate significantly better than the others.
These residues are the functional residues.

3.1 Selection of Paralogs and its corresponding Orthologs

In our case we have considered three paralogs SGH, Pro and PL and their corresponding
Orthologs were collected from NCBI (www.ncbi.nlm.nih.gov) and BLAST
(www.ncbi.nlm.nih.gov/blast/Blast.cgi) databases and all the signal protein were removed
with the aid of Swiss Pdb (http:/expasy.org/spdbv). Then phylogenetic trees were
constructed using the neighbor joining procedure implemented in PHYLIP.'®

3.2 Profile Alignment
Now three groups were formed containing 15 Orthologs of SGH, 10 Orthologs of PRL and 9

Orthologs of PL. Now profile alignment was done using ClustalW, firstly the profile
alignment between the SGH and Pro was done. Secondly, the profile alignment was done
between PL and the resulting MSA. The final profile alignment file was saved in the format
of .phy and .dnd extension which act as an input for PHYLIP to contruct phylogenetic trees.
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3.3 Mutual Information

To identify residues that can discriminate between paralogous proteins (different specificity),
merging orthologs (same specificity) together we use the MI as a measure of association with
the specificity. Ml is frequently used in computational biology for co-variational analysis in
RNA and proteins.

If x =1,..., 20 is a residue type, y =1,...,Y is the specificity index which is the same for all
proteins of the same specificity group and is different for different groups, and Y is the total
number of specificity groups, then the mutual information at position i of the MSA is:

e R RS
= N P 000 L se——
— f,._r_'-li|,;|

where fi(x) is the frequency of residue type x in position i of the MSA, fi(y) is the fraction of
proteins belonging to the group y, and fi(x,y) is the frequency of residue type x in the group y
at position i. MI has several important properties: (1) it is non-negative; (2) it equals zero if
and only if x and y are statistically independent; and (3) a large value of Ii indicates a strong
association between x and y. Unfortunately, a small sample size and a biased composition of
each column in the MSA influences I; a lot. For example, positions with less conserved
residues tend to have higher MI. Hence, we cannot rely on the value of I; as an indicator of
specificity association, instead we estimate the statistical significance of ;.

3.4 Statistical Significance

Since mutual information can be biased due to the small sample size or biased amino acid
composition, we cannot rely on the value of mutual information to identify the specificity
determinants. Instead, we compute the statistical significance P(I) of the mutual information
and use it together with I to predict the functional residues. Calculation of statistical
significance is the most important component of the method. We followed three methods to
calculate P(I) they are shuffling, randomization and bootstrapping methods.

3.4.1 Method 1

We first compute I'" using shuffling, then transform it to I°*® using the maximum likelihood
estimator to take into account higher similarity between orthologs and finally compute the
desired statistical significance P(I ).

We need to take into account the fact that orthologs are more closely related than paralogs.
Due to this fact, sequence similarity between orthologs is higher than between paralogs. As a
result, any position in the MSA has certain association with grouping by orthology.
Specificity determinants, however, must have stronger association with this grouping than
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any position on average. To compute P(I) we start from a null-hypothesis that amino acid
residues in all positions of the MSA have the same association with grouping by orthology.

Consider the MSA a"™; i=l,..........L,m=1,......... M, where a", is the residue in position i of
the mth protein, L is the length of the alignment (in our case L is 249) and M is total number
of aligned proteins (in our case M is 34) .For each position i we take a column a; of the MSA
and randomly shuffle this column. Next we compute the mutual information of the shuffled
(™) grouping: I*" = I(a™). This procedure is repeated 10" times to get the distribution of the
mutual information for a shuffled column.

To compute expected MI I”? we make transformation:
I exp‘_ i Cdshi I B
Here o and P are calculated by the formula:

(W I I
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And the obtain 0=1/A and p=-1/B. Here <I*">> and o(I*";) are the mean and the variance of I*;
obtained by 10* random shufflings.

After a and f are computed, we obtained the desired probability:
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Very low Pi indicates that the null-hypothesis does not hold for position i and residues in this
position are in fact stronger associated with the specificity grouping than the whole proteins.
Thus positions in the MSA that exhibit low P; and high I; are the Functional residues.

3.4.2 Method 2

This model does not utilize shuffling to compute I°?, Instead we model evolution of the
protein family and generate a set of pseudo-random protein sequences Using obtained
pseudo-random proteins we compute mutual information 1™, Finally, we compute Pi = P(Ii)
as the probability of observing mutual information above li for the pseudo-random proteins.

We start from a null-hypothesis that all positions in the MSA have the same association with
specificity grouping. To compute Pi; we need to generate sequences that have the same intra-
group and inter-group similarity as the orthologs and the paralogs, respectively. This is
achieved by simulating evolution of these proteins in the following manner:
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(i) Generate a “parent” sequence b* = b; i=1 .......L (in our case L is 249) for each
group of orthologs y=1,...... Y (in our case Y is 3). An amino acid residue b’; is
generated randomly from the distribution of amino acids at position i fi(x). This step
simulates evolution of paralogous proteins by duplication.

(i)  Generate a sequence of the mth protein ¢"; from the “parent” sequence of its
group y. We assume that during speciation, that followed duplication, some amino
acids did not get substituted. We simulate this by introducing the probability p (set
p=0.85) of inheriting an amino acid from the “parent” protein without a substitution.
Hence ¢™ = b%; with probability p, and c"; is taken randomly from fi(x) with
probability 1 - p. This step simulates evolution of orthologs through speciation.

After pseudo-random correlated sequences are generated, we compute 1™, The sequences
(including “the parents”) are generated in 10 independent runs yleldmg the dlstrlbutlon of the
mutual information f;(I™). Assuming normal distribution of I™ we get P as:

2 I l" =yt

M= P [ —— 2 i
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Very low Pi indicates that the null-hypothesis does not hold for position i and residues in this
position are in fact stronger associated with the specificity grouping than the whole proteins.
Thus positions in the MSA that exhibit low P; and high I; are the Functional residues.

3.4.3 Method 3

In this method MI is calculated by parametric bootstrapping, in this case replicates of
different groups are generated using tool named pseq-gen which runs in Linux and takes
length of the alignment and number of replicates to be generated as an input. In our case
length of the alignment was 249 and number of replicates was 100. Now all the replicates
from three groups were taken together and therefore we had 100 files.
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MI was then calculated which act as an input for calculating P; as:
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Very low Pi indicates that the null-hypothesis does not hold for position i and residues in this
position are in fact stronger associated with the specificity grouping than the whole proteins.
Thus positions in the MSA that exhibit low P; and high I; are the functional residues.
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RESULTS AND DISCUSSION

We have chosen Somatotropin Growth Hormone orthologs for our analysis because
(1) available experimental and structural information'® can be used to assess our predictions
_ (2) large amount of information is known (3) its function is known and (4) the relative
: stability of their respective 1:2 complexes.

Figure 2. Presents the output of MSA of the individual orthologous groups i.e. (A) SGH,
(B) PL and (C) PRL done through ClustalW.

----- YEP=========T8LYNLFTSAVIRAQHLHTLAAEIYREFERSTPPEA- -~ FROLSRTSPLACCY 3DSIPTRT
fh) -t PESORLENHAVIRVQHLEQLAAKMMDDFEEALLPEE- -~ RRQLSKRIFPLSFCHSD STEARA
----------------- MENQRLFNIAVHRVQHLHLLAQKMENDFEGTLLEDE-~-RROLNRIFLLDFCHED SIVSPI
----------------- IENQRLFNIAVSRYVQHLALLAQKMPHDFDGTLLEDE- -~ RROLNKRIFLLDFCHSDSTVIRY
----------------- IENQRLFNIAVSRYQHL HLLAQKMPNDFDGTLLRDE- -~ RROLEKIFLLDECHED STVERY
----------------- IEHORLFNTAVSRVQHLLLAQKMPHDFDGTLLEDE- - - RROLNRIFLLDF CHED STVSEY
----------------- MEHQRLFNIAVERVQHLELLAQKMENDFEGTLLSDE- - ~RRQUERIFLLDFCHED STVIRT
R e R s MENQRLENIAVNRVQHLHIMAQKME NDFEGTLLPDE---RROLNRIFLLDFCNSD STVEPI
e e P RGNNSO, 17 dont il o =L MENQRLFHIAVHRVQHLHIMAQKMENDFEGTLLEDE- -~ RROLNRIFLLDFCHED SIVEPI

----- QPI-----~--~TEHQRLF STAVGRVQYLIVARKLF SDFENSLOLED- - - QRLLNKIASKEF CHiSDNPLSPI
----- QPI-----=---PNNQHLF SMAVSRIHHL LRAQRLFANFE $8LQ8DD- - - QROLNKIFLQDFCNSDYIISPI
----- QBM- - ---~=~-~TDSQR~FSTAVSRIFYLHQVAQRSFFIFE SSLSAED- - - QROLNKIFLQDSCHSDYIRSET
----- QPI-----=----TDSQRLF STAVSRVQHLHLLAQRRF SEFESSLQTEE- - - QROLNKIFLQDFCEDYIISET
----- QQI-=~====-~TDSQRLF STAVKRVIHL XL LAQRLF $DFESSLQTEE- - -QRQLNKIFLODF CHSDYIISPT
----- QQI-----=-=--TDSQRLF STAVHRVIHLYLLAQRLF $DFE §8LOTER- -~ QROLNKIFLODFCNSDYTTSPT
B) --=-MAAGSRTSLLLAFALLCLPWLQEAG-AVQIVPL SRLFDIAMLOAIRAYQLAIDTYQEFEEAYIL

-===MAAGSRTSLLLAF ALLCLEWLQEAG-AVQTVPLSRLFKEAMLQAHPAFQLAIDTYQEFEEAYIP
----MAPGSRTSLLLAFALLCLEWLQEAG-AIQTVPL SRLF DFAMLOAHRALQLAIDTYQEFEEAYIR
QLTLTL G AGMQLLLLVS SLLL-WENVASKPTATVSTDDLY HRLVEQSHNTF IMAADVYREFDINFAK]
! OLTLTLSGIGMOLLLLYSSLLL-WENVASKPTATVSTDDLY HRIVEQSHNTF IMAADVYREFDIHFAK
| QLTLILSGHCMQLLLLYSSLFL-WENVSSKPTAMVPTEDLYTRLAEL SHSTFILAADVYREFDLDEFD |

QLTLILSGSEMQLLLLYSSLLL-WENVSSRPTAMVPTDDLYTRLARL 81 NTFIDAADVYREFDLDFED ‘

QLTLTLSGSCMQLLLLYESLLL-WENVE SKPTAMVETDDLYTRLAELSHNTFILAADVYREFDLDFED |

|
) ====MAPGARTSLLLAFGLLCLPWLQEGS-AFPTIRLSRLFD:AMLOAHRAHQLATIDTYQEFEEAYIP :
|
I
|

i) [ LPICPIGSVNCQVSLGELFDRAVRL SHYIHYLSSEIFNEFDERYAQGR--~GFITRAY-~~1
""" LPICPGGAARCQVILRDLFDRAVVLSIYIHNL SSEMF SEFDRRYTHGR-~-GFITRAL--~]
'''' LPICPSGAVNCQVSLRDLFDRAVILSIY IHNLSSEMF NEF DRRYAQGR -~ GFITRAL-~~]
----- LPICPSGAVNCQVSLRELF DRAVILSIY LHNLS SEMFHEFDRRYAQGR- -~ GFVIRAT-~~]
---------------- IPISDLLDRASQRSDTLHSLSTTLTQDLD SHFPEMG---RVITPRP -~
------------- IGLSDIMERASORSDRLISLSTSLTRDLDSIFPEMG- -~ RVMMPRE -~ ~
-------------- VHLNDLLDRASQLSDRMISLSTSLTNDLD 8P §8VG-- - GKLM~RP-~~
----------------- VGLNDLLERASQLSDRLISLSTSLTNDLDBHFPPVG-~-RVMMPRP -~
----------------- VGLNDLLERASQLSDRLISLSTSLTNDLD 81 FPPVG-~~RVMMPRE -~~~
----------------- VGLNDLLERASQLSDRLISLSTSLTHDLD SHFPRVG- -~ RYMMPRE- -~
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Now profile alignment was done using ClustalW, firstly the profile alignment between the
SGH and Pro was done. Secondly, the profile alignment was done between PL and the
resulting MSA. Figure 3 presents the final profile alignment between the three orthologous

groups.

- = VEP- ~—ISLYNLFTSAVNRAQHLHTLAAEIYKEFERSIPPEA-~-HRQLSKTSPLAGCY SDSIPTPTGKDETQEKSDGYLLRISSALIG
———————— — -~FESQRLFNNAVIRVQHLHQLAAKMMDDFEEALLPEE-~-RKQLSKIFPLSFCNSDSIEAPAGKDEAQKSSVLKLLHTSYRLIE
- e - ~-MENQRLFNI AVNRVQHL HLLAQKMFNDFEGTLLPDE -~~RRQLNKIFLLDFCNSDSIVSPIDKHETQKSSVLKLLHISFRLIY
= ke N --IENQRLFNIAVSRVQHLHLLAQKMFNDFDGTLLPDE---RRQLNKIFLLDFCNSDSIVSPVDKHETQKSSVLKLLHISFRLIE
——————————————————————————————————— TENQRLFNIAVSRVQHLHLLAQKMFNDFDGTLLPDE-~~RROLNKIFLLDFCNSDSIVSPVDKHETQKSSVLKLLHISFRLIE
————— = -~~TENQRLFNIAVSRVQHLHLLAQKMFNDFDGTLLPDE-~--RRQLNKIFLLDFCNSDSIVSPVDKHETQKSSVLKLLHISFRLIE

* —~-MENQRLFNI AVNRVQHLHLLAQKMFNDFEGTLLSDE--~RRQLNKIFLLDFCNSDSIVSPIDKQETQKSSVLKLLRISFRLIE
—————— ---MENQRLF NI AVNRVQHL HLMAQKMFNDFEGTLLPDE~-~-~RRQLNKIFLLDFCNSDSIVSPIDKLETQKSSVLKLLHISFRLIE
~-~MENQRLFNI AVNRVQHL HLMAQKMFNDF EGTLLPDE---RRQLNKIFLLDFCNSDSIVSPIDKHETQKSSVLKLLHISFRLIE
————————— TENQRLFSTAVGRVQYLHLVAKKLFSDFENSLQLED=---QRLLNKIASKEFCHSDNFLSPIDKHETQGSSVQKLLSVSYRLIY
————————— PNNQHLF SMAVSRIHHLHLRAQRLFANFESSLQSDD~--QRQLNKIFLQDFCNSDYIISPIDKHETQRSSVLKLLLISKQLVE
TDSQR-FSTAVSRIHYLHQVAQRSFFTFESSLSAED---QRQLNKIFLQDSCNSDYIRSPIDKHETQRSSVMKLLSISYRLVY
TDSQRLFSIAVSRVQHLHLLAQRRFSEFESSLQTEE---QRQLNKIFLQDFCNSDYIISPIDKHETQRSSVLKLLSISYRLVY
QQI TDSQRLFSTAVNRVTHLHLLAQRLFSDFESSLQTEE---QRQLNKIFLQDFCNSDYIISPIDKHETQRSSVLKLLSISYGLVE

o QQIss===->2 TDSQRLFSIAVNRVTHLYLLAQRLFSDFESSLQTEE---QRQLNKIFLQDFCNSDYIISPIDKHETQRSSVLKLLSISYGLVY
—————— LPICPIGSVNCQVSLGELFDRAVKLSHY IHYLSSEIFNEFDERYAQGR---GF ITKAV-~-NGCHT SSLTTPEDKEQAQQIHHEDLLNLVVGVLE
LPICPGGAARCQVTLRDLFDRAVWLSHYIHNLSSEMFSEFDKRY THGR---GF ITKAIL ---NSCHT SSLATPEDKEQAQQMNQKDFLSLIVSILH
——————— LPICPSGAVNCQVSLRDLFDRAVILSHYIHNLSSEMFNEFDKRYAQGR---GF ITKAT ~~-NSCHT SSLPTPEDKEQAQQTHHEDLLNVILRVLA

——————— LPICPSGAVNCQVSLRELFDRAVILSHY IHNLSSEMFNEFDKRYAQGR---GFVTKAT -~~NSCHTSSLSTPEDKEQAQQTHHEDLLNLILRVL
---------- -~-—IPISDLLDRASQRSDTLHSLSTTLTQDLDSHFPPMG-~-RVITPRP-~~SMCHTSSLHTPIDKEQALQVSEADLLSLVRSLLG
----- IGLSDLMERASQRSDKLHSLSTSLTKDLDSHFPPMG-~—-RVMMPRP---SMCHT SSLQTPKDKEQALRVSENELISLARSLL
——————————— ~==—VNLNDLLDRASQLSDKMHSLSTSLTNDLDSHF S5VG--~GKLM-RP---SMCHT SSLQI PNDKDQAL SVPEGELLSLVRSLLN
=~ =VGLNDLLERASQLSDKLHSLSTSLTNDLDSHFPPVG-~--RVMMPRP---SMCHT SSLQIPNDKDQALKIPEDELLSLARSLL
—————— ~——-VGLNDLLERASQLSDKLHSLSTSLTNDLDSHFPPVG==~RVMMPRP-==SMCHT SSLQIPNDKDQALKVPEDELL SLARSLL
o ~——-VGLNDLLERASQLSDOKLHSLSTSLTNDLDSHF PPVG---RVMMPRP-~--SMCHT SSLQI PNDKDQALKVPEDELLSLARSLL
|-----MAAGSRTSLLLAFALLCLPWLQEAG-AVQTVPLSRLFDHAMLQAHRAYQLAT DTYQEFEEAY ILKEQKY SFLONPQ-~TSLCFSESIPTPSNMEETQOKSNLELLRISLLLIE
- - —~-MAPGSRTSLLLAFGLLCLPWLQEGS-AF PTIPLSRLFDHAMLQAHRAHQLAI DTYQEFEEAYIPKDQKYSFLHDSQ-~TSFCFSDSIPTPSNMEETQQKSNLELLRISLLLIG
|---—-MAAGSRTSLLLAFALLCLPWLQEAG-AVQTVPLSRLFKEAMLQAHPAHOLAT DTYQEFEEAY I PKDQKY SFLHDSQ-~TSFCFSDSIPTPSNMEETQQKSNLELLRISLLLIE
----- MAPGSRTSLLLAFALLCLPWLQEAG-ATQTVPLSRLFDHAMLOAHRAHQLAIDTYQEFEEAY IPKDOKY SFLHDSQ--TSFCFSDSIPTPSNMEETQQKSNLELLRISLLLIH
QLTLTLSGSGMALLLLVSSLLL-WENVASKPTATVSTDDLYHRLVEQSHNTFIMAADVYREF DINFAKR--~~SWMKDRI -~LPLCHT ASTHTPENLEEVHEMKTEDFLNSTINV
QLTLTLSGSGMQLLLLVSSLLL-WENVASKPTAIVSTDDLYHRLVEQSHNTFIMAADVYREF DINFAKR -~ ~~SWMKDRI - ~LPLCHTASIHTPENLEEVHEMKTEDFLNSIINVS
QLTLTLSGSGMQLLLLVSSLFL-WENVSSKPTAMVPTEDLY TRLAELSHSTFILAADVYREFDLDFFDK~~~~TWITDRT --LPLCHTASTHTPENREEVHEIKTEDLLKAMINVS
QLTLTLSGSGMQLLLLVSSLLL-WENVSSKPTAMVPTDDLYTRLAEL SHNTFILAADVYREFDLDFFDK--~~TWITDRT -~LPLCHTASTHTPENREEVHETKTEDLLKAMINVS
| MOLLLLVSSLLL -WENVSSKPTAMVPTDDLYTRLAEL SHNTFILAADVYREFDLDFFDK-—~-TWITDRT -~LPLCHTASTHTPENREEVHETKTEDLLKAMINVS

Figure 3: Profile alignment between three paralogs groups SGH, Pro, and PL

Figure 4 presents the mutual information I; and the probability P(I) computed for the three
orthologous groups taken together using all the three methods. This plot reveals that very few
positions have both low P(I;) and high I;. Amino acid residues in these positions have strong
association with functional grouping (stronger than sequences on average), indicating the role
of these positions in determining different specificities of different groups of orthologs.
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Figure 4: Shows the observed I and P(I) for three orthologous groups taken together
calculated by three methods: (A) Shuffling, (B) Replicate dataset by parametric bootstrap and
(C) Random orthologs group generation.

Table 1 shows the pattern of conservation of predicted functional residues. As expected, most
of these residues are conserved within orthologous groups and are different between different
groups. To better understand the role of functional residues we map them onto the structures
of the hGH. Examination of the structure brings us to the following conclusions: Out of the
following functional residues, residue number Pro - 43 and Ser -132 in SGH are residues with
poor degree of order. Residue Gly -153 completely lacks electron density. The receptor
surface area interacting with the SGH high affinity site 1 differs from the one seen in the
lower affinity site 2 when structurally aligned mainly due to the different conformations of
Trp-104 of the receptor. Residue Thr -43, Asn -47, His-51, Glu -58, Ser -66, Pro -68 are the
interacting residues of human SGH in site 1 which resides in the connecting loop between
helix 1 and helix 2.The interacting residues in site 2 are in helix 3. These residues are Lys -
104, Asp -106, Ala -115, Ile-117.
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Showing Functional Residues in three orthologous groups (SGH, PRL and PL)
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Table. 1: (Continued)
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(Here I is mutual information and P(I) is statistical significance of mutual information)
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CONCLUSION

Although the structure and function are well known for large number of proteins, predicting
functional residues of a protein experimentally is a great challenge. So we here proposed the
computational method to identify the functional residues of any protein sequence using
orthologous and paralogous groups. We have used various methods and programs to
improve the accuracy of our result.

Our analysis also relies on the assumption that the same residues determine specificity of
orthologs. Little is known about the spatial location of the specificity determinants. Active
site residues, however, are known to have very conserved spatial location in the families of
homologous proteins. Active sites have the same spatial location, even when similarity
between the sequences is as low as 10%.

Here we have suggested a method to find residues that determine the specificity of the protein
recognition. The method is based on discrimination between orthologous and paralogous
proteins, taking advantage of several SGH sequence and its paralogous sequence. The method
does not require a solved 3D structure of a protein to predict specificity determinants. After
calculating the statistical significance of MI we came out with the resulting functional
residues. When we crosschecked our results with the given literature we found that the results
were very satisfactory.
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FUTURE PROSPECTIVE

The future prospective of this tool would be increasing the accuracy and efficiency. This
would be done by adding sequence weights and testing this tool with more number of
orthologs. We are planning to put the tool online so that it can be further used by other
people for their research work.
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