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Abstract: We have analyzed the role of N-H...x interactions in 59 RNA binding protein structures with relation to other
factors like amino acid preference, secondary structural elements, solvent accessibility of a particular fold, conservation
score, stabilization centers and stabilizing residues. There was an average of 12 N-H...x interactions per protein in the 59
proteins investigated and an average of one significant N-H...x interaction for every 37 amino acid residues in RNA
binding proteins. 63% of the N-H...n interactions were computed to be inter-residue interactions, while the remaining
37% of the N-H...x interactions were found to be intra-residue interactions. The contribution of the main chain to side
chain N-H...n mediated interactions was higher irrespective of the amino acids involved. Long-range N-H...x interactions
appear to be the predominant type of interactions in RNA binding proteins. Arg, Asn, Asp, Gin, Glu, lle, Leu, Lys and Ser
preferred to be in helix. Ala, Cys, Phe, Thr, Trp, Tyr and Val were found to prefer strand conformation. Polar amino acid
residues involved in N-H...w interactions were solvent exposed and most of the non polar residues involved in N-H...n
interactions were excluded from the solvent. Most of the amino acid residues involved in N-H...n interactions might be
conserved in RNA binding residues. The specificity is shown by residues not involved in N-H...n interactions as only a
very small percentage of interacting residues are involved in RNA Binding. On the whole, the results of the present
investigations on N-H...w interactions might be useful for intra protein-protein interactions and studies on inter-residue

and intra-residue interactions.
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1. INTRODUCTION

Although the structure and function of a protein is
determined by conventional hydrogen bonds, ionic bonds
and hydrophobic interactions a set of weak interactions has
also been recognized to play an important role in protein
structure and stability [1]. This set includes N-H...xw, C-H...n
and C-H...O interactions. Though, the over all stabilization
energy is much smaller due to reduced electrostatic
contribution and exchange repulsion energy, they are still
significant simply because of the increased number of weak
interactions that occur in proteins [2]. Even though the
occurrence of this Non-Canonical Interactions (NCI) was
well documented very early in time [3-5], it was not until
recently that their importance was completely understood.
Several large-scale studies over the last decade have
unambiguously revealed the occurrence of these interactions
in crystal structures, revealing the importance of such
interactions and therefore reviving interest in studying them
in greater detail [1, 6-17]. In terms of energetic contribution,
theoretical ab initio calculations [18-21] have clearly
revealed that the energy of these N-H...w interactions is less
than the energy of a conventional hydrogen bond (O/N-
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H...O=C). For instance, N-H...x interactions may contribute
up to 3.5 kcal/mol, whereas regular hydrogen bonds may
contribute up to 5.5 kcal/mole [8]. Even though the N-H...x
interactions is less in energetic terms, it is observed that they
occur frequently in proteins and cumulatively these
interactions provide significant energy for protein stability.
Observations of N-H...w interactions in bovine pancreatic
trypsin inhibitor [22] and hemoglobin protein interaction
[23] have shown the significance of these interactions in
proteins. A greater number of X-H...m interactions in
proteins have been involved in a wide variety of functions
such as secondary structure stabilization [24], drug
recognition [25], DNA recognition [26] and enzyme action
[27]. Our group has also reported the influence of cation-n
interactions in RNA binding proteins [28] and explored the
role of such interactions in glycoproteins, lipid binding
proteins and RNA binding proteins [29]. In addition, we
have also investigated the role of C-H...n interactions in
protein-RNA complexes [30] Though previous studies have
investigated the occurrence of NCI in various proteins [2, 6,
8] very few studies have systematically studied the role of N-
H...m interactions in relation to other factors like amino acid
preference, secondary structural elements, solvent accessi-
bility of a particular fold, conservation score, stabilization
centers and stabilizing residues. We have addressed these
issues by analyzing the structures of protein-RNA
complexes. Probably, ours is the first such report on the
analysis of N-H...n interactions in RNA binding proteins.
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2. MATERIAL AND METHODS
2.1. Data Set

We have selected 59 RNA binding proteins from Protein
Data Bank (PDB) [31] for our investigation. The structures
were solved with <2.5A" resolution and the sequence identity
among the proteins in the dataset was less than 45%.

The PDB IDS’ are as follows:

1A8V, 1ASY, 1ASZ, 1B23, 1B7F, 1COA, 1CVJ, 1CXO0,
1EFU, 1EFW, 1F7U, 1F7V, 1IF7Y, 1FFY, 1G59, 1GAX,
1GIK, 1GTS, 1H2D, 1H2T, 1H2V, 1H38, 1H3E, 1H4Q,
1H4S, 1HRO, 1HYS, 116U, 11L2, 11VS, 1JIU, 1J2B, JBR,
1JID, 1K8W, 1KNZ, 1KOG, 1KOl, 1LGN, 1M2P, 1IMIK,
IMII, IMMS, 1MSW, 1N35, 1N38, 1N77, 1N78, 1NB7,
INH3, 100B, 100C, 10NP, 1QF6, 1QLN, 1QU2, 1QUS3,
1YRN and 2FMT.

2.2. Computation of N-H...w Interactions

We used a stand-alone program which identifies the N-
H...n interactions based on the four different geometric
criteria that are defined based on distances and angles of the
atoms under consideration [32]. The type of N-H...n
interaction is indicated by a two letter code in which the first
letter indicates the donor atom and the second the acceptor:
M, S and S5 represent the main-chain atom, side-chain atom
and side-chain atom in the 5 membered aromatic ring
respectively. There are four types of N-H...m interactions
namely, main-chain to side-chain (MS), main-chain to 5
member aromatic ring of Trp (MS-5), side-chain to side-
chain (SS) and side-chain to the 5 member aromatic ring of
Trp (SS-5).

2.3. Sequential Separation

The N-H...w interacting residues coming within a sphere
of 8A" was computed as described earlier [33-35]. For a
given residue, the comparison of the surrounding residue is
analyzed in terms of the location at the sequence level. The
contribution from <+ 3 residues are treated as short-range
contacts, + 3 or * 4 residues as medium-range contacts and
>+ 4 residues are treated as long range contacts. This
classification enables us to evaluate the contribution of short-
range, medium-range and long-range contacts in the
formation of N-H...x interactions.

2.4. Secondary Structure and Solvent Accessibility

Secondary structure and solvent accessibility are the two
major intermediate steps to understand the structure and
function of proteins. Hence a systematic analysis of each N-
H...w interaction forming residue was performed based on
their location in different secondary structures of RNA
binding proteins and their solvent accessibility. We obtained
the information about secondary structures from PDB and
identified solvent accessibility of the proteins using the
program ASA-View [36]. Solvent accessibility was divided
into three classes, buried, partially buried and exposed
indicating respectively the least, moderate and high
accessibility of the amino acid residues to the solvent [37,
38].
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2.5. Conservation Score

We computed the conservation score of N-H...n
interacting amino acid residues in each protein using the
ConSurf server [39]. This server computes the conservation
based on the comparison of the sequence of a PDB chain
with the proteins deposited in Swiss-Prot [40] and finds the
ones that are homologous to the PDB sequence. The number
of PSI-BLAST iterations and the E-value cutoff used in all
similarity searches were 1 and 0.001 respectively. All the
sequences that are evolutionary related with each one of the
proteins in the data set were used in the subsequent multiple
alignments. Based on these protein sequence alignments the
residues are classified into nine categories from highly
variable to highly conserved. Residues with a score of 1 are
considered highly variable and residues with a score of 9 are
considered highly conserved.

2.6. Stabilization Centers

Stabilization centers are clusters of residues that are
involved in medium or long range interactions [41].
Residues can be considered part of stabilization centers if
they are involved in medium or long range interactions and if
two supporting residues can be selected from both of their
flanking tetra peptides, which together with the central
residues form at least seven out of the nine possible contacts.
The stabilization centers for the N-H...x interacting amino
acid residues were computed using the SCide server [42] in
RNA binding proteins.

2.7. Binding Residues

Binding residues were identified using the available
information in amino acid — nucleotide interaction database
[43]. An amino acid and a nucleotide base is in contact with
each other if any one of the atoms in the amino acid is within
the distance of 3.5 A to any atom in the base. Accordingly,
the amino acid is considered to be a binding site residue and
it has the affinity to interact with RNA. The analysis of the
nature of N-H...m interaction forming residues with respect
to binding affinity has been computed.

3. RESULTS AND DISCUSSION

3.1. N-H...w Interactions

There was an average of 12 N-H...m interactions per
protein, in the 59 proteins investigated and an average of one
significant N-H...m interaction for every 37 amino acid
residues in RNA binding proteins. The number of N-H...x
interactions were more when compared to cation-n
interactions [28, 29] and less than the number of C-H...n
interactions [30] in the same data set. The results of the four
different N-H...x interactions are depicted in Fig. (1) and it
was found that, 47% of the interactions were MS
interactions, 17% of the interactions were MS5 interactions,
27% of the interactions were SS interactions and the
remaining 9% interactions were SS5 interactions. The major
contribution to N-H...w interactions was mainly from MS
interactions. The N-H...m interactions in RNA binding
protein PDB ID 1ASZ: Aspartyl tRNA synthetase G76 to
W156 (main chain — side chain) and R453 to F448 (side
chain — side chain) is depicted in Fig. (2). We classified the
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Fig. (1). N-H...x interactions in RNA Binding Proteins.

N-H...m interactions into inter-residue and intra-residue
interactions based on the acceptor and donor atoms involved
in the interaction. If the donor and acceptor residues
involved in N-H...w interactions were from different amino-
acid residues, then it is referred to as inter-residue N-H...n
interactions and if the donor and acceptor residues involved
in N-H...n interactions were from the same amino-acid
residue then it is referred to as intra-residue N-H...w
interactions. The results of the inter-residue and intra-residue
interactions in the RNA binding proteins investigated in the
present study are depicted in Fig. (1). 63% of the N-H...x
interactions were computed to be inter-residue interactions,
while the remaining 37% of the N-H...n interactions were
found to be intra-residue interactions. Among the inter

Mainchain-Sidechain

PDB 1ASZ: G76 to W156
aspartyl tRNA synthetase

Fig. (2). N-H... m interactions in Aspartyl tRNA synthetase.

residue N-H...m interactions, 34% of the interactions were
MS interactions, 9% of the interactions were MS5
interactions, 43% of the interactions were SS interactions
and 14% of the interactions were found to be SS5
interactions. Among the intra residue N-H...n interactions,
70% of the interactions were found to be MS interactions
and 30% of the interactions were found to be MS5
interactions. We consider this to be an important observation
in RNA binding proteins, in the sense that, N-H...n
interactions may play an important role in determining the
structural stability of RNA binding proteins. Hence, these
results will be a good starting point for studies on intra
protein-protein interactions and for investigations on inter-
residue and intra-residue interactions with protein molecules.

Sidechain-Sidechain

7@ )

PDB 1ASZ: R453 to F448
aspartyl tRNA synthetase
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Fig. (3). Donor residues in N-H...w interactions.

The contribution of donor residues in the four different
types of N-H...n interactions is depicted in Fig. (3). The
contribution of donor residues in MS interactions was mainly
from Phe, Tyr and Gly residues. The contribution of acceptor
residues in the four different types of N-H...w interactions is
depicted in Fig. (4). The acceptor atom contribution for MS
interactions was mainly from the x residues namely Phe, and
Tyr. The contribution of acceptor residues for MS
interactions from Trp was very minimal. The contribution of
donor and as well as acceptor residues in MSS5 interactions
was mainly from Trp. In the case of SS interactions the
donor atom contribution was mainly from Arg, Gln, Asn and
Ser. The acceptor atom contribution in SS interactions was
similar to MS interactions and it was mainly from Phe, and
Tyr. In SS5 interactions the donor atom contribution was
similar to SS interactions and the donor atom contribution
was mainly from Arg, Gln and Asn. Phe and Tyr did not
contribute acceptor residues in MS5 interactions and SS5
interactions.

All the naturally occurring amino-acids except for His
had donor residues that were involved in N-H...n

interactions. The contribution of MS interactions was higher
in N-H...n interactions irrespective of the amino acids
involved. In terms of total donor atom contribution to N-
H...m interactions, the highest contribution of donor residues
was mainly from Arg, Phe, Tyr, Trp, Gln and Asn residues.
In the case of acceptor atom contribution to N-H...n
interactions, Trp was involved in all the four types of N-
H...m interactions, whereas Phe and Tyr were involved only
in MS and SS interactions. It was interesting to note that, Trp
contributed both donor and acceptor residues in all the four
types of N-H...w interactions. From this we infer that, the
contribution of Trp to N-H...m interactions might be
significant in RNA binding proteins.

3.2. Sequential Separation

The contribution of N-H...w interactions in RNA binding
proteins could define either the local or the global stability of
the proteins. Therefore, there is a need to evaluate the
contribution of inter-residual N-H...m interactions. The
contribution from <+ 3 residues are treated as short-range
contacts, = 3 or + 4 residues as medium-range contacts and
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Fig. (4). Acceptor residues in N-H...w interactions.
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Fig. (5). Sequential separation in N-H...n interacting residues.

>+ 4 residues are treated as long range contacts [33-34]. This
classification enables us to evaluate the contribution of short-
range, medium-range and long-range contacts in the for-
mation of N-H...m interactions. The sequential distance
between residues that contributed donor and acceptor
residues to inter-residue N-H...w interactions was calculated
and results are depicted in Fig. (5). 51%, 20% and 29% of
inter-residue N-H...w interactions were found to be long-
range, medium-range and short-range interactions. Long-
range N-H...m interactions are the predominant type of
interactions in RNA binding proteins. These observations
were consistent with the results obtained with cation-n [28,
29] and C-H...r interactions [30] in the same data set. The
contribution of the medium-range and short-range inter-
actions is comparatively less in all the four types of N-H...n
interactions studied. Hence the folding of the protein
molecule might be mediated by N-H...n interacting amino
acid residues that are located far apart at the sequence level
and thus these interactions contribute significantly to the
global conformational stability of RNA binding proteins.

3.3. Secondary Structure Preference

The occurrence of weak interactions has been observed at
the terminus of the secondary structural units, in particular o-
helix and [-sheets [13-14]. These interactions play a
definitive role in stabilizing these structures of proteins. The
propensity of the amino acid residues to favor a particular
conformation has been well documented [44]. Such con-
formational preference is not only dependent on the amino
acid alone but is also dependent on the local amino acid
sequence. We analyzed the secondary structure preference of
each amino acid which participates in all the four different
types of N-H...m interactions. The secondary structure
preference of each of the amino acids involved in all the
above said types of N-H...xn interactions were obtained from
PDB and the results are depicted in Fig. (6). We found that,
Arg, Asn, Asp, Gln, Glu, Ile, Leu, Lys and Ser preferred to
be in helix. Ala, Cys, Phe, Thr, Trp, Tyr and Val were found
to prefer strand conformation. Gly, Met and Pro preferred to
be in turns. The secondary structure preferences for most of
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Fig. (6). N-H...n interacting residues in secondary structure.
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Fig. (7). Solvent accessibility range in N-H...w interacting residues.

the N-H...n interacting residues were consistent with the
information available in literature [44].

3.4. Solvent Accessibility Calculations

We have estimated the solvent accessibility of all the
amino acid residues that were involved in N-H...n
interactions with the aid of ASA-View [36]. The relation
between the amino acid residues in N-H...x interactions and
solvent accessibility are shown in Fig. (7). The solvent
accessibility of amino acid residues has been categorized as
buried, partially buried and exposed [38-39]. We found that,
of the different amino acids that were involved in N-H...n
interactions, Arg, Asn, Asp, Cys, Gln, Glu, Gly, Lys, Ser and
Thr were in the exposed regions. Ala, Ile, Leu, Met, Phe,
Pro, Tyr and Val residues involved in N-H...w interactions
were in the buried regions while Trp preferred to be in
partially buried region. We found that most of the polar
amino acid residues involved in N-H...w interactions were
solvent exposed and most of the non polar residues involved
in N-H...n interactions were excluded from the solvent.
Since the percentage of polar residues involved in N-H...n
interactions is much higher than the non-polar residues, the
polar residues might contribute significantly to the stability

of the RNA binding proteins as the contribution of the global
energy is much greater in solvation.

3.5. Conservation Score

We used the ConSurf server [39] to compute the
conservation score of amino acid residues involved in N-
H...m interactions in RNA binding proteins, and the results
are shown in Fig. (8). The server computes the conservation
based on the comparison of the sequence of a PDB chain
with the proteins deposited in Swiss-Prot [40] and finds the
ones that are homologous to the PDB sequence. The number
of PSI-BLAST iterations and the E-value cutoff used in all
similarity searches were 1 and 0.001 respectively. All the
sequences that are evolutionary related with each one of the
proteins in the data set were used in the subsequent multiple
alignments. Based on these protein sequence alignments the
residues are classified into nine categories from highly
variable to highly conserved. Residues with a score of 1 are
considered highly variable and residues with a score of 9 are
considered highly conserved. Conservation score of > 6 is
the cutoff value used to identify the stabilizing residues. 25%
of the amino acid residues that contributed donor residues in
N-H...n interactions had the highest conservation score of 9,
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-
o
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Fig. (8). Conservation score in N-H...w interacting residues.
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while 33% of the amino acid residues had a conservation
score, in the range of 6 to 8. Thus, 58% of the donor amino
acid residues had a higher conservation score. In the case of
amino acid residues, that contributed acceptor residues in N-
H...m interactions, 23% of the acceptor amino acid residues
had the highest conservation score of 9, while 36% of the
amino acid residues had a conservation score, in the range of
6 to 8. Thus, 59% of the acceptor amino acid residues had a
higher conservation score. From this we were able to infer
that, most of the amino acid residues involved in N-H...n
interactions might be conserved in RNA binding proteins.

3.6. Stabilization Centers

Stabilization centers are clusters of residues that are
involved in medium or long range interactions [41].
Residues can be considered part of stabilization centers if
they are involved in medium or long range interactions and if
two supporting residues can be selected from both of their
flanking tetra peptides, which together with the central
residues form at least seven out of the nine possible contacts.
We used the SCide [42] server for computing the

Table 1. Binding Residues in RNA Binding Proteins

Amino acid residues

Acceptor

stabilization centers in the RNA binding proteins and the
results are depicted in Fig. (9). We found that 27% of the
amino acid residues that contribute donor residues to N-
H...n interactions had one or more stabilization centers in
addition to their contribution to N-H...m interactions and
similarly 29% of the amino acid residues that contribute
acceptor residues to N-H...rw interactions had one or more
stabilization centers in addition to their contribution to N-
H...w interactions. From this we infer that, these residues
might contribute additional stability to the RNA binding
proteins in addition to their participation in N-H...n
interactions.

3.7. Binding Residues

The binding sites were available for 45 protein-RNA
complexes studied and the results for N-H...n forming
residues are shown in Table 1. We observed binding at the
interface which was also involved in the N-H...n
interactions. Only 2% of the RNA binding amino acid
residues were involved in N-H...n interactions. Hence the
specificity is shown by residues that are not involved in the

PDB ID Binding Residues with RNA Bases

1ASY-A | GIn 120, Gln 121, Lys 142, Lys 155, Pro 178, Lys 180, Ser 181, Glu 188, Glu 202, Asn 227, Thr 230, Asn 328, Ser 329, Asn 330, Thr 331,
His 334, Met 335, Thr 424, Glu 478, Ser 481, Arg 531.

1ASZ-A | Arg 119, Thr 124, GIn 138, Pro 178, Lys 180, Ser 181, Asn 227, Thr 230, Ser 280, Glu 281, Ser 284, Ser 301, Glu 327, Asn 328, Ser 329, Asn
330, Thr 424, Lys 553.

1B23-P Tyr 88, Asn 91, Trp 200 Thr 232, Arg 330, His 331, Thr 332, Gly 337, Arg 339, Thr 350, Lys 376, Glu 390, Gly 391.

1B7F-A | GIn 134, Arg 155, Arg 158, Tyr 164, Ser 165, Arg 195, Lys 197, Arg 202, Asn 212, Tyr 214, Asn 217, Gln 239, Asn 241, Arg 252, Arg 287,
Ala 289.

1CO0A-A | Arg 28, Asp 29, Ser 32, Gln 46, Arg 64, Asn 82, Asn 84, Leu 108, Asp 111, Asn 113, His 114, Asn 116, Thr 117, Glu 119, Thr 169, Pro 170,
Ser 193, Glu 219, Asp 220, Arg 222, Ala 223, Arg 225, Arg 549, Thr 557, Thr 558.

1CVJ-A | Ser12.

1CX0-A | Asn 15, Asn 16, Glu 19, Leu 49, Lys 50, Arg 52, Lys 80, Arg 83, Gln 85, Tyr 86, Lys 88, Asp 90, Ser 91, Asp 92.

1EFW-A | Arg29, Asp 30, Leu 31, Gly 33, GIln 47, Arg 64, Arg 78, Glu 80, Asn 82, Glu 125, Lys 552.

1F7U-A | Glu 59, Lys 102, Phe 113, Asn 153, Lys 156, Tyr 224, Glu 294, Lys 319, Lys 340, Ser 341, Tyr 347, Arg 350, Gln 374, GIn 406, Lys 439,
Lys 466, Lys 469, Gly 483, Asp 484, Tyr 488, Tyr 491, Arg 495, Ser 498, His 559, Ser 563, Tyr 565, Asp 566, Leu 568, Val 570, Ala 571,
Met 607.

1F7V-A | Lys 439, Lys 466, Asn 469, Gly 483, Asp 484, Tyr 488, Tyr 491, Ser 494, Arg 495, Ser 498, His 559, Ser 563, Tyr 565, Leu 568, Val 570, Ala
571, Met 607.
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(Table 1) contd.....
PDB ID Binding Residues with RNA Bases

1F7Y-A Lys 7, Arg 16, Thr 21, Gly 22, Thr 24, Arg 34, His 41, Asp 48, His 50, Ser 51, Arg 64, Tyr 68, Arg 71.

1FFY-A | Arg 440, Asn 443, Ser 556, Arg 560, Glu 593, Lys 595, Ser 624, Asp 626, Asp 630, Arg 632, Glu 636, GIn 640, Lys 647, Asn 650, Arg 653,
GIn 709, Asn 710, Ser 717, Lys 725, Tyr 729, Arg 805, Lys 823, Arg 888.

1G59-A Arg 47, Glu 107, Arg 163, Glu 172, Ser 181, Glu 207, Lys 243, Leu 272, Glu 282, Ser 299, Val 304, Pro 357, Arg 358, Arg 417, GIn 432,
Arg 435, Leu 442, Thr 444, Leu 447.

1GAX-A | Thr 214, Glu 261, Tyr 337, Thr 560, Arg 566, Asp 568, Arg 570, Arg 576, Asn 580, Lys 581, Asn 584, Arg 587, Trp 642, Glu 651, Arg 818,
Pro 826, Lys 831, Arg 843, Asn 847.

1GTS-A Gln 13, Asp 66, Thr 68, Asn 69, Leu 124, Arg 133, Glu 168, Arg 192, Lys 194, Tyr 211, GIn 234, Glu 235, Ile 313, Thr 316, Lys 317, GIn
318, Asp 319, Thr 321, Asn 336, Arg 341, Asn 370, GIn 399, Lys 401, Arg 402, Arg 412, Asn 413, GIn 517, Arg 520, Arg 545, Thr 547.

1H2D-A Gly 126, Arg 134.

1H3E-A Asp 259, Trp 370, Arg 373, Ser 383, Asn 384, Ala 385, Arg 389, Asn 393, GIn 409, Arg 420.

1H4Q-A | Ser 126, Trp 127, Arg 128, Gln 245, Asp 246.

1H4S-A Arg 125, Ser 126, Trp 127, Arg 128.

1HRO-B Gly 99, Asn 104, Lys 179.

116U-A | Lys 32, Arg 36, Arg 78, Lys 82, Lys 83, Ser 105, Thr 107, Gly 122.

1IL2-A Arg 28, Asp 29, Ser 32, GIn 46, Asn 82, Asn 83, Glu 93, Ile 108, Asp 111, Arg 225, Met 447, Glu 482, Arg 549, Thr 557, Thr 558.

1IVS-A Thr 214, Val 215, Glu 261, Tyr 337, Thr 560, Arg 566, Asp 568, Arg 570, Arg 576, Lys 581, Asn 584, Arg 587, Trp 642, Cys 646, Lys 654,
Arg 818, Arg 843.

1J2B-A Ala 418, GIn 419, Glu 421, Asp 425, Lys 430, Thr 466, Arg 470, Lys 473, Arg 478, Thr 481, Asp 485, Thr 490, Glu 515, Asp 525, Lys 529,
Arg 578.

1IBR-A | Arg 65, Asp 143.

1JID-A | Arg 14, Phe 15, Cys 17, Tyr 19, Tyr 22, lle 29, Arg 33, Arg 70, Arg 101.

1K8W-A | Ser 24, His 43, Ala 46, Thr 63, GIn 67, Ala 128, Lys 130, Tyr 131, GIn 132, Gly 133, Lys 135, Arg 141, Arg 151, Lys 176, Tyr 179.

1KNZ-A | Asn 62, Thr 69, Ser 80, Arg 83, Asn 84, Trp 87, Asp 100, Lys 132, Ser 133, Ser 134, Ser 135.

1KOG-A | Lys 249, Thr 548, Asn 575, Lys 577, Arg 609.

1ILNG-A | Met1, lle 2, Trp 4, Tyr 7, Ser 13, Arg 14, Arg 15, Arg 18, Lys 19, Glu 22, Lys 51, Arg 52, Pro 54, Arg 55, His 57, Asp 67, Tyr 68, Lys 69,
Asn 71,Lys 72, Lys 77.

1IMIJI-A Lys 36, Thr 71, Asp 126, Asn 132, Arg 153.

1IMMS-A | Lys 10, GIn 30, Ala 75, Ser 76, Lys 80, Lys 87, Gly 88, Ser 89, Ser 90, Pro 92, Lys 93, Arg 94, Lys 112, Asn 117, Asn 119, lle 127, Gly
130, Thr 131, Lys 133, Ser 134.

1IN35-A Ser 561, Arg 562, Asn 827.
1N38-A Gly 560, Ser 561, Lys 566.

IN77-A Thr 43, Asp 44, Arg 47, Glu 107, Arg 147, Glu 172, Lys 180, Ser 181, Tyr 187, Glu 207, Lys 243, Leu 272, Glu 282, Arg 297, Val 304, Pro
357, Arg 358, Arg 417, Arg 435, Leu 442, Thr 444, Leu 447.

IN78-A Ser 9, Thr 43, Asp 44, Arg 47, Glu 107, Tyr 168, Lys 180, Ser 181, Glu 207, Lys 241, Leu 272, Glu 282, Arg 297, Val 304, Lys 309, Pro
357, Arg 358, Arg 417, Arg 435.

INB7-A Cys 14, Lys 141, Arg 158, GIn 446, Cys 451, Ser 556, Asp 559.
INH3-A | Arg 105, Ser 118, Asn 159, Arg 196, Thr 215.
100B-A Gln 996.

100C-A Glu 990.

1QF6-A Gly 203, Tyr 205, Met 214, Tyr 219, Arg 245, His 309, Ala 316, Gly 368, Arg 375, Tyr 462, Arg 476, GIn 484, Asp 549, Asn 575, Lys 599,
Glu 600, Arg 609.

1QU2-A | Arg 440, Asn 443, Ser 556, Arg 560, Gly 593, Lys 695, Ser 624, Asp 626, Arg 632, Glu 636, GIn 640, Lys 647, Asn 650, Arg 653, GIn 709,
Asn 710, Ser 717, Lys 725, Tyr 729, Arg 805, Lys 823, Arg 888.

1QU3-A Phe 14, Arg 440, Ser 556, Arg 560, Gly 593, Arg 632, Asn 650, Arg 653, Asn 809.

1YRN-A | lle 77, Arg 115, Asn 120, Arg 122, Arg 124.

2FMT-A Thr 11, Pro 39, Arg 42, Gly 43, Lys 44, Gly 91, Leu 207, Lys 209, Lys 246, Gly 290, Lys 291, Asp 298, Asn 301, Ser 302, Arg 304.
Bolded residues are amino acid residues involved in N-H...x interactions.
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N-H...w interactions. Thus, the N-H...x interaction forming
residues play an important role in the stability of the RNA
binding proteins, while the interaction with RNA is
determined by residues that are not involved in N-H...x
interactions.

4. CONCLUSION

In summary, the present work on the Non-canonical N-
H...n interactions in RNA binding proteins indicates that
there was an average of 12 N-H...n interactions per protein
in the 59 proteins investigated and an average of one
significant N-H...m interaction for every 37 amino acid
residues in RNA binding proteins. We observed that 63% of
the N-H...m interactions were inter-residue interactions,
while the remaining 37% of the N-H...n interactions were
found to be intra-residue interactions. We found that 47% of
the interactions were MS interactions, 17% of the
interactions were MS5 interactions, 27% of the interactions
were SS interactions and the remaining 9% interactions were
SS5 interactions. We conclude that the contribution of MS
mediated interactions might be significant in N-H...n
interactions irrespective of the amino acids involved. The
sequential distance calculation revealed that long-range N-
H...m interactions are the predominant type of interactions in
RNA binding proteins. The secondary structure analysis of
the amino acid residues involved in N-H...n interactions
showed that Arg, Asn, Asp, GIn, Glu, lle, Leu, Lys and Ser
preferred to be in helix, while Ala, Cys, Phe, Thr, Trp, Tyr
and Val preferred to be in strand conformation. The solvent
accessibility results indicated that the polar amino acid
residues involved in N-H...m interactions were solvent
exposed and the non polar residues involved in N-H...n
interactions were excluded from the solvent. Based on the
conservation score we infer that most of the amino acid
residues involved in N-H...m interactions might be
conserved in RNA binding residues. Only 2% of the
interacting residues are involved in RNA binding and hence
the specificity is shown by residues that are not involved in
N-H...w interactions. On the whole, these results will be a
good starting point for studies on intra protein-protein
interactions and for investigations on inter-residue and intra-
residue interactions with protein molecules.
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