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DNA and its bending: a glimpse of mechanism and implication in
bacteriology
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Abstract

The double helicnd IMNA sinogiure vagles [rom ong species Lo adher. el DINA s nlao ovailable in the cell
Pending is expressad by the supercoiling of DA strucie. The mechusisin ol DNA ending 1s based on
two basic models: the AxTrst model where the phasing of &A% residues arg importond und in<junction
hemding model, where the heteronymoms poky (dAY, poly (A1) and B-DNA junction are respomsible for
cousing berd in the helis axis. [MA bending bas seversd implications, like iramscription, replication
regulation eic, that indece the prodein- probein and prolcin-DMNA indernction, This DIMA bending
micchaism with multidinensional sttribules hos mportant spplicativns sueh as doug preparatbon, cancer

thernpy and =0 on

The hinchemical nvestigation on DNA began with
Fricdrich Miescher (18681, Miescher iolaied o

- pomtaining substands which he called ns
noclein from the mucleus of beukocyics and he aksp
B b, ‘nuchein’ consisls of =n acidie poriien gl &
ke portian, Le. peotedm. The acidic portion today is
kmvan as DRNA. The first direct evidence that DMNA is
the hearer of genctic Informatlon come in 1944 through
s discovary made by Oswal T, Avery, Colin Macleod
and Machm McCarty. These investigators found that,

the DMA which s extrected from o vinubend stran of

Sereptocorcus  peeumonios gonctically ramiformed a
nop-vinslent strain of this enganism w0 & viralent form,

Avery and his colleagues exirscted the DMA trom heal
killed wiruleni prcwmosocci, removing the proicin ns
completely as possible and added this DNA o mon-
virubert stradn, which were permanenily ransformed io
wvirubent strain &ncd when injected to mouse, it died. They
concluded that, the DMA which is cxtrocied from the
virger strain cartied the inheritnble genetic message for
virndence. But this concept was mot sccepled o all, s
proicin impurilies present in the DNA could be the
carmier of genetic information.

Bui this idea was soon climinated after the second
important experiment in 1952 by Hershey |.nd Chase.
They provided the evidence that DMNA carnes gemetic
information. They used rodicactive phasphorus (32 P)
and radioactive sulfer (35 ) end when infected by
bacteriophage (T2 infects the host cell Le. Excherichia
calf) it was found that the phosphorus containing DNA
of viral panicle emers into the host cell instead of the
sulfir conzalning protzin particle of the virad conl. The
DA material entered into the bost cell for different
furcthons  like wirad replication, tramscription  and

areripanding awihioe
[ -anasl skeemy bdimed ffmadl com

tramslotion, Thus, they proved hal DINA §s the genetic
matcrizl miber then o protein,

DM A Siructure

Rosalind Fronklin and  Mausice Wilking used  the
powerful method of X-roy diffraction w unalyze DNA
fibres. The beams are diffrocied or broken down by the
slomd | o pattern that is charscteristic of the asomic
weight and the spatinl arrangement of molecubes. Later.
Franklin conclsded thai, [NA 5 o belical struchare with
twg distinctive regularitics of ¢34 nm and 3.4 nm along
the nxis of the molecule.

A most important clue i the siructure of DNA came
from the work of Erwin Chargall and his collesguss in
bt 19405,

They found thot the four rucleotide bases of DNA cocur
in different ratios in the DNA of any orgonism and the
ameunt of cerlain bases are closely related. They
eonchided thm-

The base composition of DNA in p given species doas
mat change wilh cogonism’s age. mutritionad state or
changing environmenl.

In all cellular DMA the nsmber of udencsine resideuss is
eqqual 1o e rumber of ty midine residoes e A= T and
the mimber of gunnasin residues s equal io the no of
eysaoein residue, ie G=C

This it con be sasd, tha A+G=T+C

This quantitdive relafionship is somclime called &
“Chargalls rubes”

It ks very difficalt 1o understand the DINA structure o
iw imensionnl plane, The best wily 0 concepiuslioe
[ A i in fhoee dimensional plane, In 1953, Walsen and
Crick postulsted a three dimensbomal model of INA
atrschime thal pccounted (e ull the ovallable dan, e x-
piy diffraction datn of Frnklin ol base equavalooe



Iohle 1: 1WA Characterisiics

A Polvimer of Deoxyribonucleatide

“Linked by 5 - 3 phosphodiester bonds

Meucheitide Supar ¢ hase + phosphate

Supar Deoxviibose sugar having 5° -
O group

Finsc : Purine and Pyrimidine

Purires ¢ A aned G

Fyrlmbdines T&C

Plusc Pairing - AwithT GwithC

H bandang : AsT G°C

Raziomale of base A — G lorge enough fo (i1 with in

pRITIng 20 nm dia of DHA. T - C small
erpugh 1o At with in 2.0 nm dia of
DM A,

observed by ChargndT (Table 1]

For the sake of simplicity i1 is assuried that the hase pale
step i coplanor bt it is not exactly so (Mohan and
Wathinadra, 19925, There is an element of propeiler taist
a5 & result of which the 2H bonded bases may be twisted
some what like a propeller. The H-bonding may reault
noi pnly betwesn two bases in o base pair buk also
hetween tie wnins of the adjecent base pairs also,
Propeller twist bs pastly responsible for this.

Sieric hindrance between two adjacent puripes s again
parily influenced by propeller pwist, The DA stbility
15 dise 10 the dowble helical structure, This stability is not
only mainained by H-bond of compiementary base puirs
but also by clecironic inleractions between the stacked
basey &5 well as hydrophobic interactions, The two anti-
paraliel strands are not identical- rather they are
complementary bo each ather.

WHY HELIX

I thee DA is considered & an untwisted ladder, then a
corsiderable space would be present in between which
winitd be noccessible b waler. But the bases are oily or
hydrophobic in namre, they would fry to expel those
wiber molecules from this space. Thiz phenomena will
occur only when the bases slide over each other or by
twisting. Sometime sliding of bases occur through
iwisting. Thus twisting confwrmation is mone stable.

The bases are pod exacily coplansr spmewhal like
prapeller pads occurs. Thus, the H-bonding is not only
presen in belween two bases ina base poir but befweaen
the units of adjacent base pair alse, This propelier 1wist
alse csuse the steric hindrance between the adjaceni
purines by which the helical conformation of DNA is
maintained (Mohan ond Yathinedra, 1992). 1 the base
pairs are foreed 1o open by EiBr and chloroquine like
elements, then i1 s shown that TYMA can get back jo s
undwisted conformation. Thus, It can be sald that the
way of hase siacking plays an imporioni role in ihe
siructure of the DNA which favours the twisted Form for
stability, The bases are stacked in such a manner that the
bases pre |':.|:|.r|.i|_-ulu.rl_:.- accessible from ihe major groave
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side than the minor groove side. 1T the hase stscking
mnmner arc Iried 1o unstack it will require encrgy and a
tension will bkl up in XA structure anable o ot
freely

STRUCTURE VARIATHON

The basic of IPNA struciure s the dinuclesisdes, The
dinuclentides also undergo deformation in various ways
(e deformation eogurs diee W the movemam of bases
along three difTerent axes { Tolstonskoy et al,, 2007) like,
Twist axis, Roll slids axis, Fronl beck axis. 5o, they are
deformed in majer ¥ waya: Roll. Twist, Slide. Along the
twist mxis the dinucleotide twists, abong the roll of slide
axis, dinucleotides rodl or skido.

There may be positive roll and negative roll, also
pasitive slide and megative alide, When two sdjacer
dinuclecdides move away from cach othber then it s
known as +ve slide, where as when they mowve clyser to
cach odber tben it is =ve slide, “Stersc handrance” @&
coused when two adjacent bases come closer, there is a
repulsive interaction i sieric hindronce, where the
hases twist 1o emxch oiher. In another case, when wo
purines arc located on the opposite strand like, G=0F, A-T
that repulsion occurs due to the propelles twist, This
phenomeman 15 known as purine clash, To avoid the
puring clash, the purines must slide away from cach
other (+ve slide) ar shde over one another {-ve slide)
and pyrimidines will have 1o motEle away from one
another,

Drefarmaticn of dinuckestide also sceur in case of charge
~charge repulsion. G-C base pair possess dipole o G
conlain = ve' charge and O contain “+ve" charge, Thus
when one G-C base pair stacked over another there is
repulsion due to same charge and thus it causes sliding
andfar meliing deformation of dinucleotide. But in case
of A-T it has no dipole, thus it need not o deform due 10
the charge difference it only deform by the steric
hindrance phenomena and propeller twist phenomena,

Aternative double helical siruciore

Variations i the conformation of the dinscleotide of
DNA associated with conformation of s varieties. The
doubde helical structare of DMA pre present in 6
different foems be. A, B, C, D, E & Z. Among these the
A, B oend I forms are imponant {Tabls 1),

Certain DNA sequences adopl wusul stnsctures. When
in DNA  identical DMNA sequences are present in the
reverse arierision they are called lnvered repeal The
sequenes  of inverted repeats  together s called
palimdrome.  The inverted repeal  may  caise e
formation of secondary structure in S500A or an DN A
In a longe palindromic sequence the complenveniny
sequences palr o form & hairpin, 1o dsERNA Ghe
formation of two opposite hair pan 55 produced forming
crucifiemn  structure, which B so called becaase i
represcrils the junction of four duplex regans

Criler types of DMA structiure

Mesides duouble sirapded helicnl siructere, TINA alse
exisly in certain unusunl seractiere and  bBelieves as
impuertanl [or moleculor recognition of DNA by probzin
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Tabkle I: Comparison of siructurnl festures of dilTeren
conformmtions ol dowble belical [NA,

Types of DNA n Al z

Hlelis tvps Righ Righi [l
hamidodl hnsded Bamaded

Helicol dlameier {nm 2.3 23 I A

Distange per cach 1.4 32 4.5

cainpletc ferm {mm)

Rise per base paie 034 g (37
(s

Mo of by per com- 1R 11 [ F]
plete Tumm (i)

Base 1l pormal 1 ihe 6" .l 7"

hcfical axis

'B.form: besi predovminant fisim
A foam: D in DN AGRNA Bvbnd, conformialion similsr
wilks the dsRMA

"EsBarm; Available i vifro umder high sali condstioa

and cnry e
A. Triple stranded DNA

Triple stranded DA formation may ocouwr due o
additional H-bonds between the basea, T can selectively
firm I Hoopsteen

hydrogen bond 10 A, of A-T pair forming T-A-T whene
as a protonated C can alsy frm two Hoogsteen H-bond
with G of G-C pair forming C' - G-C. The N-7, 0" of
puanine and of Adening atoms are imvolved [n
Hoogsteen H-bonding; thus these are seferred to os
Hoogsteen positions in non Watson-Crick base pairing,
first deseribed by Karst Hoogsteen (1963).

By this Hoogsteen pairing the triplex DMNA is formed
i Asshima o al, J002). The wriplex DNA swrands are less
stable than dowuble helix, bscauss of the 3 negatively
charged bock bone. Strands in triple helix prosluce
increased clectoslatic repulsion, The riple DNA is most
stable in low pH because, C = G C+ requine a pratomated
. Some irplex DNA contain two pyrimidine stand and
ame purine strand or vice werss, called H-DMA having
aliernatling pyrimiding and parine tract.

H. Four stranded DNA

Polynuceotsde with very high content of guanine can
form & nowel tetrameric struciure called G-guamates
These sructure are planor and are connected by
Hoogsicen H-bomds. (Aishima ef of, 2002) Antiparaliel
four stranded DNA structures wre refemed o as G-
seiraplex,

e end of the eukaryotle chromesomes- namely
telomeres are rich in guanine and therefice foem (-
tetraplescs. Telomeres hove become the wrgels of
anticancer chematharapy, Gedetruplexes  have  been
implicated  in the recombinatbon of amwoglobulin
gencs and im dimerization the dsBMA of HIY. The G-
ictraples s quile stable over g wide range of codifions

. Beni DMNA
In general o base contpining [IMA proct §s rigid el

atraight bui bend conlarmation alss occurs. Bending in
I¥NA sirsciure happens die 1o pholochemical damage or
melspaariaig of hases  Certoin  andiiumor  drgs  eg,
ciglalin induce bemt strsciure i DNA such changped
stmicture cun take up prodein that damage DINA,

A supercaling

The DMA double helix repreacnts DNA & & lincar
mobecile, Bul DNA in viro generaliy shows a clesed
simictuge. |1 locks free end. Cellubar DNA b8 exiremely
compacled, implying a high degree of strsciural
arganization. The folding mechaniam musi mol ondy
pack ike TRA bl glas permil scoess by the infrrmalion
inthe DM A.

Refore comaldenng its sccomplishment in procosses like
replication, Eranscription, i is imporant o urklerstand
the praperty of DNA sepercailing.

Superogils, the coillng of a coil, acour in DNA when a
dupdex is Lwisted in space around its own axis, The
Uwisting indroduced by supercoiling places a DNA
meobecule under lorsion. Supercoll cocurs only in chased
structure becsuse an open molesule can release the
torsion simply by untwisting. A chosed muolecude must
nol have any broakage on either strand of DMNA; any
break even in oee strand of & cireular molocule allows
uniw|sting.

A molecule that lacks supercoiling whether i open or
closed is said 10 be relaxed. Supercoiling is of two types:
Megalive supercoiling and Poshilve supercoiling.
Negative supencoils twist the DNA around its axis in the
appasite direction from the clockwise turn of the right
handed dowble kelix. This allows in principle 1 relieve
ihe torsbonal pressure of DNA by sdjusting the siructure
of the double belix. The relicl takes the form of
loosening the winding of the two strands sbout each
ather- DNA with megative supercoiling is said o be
urslerwaiind

The opposiic type of effect is caused if DNA s
supereaiied in the same disection o the brinsic
winding of bt double helix. The positive supercoils
fighten the structure applying forsional pressune 10 wind
tht double helix even more fightly, DNA with positive
supercoil i known as overwound, |1 has been shown
that many circulor DNA  molecules remain haghb
supercoiled even after they are extracted ned purifiod,
fread from protein and other cellular comporcnts. This
indbates that, supercoiling is an iniriesic propemy of
DA tertiary structure. 18 ocours in all celblula DA and
are ighly regulaied

Supercoiling s the combination of Twisting number
(T aied Writhing number (W)

Lwisting mumber (Lw);

It s property of the dowhle helicad strciws isell
representing the motation of e sumaad whout ghe pbier, 1L
mepresants the dolal number of fums of o dlupbes, prad
determined by number of bp per twm, The twist angle

34" in B=IRA resulis in o hebeal repeat of sbow (05
bp'turm.
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Writhing number { Wel;
[t b the tuming of the axis of the duplexs in space, The

glnha’l wrapping ol the axs of the double helin around
iEsell

Linking number {1k

It is the numsber of fimes ong TR strand wraps the other
when the molecube He koo planc. Thus, Lk is the pumbser
of revolution thay one strand make wround the sther when
the DNA is considered 1o bie flal on o plone surface, Lk Is
equnl o the swmof Weoad Tw, be written ns: L=TwesWe

The DNA supercoil can be of two types: Toroidal and
Plectonemic. In a protein free stote, the DMNA will remain
plectenemiclly supercoiled bt in the presence of DHNA
binding protein it may be present as wroddal superenil,

in tomoulal supescoil DMA i3 sable, Bui isolaied o
labsorstory condition, il may be in plectonemic Torm, &
all proteins hove been removed From it Supercoiling s
imfricarely linked o biological activity of the DA, DA
supercoiling has an imperant rmle o bring the distal
segment of TINA in close proximity as it is required for
recombination event, Thus, DNA compaction requires
for the DNA supercailing.

DNA Beading

DiNA docs nol exist as linear form in a cell mther, in
twist, furn and supercail. The supercoiling s required for
cofnpaction and also for several binlogical functions. Far
the twist, wen of supercoiling DMNA requires to be
ficxible enough, initiating the bending process.

Mucleosomal ben g

Muclensome model B very wseful model for DNA
bending. In nucleosome model 2 nem DA is wrapped
arpurid the central core ie the histone ociamer. DMA
(160 bp) wrapped ino core molecule via roll and shide
with the bp twisting. The right bending of TINA in the
ruclecsome suggests its ability 1o berdd in a particular
direction, that’s a crucial facior. Experiments performed
w undersiand if there was any inlrnsic  sequence
dependence and revealed a periodic modulation of
dinuclestide AATT end o dinucleotide GO bui thls
happens in opposite divection. (Ooodsell o af, 1993) The
phasing of AATT and GCACG in the nuckoosomal modiel
consider that AA siep |3 rigid and they present ot the bow
roll poshson, where as GC s Joculized in the high roll
position | Totstorukow ef of, 2007}

The sequence of the bound DNA affects the binding of
[IMA to histones in nuchsosome cofed. The histane core
docs nof bind randomly to the DNA, mther they fend 1o
place thempelves al cenain locotions, This posiioning i
rot fully understeod, In some coses, it appenrs 1o depend
on zhundance of AT bass pairs in the DNA helix where i
is in contsct with histoncs. The tight wrapping of the
DA around the nucleosome- hlsone e require
compression ol the minor groove of the helin and W
clusier of 3 ar 1 A=T bp makes this compresiion meare
tikely. (Goodsell e ol, 1993)

Mechamfum for BNA bendlng
The relatsonship between DNA sequence, siruclure pell

function has been sthadied ond discussed exiensively i
lasl Few decodes. To reveal the strisclural basis of 1A
hending/cirvature elTort has been direcied 1owards the
struciure of & shom ren of 4-6 A-T residues known as A-
Iracl. The DMA curvslure i induced swhen the ' Aeiract’
Uit i imseried in phnse; with the belical perwdiciy

The struciaral basds of “A-tract” that induce TNA
bending' has remained enigmaotic. Hecause no singhe
structure could cxplain the whole phenemenon, ol s
recesanry fo rely on scveral models which have been
confirmed by ‘gel migragion data’ (Kerppola, 1997) This
dala supgests that the cemer of curvalure is towands the
mof groove ol the 'A-ltract” and lowards the majae
groove of inlcrvening geneml sequence

DNA bending at A-T tracts

It is quite common to use the vamation m gel mobility
for mapping a bending Iocus contained in & sau 3 - a
restriction fragment isolated from Ledshmaria dereminlae
kinetoplasi DM A and the sequence identified as—

CGAATTOCCAAAAAGTC AAAAAAT AGLCAAA AN
ATGCEAAAAATCOOCAAAC— (Wu and  Crothers
I986). This is a striking Fenture that a regular repeat of
the sequence clemenl CALT with 1bp peradicity is
present around the center of the Bensd.

Presumably. each A-fract produces a small bend in the
DMA helin nxis repetition of these elements in phase
with the belis serew results in their coherent addition s
form a large overall bend. Thus, for DNA bending. i
requires & condinuous run of “A-tract” residues and the
potential role of the junctions with other bases fanking
the A-tract. For DNA bending phasing is also wery
cssemtial (Kerppole, 19971 It s shown thel bending
elemens must be repested in phase with the helix screw
in order. The imporance of comtinuows run of A-
residuss for ihe bending phenomenon was investigared
by intermupting the A-tract with another nuclestide at the
central base i b shown thot the |1|"|E|-: b‘}:huﬂgﬁum
the gel mobility to revert nearly b normal.

I appears that the continwous run in *A' residues is the
basis for bending phenomenon. In this case the purine
A il "G are ool equivalent. In addition, @t is plso
found that the sequence of “G° has normal gl
electrophoretic mobility which conform the special role
of A-tracts. It is found that *A" tract of length 3 produsces
only o minor clectrophoretic mnomall, the efleq is
substaitial with 4 in & rew and increnses o maxdmum
for @ iract of length &, that becomes another imporiand
factor for TINA bemding (Crothers of af, 1990 1 i the
junctions of A-tructs on which the extent of bending
would depend an the flanking hases. 11 is probable that
the grentest degree of bending s scen when the 5'-
Manking base is C aml the 3 -base is T as i is fownd ot
pturnl Bending bocus im [ aweniodiee. When O s
present in bodh 37 asd 5° end, B 05 less bemt ool when G
i present in both 3' ancd § end the bending propem
rexlaces lanber (Crathers e al, 1990)

Itwere aee two genernl glasses of models for the orlgin of
sequence - dirocted  DNA bending  (Goodsell  wmd
Dickerson, 199400 Clnss | includes the  sequence
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perindicities.  Segueunces should fovour bending by
compressing the minor groove, where as pyrimidineg —
puering sequence should hent e the major groove. Al
these ohiervatsons support the *A-tract” DN A hending

Class-1 model shows that poly (dA) poly (dT) has an
anomalous structare as revenbed by [bee dilfraction, i
0.0 bp hehcal screw, s RBamon spectnem and ils
ingbility 10 be recomstiioted i mclecsomes. 18 s
possible that oligo d A=dT tracts in DNA can adopi one o
mare  aliemalive strectures in addition 0 the RB-
configurstion. This model appeals 1o a longer range
structural polymarphism ab the A-tract 1o foeus the
properiies of junctions bBeween L ard adjacent B-1DNA

According 1o this, the heteronymaus poly (dA) paly {dT),
then o bend in the helix axls is expeocted a1 the junction
with B-I'NA, The junction bending model serves 2 an
effective working hypothesis (Madeau and Crothers,
19891, This model holds that the “A-ract’ adopls a
conformation similar to the paly (dA) poly (dT) structure
dedisced from fibre diffrsction studies the key feature of
which is the subrantial 1t of the bp relagive 10 the belix
axis. When a segment of B-DNA is adjoined 10 the filled
hases of the A-ract the helix mxis s deflected al the
Junction hetwesn  the two  dissimilar  strecture  fos
maintaining favourable base stacking. Concerted phasing
of these local junction bends then yields 1o a global
curvature af the DN A,

The distinguishing assumption of the original junction
modded 18 that ‘A-tract’ residue will remain moa B
conformation unbess they are long emough to overcome
the free energy barriers to nuclestion of altered structurs
responsible for bending (Madeau and Croshers, 1989)
The dnschures of several similar *A-iract’ Coniining
duplexes have been determined by x-ray erysiallography,
each of which is bent and displays a minor Froove
narrowed by strong propelier twisting of the A-T pairs
without significant bp tibi. The bends are at the rodl of the
junction and the respomsible factors are  proove
compressian, whether results from propeller twisting bp
lil, some other structural features of combination of
several

In order to inhibit pene cxpression proteins need 1o bind
to specific DMNA target site such thai recognition is often
accempanied by C‘DNA  bending'. Scanning force
micrascopy {SFM]) studies revealed crucial differences in
DNA bending induced by protein of non specific and
specific soquence, However, the significance of DMA
bending is not clearly understood,

From the studies on “Cro’ protein i, the protein that
regulates the gencs in bacteriophage, it has heen shown
that *Cra” first binds boosely to DNA ot non specific sites
and produces ‘hinding wove' and travel along the cham
unail it fecognize a specific trget site where it binds very
tightly. The SFM studies revealed an increase in DNA
bending angle where the protein is bound 10 & specific
site. This molecular recognition is not only important in
gene regulstson bul in many other biological PrOCesses.
Thus it can be sasd that DNA bends io bind (Kanhere and
Bansali, 2004}

DMNA Bending and transcripiion

The afifi's £ colf BENA polymerase holoenzyme s
capoble of promoler binding, scounate initiabion and
resporss & diverse transcriptional regulstors seme of
whicl alier the conformation of DMNA in the upstream
promoter region. Architectural changes in DNA may be
important b0 initiste the formation af a DNA loop
aroind BMA polymerasie. Wrappiag of DNA arownd £
call RMNA polymerase in the preinitistion complex has
been vhserved,

The largest dimension of Ecoll BNA  polymerase
holsenzyme is 160 A", but footprings of holoenzyme on
promater DMA in both closed and open cemplexes
extend 1 310 A" or more (Coulombe and Bunan, 1999)
This footprinting is explained by wrapping the DNA
round BRNA p-:r;.-mum. The p'nruninn:nl: SO
lesures of the RWA palymerase is the presence of finger
like projections in RNA polymerass that is close o form
a channz| large enough 1w accommodate DNA, Far £
eoli EMA polymerase ihe channel s open in the
initiating holoenzyme and remains closed 1o the
elongating core enzyme. This suggests that DINA
penetrates the channel which closes aromnd template
during elongation th prevent franscription

[n both ihe closed and open complex the wpelogy of
promater is altered 1o fmroduce negative supercoiling
Upstream promater DMA may be partially wrapped
around BMA polymerase in closed complex, with a
significant DNA bend near the — '35 region of ihe
promoter (Perez — Martin and Lovenzo, 1997 During
tramscription there is a conformational change in the
holoenzyme that closes the "hand” of RMA polymerase
around the DNA and introduces enother major TMNA
bend mear the transcriptional sam  site. This
confprmadional change has the effect of deseloping
significant strain on the DNA helix arpund + |

It is proved thal two DMA bends are spaced in such a
manner that a5 the DNA wrap is tightened, the short
sireich of helix between the 2 bends are forced
umwinsd.

DNA upstream and downstream of the two DNA bends
lo act B8 two levers and w force the helix ing the
unwound conformation that preceeds open complex
formation. Transcriptional regulatoss can wffect this

mechanism by pulling the vpstream DA lever the
dawnsiream lever or bath,

DNA Bending and transcriptional control

The a-subunit of RNA polymerase are impomant fir
mnteraction with upstream promoter DINA and regulators.,
The m-struciure comprises an amino-iermina) domain (o
NTD) and a CTD {a-CTD} domain separated by a
Dexible ceneral region, ?

A DNA wrapping model describes catabolie gene
activabor prodein {CAP) eyelic AMP (CAMP medicaped
activation of ‘lac’ promoter, CAP binding sites can be
located @t variable  positions  relative 1 (he
transcriptional start site but the fice of the helix o
which CAP lies relative 1 RMA polymemnse far
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activation  (Perez - Martin and  Loreneo,  1997)
Mnindnindng the orcntation of CAP relative 10 BNA
pokymernse is 1o serve twn purpases- () o allow specific
CAT-BMNA polyastrase inderactions, and {ii) o mainiain
e directionality of the CAPdnduced bawd in [NA
fowards RMA polymernse,

CAP-CAMP bends TN A by 90°, hending promaoter TINA
back 1w BNA polymerme CAP-CAMP on (he lac
promoter make specific contact with sctivation region on
the a-CTD. DNA bending and osbimding by CAP-
CAMP might contribute 1o promoter strength in two
ways: 1) by enhancing RNA polymernse binding 1o
promoter and i) by promoting isomerisation (Coulombe
and Bismton, 1999). Initial binding of holoenayme induce
DNA bending in the upstream promoler region, DNA
bereling by CAP-CAMP could stimulate binding, RMNA
polymerase binding is also expected to be stimulated by
interaction Bent CAP-CAMP and -subuni of RMA
palymerase,

According 10 DNA  wrapping model,  however
approgristely phased bends in upstream DNA initigte
DNA wrapping round RNA polymerase so that DA
bending in the upstream promoter megion can also
confribute 10 somerisation  (Spronk  er af, 1990,
Formation of appropriate DNA loop around holoenzyme
requires hending and wrapping of the DNA, facilitated
by @ multitude of protein-protein and protein-DNA

COmEacEs,

Thus DNA bending by CAP-CAMP i upstream
promeMer region., appear to cause DINA o wrap arouwnd
RMA polymerase,

DA bending and regulation of gene expression

The most common example regarding pene expeession is
the ‘lac operon’, The lac repressor profein is one of the
key enzyvme in the lactose digestion chain of Eeoodli
bacteria. This protein turms off the genes that are
responsible for Rctose digestion when lactose i absent
from the bacterial environment.

The lac repressor funciions through clamplng vwoe ow of
the three DNA sites Le. Oy, Os, Oy called operator site.
The DWA bend - site is forced to form & loop which
interferes with the repding the genes by another protem
ie, ANA polymerase (Mahsdevan ard Schulien, 1999),
A gingle represaor molecale binds to two operators that
wre between 93 and 401 bp apart. One suppesied
mechanism i that the repressor tetramer binds 1o
separate operslor sequences farcing the DNA 1o conform
io A loop structure.

For DMA interuction tp ocowr there must be g sufficlen
lenpth between the operaior sequence in addition
cerigin oher propenties of DMAL The fmetion of the
lpop structure makes RNA polymersse binding even
more unfavourably than anly ome repeeiser letmamer
boumd w the DNA, DNA loop midisced by the Inc
repressor between the operator sites O wnd Oy,

Conclusion

It is experimentally poved that DNA bending depends
on the himing competition between momvalent and

multivalem components, DNA bound pS1 core domain
couscs local DNA conformational change, that resubts in
DNA bending. Local distartion mechanism, induced by
polyarmning  dreabment, could be related o DNA
condensation, Further implication for  transcription
sclivation lies with p81 induced DNA binding. Since
pi3 is an important factor lor cancer suppression this
DA bending can be used in cancer therapy. Based on a
lew examples it is speculated that wpdating of
kmowlalge suggests that there may be o relation between
drug molecule and DNA bending where structural and
conformational change in the DNA and drug molecule
occurs, [hus 10 understand the mechanism of drug
action, DNA-drug interaction during DNA berfing 15
vary esscntial

Thus DNA curving s alsa very imporant |n
bictechnological ficld which helps w regulaie the
synthetic plasmid replcation and transcription. When
polyamine o is immobilized in the middle of major
groove, the DNA chain could bent upto the largest angle
which ks sterscally alkrwed,

Acknowledgements

Awthors are thankful to the Department of Botany (DST-
FIST & UGC-DRS sponsored) Visva-Dharati.
Santiniketan for necessary support.

References

Aishima | eof al A Hoogsieen baie par embedded in
undisiodied B DNA. Nuclesc Acids Res 2000 Decembser 1
30 (23} ST44-5352,

Coulombe B and Burion Z. F. DNA Bendmg and wrappmg
aromnd  RWA  polymerase o Hewoluwtiomary”™  Model
Describing Tromscnptional Mechamsms, Microbilogy &
Mobcular Biclogy Reviews, Juse 1990, 63(2), p 457-474

Crodhers [0 M, Haran T, E, Madeau 1 G Imiriesically bont
DA, The Joumal of hiclogical chemistry 900, 265 (13],
pp T093-7096

Chekerson, R.E et al {1589 Dofmitions and nomesclavane of
nucleic scid struetire components. EMBO | B 14

Dickerson, BE. and ef ol (1969 Definitions and nomenclabun:
of nwclet scid stscoure parmmeters ) Ml Baol 2008
TET-M)

Goodsell D5, Kopka M. L, Cemcso Dy, Dickerson B E. Crystal
strucfure of CATGGCCATG and dis implicaioss fiar &
tricl bending evodels, Prac. Mml Acad Sa USA, Apnl
1993 Wol O pp 2000-2934, {Biochemesiry )

Cuoelsell 17 5 and Dickerson B E Bending s cumvamre
caloalmtions w B-DMNA, Nucles Acds Res, 1994 3240,
SAGTRE0S

himptvewow prhmdoyrk comyTNA mmmonn himd Introdwction o
DA struchere.

Kanbers A and Hansali M. DMNA Heording and Corvatare | A
"Twmany Peant in DNA Banclion  Proc edian nain. 5o
Acad B Moo 2 pp 2953548 2000

Kerppola T, K. Companson of DNA Bendmyg by Fos-Jun md
Phised A-Trects by Mubiihoonal phasing  Amalvas
Ainchemisiry 1997 36, 10872 L0384

Martin |. P and Lorenes ¥, Clues a0 coseguences of [¥44
heniding m transonphcn, Annie Bev, Bacobial 1997 4]
90320



DA and its bending-bukherjee of ai &1

Mokan 5, Yathindrs M, Sequence cffecls on the propefier st EMBO Joumal 1959, |B(22), pp. b4 T1-6480
of base pairs in DNA helixs, 1 Biomel struct Dym,, June oo ngny b ¥, et al A Nowel Rolt and slide Mechassm
1992 sk 1195211 of DMA fidmng in chromstin  Imphications  flor
Mademu J. G and Crothers DL M. Stwciaral basss B DA Fucdsienme positioning, 1. Mol Bisl. 2007 Awguest 17,
bending, Proc. MNaif Aoed Soi USA, April 1989, BS, pp. 37103 T25-TIE.
e Watsom, | amd Crick F. {1953) Maleeular structure of Muclgic
Spronk Christan A E M. et 6l Hinge helin Brmmion & THA Acsds: A strectare for Deocyribose Nuclels Acidi Nabane

benidmg m varous lac repressor — operator complexes, the L7E: 737




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

