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Src Homology 2 (SH2) is the compact globular domains, which is involved in intra-
cellular signaling pathways and play an important role in mediating specific protein-
protein interactions. It consists of about 100 amino acids and include sevens [-sheets
and two a-helices. The SH2 domains comprise two highly conservative parts of binding
pocket — pTyr and pTyr +3. The knowledge of the protein complexes structure is an
important step forward to understanding of the mechanisms of their functioning. The
binding site of SH2 domains and surrounding to binding site sequences were analyzed
by using in silico methods. All SH2 domains were divided into the groups by sequence
similarity. The parts of sequences which are common to all domains and the unique
parts of certain domains were found within the framework of conservation and similarity
analysis of SH2 domains. Furthermore, the surface area analysis displays that the high-
ly conservative structures occupy the smallest area. These results indicate the ability of
the SH2 domains to recognize not only linear phosphopeptide sequences. It opens new
insights on the interpretation of possible mechanisms of interaction between SH2 do-
mains and ligands/protreins (e. g. possibility of binding between protein or ligand with
SH2 domain not only within binding site area).

Keywords: SH2 domain, binding site, conservativeness.

INTRODUCTION

Proteins are characterized by sequence similarity relationships. The understanding
of protein relationships is important for the genome sequences annotation [12]. Proteins
with high sequence identity and high structural similarity commonly have functional si-
milarity and evolutionary relationships. Examples of proteins deviating from this general
relationship of sequence/structure/function homology are well-recognized. For exam-
ple, high sequence identity and low structure similarity can occur from conformational
plasticity, mutations, solvent effects and ligand binding.

SH2 domains were identified across structure and sequence similarity. These do-
mains are highly structurally conserved motifs comprising of about 100 amino acids; they
participate in large number of signal-transduction between proteins. Human genome
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encodes about 120 SH2 domains which are present in 110 proteins such as kinases (Src,
Lck), phosphatases (SHP2, SHIP2), phospholipases (PLCy1), transcription factors
(STAT), regulatory proteins (SOCS), adapter proteins (Grb2), structural proteins (SHC)
and others. Wide spread of SH2 domains in animals and their almost complete absence
in microorganisms (e.g. primitive SH2 fragments in yeast) may testify to their appearance
related to complication of signal transduction mechanisms in multicellular organisms [14].

Latest research has shown that it is possible to divide SH2 domains according to
the recognition specificity of pTyr residue with C-terminus. Such recognition may take
place in residues position +1, +2 and +3, bind to pTyr [10]. So, each SH2 domain binds
only to specific phosphotyrosine-containing fragments. For example, the Src SH2 do-
main mostly recognizes Glu-Glu-lle (binding fragment pYEEI), whereas the Grb2 SH2
domain binds to another fragment — pYVNV. However, complete understanding of this
effect requires detailed study of thermodynamic peculiarities of the interaction between
SH2 domains and phosphopeptides.

The 3D and 1D structure of SH2 domain was studied by computer modeling meth-
ods. They are analyzed according to sequence and structure similarity. The conserva-
tion which is not present across whole SH2 domains, was found. It shows a difference
between groups at the amino acid level. So, conversation of some groups is larger than
in others. Also, the several common motifs of binding pocket and spatial close part were
selected. Surface analysis identified potential opportunity of binding in selected con-
served regions in binding site and other parts of domain.

The aim of this work was to select the main conservative regions of SH2 domain,
which can take part in protein-protein and ligand-protein interactions, and to compare the
selected sequences within every separate group and across whole domain.

MATERIALS AND METHODS

3D dataset of SH2 domain. 219 (66 — Nuclear magnetic resonance, 153 — X-ray
crystallography) 3D crystal structures of SH2 domains were retrieved from PDB (Protein
Databank) [2]. It was taken into account that there is more than one SH2 domain per file.
Consequently, they were divided in 1129 separate coordinate structures. Obtained
structures were used in further calculation steps.

3D structural environment analysis of SH2 domain binding pocket. 3D struc-
ture analysis of the SH2 domain binding site was done by using Chimera [5] and helix-
web [6, 9] software tools.

Protein residues with at least one atom takes part in the binding pocket creating
(even if residue atom occupies minimal area of pocket), were included in the binding site
definition. The residue selection was done by evaluating ASA (Accessible Surface Area)
of protein residue. So, if amino acid occupies more than 5 A? and locates within atomic
distance of 5 A or less from the nearest ligand atom (makes strong contacts), it is con-
sidered as amino acid with a large contribution to the binding pocket creating. However,
amino acid with less area or bigger distance between the nearest atoms of interacting
structures is considered as a support of amino acid binding in pocket (without significant
contribution to the binding pocket creating).

The comparison of SH2 domain structures. Step by step, whole available coor-
dinate files were compared. Firstly, the comparison was provided within every separate
ID by using ClustalX [15] (sequence comparison) and Chimera [4] (comparison of rmsd
between structures) software. Then, the same procedure was applied for PDB struc-
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tures with different ID, 56 structures were selected. Finally, utilizing ClustalX sequences
were aligned and edited using Jalview [3] and divided to six groups.

Residue columns analysis. Residue consistency and sequence similarity of se-
lected groups were assessed using PRALINE software [13].

The conservation score were calculated in the Scorecons Server [1] by following
entropy scores method calculation. Entropy scores used here normalize Shannon’s en-
tropy so that conserved (low entropy) columns score 1 and diverse (high entropy) co-
lumns score 0. The entropy scores for every position within the alignment defined as

C _Z:IDa logZ Pa
entropy W’

where N is a number of residues in column, Kis a number of residue types and P, =n_/N
(n,is a number of residues of type a). In this part of work two variants of calculation were
done: (1) amino acids were classified into one of K = 21 types: 20 standard amino acid
types + 1 gap type; (2) amino acids were classified into one of K = 7 types: aliphatic
(AVLIMC), aromatic (FWYH), polar (STNQ), positive (KR), negative (DE), special con-
formations (GP) and gaps.

Also, it should be note that all calculations present above are done in BLOSSUM62
substitution matrix [11]. However, before a substitution matrix is used, it must first be trans-
formed into a convenient range. Therefore a Karlinlike transformation was applied [8].

RESULTS AND DISCUSSION

Selection of every separate group. The selection of every SH2 domain group was
done in such order: (1) 346 PDB structures were retrieved from protein data bank [2];
(2) they were divided to 1129 structures; (3) then those obtained coordinate files were
compared among every separate PDB ID of structures and if there were any differences
between compared structures, they were considered as different structures. As a result
56 distinctive structures were obtained (see below in SH2 domain characteristics within
the groups and Fig. 2); (4) in the next stage whole obtained structures of SH2 domains
have been divided into six groups based on amino acid similarity (Fig. 2, Table).

For example, based on this algorithm the domain structure of 2K7A (group 5) pres-
ents information about seven others PDB (1LUI. (residues 238-344), 1LUK.A (residues
238-344), 1LUM.A (residues 238-344), 1LUN.A (residues 238-344), 2K79.B, 2ETZ.A
and 2EUO.A (all of them are Tyrosine-protein kinase ITK/TSK and contains in Mus mus-
culus) structures and contains 18 similar coordinate files. It means that only one struc-
ture was selected to next comparison stage.

As one can, see the structures are almost 100 % similar: alignment score per resi-
due pair is 18.74, the average RMSD between compared domains is 1.6 A (Fig. 1).

Fig. 1. Anexample of the sequence comparison of structures, represented by 2K7A coordinate (PDB) structure

Puc. 1. MNprknag nopiBHAHHA NOCAIQOBHOCTEN CTPYKTYP, AKi NpeacTaBreHi penpe3eHTaTuBHOK CTPYKTYpPOIO
2K7A (PDB)

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e Bionoriuxi Ctygii / Studia Biologica e 2015 ¢ Tom 9/Ne1 e C. 5-14



8 V. V. Hurmach, M. O. Platonov, O. M. Boyko, Yu. I. Prylutskyy

Group 1
Unconserved {3456 788 Conserved

Aj
Aj
Al
Al
Aj
Aj
\Z
A;

Fig. 2. Multiple sequence alignments of SH2 domains. The key residues in the binding pocket are highlighted
in big black points (creates a main part of binding pocket). Grey indicates residue without a significant
contribution in binding pocket creating

Puc. 2. MHOXUHHe BUpIBHIOBaHHS mocnifoBHocTen AomeHiB SH2. OCHOBHI aMiHOKWUCINOTHI 3anuLiKkM canTy
3B’A3yBaHHSA MO3HAYeHi YOPHMMM Kpankamu (yTBOPIOOTb OCHOBHI YaCTUHY canTy 3B’s3yBaHHst). Cipym
KONbOPOM BiAMIYEHI aMiHOKUCIOTHI 3anuLIKu, SKi He pobnsTb 3HAYHOTO BHECKY B YTBOPEHHS cCawTy
3B’A3yBaHHSA

SH2 domain characteristics within the groups. In all cases the quality parame-
ters are much more in selected groups than such parameters in all SH2 domains (e. g.,
the percent of sequence identity across whole domains is 31; in turn, in group 1 —91 %
and in binding pocket of group 2 — 92 %) (Table).

It is significant that protein types in every separate group are unique, group 1 — c-src ty-
rosine kinase (Homo sapiens — 1A1A,1SHD, Rous sarcoma virus — 1BKL, 1KC2), Proto-on-
cogene tyrosine-protein kinase src (Homo sapiens — 104C, 1049, Gallus gallus — 1F1W),
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The list of amino acids in SH2 domain binding pocket for different groups.

The parameters of every separate group of SH2 domains and its binding pocket are shown
as Poc.-binding site and Pro.-whole proteins. The position in sequence in Fig. 2 is shown
in (...) and the number of motif is shown in [...]. Conservation score parameters are
presented in one column (K=21/K=7)

Cnuncok po3sTallyBaHHA aMiHOKWUCIIOT CanuTy 3B’AA3yBaHHA AoMeHiB SH2.
MapameTpum okpemux rpyn gomeHiB SH2 Ta ix canuTy 3B’si3yBaHHsA nokasaHi sik Poc.-binding
site i Pro.-whole proteins. Touku Ha puc. 2 noka3aHi B (...), HOMep MOTUBY NoKa3aHu# B [...].

3HavyeHHA KOHCepPBaTUBHOCTI HaBeAeHi B oA4Hin konoHui (K =21/K =7)

Group Sequence Average Average | onservation
and Environment |dent|ty %/ RMSD A surface area e
shab of pocket similarity % A2
PDB Poc. | Pro. | Poc. | Pro | Poc. | Pro | Poc. | Pro
Group 1 |[1]. lle 156 (6), Thr 157 (7), Arg| 0.92 | 0.91 | 0.72 | 0.79 | 1268|5876 | 0.94/ | 0.92/
1A1A 158 (8). [2]. Glu 162 (12). [3]. Arg 0.93 | 0.91
178 (28), Glu 179 (29), Ser 180
(30), Glu 181 (31), Thr 182 (32),
Thr 182 (33). [4]. Ser 188 (38).
[5]. Val 202 (52), Lys 203 (53),
His 204 (54), Tyr 205 (55), Lys
206 (56). lle 207 (57), Arg 208
(58). [6]. lle 217 (67), Thr 218
(68), Ser 219 (69), Arg 220 (70),
Thr 221 (71). [7]. Tyr 233 (83).
[8]. Ala 237 (87), Asp 238 (88),
Gly 239 (89), Leu 240 (90), Cys
241 (91)
Group 2 |[[1]. lle 19 (6), Ser 20 (7), Arg 21| 0.85 | 0.78 | 1.14 | 1.32 | 1491|5856 | 0.89/ | 0.81/
1BLJ  |(8). [2]. Ser 25 (12). [3]. Arg 41 0.96 | 0.87

(28), Glu 42 (29), Ser 43 (30), Glu
44 (31), Ser 45 (32), Asn 46 (33).
[4]. Ser 51 (38). [5]. Val 64 (52),
Lys 65 (53), His 66 (54), Tyr 67
(55), Lys 68 (56), lle 69 (57), Arg
70 (58). [6]. lle 79 (67), Ser 80
(68), Pro 81 (69), Arg 82 (70), lle
83 (71). [7]. Tyr 95 (83). [8]. Gly
99 (87), Asp 100 (88), Gly 101
(89), Leu 102 (90), Cys 103 (91).
Group 3 |[1]. lle 582 (6), Ser 583 (7), Lys| 0.5 | 0.47 | 1.53 | 1.65 | 1552|6945 | 0.59/ | 0.56/
1BF5  |584 (8). [2]. Arg 588 (12). [3]. Arg 0.67 | 0.62
602 (26), Phe 603 (27), Ser 604
(28), Glu 605 (29), Ser 606 (30),
Ser 607 (31). [4]. Trp 616 (40).
[5]. Asp 627 (51), Phe 628 (52),
His 629 (53), Ala 630 (54), Val
631 (55), Glu 632 (56), Pro 633
(57). [6]. Val 642 (66), Thr 643
(67), Pro 645 (69). [7]. Tyr 651
(75), Lys 652 (76), Val 653 (77),
Met 654 (78), Ala 655 (79). [8].
Pro 633 (89), Leu 634 (90). [9].
Thr 613 (37)
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End of the Table

Group 4 [[1]. Met 53 (6) Thr 54 (7), Val 55| 0.45 | 0.32 | 1.82 | 1.99 [ 1355|7161 0.49/ [ 0.37/
2COW  [(8). [2]. Lys 59 (12). [3]. Arg 73 0.60 | 0.51
(26), Asp 74 (27), Ser 75 (28),
Ser 76 (29), His 77 (30), Ser 78
(31). [4]. Thr 83 (36). [5]. Pro 92
(45), Thr 93 (46), Asn 94 (47),
Leu 95 (48), Arg 96 (49), lle 97
(50), Glu 98 (51). [6]. Leu 106
(59), Asp 107 (60), Ser 108 (61),
lle 109 (62), lle 110 (63). [7]. Tyr
129 (82). [8]. His 149 (92), Leu
150 (93). [9]. Leu 116 (69)

Group 5 |[1]. lle 23 (6), Thr 24 (7), Arg 25 0.39 | 0.39 | 1.81 | 2.00 | 1645|6499 | 0.53/ | 0.50/
2DMO  |(8). [2]. Glu 29 (12). [3]. Arg 44 0.70 | 0.68
(27), Asp 45 (28), Ser 46 (29),
Arg 47 (30), His 48 (31), Leu 49
(32). [4]. Thr 53 (39). [5]. lle 68
(54), Lys 69 (55), His 70 (56), Tyr
71 (57), GIn 72 (58), Lys 73 (59),
lle 74 (60). [6]. Val 83 (71), Ala
84 (72), Glu 85 (73), Arg 86 (74),
His 87 (80). [7]. His 79 (92). [8].
Ala 104 (97), Glu 105 (98), Lleu

106 (99)
Group 6 |[1]. lle 23 (B). Pro 24 (7), Arg 25| 0.45 | 0.45 | 1.27 | 1.45 | 1639|5429 | 0.53/ | 0.51/
1WQU  |(8). [2]. Ala 29 (12). [3]. ARG 41 0.59 | 0.61

(32), GLU 42 (33), SER 43 (34),
GLN 44 (35), GLY 45 (36), -//-
(37). [4]. Val 50 (42). [5]. Pro 59
(53), Arg 60 (54), His 61 (55),
Phe 62 (56), lle 63 (57), lle 64
(58), GIn 65 (59). [6]. Leu 73
(68), Glu 74 (69), Gly 75 (72).
[7]. Leu 88 (85). [8]. GIn 93 (91),
Pro 94 (92), Leu 95 (93), Thr 96
(94), Lys 98 (96), Ser 99 (97).
[9]. Glu 48 (40).

Tyrosine-protein kinase transforming protein src (Rous sarcoma virus — 1NZL, 2JYQ),
Proto-oncogene tyrosine-protein kinase fyn (Homo sapiens — 1G83), v-src tyrosine ki-
nase transforming protein (Rous sarcoma virus — 1BKM); group 2 comprises p55 blk pro-
tein tyrosine kinase (Mus musculus — 1BLJ), p56Ick tyrosine kinase (Homo sapiens —
1CWD), Proto-oncogene tyrosine-protein kinase Ick (Homo sapiens — 1FBZ), Tyrosine-
protein kinase hck (Homo sapiens — 2C0T), hck SH2 (Homo sapiens — 3HCK); group 3
contains DNA(5'D(AP CP AP GP TP TP TP CP CP CP GP TP AP AP AP TP G P C)-3')
(Homo sapiens — 1BF5), Signal transducer and activator of transcription 1-alpha/beta
(Homo sapiens —1YVL), DNA(5'D( TP GP CPAP TP TP TP CP CP CP GP TP AP AP AP
TP CPT)-3') (Mus musculus — 1BG1), Signal transducer and activator of transcription 3
(Mus musculus — 3CWG), Signal transducer and activator of transcription 5A (Mus mus-
culus — 1Y1U), Stat protein (Dictyostelium discoideum — 1UUS), Signal-transducing
adaptor protein 1 (Homo sapiens — 3MAZ); group 4 — Suppressor of cytokine signaling
(Mus musculus — 2BBU, 2HMH, Homo sapiens — 212V, 2VIF);
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group 5 — SH3 domain of Tyrosine-protein kinase ITK/TSK (Mus musculus — 2K7A),
Tyrosine-protein kinase TXK (Homo sapiens —2DMO), Tyrosine protein kinase BTK (Homo
sapiens — 2GE9), B-cell linker protein (Mus musculus — 2EO6), Basic fibroblast growth
factor receptor 1 (Homo sapiens — 3GQl), Doubly phosphorylated peptide derived from
Syk kinase (Bos taurus — 2FClI), 1-phosphatidylinositol-4,5-bisphosphate phosphodieste-
rase gamma 2 (Rattus norvegicus — 2EOB); group 6 — Proto-oncogene tyrosine-protein
kinase FES/FPS (Homo sapiens — 1WQU, 3BKB, 3CBL, 3CD3), Proto-oncogene tyro-
sine-protein kinase FER (Homo sapiens — 2KK6), Hematopoietic SH2 domain containing
(Homo sapiens — 2CS0), Ras GTPase-activating protein 1 (Homo sapiens — 2GSB).

Accessible surface area determination has shown that SH2 domain binding site
occupies about 74 of whole domain area. It is not surprising because in all cases the
binding site is flat with two main grooves (pTyr-binding part and hydrophobic part) [7]
(Fig. 3). Besides, the matching of whole available structures shows similarity increasing
of the binding site in comparison with whole domain (Table). However, if take into con-
sideration the group 1, only. The difference between pocket and whole domain parame-
ters are not significant (e.g. sequence similarity increasing is only 1 %).

Fig. 3. The binding site of group 1 with the native
ligand and the binding site motif distribu-
tion: motif 7 (ITR), motif 2 (E), motif 3 (RE-
SETT), motif 4 (S), motif 5 (VKHYKIR),
motif 6 (ITSRT), motif 7 (Y) and motif 8
(ADGL). Motives are numbered according
to table

Puc. 3. CailT 3B’a3yBaHHsa rpynu 1 i3 HaTUBHUM
niraHgoMm i po3nogdin MoTUBIB calTy 3B’s-
3yBaHHa: motue 71 (ITR), motus 2 (E), mo-
™mB 3 (RESETT), motmB 4 (S), motB 5
(VKHYKIR), motnB 6 (ITSRT), motns 7
(Y) i motue 8 (ADGL). MoTnBM npoHyme-
poOBaHi BignoBigHO A0 Tabnuui

Groups 1 and 2 are highly conservative, especially in ligand binding positions: the
increasing of structures identity (if compare with whole SH2 domains) is 61 and 47 %
and of similarity is 55.1, 35.2 %, respectively. These groups exhibit the largest con-
served surface area, as might be expected from the high level of sequence similarity.
But it affects on overall domain surface area and overall surface area of its parts. For
example, group 1 has the lowest area of binding pocket, which is highly conserved while
less conserved binding pocket of group 2 occupies a bigger surface area (Table). It is
achieved by a variable domain amino acid composition.

Groups 3-6 are much less conservative than the groups 1 and 2: the increasing of
structures identity (if compare with whole SH2 domains) is 29, 14, 8 and 14 % and of
similarity is 14.5, 12.2, 15.5, 11.63%, correspondingly. It leads to significant surface
area increasing.

Of course, increasing of similarity and identity of groups 3-6 is not such significant
as in groups 1 and 2. But the quality of above parameters is good in the most interesting
regions of domains — binding pocket and surrounding areas (Fig. 2, Table) (e. g. simila-
rity increasing in binding pocket in group 3 is 21% and identity increasing is 32 %). In all
cases conservative and identity parameters within every separate group is not lower
than 40 % (such results are acceptable in bioinformatics research).
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Moreover, the conserved regions are located in binding site almost in all cases.
However, there are few highly conserved sequences not within binding site, but spa-
tially close to one (For example, the positions 1-5 and 10—11 in all sequences) (Fig. 2).
Such conserved parts, which are not involved in a binding site, challenge the notion that
SH2 domains recognize only a linear phosphopeptide sequences.

3D structural environment of SH2 domain binding pocket. The eight main sepa-
rate motifs and single amino acids are present in SH2 domains binding pocket environ-
ment. However, the groups 3, 4 and 6 comprise one additional binding point (number 9)
(Table).

SH2 domain binding site comprises 20—-24 amino acids. It was defined by determi-
ning accessible surface area of whole amino acid which is forming SH2 domain binding
site and spatially close to one. The mean conservation is much greater in the binding sites
than complete domain structure. It confirms that these sites are more conserved than the
rest of the domain (Table 1). A lot of domain secondary structures are present in binding
site environment (B-B sheet, -G sheet, -G sheet and o-B helix) (Figs 1, 3; Table). The
pTyr forming parts of pocket are ITR —motif 1, FLVRESETT — motif 3 and C — motif 4. The
second half of the motif 3 (RESETT) is involved in the possible ligand interaction, only.
Central part of pocket is formed by E — motif 2 and VKHYKIR — motif 5 (-Dsheet and
a-Ahelix). The third part includes ITSRT (motif 6), Y (motif 7), ADGLC (motif 8), a hydro-
phobic part of pocket (B-G sheet and a-B helix and a-A helix), position 67—70 and 87-91.

Besides, four highly conserved positions (>70 %) through all SH2 domains were
selected (position 3 in motif 1, positions 1 and 3 in motif 3, position 3 in motif 5). The
other binding site parts are less conservative (<50 %).

However, there are few positions of binding site, which are not involve in any bin-
ding motif describe above (e. g., T (position 37 — group 3), L (position 69 — group 4) and
Q (position 40 — group 6)). This diversity, located in the known binding interface, may be
important in the recognition of ligands.

CONCLUSIONS

Protein members could be studied using the framework created from protein clas-
sification data. It is a starting point for examining similarity and diversity inside large
protein families. Such kind of studies can indicate functionally important part within the
protein structure. It is difficult to make useful conclusion until the protein family is divided
to groups.

It is likely that some parts of protein especially binding sites are defined more com-
pletely than others. Structure and similarity parameters difference between groups and
lack of conservation across whole binding site suggest that while the binding site is
conserved in all family, region spatially close to this site can be diverse. However, it is
possible to assume that the residue conservation within groups of similar domains out-
side binding site area might correspond to the conservation of protein-protein interface
between SH2 domain and phosphorylated protein. In turn, it casts doubt notion that SH2
domain recognizes short linear peptide motifs only. That assumption based on literature
and presented in this article dates. Native ligands mostly are short peptide structures
which contact with SH2 domains within pTyr binding site. But, when bound to proteins
or long peptide, there are interactions outside pTyr binding site.
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2[nemumym monekynsipHoi Gionoeii i 2zeHemuku HAH YkpaiHu

syn. Akademika 3abornomHoeo, 150, Kuie 03680, YkpaiHa

Src Homology 2 (SH2) — komnakTHi rmobynsapHi AoMeHu, Ak 6epyTb y4acTb Y Mixk-
KNiTUHHIM curHanisauii Ta BigirpatoTb BaXMBY pPorb SIK NOCEpeaHUKN cneundivyHmnx npo-
TeiH-NpoTeiHoBMX B3aemogin. BoHn cknagatotecsa 3i 100 aMiHOKMCNOT, Ski (hOpMYyIOTb
cim B-cknagok i Aei a-cnipani. JomeHn SH2 mMicTaTb ABi BUCOKOKOHCEPBATUBHI AiNSAHKN
KuLeHi 38’A3yBaHHsA — pTyr i pTyr+3. 3HaHHS CTPYKTYpU BiNKOBMX KOMMNSEKCIB € BaXNu-
BMM KPOKOM Yy PO3YMiHHI MeXaHi3MiB IXHbOro (OyHKLiOHYBaHHSA. 3 BUKOPUCTAHHAM in
silico meToaiB NpoaHanizoBaHO aMiHOKMCIOTHI MOCMIAOBHOCTI CanTy 3B’A3yBaHHSA [O-
MeHiB SH2 i ginaHku, npunerni 4o Hboro. Yci aomeHn SH2 Bynu noginexi Ha rpynu 3a

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e Bionoriuxi Ctygii / Studia Biologica e 2015 ¢ Tom 9/Ne1 e C. 5-14



14 V. V. Hurmach, M. O. Platonov, O. M. Boyko, Yu. I. Prylutskyy

noaibHiCTIO cuKBeHCIB. AHani3 KOHCEPBATUBHOCTI N iAEHTUYHOCTI AOMeHiB SH2 BuaBMB
OINgHKM NOCnigOBHOCTEN, AKi NpUTaMaHHi BCiM AOMeHaM, i OiINSAHKX, NpUTaMaHHi nuwe
aeskuMm gomeHam. OKpiM TOro, OOCHiIIKEHHS iXHbOI MOBEPXHi 3acBiguMmo, Lo Hau-
OinblLU KOHCEpBATMBHI AiNAHKA 3aimaloTb HarMmeHwy nnowy. OpgepxaHi pesynsratu
BKa3ylTb Ha 34aTHICTb AOMeHIB SH2 posnidHaBaTu He TinbKu NiHinMHIi docconentuaHi
NOCHigOBHOCTI, LLO BigKPUBAE HOBI YSIBNEHHS CTOCOBHO iHTeprpeTauil MOXIMBUX Mexa-
Hi3MiB B3aemogii AomMeHiB SH2 3 niraHgamun (Hanpuknaa, MOXIMBICTb 3B’A3yBaHHS 3 MpPo-
TeiHaMm abo niraHaaMu He TiNbK1 B MeXax CanTy 3B’si3yBaHHSI JOMEHY).

Knroyoei crioea: pomeH SH2, canT 3B’si3yBaHHs, KOHCEPBATUBHICTb.

CPABHUTEJNbHbIA AHANU3 CTPYKTYP JOMEHOB SH2

B. B. l'ypmay', O. M. lMnamoHoe?, A. H. boliko', 0. Y. Mpunyukudi’
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2liHcmumym monekynspHol buonoeuu u eeHemuku HAH YkpauHbi
yn. Akademuka 3abornomHoeo, 150, Kues 01601, YkpauHa

Src Homology 2 (SH2) — koMnakTHble rmodynsipHble AOMEHbI, KOTOPbIE Y4acTBYOT
B MEXKMETOYHOW CUrHanNM3auum n UrpatoT Ba>KHYH porib Kak mocpeaHuku cneumnduye-
cknx 6enok-6enkoBbix B3aMmoaencTBmin. OHm coctodaT n3 100 ammHokMcnoT, obpasyto-
LLMX ceMb B-CKNagok 1 ABe o~cnupanu. JomeHbel SH2 cogepxaT ABa BbICOKOKOHCEpPBa-
TMBHbIX y4acTKa kapMaHa cBa3biBaHusA — pTyr v pTyr+3. 3HaHMe CTpyKTypbl 6EeMKoBbIX
KOMMEKCOB SBMSIETCS BaXXHbIM LLATOM B MOHMMaHUN MEXaHN3MOB X (DYHKLMOHMPOBa-
Hus. C ucnonb3oBaHWeM in Silico METOAOB MpoaHanM3npoBaHbl aMUHOKWUCOTHbIE MO-
crnepoBaTenbHOCTU canTa CBA3biBaHUA AoMeHOB SH2 1 nocnegoBaTtenbHOCTU, Npune-
rarowme K Hemy. Bce gomeHbl SH2 pa3bvBany Ha rpynnbl N0 CXOOCTBY CMKBEHCOB. AHa-
N3 KOHCEPBATMBHOCTU U MAEHTUYHOCTM AOMeHOB SH2 obHapyXun y4yacTkv nocneno-
BaTeNbHOCTEN, NMpUCyLLMe BCEM OOMEHaM, U y4acCTKW, MPUCYLLME TOMbKO HEKOTOPbIM
AomeHam. Kpome Toro, uccrnegoBaHune Mx NoBEPXHOCTU NOKasarno, YTo Hambornee KoH-
CEepBaTUBHbBIE Y4aCTKM 3aHMMAlT HauMeHbLUY nnowagb. MonyyeHHble pesynbraTthl
yKas3bIBaloT Ha CNOCOOHOCTb JOMEHOB SH2 pacnosHaBaTb HE TOMbKO NMMHEWHble dhoc-
donenTuaHble NocneaoBaTenbHOCTH, YTO OTKPbIBAET HOBbIE MPEeACTaBeHns OTHOCU-
TENbHO MHTEpnpeTaunM BO3MOXHbBIX MEXaHW3MOB B3aMMOLEWCTBUA AOMeHOB SH2 ¢
nvraHgamy (HanpvMep, BO3MOXHOCTb CBSA3biBaHWs C Benkamu wunvM nuraHgamu He
TONbKO B Npefenax cavta CBA3biBaHUSA AOMEHA).

Knroyeesie cnoea: nomeH SH2, caT cBA3bIBaHMS, KOHCEPBATUBHOCTb.
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