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HISTORICAL OVERVIEW

e 953 Watson-Crick.

+ 1980's block models are popular. Dickerson-Drew
dodecamer (1981). Calladine-Drew A to B
conformational change seen from the base perspective.

- 1988 Cambridge accord for base-pair and bp step
paramters.

« 1999 Tsukuba / 2001 JMB Standard Reference Frame.

- 2003 | 3th Albany Conversation Standard Method.
3DNAV

- 2008 3DNAV2

« 2009 Curves+

Thig figure is purely
diagrammatic. The two
ribbons symbolize the
two phosphate—sugar
chains, and the hori-
zontal rods the pairs of
bases holding the chains
together. The vertical
line marka the fibre axis
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THESE ARET TIES FOR NUCLEIC ACIDS

dickerson-drew |98

A

T
\ : 3
&
& . Strand
et

© °
\ [ ]
* ..'Oo \ L 3
‘\000

|

i

L
\\/ w ‘ /

e : ~ =Y -
“caliadine-drew 1984 dickerson et al. | 989

—1R

Thursday, April 28, 2011



ALTERNATE DESCRIPTIONS OF MOLECULAR
STRUCTURE

- classic mechanics

/— quantum mechanics

* All-atom - reduced set of atoms, e.g. CX
in proteins.

- pseudo-bond/angles
. Coarse-Grained / - rigid-bodies, e.g. "just like lego

blocks”




NDB/PDB COLOR CONVENTION

Major groove

MINor groove

oooooooo

0l

mMajor groove

Purines aka R = Guanine (green) and Adenine (red)

Pyrimidines aka ¥ =

.l

nymine (blue) and
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STANDARD REFERENCE FRAME
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CALLADIN

-DREW RIGID-BLOCK MODE

Base-Pair-Step Parameters

Z % Z
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translation
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% % ‘% rotation
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PROGRAMS TO COMPUL

PARAMETERS. BASE-CENTERE

NEW

« 3DNA (Xiang-Jun Lu @ Columbia, Bussemaker lab.)

» http//w3dna.rutgers.edu

1k

» http://rutchem.rutgers.edu/~xiangjun/3DNA

RIGID-BODY

D FORMALISM

« 3dnaV2, UNIX preferred (linux, OS-X, freebsd, cygwin “yikes!™)

» curvest (Richard Lavery @ Universite d' Lyon)

OLD

» FREEHELIX, RNA, SCHNAaR SCHNArE compDNA, NUPARM
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http://w3dna.rutgers.edu
http://w3dna.rutgers.edu
http://rutchem.rutgers.edu/~xiangjun/3DNA/examples.html
http://rutchem.rutgers.edu/~xiangjun/3DNA/examples.html

WHAT'S A BASE-PAIR IN 3DNAY
ook at misc_3dna.par

* The distance between the origins of the two bases (as defined by their
standard reference frames) must be less than certain limit (15.0 A by default) -
otherwise, they would be too far away to be called a pair.

* The vertical separation (i.e, stagger) between the two bases must be less than
certain limrt (2.5 A by default) - otherwise, they would be stacking instead of

pairing.

* The angle between the two base z-axes (l.e., their normal vectors) is less than a
cut-off (65.0° by default).

* There is at least one pair of nitrogen/oxygen base atoms that are within a H-
bonding cut off distance (4.0 A by default).

Thursday, April 28, 2011



BASE-PAIR DATABASES

* http://bps.rutgers.edu  for RNA

» http://3dnascapes.rutgers.edu  for DNA



http://bps.rutgers.edu
http://bps.rutgers.edu
http://3dnascapes.rutgers.edu
http://3dnascapes.rutgers.edu

NON-CANONICA
BASE

pentuplet from
the ribosome

BASE-PAIRS AND MULTIPLE

NTERACTIONS

seven most predominant
base-pairs in RNA
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THE MOST PREDOMINANT BASE-PAIRS IN RNA
ARE CIS W/W, TRANS H/S AND TRANS H/W
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USE OF 3DNA ON X-RAY STRUCTURES AND
PARAMETER ANALYSIS

« With average base-pair-step parameters, average base-pair steps can be rebuilt.

+ Go to http://rnasteps.rutgers.edu, download parameters and rebuild in http://w3dna.rutgers.edu.

RNA BASE-PAIR STEP PARAMETERS

Stack Step Count Shift Slide Rise Tilt Roll Twist Volume
Type

RR . -1. : 0.0
YR . -1. : 0.2
RY ) . -1. : 0.0
YR ) . -1. : 03
RR ) : -1. . -0.1 8.2
RY ) . -1. : 03 49
RR : -1. : 0.0 5.9
RR . -1. 3.16 0.4 7.1
RY . -1. 3.21 0.0 4.4

RR . -1. 3.31 0.2 5.0

: z prrz'.n-'ir:ausj 1 @@-
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http://rnasteps.rutgers.edu
http://rnasteps.rutgers.edu
http://w3dna.rutgers.edu
http://w3dna.rutgers.edu

DEFORMABILITY OF BASE-PAIR STEPS IN RNA IS
SEQUENCE DEPENDENT

UA - UA UG- UG
less deformable more deformable




RNA SEQUENCE HAS SUBTLE EFFECTS ON THE
STRUCTURE OF RNA

AA-UU GG-CC

homopolymers block copolymers dde = Lo dlde =00
tilt = 0.0 tilt = 0.0
roll = 0.0 roll = 0.0

twist = 31.6 twist = 36.0
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ARMONIC POTENTIAL MODEL FOR NUCLEIC
ACIDS

* From Base-pair step parameters, inverse covariance matrix
and you get analog to force-constant matrix.

* With force constants you can make a simple spring model,
your good ole Hooke’s law In sixth dimension.

1
2,]
(sz — Xy — [L‘Z'())

N
U=> U,
n=1
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ARMONIC POTENTIALS FOR RNA BASE-PAIR
STEPS SHOW SEQUENCE PREFERENCES

UA.UA
N= 91

UG.UG
N= 31

=
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USE AND APPLICATION OF THE RIGID-BODY
PARAMETER FORMALISM

» General analysis of sequence dependent properties of DNA.

- Compute deformation scores for DNA based on X-ray data
standards.

* From step-parameter information and inverse covariance
analysis a link can be made to global polymer properties, e.g.
persistence length, |-factors (cyclization probabllity)

» Compute topological properties of nucleic acids, e.g. linking
number, twist, writhe.

26
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Exercises

« Create A-DNA, B-DNA, Z-DNA, A-RNA and visualize
N pymol.

* Analyze A-RNA. Modity the sequence In base_step.par,
rebulld with modified sequence and visualize in pymol.

» modify again base_step.par but increase the slide in a
step by 2 Angstrom:s.

* Find multiplets in structure, then extract one, then
visualize 1t Inside the structure and isolate It using

DyMol.
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