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Summary

Proteins
* Primary to quaternary structure
e Peptide Bond
 Amino acids
* Torsion angles
« Ramachandran plot
e Secondary structures: a-helix, B-sheets
* Fold space
e SCOP, CATH, PDB
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Summary

Nucleic Acids (DNA, RNA)

Bases, sugar, phosphate
Phosphodiester bond
Numbering system

Sugar Puckering

Orientation around glycosidic angle
C4’-C5’ torsion angle

RNA rotamers

Base pairs

Triples

Helical parameters

Helical grooves

Secondary structures in RNA
Forces that drive RNA folding
NDB
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Proteins
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Nomenclature

Fold: Three dimensional conformation of a
protein sequence (usually at domain level).

Domain: Structurally globular part of a protein,
which may independently fold.

Secondary Structure: Regular sub-domain
structures composed by alpha-helices, beta-
sheets and coils (or loops).

Backbone: Protein structure skeleton composed
by the carbon, nitrogen and oxygen atoms.

Side-Chain: Specific atoms identifying each of
the 20 residues types.
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Primary structure Secondary structure Tertiary structure
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(Myoglobin)
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Quaternary structure
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Proteins are polypeptide chains

Side Chain

Amino Group Carbonyl Group
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Peptide Bond

H O H H o
H\ ar | " - | | /
H N—@—C—0 H-—N—@—C
~ | | | NI
H H ﬂ O
Ami A\ |
mino H,0 Carboxy
group group
Y
Peptide
linkage
H O H
H H\KJ é (Il \ N é C/O
| N

) ﬂ
N terminus > C terminus

Monday, February 25, 13




L- and D- forms

CO / \N N / \CO

L-form D-form
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L-form

L- and D- forms

D-form
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The 20 amino acids
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Torsion and dihedral angles

o
Torsion \ /
angle
-
QN ©
Dihedral
angle
-

Monday, February 25, 13




Torsion angle classification
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Phi (¢) = C'-C-N-C'*%,
rotation around C-N

Psi (W) = N-C'-C_-N*1,
rotation around C'-C,_

Peptide units = suits
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Ramachandran plot

180°

—180°

Figure 4-9a Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.
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Cysteine disulfide bond

H H
0 0
H N—(‘—Cy H N—(‘—C//
3 i N 3 i N
0 0
CH, CH,
S H S _
— | <— Disulfide bond
S H >
C H
C H-, 2 4
+ % "l “
HyN —C —Co HaN —¢ =L
O_ O
¥ H

Monday, February 25, 13




o-helix

Backbone angles:
s Y= -50°
o d) = -60°
Dipole moment
Proline bending

O

Proline

Helical wheel
projection
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B-sheet

First quadrantin

Ramachandran’s plot

Parallel or antiparallel
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Anti-lysozyme HyHEL-10 Fab

Loops and function

Lysozyme
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Mainly alpha:

Tertiary structures - Fold space
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Tertiary structures - Fold space

Mainly beta:
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Tertiary structures - Fold space

Alpha beta:
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SCOP.:s database

http://scop.mrc-1mb.cam.ac.uk/scop/

4 A A * B S IE A
L) Wowt Viied = | Caowing Started ) Latest Meadioes = Mome - PebMed » D soohmarks -~

P

Sorwd taral ClassiSosnon of Provedns
]é (7]
Welcome 10 SCOP: Strucoural Classification of

Protowss
1,75 release (Jone 2009)

15221 PDB Estries. | Liseratere Reference. 110800
Domaies. (excluding sucieis acids and Deoretical
modeds )

Folds, superfamilios, aad farsibos statistics bere
New folds superfacilics Gamilics

Lis of obsolcic coacies and Ol seplacomeonts

Asthors. Alexey O, Mureis, Jobe Mare Chandoeia, Astoeing Aadreeva, Dave Howorth, Losodass Lo Coste,
Barden G. Alley, Sieven E. Brenser, Tim J. P. Hubbard, asd Cyres Ohothia. soop@hmec Losb cam ac sk
Reference: Murzia A. G, Bronser S. E.,. Hebbard T., Chothia C. (1955). 00 a strocounl classification of
protcins database foe the investigation of soquences and stroctures. /. Mol. Siol. 247, $36.580. [PDF)

Recent changes are described ia: Lo Come L, Beeaner S E., Hubbard TJ P, Chothia C. Marzin A (2002)
SOOF Satabase (n 200 refinomonss accommeodate structunal penomics. Nuol, Aokl Sea, SO0 264207, (PRI
Aadroova A, Howorts D, Besaner S B, Mebbaed TJ P, Chothia C, Murnia AG. (004), sOOF databane In
0d: refinements micgrale wiractare aad soqeence family dats. Nuol Aokl Bey, S20226 D229, [FDF), and
Aadroova A, Howorts D, Chandonla J-M ., Bogaser SE., Hebbaed TJP., Chothia C, Marzin A G, (2007)
Daca growth and its smpect on the SO0 daabme: new dovelopements, Nuwol, Ackls Bes, 2008 Mc D419-D428;
00 10,109 Mo ghe#92 (PDE)

Postdoc Wanted

o Want %0 belp us donign and buld the neat pencration of SOOP and ASTRALT
Ut more deta aad sty bore

Access methods

« Loser scoe at the top of the hicrarchy

» Keywood search of S009 cotnes

o 300 panscabie flcs

o All 008 nelcanes and reclassifiod cosoy istory

* POESCOP - preview of the next releane

» SOOF dormain sagaeaces and pdb-atyle coondinate flles (ASTRAL)

» Hiddon Markov Model Mbrary for SOOP ssporfamibes (SUPERFAMILY)

o Structural aligaments Sor proteim with nos-trivial selationbips (SISYPRLS)

o Onlioe resosnces of potential inserest 1o SOOP users

SOOP micrery aroend the world may spood your acces

Murzin A. G.,el at. (1995). J. Mol. Biol. 247, 536-540.

v Largely recognized as “standard of gold”
v" Manually classification

v Clear classification of structures in:
CLASS

FOLD

SUPER-FAMILY

FAMILY

v" Some large number of tools already available

Manually classification
Not 100% up-to-date
Domain boundaries definition

Class Number Number of Number of
of folds superfamilies families

All alpha proteins 284 507 871
All beta proteins 174 354 742
Alpha and beta proteins (a/b) 147 244 803
Alpha and beta proteins (a+b) 376 552 1055
Multi-domain proteins 66 66 89
Memprane and cell surface 58 110 123
proteins

Small proteins 90 129 219
Total 1195 1962 3902
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CATH:s database

http://www.cathdb.info
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16 million protein domains classified into 2,626
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Searching CATH

Example pages

Uses FSSP for superimposition

v' Recognized as “standard of gold”

v' Semi-automatic classification

v' Clear classification of structures in:

CLASS

ARCHITECTURE

TOPOLOGY

HOMOLOGOUS SUPERFAMILIES

v" Some large number of tools already available
v' Easy to navigate

Semi-automatic classification
Domain boundaries definition
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"

Orengo, C.A., etal. (1997) Structure. 5. 1093-1108.
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Classification of the structural space
Not an easy task!

Domain definition AND domain classification

SCOP

SCOP + Dali (0.06)
SCOP only
\ (0.09)
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|
/" (0.23)

All
(0.54)

CATH \

+ SCOP\~

(0.10)

CATH + Da
(0.10)

CATH
only
{0.19)

CATH
+ SCOP
(0.17)

CATH + Dali

Al (0.14)
(0.25

CATH only
(0.51)

DALI

Dal + SCCP
(0.04)

Dak only
0.59 (0.26)

sse|) swes

Cal
$ CATH
(0.11)

Dak + SCOP
. (0.05)

Dali only
0.42) ~ | (031)

ulrewo( swes

Dali 1 CATH (0.22)

Day, et al. (2003) Protein Sciences, 12 pp2150
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PDB
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DNA & RNA

aaaaaaaaaaaaaaaaaaaa



* 1) Informative
e 2) Structural
» 3) Catalytic

* 4) Regulatory

RNA function
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Primary structure Secondary structure Tertiary structure
(3D)
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Bases

(aka nucleotidic bases, aromatic bases)

Purines
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Sugars

B-D-ribose B-D-2-Deoxyribose
CH,OH CH,OH
0 OH O OH

OH (OH)

OH
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Nucleoside

O
X {NH
QN \ N/)\NH?_
O

OH OH

HO

Sugar + base

Nucleotide monophosphate
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Phosphate + sugar + base
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Ph

Phosphodiester Bond __.

osphodiester Bond
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Numbering system

Guanine Uracil

Tj

(OH OH

Ribose
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Nucleic acid torsion angles

CHAIN
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Sugar Puckering
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Energy variation related to P
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Orientation around glycosidic angle

-90° 90°
high anti —

-60°

syn
60° to 80°
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C4’-C5’ torsion angle

05’
H o4’ o4’ H o4’
05 Base Base ’ Base
H H
Cc3 c2 Cc3 Cc2 Cc3 Cc2
+SsC ap -SC
(gauche, gauche) (gauche, trans) (trans, gauche)
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Ramachandran plot

180°

.\\ Type Il turn

Antiparallel B sheet
k3

Parallel
B sheet

o= helix
(left-handed)

®

8 — 3,, helix Type ll turn

N

a helix (right-handed)

—180°

Figure 4-9a Principles of Biochemistry, 4/e
2006 Pearson Prentice Hall, Inc.

0° 180°

Monday, February 25, 13




RNA backbone is rotameric

residue
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Plots of the heminucleotide angle triplets for data filtered by clashes and B > 60, with
smoothed contours enclosing the top 7-10 peak clusters: (a) a——-y plot for adjacent sugar
pucker C3’ endo.

Murray L J W et al. PNAS 2003;100:13904-13909

©2003 by National Academy of Sciences
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RNA backbone rotamers
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Base pairs

NN N
W= TR R N N
H N- isC)
H
Watson- Cnck 0
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R / --0 :
N /A\ “HN_U 4 H i N-H---Ng
N-( I H N H

Reverse Watson-Crick
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Hoogsteen, Wobble

H , 8
N 0N u \S-H
N "0 R

N-H
H

G-U Wobble

R
N

N—

A-C Reverse Hoogsteen

A-C Reverse Wobble
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Homopurines
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A H
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Heteropurines

G-A N1-N1,
carbonyl-amino

H
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amino-carbonyl
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H N 0

Wé
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A+G N7-amino,
amino-N3
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Pyrimidines
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Base triples

A

ColtieCH'

UsA-U

L+A-A
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Movements of base pairs
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Helical parameters

 Sense. Helical rotation of the double helix. Clock- or
anticklockwise

* Residues per turn. Number of residues in one helical
turn.

* Axial rise. Distance between adjacent planar bases.
* Helix pitch. Length of one helical turn.
* Diameter of the helix. Width across the helix.

* Rotation per residue or Twist angle. Angle between
two adjacent base pairs.
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Helical pa

rameters

=4

Major

A
360°= one helical
turm
10.5 bp per turn
Helix Pitch
35.7A
3.3 \—>
34.3" twist angle

(rotation per residue)

Groove

DNA-B

Helix Diameter
20A
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Major VS Minor Groove

Major Groove Major Groove

Minor Groove
Minor Groove
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Nucleic Acid Helical Structures

Geo‘m etry A-form B-form Z-form
attribute:
. right- right- i
Helix sense handed handed left-handed
Repeating
unit 1bp 1bp 2 bp
Rotation/bp 33.6° 35.9° 60°/2
Mean bp/ 11 10.5 12
turn
Inclination . . .
of bp to axis +19 1.2 =
Rise/bp 2.4A(0.24) 3.4A(0.34 3.7A(0.37
along axis nm) nm) nm)
Rise/turn of|24.6 A (2.4633.2 A (3.3245.6 A (4.56
helix nm) nm) nm)
Mean
propeller +18° +16° 0°
twist
Gl | pyrimidine:
ycosy anti anti anti,
angle -
purine: syn
C: C2'-endo,
Stﬁi;r C3'-endo | C2'-endo endo
P G: C2'-exo
. 23A (2.3 20A(2.00 18A(1.8
Diameter
nm) nm) nm)

A-DNA

B-DNA

minor | |
P ‘Q-f B,
5 \'
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Secondary structures in RNA

a. DUPLEXES h. SINGLE STRANDED REGIONS

Y
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Apical loops (hairpins)

¢. HAIRPINS

HAIRPIN LOOP

HAIRPIN STEM
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Several kinds of apical loops

e Minimum: triloops
* Tetraloops (e.g.: GNRA)
* Pentaloops

* Hexaloops

 whatever loops
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e. INTERNAL LOOPS I JUNCTIONS

|l
P
: —
-

SMISMATTCH SYMMETRIC ASYMMETRIC THREESTEM FOUR STEM
INTERNAL LOOP  INTERNAL LOOP
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Loop-loop interaction
I;y
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Coaxial stacking

Monday, February 25, 13




Pseudoknots
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Forces that drive RNA folding

* 1) Hydrogen bonds

H H H
N NH-Q .HN J
g \ W” D N\ -H
N—{ A N-HNU / H--N C
R n=( =g e b —N
W O N 4R
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Forces that drive RNA folding

* 1) Hydrogen bonds

N H--Q .H-N H
H\( \)’A\S,H H /N 9 )’%'H
N /ANH-N;‘J_N N—d & NH-N_C

= R R N Ny
N-H--O
H
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Hydrogen Bonding

e Short, noncovalent, highly directional between
an electronegative atom (-C=0, -N:) and a H
atom bound to an electropositive atom (-N-H).

e 20-30 times weaker compared to covalent
bonds (3-7 kcal/mol VS 80-100 kcal/mol)

* Additive and cooperative

H < Acceptor
N~

(
Ca
0

!

Donor-H
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Base Stacking

e Base stacking = Van der Waals forces +
Hydrophobic interactions

e 4-15 kcal/dinucleotide

* Van der Waals = dipole-dipole interactions +
London dispersion forces

Dinucleotide base pairs

Stacking energies
(kcal/mol/stacked pair)

GC - GC

AC - GT

TC - GA

CG - CG

GG - CC

AT - AT

TG - CA

AG - CT

AA - TT

TA - TA

-14.59
-10.51
-9.81
-9.69
-8.26
-6.57
-6.57
-6.78
-5.37
-3.82
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Base Stacking

* |[sodesmic reaction

* Additive

* Diffusion controlled reaction
 Weak force controlled process
* B =Eg+E +E,

. E,

« E, = Dispersion energy

.+ = 1otal energy

. Ep = Polarization energy
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Other interactions

* RNA is a polianion

Sugar Base
Sugar Base
Sugar Base

 Metal ion coordination (Mg 2%)
— Diffusion controlled

— Though water or direct contact
— PO3 or bases
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NDB

http://ndbserver.rutgers.edu/

nil

WELCOME TO THE

NUCLEIC ACID DATABASE

a repostory of three-dimensional structural information about nucleic acikds
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