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Flow of genetic information
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What is a protein

Proteins are polymers built up from 20 different amino-acids linked
end to end by peptide bonds, which folded into a 3D structure with
cellular function

CGVPAIQPVLSGLXXIVNGEEAVPGSWPWQVSLODKTGFHFCGGSLINENWVVTAAHCGV
TTSDVVVAGEFDOQGSSSEKIQKLKIAKVEKNSKYNSLTINNDITLLKLSTAASESQTVSA
VCLPSASDDFAAGTTCVTTGWGLTRYXXANTPDRLOOQASLPLLSNTNCKKYWGTKIKDAM
ICAGASGVSSCMGDSGGPLVCKKNGAWTLVGIVSWGSSTCSTSTPGVYARVTALVNWVQOQ
TLAAN*

More directly linked to function

Better conserved than sequence




Amino acids: building blocks

Primary structure of proteins

- Amino acid sequence of a protein: primary protein structure.
- 20 naturally amino acids occur in proteins.
- Amino acids have a common chemical structure:
Tetrahedral (sp3) carbon atom (Cu) bound to four asymmetric groups:
1. Amino group (NH.,)
2. Carboxy group (COOH)
3. Hatom
4. Functional chemical group: characteristic for the amino acid

- Naturally occuring amino acids
are typically L amino acids. Cg



Proteins are polypeptide chains

Polypeptide bonds: main chain or backbone

(a) side chain

amino group carboxyl group

(b) peptide bond



The peptide bond
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Protein structure hierarchy

Overview on protein structure (folded state)

* Primary structure
- Sequence of the protein

* Secondary structure

- Regular local structural
elements stabilized by
hydrogen bonds

* Tertiary structure

— Three-dimensional fold of the
protein

* Quaternary structure:

— Non-covalent assembly of
several proteins to form a
functional complex
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Amino acid residues:: chemical properties

Amino acids can be grouped based on side chain character

Non-polar side-chains (hydrophobic):

Alanine (Ala), Valine (Val), Isoleucine (lle), Leucin (Leu), Methionine (Met),
Phenylalanine (Phe), Proline (Pro) and Tryptophan (Trp), also Glycine (Gly)

Polar side-chains (hydrophilic):

Serine (Ser), Threonine (Thr), Cysteine (Cys), Asparagine (Asn), Glutamine (GIn),
Tyrosine (Tyr) and Histidine (His)

Charged side-chains (hydrophilic):

Positive charge: Arginine (Arg) and Lysine (Lys)
Depending on the pH, Histidine (His) can also be positively charged.
Negative charge: Glutamic acid (Glu) and Aspartic acid (Asp)



Nucleic acids structure:: Sugar-Phosphate backbone

Purine or
pyrimidine
base

Phosphate

Pentose




Nucleic acids structure:: Bases
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Nucleic acids structure:: Nucleotide and Nucleoside
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Nucleotide: Adenylate (adenosine Guanylate (guanosine Uridylate (uridine Cytidylate (cytidine
5'-monophosphate) 5'-monophosphate) 5'-monophosphate) 5'-monophosphate)
Symbols: A, AMP G, GMP U, UMP C, CMP
Nucleoside: Adenosine Guanosine Uridine Cytidine

(b) Ribonucleotides

A nucleotide is composed of a nucleobase (also termed a nitrogenous base), a five-carbon sugar
(either ribose or 2-deoxyribose), and one or more phosphate groups.

Without the phosphate group, the nucleobase and sugar compose a nucleoside.




Nucleic acids structure:: Polyribonucleotide (DNA and RNA)

Phosphodiester
linkage
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The Protein Data Bank (PDB)
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Understand the role of interface water molecules in protein-RNA
recognition




Non redundant dataset of protein-RNA complexes

PDB
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Protein-RNA complexes

(A) Complexes with tRNA (B) Complexes with ribosomal proteins




Protein-RNA interface definition

Protein RNA Complex

Interface area (B) = ASA(protein) + ASA(RNA) — ASA(complex)

‘NACCESS’ by Hubbard SJ, 1992

Interface atoms and residues/nt are all atoms and residues/nt that lose ASA in
the complex and contribute to B
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Definition of interface water

d,pand d,, < 4.5A




Interface water increases with the size of the interface

120 ~
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] N * 86 interfaces

60 - . o . . e 2376 interface water molecules
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Number of interface water
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Interface area B (A2)

Interface statistics protein-RNA

tRNA ribosomal duplex single All
stranded
12 5 26 3 86
4185+1226 1725434 2612+1066 18664851 2407+1237
Interface water

range 8-116 12-49 9-70 2-51 2-116

mean number per interface 39+29 25 15 33+18 21412 28+18

per 1000 A2ofB 9.3 14.5 12.6 11.3 11.6

* Interfaces with tRNA are more dehydrated compare to single stranded RNA or duplex RNA.
* Interfaces with ribosomal proteins are least dehydrated.




Quantify the dry’ and wet’ interfaces

<r

= = average distances of interface water molecules from the
center of mass of the interface

wa

<ratom> = average distances of interface atoms from the center of
mass of the interface
d. >1.0; “dry” interface
d, = <r>/ <lyom>

d < 1.0; “wet” interface



The dry’ and wet’ protein-RNA interfaces

2R8S 2HWS

Interfaces with tRNA and duplex RNA relatively more ‘wet’ than interfaces with ribosomal
proteins and single stranded RNA.




Hydrogen bond

A hydrogen bond is the electrostatic attractive
interaction between polar molecules in which
hydrogen (H) is bound to a highly electronegative
atom, such as nitrogen (N), oxygen (O) or fluorine (F).

Bond dissociation energy 20KJ/mol (water)

Weaker than covalent bond but stronger

Hydrogen bonds between molecules of water




Hydrogen bonds involving interface water molecules

Interface statistics :
tRNA ribosomal duplex single All ° 86 |nterfaces
stranded » 2376 interface water

Water mediated H-bonds
range 16-198 23-78 17-134 5-130 5-198 molecules
Mean number per interface 76150 45422 62434 40426 52+35 ° 4492 H_bonds

Per 1000 A2 of B 18.2 26.1 23.7 21.4 21.6 29
* One H-bond per 46 A
of B

H-bonds distribution is biased: 42% with protein vs. 58% with RNA

Each protein-RNA interface : 52 water mediated H-bonds
20 direct H-bonds (Bahadur et al., 2008)

* Interfaces with ribosomal proteins have the highest H-bond density.
* Interfaces with tRNA have the lowest density.
* Interfaces with duplex RNA and single stranded RNA have intermediate density.




Bridging interface water molecules

Water molecules making H-bonds
with both sides of the interface

Protein-RNA interfaces contain 10
bridging water molecules

One third of the interface water
molecules are bridging

Interface statistics protein-RNA

tRNA ribosomal duplex single stranded  All
Bridging water molecules
range 3-34 4-12 2-23 0-26 0-34
mean number per interface 1519 813 12+6 816 107

per 1000 A2of B 3.6 4.6 4.6 4.3 4.2




Water involving multiple H-bonds
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Water molecules not involved in polar interaction mainly contribute to the van der Waals
interaction.




Protein polar groups involving water mediated polar interactions

Interface water mediated H-bonds (%)
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RNA groups involving water mediated polar interactions

B Donor

B Acceplor H_bond
contribution

Interface water mediated H-Bonds (%)

Nucleotides

* Between different bases, guanine and uracil are frequently found in making H-bonds with
interface water molecules than adenine and cytosine.
e 2’ OH involved in 31% of all interface water mediated H-bonds.




Water-RNA H-bonds in different structural classes

Interface water mediated H-bonds (%)
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tRNA ribosomal duplex

protein-RNA complexes

O Sugar
m Phosphate
Base

single
stranded

tRNA, duplex::  sugar-water > phosphate-water > base-water
ribosomal:: (sugar-water = phosphate-water) > base-water

single stranded:: (sugar-water = base-water) > phosphate-water




Hydration of the protein secondary structural elements
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Helices---water:: 44%
Strands---water:: 19%
Nonregular---water:: 37%

While in complexes with tRNA, duplex RNA and single stranded RNA, interface water molecules prefer to
form H-bonds with helices over strands, in complexes with ribosomal proteins, it is just opposite.




Interaction with major and minor groove

Complexes with

duplex RNA (26)
1 e * Double helix of RNA resemble A form of DNA
; ‘ e Minor groove in RNA is wide and shallow, whereas
the major groove is narrow and deep.

groove

e % Minor
S )

* .t

Minor groove is more hydrated (49%) than major groove (37%) in protein-RNA complexes.




Conserved interface water molecules

An interface water molecule is defined as conserved water if it makes at least one same H-bond with the
donor or acceptor atoms of protein or RNA chains in the bound and unbound structures.

. 2HWS
A (L1:mRNA)

"y | 11% interface
water are
conserved

Conserved interface water makes more
H-bonds than other interface water




Summery:: role of water in protein-RNA recognition

* |Interface water prefers to make polar interaction with RNA than its partner protein.

* Interfaces with tRNA are more dehydrated compare to single stranded RNA or duplex RNA,
whereas, interfaces with ribosomal proteins are least dehydrated.

* Interface water mediated H-bonds are numerous than direct protein-RNA H-bonds.
* One third of the interface water are involve to bridge the interface.

* Protein side, neutral polar side chains are most preferable to interact with water. RNA side,
ribose is most preferred due to the presence of 02’.

* Helices are more frequent to interact with water than other sec. str. elements.
* In complexes with duplex RNA, minor groove is more hydrated than major groove.
* Conserved interface water molecules play an important role in the recognition. They make

more H-bonds than other interface water molecules, and one should be careful about them
while engineering protein-RNA interfaces.




Conclusion and future direction

Protein RNA docking algorithm will improve incorporating interface
water in their methodology.

Will improve the prediction of binding affinity of protein-RNA
complexes.

Will help in drug design by knowing which interface water not to
be displaced.

Engineering protein-RNA interfaces.




