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at 23570 ¢m™! could be assinged to the transition
of electrons from 4+, to the next empty 5y, level
[Fig. 2(a)] or from 4¢, to 3q, level [Fig. 2 (b)].

(t is worthwhile to mention® that in the case of
post-irassition matals (Cut, Ag?t) the absorption
havds are attributed to transitions between the two
states 4'% and d%. In this context the assignment
4, t0 3a, seems to be more anpropriate.
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ROLE OF PROTEIN BACKBONE IN SPECIFIC RECOGNITION OF NUCLEIC ACID
BASE SEQUENCES: A HYPOTHESIS

RAMAKRISHNA VY, HOSUR
Chemical Piysics Growp, Tata Institute of Fundamental Research, Homi Bhabha Road, Bombay 400005, India

ABSTRACT
A novel H-hoading schems of interaction between protein backbone and nucleic acid base
pairs has been proposed. The importance of such an interaction in specific recognition of base
sejuences in double hzalical nucieic azids has been discussed. It is concluded that protein backbone
can play very important role in spe:ific recognition of base sequences.

1. INTRODUCTION

‘THE sPe:ific recognition of nucleic acid base

sequences by proteins is a fundamental process at
several steps of genetic expression. Several attempts
have been made''2 to understand this key pheno-
menon. It has been suggested that proteins can inter-
act with nucleic azids in four different ways', viz.,
via electrostatic interaction, stacking, hydrogen bonding
and hydrophobic interaction. Among these, hydrogen

bonding interaction between amino acid residues and
nucleic acid bases is, by far, the most efficient process
inn the spe:ific recognition of nucleic acid bases, because
of the directional nature of the H-bond. Severai H-
bonding schemes have been suggested and these are
centered on specific interactions belween amino acid
side chains and bases in DNA. It has been suggested
that at least two H-bonds are needed for specific
recognition of a base pair®. In this communicatiol
We propose a new scheme of H-bonding interaction
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involving protein backbone and nucleic acid tase
pairs and discuss its role in specific recognition.

2. SCHEME OF INTERACTION

The projosed scheme of interaction with two H-
bonds across a base pair is shown in Fig. 1. Tt 1s seen
that two types of interactions are yossitle deypending
upon the direction of the protein tackbone in the
ring formed by H-tonds. If one chooses the C=0
group of the backtone to bind to the -NH, grou)
of adenine (cytosine) while going from the N-terminal
to the C-terminal, an eisht memtered ring is formed.
For the reserse direction of the tacktone, a nine
mem®ered ring is formed. It is also clear from Fig. 1
that for A-U(T) and U (T)-A Llase jpairs such an
interaction wilh protein tacktone can occur only In
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the major groove of the helix whereas G-C and C-G
bas¢ pairs have binding sites in both the grooves.
The directions of the various possible H-bonds for
the different base pairs are schematically shown in
Fig. 2. We have built molecular models with diffe-
rent homojolymeric peptides interacting through
their batkbone with the base pairs in 2 double helical
nucleic acid. Fig. 3 shows as an example Poly (L-Ser)
bound t0 two successive base pairs in the major groove
of (A-U) double helix. Some qualitative conclu-
sions may be drawn from these studies and these are
as follows. The major and minor grooves of DNA

dou’sle helix have very different characteristics. While
both eight and nine memtered rings can easliy te
formed in the major groove, there are severe steric
restrictions from the sugar ring at the pyrimidine sidh
In the minor groove,

We shall therefore henceforte

{d)

Major groove

ia. 1. Binding schemes of base pairs with proteins showing two different ways depending uron t) ¢

direction of prot :
ning membered ring is formed,

ein backbone : in (4) and (¢) an eight membered ring is formed and in {0) and ()



\ S
Lsp

prete . (moyor groove)

proteir { mojor groove}
L, ‘7.,

4
Ry
protein { minor groove)

proteln ( major groove) protein {mojor greovae)

protein { minor groove)

FiG. 2. Directions of the different H-bonds between
different base pairs and protein backbone. The arrow
indicares the vector (N — Q).

rastrict our attention only to the major groove. It is
generally otserved that the pestide tacktone loops
out considerably between two suxcessive base pairs.
The extent of looping dejends upon the combination
of eizht and nine membered rings, between the two
pairs. The conformations of the peptide backtone
are different in the tound and unbound regions of
the chain and are depsendent on the nature of the side
chain. Ta the nine mebmered ring the side chain
protrudes out and thus poses no steric hindrances,
while an eight membered ring is sterically disallowed
if the side chain is bulkier than —-CH,OH group
{i.e., Serside chain). The conformations of the peptide
backbone in the eight and nine memtered rings are
different. Tatle I lists the domains of allowed confor-
mations. A domain covers a range of atout 20°
with res»ect to eazh dihedral angle in the main chain.
Soms of these fall within the allowed regions in the
(b, ¢) mans'®, It is seen that, while only one set of
(4, ¢) is imortant for an eight membered ring, two
sets are crucial for a nine membered ring. Further
the nine membered ring has some conformational
fi=xidility, whereas the eight membered ring is fairly
rigid. In the nine membered ring, the sterically allowed
coaformations dejend ucon whather a purine is an
azcestor and pyrimidine a donor or vice versa. For
examdle, A-U (T) and C-G base pairs require diffe-
rent conformations of the protein backbone.

0 Protein Bachbone of Nucleic Acid Base Sequences
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Allowed conformations of pePtlde backbone (polyserine)
in the eight and nine membered rings

Dihedral angles®

Confor- Base Sizeof —m———————r—r—e

mation pair ring ¢y, da b &y
A A-U 8 330 200
B G-C 8 320 210
C A-U 9 270 50 150 80
D A-U 9 270 340 210 70
E A-U 9 270 330 230 60
F G-C 9 330 0 200 20
G G-C 9 210 180 70 60

* &,y angles are defined taking trans arrangement
as the zero value®. For the nine membered ring,
($e.ds) and (s, P,) are the angles at the acceptor and
donor ends respectively of the peptide chain.

Fic. 3. Model of poly (A). poly (U) double helix
(B-tyie), 5 base pairs in length, showing poly (L-ser)
bound to two successive base pairs in the major
groove. The peptide backbone loops out considerably
tetween the two base pairs (top left). The upper base
pair forms an eight memtered ring, while the lower
pair forms a nine membered ring. Polyserine has con-
formations C and A (Table I} respectively for eight and
nine membered rings,
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3. Srecific RECOGNITION OF THE BASE SEQUENCES BY
PROTIEN BACKBONE

Spa:ific rezognition of base sequences by proteins
involves (i) discrimination between A-U (T), U (T)-A,
G-C and C-G base pairs and (ii) discrimination
between different sequences in the nucleic acid doutle

slix. The potential of protein back .one interaction
in these two processes is discussed below.,

A-U (T) is easily distinguishable from the U (T)
pair due to the onposite directions of the H-bouds
between the protein and the base pairs. The geo-
mstrical requirement on the part of the protein (o
bind so as 1o form eight or nine membered rings are
different for the two pairs. Similarly A-U ([} pair is
distinguishable from G-C pair and G-C is distin-
guishable from C-G for the same reasons. On the
other hand, U(T)-A and G-C as well as A-U (T}
and C-G pairs have the same directions of H-bonds
(Fig. 2). However, in €ach of these two sets, the two
base pairs have different sterically allowed confor-
mations for the formition of nine membered rings,
since one pair has Hurine as an acceptor while the
other pair has a pyrimidine as an acceptor.

' Diszrimination between the different sequences
requires that the »rotein backbone binds to every base
pair ip a given seguence. Deptnling on 1Ne Tomui-
nation of eight and nine mem sered rings in a sequence,
the geomsatry of the binding protein will be different,
This im>»lies that a given sequence of bases can te
ra;ognizad by more than one protein having different
geomatries at the binding site. Since the formation
of eight mambdered ring is limited to a few amino
asid vesidues (Gly, Ala, Ser) the number of such
possibilities is very small. On the other hand, for a
~iven protein with a definite geometry at the binding
site, the s»ecificity of binding could be very high.
For example, let us consider the following sequences :

A—G—C—G
) | ] | | |

! ] | I

{ | 1 |

T-C—-G-—-C
1 It

Let us assume that the geometry and sequence of a
protein at the binding site are such that it can form
oaly nine mzmbered rings. Jf it is a%le to bind to
sequence I, it is easy to see thatl it cannot bind to

Cur. Sci.—4
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sequence I since the geometries for nine memt ered
rtngs for A-T and G-C ypairs are different. It is
of course assumed that the protein does not underj,0

& conformational change. ff it does, the specificity
will be reduced to some extent.

In addition to the geometrical factors discussed
atove, the energetics of interaction tetween the diffe-

rént base pairs and the protein will also contril ute
to specificities.

D:tailed experimental and theoretical investi-

gations to check the alove discussed ideas are in pro-
gress in our laboratory.
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