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/ Schematic illustration of a DNA molecule in solution and in an
agarose gel.

LECTURE NOTES: C.R. CANTOR AUGUST 19684 TRIESTE SUMMER GCHOOL normal
A. Separation of large DNA molecules b pulsed field gradient gel ge!
electrophoresis. =

5ome of the unusual properties of large DNA molecules will be
described. The principles and limitations of conventional
techniques for handling such molecules will be explained. Then the
principles of the new pulsed field gradient technique will be
described. This allows separations of DNA molecules as large as
4.000,009 base pairs. Applications of pulsed field gels to genetic
mapping will be discussed in yeast, trypanosomes, and man.
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Most DNA molecules are too large to be separated by conventional
electrophoretic means. They must be cut into fragments with
restriction endonucleases but then much information is lost.

Bumbers and sizes of DNA molecules

. PFG
E. coli chromosome § x 10 bp 1-3 molecules per cell
typical bacterial plasmid ¢ - 8 x ll.)3 bp 1-1000 molecules pez' cell
stall virus 4,000 bases
lambda virus 50,000 bp
T4 virus 160,000 bp
¢ wvirus 800,000 bp
yeast chromosomes 17 per cell (haploid) a b
‘ 3 : 3 - - ]I+ -|[Asare]l®
slze range 300 x 107 bp tc 2500 x 10° bp ,
human chromosones 46 per cell {diploia)
size range 50 x 10° bp to 260 x 10° pp
mitochondria 15 x 103 bp to 75 x :ll:)3 bp

2 = 50 mclecules per organelle ?
2 - 1000 organelles per cell (10 in frog egg)
1 - 99\ total cellular DRA
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180 x 10° pp

B0 molecules per organelle
40 organsliles per cell

154 total cellular DRA

chloroplast 130
20

2
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EV4D virus 5 x 103 hp
Adenovirus 40 x 10’ bp
Herpes Simplex 150 x 10 bp
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Two DHAs, one 49 kb the other 168 kb, separated with 2, 18 and 189

ssC. pulses

Bchematic illustration of the mechanism

of PFG
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Trpical PFG result £or yeast Chromosomal DMAs with 45 pec pulses.
Marhers are 40, 160 and BBF kb slternste lanes CONtela two “wild
type™ yosst straina.

Blotting with cloned probes to apsign genes Lo chromosomes. lanes
a4 are 17 second ru!s-- while &b are 35 pec. Autoradiographs
show chromosome 1 (b,f), ) and 3 (e,g) 1,3, and & {4,h).
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Some genes are controlled by shifting around DNA sequences &

Trypancsoma brucei variant surface glycoproteins (VSGs)

xood differant VSG genes, scattered through the genome
expressed one &t a time

imprecise but non random ordar of appearance

VSG sequence N -
variable conserved

Lot}

V&G crosshybridization

No at low stringency
rescion site

promoter elament coding sequence
=AM KOO XXAKN~————  telomere
const. variable
exXon eXxXOn
untranslated translated

mature RNA ARAICKC KX NN

200 copies of promoter element linked in blocks of at least ten

1 to 10 expression sites

VsG activation models

1. Gene conversion

Basic:copies
X XXX: \;' YYYy—— P
- zz2z ] \ 1 Expression site
4
——3 XXX —YYyyy——r

New expression
- XHX — linked copy

2. Yelowere Exchanae

WX

A

Basic copies

YYYYY
—p—x—.nu—-———-————' Expression sit:

B
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New expresgion
P YYYYy—— — linkead copy




resinction endonuclease | Dpn |

Evidence for interchromosomal jcﬁe conversion

accompanying some
shifts in VEG gene expression. Labels at top indicate which gene
the particular ssmple of tTypanosomes is eXpression; labelg at
bottom indicates the pProbe used.
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For human DNA it ig necessiry to use specific cutting schemes to
reduce intact chromosomal DNA into pieces that fall in the current
size range of PPG. An enzyme

with a specific recognition site n
bases long will Produce pieces on the average 4" bp in size. (In
practice the nonrandomness of DNA sequences makes this calculation
quite approximate. Por &xample each CpG S4quence in a higher
eukaryote occurs only 1/4 the expected frequency so it is as
though the recognition aite were actually 1 base longer,.)

Conventional € bp specific nucleases

4,000 bp
Nuclease with 1 CpG 16,000 bp
8 bp specific bucleases like Sfi}l 64,800 bp
8 bp specific nuclease like wot 1

with 2 CpG's 1,000, 880 bp
8 bp McClelland scheme shown below

1,008,800 bp
18 bp McClelland gcheme shown below

16,808,000 bp

$ T-C-GATLCGAY

3 AGC-T-AGC-TS

methylase | M. 7ag]
3 TLL A -TCG™A Y
¥} "AGC-T"AGC.-T§

§$ AT-CG-A-T-CG-ATY
¥ T-A-G-C-T-A-G-C-T-A §
methylase | M. Clal
5 A- T-C-G™A - T-C-G*AT ¥
¥ T-PAGC- T=AGC-T-AS
restriction endosuciease | Dpn |
. SA-TCGmAY 5 TCG"ATY
YT*AGL-TS ¥V "AGL-TAS

¥ TCG"AY 8§ TCG™A3
¥TAGLC-TS ¥"AGC-TS

¥

2. Fluorescence spectroscopit methods for Stulying conformational
changes. e for

Bucleosomes will be used to illustrate
wvhich fluorescence Spectroscopy is employed to study the structure
©f macromolecular assesblies. Energy transfer provides
Reasursments ©f specific distances between pairs of fluoresscent
labels. Anisotropy or polarization measursments ide
information on eise shape and flexibility. M:o:uonehlng
allows the accessibility of the fluorescent Prodbe to the solvent

to be determined. Excimer formation reveals when two fluorescent
probes are in direct contact. Any of these msasursments can also
be used to monitor the kinetice of equilibria of conformational
changes.

Refersnces

- + Da .“ €. CIIltot {I’az’ Je. Ml.llol.ls‘:"".
and J. Mol. .loll ls‘l,'lo
3. C. Prior et al. {1985) Cell 28,:597.

4. C. Cantor and P. Bchimael (1988) piophysical
Chenistry 2, pages 433-465%.

the various ways in
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The rats of fluorsscancs can be calculated from thes slecironic

. absorption intensity.
The wnigue cysteine 110 residue of histone B sliows

specific
Gerivatives of suclecaonss to b proparsd seally.

. VT, - ky, = mnlt.\!'je%w
e L e s The quantum yield is the fraction of excited states relaxed by
Bistmmn: . 369 Mase paire fluorescence. It is calculated directly from the ratio of various
3 osem: B2n, BB BN, M ratas.
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hbﬂ; oh these cysteinss can be geed Lo reveal changes in
Buclebsons structurs like thoss shown schanstically below

5it) = slloi .

Excited singlet states show first order decay kinetics
_tﬁr o

vhere T, the cbserved fluorescence decay time, is just the
reciprocal of the rate of all the parallel decay paths:

VUp =kt ke 4k, ¢k (0

o The fluorescence spectrum in a vacuum should just be a reflection
of the absorpticn spectrum.
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Many other chemical and physical processes can happen during the
lifetime of the excited singlet such as conformational changes or
Proton tranefer reactions. The result is that fluorescence

intensities and spectra are much ®ore environmentally sensitive
than absorption spectra.

Nucleosome conformational changes are revealsd by changes in
intensity and spectral shape. -
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Collisional processes can Compete to relax the excited atate,

+
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Collisional quenching rates reveal that nucleosome conformational
changes lead to marked variation in the accessibility of labels on
cysteine 118 to solvent.

Acrylamide Quepching of Fluorescence of 1AEDANS-Rucleosomes

BeCl copcestration (M) x (m;e'lgucqzlo,}_
1 ozt -
1 o wn? .
3.5 2 1077 b1
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When fluorescence polarisation is considered, the fluorescence of
a rigid system is anisotropic. _
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Grcartry used iv a flubresoence snisctropy superismest.
Fown are 1 {0y} the polerizgtion direction of the
onciting kight, I, ond J; two pmlarizgtion dimectiane
wbid to wrasure smitted Jight, wd Jig). the tranei-
tion dipole mowent of one chrosophore of the sgaple.

1, = 3%

The anisotropy., r, and polarigation, P, are two related measures
of this effect.

p = (I, - Yy 1)

e =y, -1, /4y +2y)

For rigid systems P = §.5, r = 0.4.

de on the relative
4 systems, the anisotropy depen

::z.:oz;r:gtntizn .nd..lilIlOﬂ- One can measurs the time .
dependence of the anisotropy or the average steady state value.

-t/T
rit) = x e L]

Ty = BlAe
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A_n:l-ot—:i'opy Redsurements on nuclecsomes show that the low and high

salt forms have flexible domains while the com
pact intermediate
salt form behaves like & rigid, somevhat assymetric object.

Pluorescence Polarization of TAEDANS -Nucl socsomes

Cosditios ;.(nge) !‘ ‘g"mh}
0.18M Trie, _02aN WDTA 26.4 8.57 a 39*
I0mN Tris, =M KpTa 145 3.81 x 308
.64 maC1 .2 1.88 5 199
calevlated 104-188 £.2.2.9 2 10°

Energy transfer can ‘bc used Lo measure the distance betwesn two
fluoreacent molecules. It arises by a resonance mechanism.
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The rate of snergy transfer is dependent on the distance, R, and
the characteristic transfer distance for the dye pair, .b

. l6
. L
T A

R, = const lk!.‘rn‘ ‘:)VG

The energy transfer efficiency is the fraction of excited donors
relazed by energy transfer.
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18-} * Swrgy traneter sfficiescy prodictes by the
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twes mh B et the b
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With nuclecsomes, energy transfer measurements show that the

it

distance betwsen two labeled HI cysteine 118 residues is markedly

salt dependent.

Epergy Transfer Besulte

Condition | 7 R r
©.025aM KDTA .921.00 1.132.07 4823
©.025aM KDTA; - 031.07  €3e3

Smi NaCl 461.080 1.031.0 L1
108l Tris; 001,07 8 <30
2w mprs 100000 &
0. 358 NeCl 1.00:.07 .64 £30
0. 6N RaC) 0 21.0 270
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At moderate ionic strength the distance between the two cysteines

19 00 small to measure by energy transfer. Instead the rens The pyrens sxcimer can also be used to monitor the in vivo
oxcimer can be used to show that these residues are nurﬁ in replication mechanise of nuclecsomss,
contact. . o : ‘
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3, Crosslinkers as tools to study DNA packaging and repair.

Psoralens are useful regeants to study nucleic acid structure.
Simple psoralens form monoadducts and crosslinks in double
stranded halices. More complex psoralens can be used to produce
DNA-protein crosslinks or links betwsen twc separate DNA regions.
Techniques exist that allow the placement of site specific
crosslinks. A number of differsnt mechanisas can potentiaslly be
used to repair crosslinks in DMA in vivo. Some of these mechanisms
are error prone pathways induced by severe DNA damage. The
spectrum of mutations produced by theses pathways is beginning to
be unraveled.
References
. D. Schwartz, et al. (1983). Cold Spring Harbor Symp.

Quant. Biol. 47: 189.

2. R, Baas ot al. {1982) J. Mol. Biol. 159:71.

3. P. Chatterjes and C.R. Cantor {1978). Wucleic Acids Res.
51 3619.

4. W. Saffran et al. (1982). PNAS 79: 4594.

S. W. Baffran and C.R. CANTOR (1984). J. Mol. Biol. in press.

Psoralens intercalate into DNA. The wavelength used for
irradiation, and the local DNA sesquence, will determine
moncadducts or crosslinks are favored.

whether

Compound, R » Abbroviation
HO~CH, - HMT

b -
NH}-CH, AMT

Il||l1lll|lll‘l

psoralens have been made that can serve as DNA-protein

ized
Specialize DNA-DNA crosslinkers, or site directed DNA

crosslinkers,
crosslinkers.
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Breakable bis psoralens seem especially promising for studies on
DNA packaging since they allow the pattern of proximity of DNA
regions to determined by simple, diagonal gel electrophoresis.

Site directed crosslinks can be placed into DNA double helices.
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Replication

DNA replication is not symmetric f'ot' the two strands
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© 3 Figure 3-30 intuiineh the simplest

mechanism tor DNA replication
would be the iincormect: scheme

®  shown here Both daughter DNA
strands would grus cominuousiy
requining buth 5-t0-3" and 37-10-5°
nuclcotide polvmserization. as
ndicated

Figure 5-31 Ths struciure of an
aciusl rephcation fork i which bth
daughter DNA sltants an
ssmbesized in the 5 -3 dieetion
therebn requuiring that the DA A
ssnthesized on the lagewng strand be
mads &~ a senes ol shor picces
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DNA polymerases can adit out errors
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Figure 5-33 Examples of two
snthetic DXA molecules that have
been tested as primer temptates for
DNA polvmerase. In such tests, the
3'-OH end of a primer strand can be
extended only when it is base-paired.
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Editing and initiating are incompatible. Erasable priming mechanisms

are used.
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Figure 5-36 The steps imohed in
the synihesis of sach DNA fragment
on the lagging strand In eucanoles
the ANA primers are made at
inten als spaced by about 200
nucleatides on the lagging strand
and each RXA primer is 10
nucleatdes long. The stant signals for
the KXA primase have not vel bren
characierized. bul if a specific
semplaie nucleotide sequence is
imvohed. il must be a venn shorn one

Replication forks initiate at a replication origin
Porks can be unidirectional or bidirectional

N\
TN T N

Large DNA molecules can have multiple forks

}‘1

DNA replication involves many different enzymes to deal with structural and

topological complications
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Excision and postreplication repair allow arror free correction of some damage .
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Repair of DHA damage
DA is sasily damaged but most common damage can be repaired
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Other error free repair uchl!)il‘ls include photoreaction of thymine dimers

Dutorton of DA by 1 Formalion of enZyme -DNA
thymng gunet (red) - complex

TG — I
l

TTITITITIIT ~— T ()T

]

Figure 3-8 .

Scheme for gnzymahc W AbsOIphion of visibie kght
phinorgactivation of 8 v Rewase of eniyme and atiwaton of enzyme
Thyihe dumar

dealkylation by O -methylguanine-DNA methyltransferase

EnRZIyme WOrks stoxcmmett.\cnlly rather than catalytically

A
Nimsatch repair can somstises, but not alwvays be arror free
\ ~H °
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H K °
e e
) onmmho:.- " ™
L) m—— ’k
» o Figure 5-2%  The deamination of & meih:
dated cviosine
I I residue in DRA produces thymine instead of uracil. which
lerclbmm.m I [ oy j .'\"m‘“'um“u“lﬁdlndmﬂh wracil DKA
-
When S5-methyl C is deaminated to T producing
N
—c f""—_-
Bow can repair snzymes tell which is the "correct™ base?
Occasional methylation occurs at DNA bases, particularly & in bacteria
and € in sukaryotes. FPattern is symsetrical on the two Strands but symmetry
is broken transiently at replication
4‘.\0(: -
A o
GATC: - C ———GATC
- -
——CTAG N —_—CTAG————
- CC‘, *
> 7 > .
JEN —a—
\ —CTAG————

Thus repair processes can discriminate the newly synthesized strand (subject to
potential unedited misincorporation).



When cells are severely damaged » set of genes is induced, S0S functions,
that include error prone pathways
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placed on plasaid pBR322 near the Bam H] site in the tetracycline
resistance gene. E., coli was transformed with damaged plasaids.
Mpicillin selection revealed those cells that successfully
repaired the crosslink. These were either screened for
tetracycline sensitivity or for the presence of altersd sequences
near the Bam Hl1 site.
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The mutations isolated to date show that both transitions and
transversions occur and that expected crosslinking sites are
indeed hot spots for mutagenesis.
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There is an enormous amount of indirect structural information on
the 168 rRNA. Crosslinking is one of the few methods that can
currently provide direct structural information on such a complex
molecule, Both electron wmicroscopic and gel electrophoretic
techniques will be described, and how crosslinking information is
vsed to reconstruct three dimensional structural information will
be illustrated.
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The 165 rRNA has 1542 nuclectides and fo
ms about h
and 2/3 of the weight of the 30s ribosoma}l subu:it.alf the volume

Ribosciets are cobplexes of MiAs and Proteins
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There are about 5C different LNNAs

Many different techniques have provided clues about the secondary

structure of the 165 rRNA from E. coli and related organisas.

These include phylogenstic comparisons of conserved seguences or

conserved patterns of base pairing.

accessibility, and calculated folding energetics. There is a near
consensus for most of the detailed secondary structure elements n

the model below.

chemical and enzymatic
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One example of how it is supported by ph
Tndienteple of ppo Y phylogenetic data ia
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e duagram: depoc s £ cob brisces. wuh base chanpes in the
P polyoephalum or H wolcani sequernces being demoted by the bases i boan Base changes in square
boses are comprnsanng Shoss in round boses are mumachung pe m single sranded rrgions Sobd
nangle: denow deimorts and basesy wu), arrous surraons Dooed b or ‘tropsed-oas” base puirs denoir
madified basr-paerng o P pohvorphalum or H volcawmin The breny o and b udicare he srwun of
RMA fragmenc molaird @ 8 base-paired comples {see wnit

1 will show how crosslinking can be used to test features of this
model, to compare the secondary structure of the free and
ribosome-bound 165 rRNA, and to determine elements of the tertiary
structure.

Psoralen crosslinking directly.traps secondary structure features,
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Thess can be visualized as loops in the slectronmicroscope.
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A technigue has been developed to distinguish between the two ends
of an RNA molecule on the e.m, grid. This takes advantage of the

availability of specific cloned segments of TDNA,
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The contours of sach moleculs sesn in the e.m. are measured.
depending on the particular structure, and whether or not the ends
ars distinguished, difterent histogram techniques are used to
collect data for statistical evaluation
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Bistograms of the psorslen croaslinks in fres and ribosoms bound
165 TRRA look superficimlly very different. In fact however most
of this difference arises simply from the reduced accessibility of
most of the 5' 2/3 of the 165 rRNA in the riboscae.

Table 1: Comparison of Seacondery Siructure Models with Pesorslen Cross)inked

168 rANA
Complementaritvy Ceosslink {in free ®MA) Crosslink (in REA gubunit)
27-37/ 547-55¢ EPe S5 3548 (7.) not detected
' 17-28/ %13-14 EPs 5 x%38 (6.6}) not detected
® @B B ® : r On 1947/ 3194 483 EPe 5 2368 (4.00) Dot detected
Q 5258/ 354 359
e i S6- 955/ 1225 1238 EPs 1PPPx1238 (1.M) not datectsd
a = - $B4- 999/ 1214 1221
/ ; 564 578/ 868-BAE
. O . Vi 576 5B/ 761- 785 EPs 5002848 (0. R BPs 5582878 (8.1%)
, l . G . / l 5845687/ 754 757 .
- ®R6 933/ 1364 139) EFs 93921438 (8.} EPs $iPx1ams {#.44)
1 1 9IT- 943/ 1348-1345% . EFa 95011348 (8.8%) not dstected
ta} a © '
. . not pradicted . EFs 92023 {7.2%) RPs 9323 (218}
1 1 not pradicted EPs 5'x3° (1.py)P EPs 5°x3° {1.54)%
ot predicted EPs }30@x3" {1.€n) Dot detscted
not predicied - € EPs 51833 (2.28)

kFe 458x3' (1.41)
Bot predicted EPa 185821268 {8_5%) bot detacted

Footnotes to Table )

4. PResults are summarired from ¥Wollenzien et al. {1983) for Peoralen
crosslinked free 165 rRMA and from Wollentien and Cantor (1982a) for 165
rHA proralen crosplinked in inactivetad IS5 subunits. The preface EPs
indicates the slectron microscopic idsntificetion of Psoralen crosslinks.
Croselink frequencies reported are percantages of total number of molecules.

b. Molerulas conteining EPa Sz3¥' APPeAr A3 circularired 16és MMA without apy
small tails: since they appear Symmairical they have not been included in
the hybridiced——orisnted date mets. The position of this crosslisk is
indicated in Fig. 7 (s) and (c}.

€. HMolscules contsining crosslink EPe. 42833 have besn idectified in
histograms of uncriented molecules at a fraquency of 1.68. The tentative
orientation results from the mimilarity to cross)inks EPs 458x3° and EPs
51823 made io the inactivated s subunit.
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h foctly, 1 distance contacts predicted the The uncertainty in e.m. localization of crosslinks is a major
3{1:1 t::h:;:”lmnr:;::c; t::t:c",y;u:::“" contacts. o problem in trying to use this dats. Standard methods for crosslink
Ll analysis can £ind locations at the seguence level butmost of these
4 le stranded G residues. Thi methods have no way, & priori, to pre-select interesting lon
A ”:::d type 0:1":::::::.:.:::1_‘.Io:!::uf:r:::rrybit:mu:: rasidues y distance crosslinks. Bowever molecules containing such Cross]inks
reagent premmably L . can be fractionated by gel slectrophoresis.
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The overlll patterns of crosslinking with the G-specific reagent and with psoralen are very
similar. This suggests a domain structure for the 165 rRRA. The details of many

of the crosslinks seen bear this out very well, An indirect scheme has been developed for locating the croeslinks in such
One can estimate that about 200 parameters will be neaded to produce a compact coarse molecules.

model of the arrangement of the 65 helices of the secondary structure model jinto a

plausibile tertiary structure model. Tiug far about 150 parameters are available

but not all of these are necessarily sufficiently precise or independent.
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This method has been used to analyze the most freguently occurring
peoralen crosslink seen in the 388 ribosose. Two possible base
paired structures are consistant with the results aseen but it is
possible to decide Dbetwveen them.

o

One special feature of crosslinking is that it traps the topology
of the RNA strand interior to the crosslink. Thus one can look for
the possibility of knotted RNA conformations.
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The results are intriguing since they locate the mRNA recognition
sequence of the 168 rRNA in close proximity to a hinge between the
two major domains, near the tRNA anticodon binding site,




5. Tupological aspectis of chromatin structure,

The topological constraints on closed circular duplex DNA endow
DHA molecules with some rather unique propecties. They also
provide ways of studying these propsrties, The implications of
topology for the structure and properties of chromatin will be

discussed.
regions of chromatin behave like individual domains of

supercoiling and what kinds of DNA conformaticnal changes might

Included will be considerations of whether small

occur in small topological domains.
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The hierarchical assembly of chromatin raises the possibility that
a local region might be constrained to act as a topological
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In such a domain, gene activation might be accompanied by a number of
distinct structural changes including altersd nuclecsome conformations, altered
nuclecsoms position, loss of nuclecsomas, local superhelical density, and

altered DHA atructures.
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There are a number of indirect pieces of evidence that topology is
important for eukaryotic gene expression. 51 hypersensitive sites
in chromatin appear to watch the sites seen in highly supercoiled
naked closed circular DNAs, Circular plasmids injected into
ococytes are vastly more active in transcription than linear

plasmids.

In some actively transcrihed.genes, like rDNA, unusual nucleosome
structures are present. These A particles are extended structures
with accessible H3 cysteine 110 residues.
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Nucleosome position is also aitsred in genss when they are
or even when they are in a cell wvhers they are capable of
induction. We have compared nucleosome position on the beta

gene in mouse L cells and MEL cells. Nucleosome position is

measured by footprinting with a cleaving intercalator.
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The cleavage pattern is revealed by indirect end label ing.
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The thermal untwisting of DNA has been used as a non-pertur

torsional properties of chromatin., Ratural chramatin behaves as if the only
superhelicity is one negative turn of DNA sequestered in each nuclecsome

L1-4%

Thermal untwisting in the absence of topoiscmerases is revealed as
a4 temperature dependent writhe.
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To measure the thermal untwisting of chromatin we relaxed
reconstituted minichromosomes at two different temperatures with
topoisomerasge 1.
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The expected results, if core DNA is constrained and linker DRA is free,
can be calculated.

" 3.7 M
Tharmal wawisding 10°%/b - ¥
€°c + 37% wwinding 330°/mb

naked pEx2
1.7 ab 3 330%/0460° « 3.4 mprrcoils Jost
PES? with 10 muclecsames = 2.4 kb ragid, '
1.1 kb free linker unwinding
1.2 kb = 330%/360° « 1.0 suparcoil

The observed results are very different and suggest that the
linker is not free to twist at all.
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WMSER OF NUCLEOSOWES
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Calculations have bsen done to explore the kinds of structural
changes likely to be fnduced by torsion in small DNA circles, as
models for small chromatin domains. The torsional ensrgy is
depends on the square of the nuamber of supsrcoils, i, and a force
constant, K, that depends on the size of the circle.
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¥When K is big there are rol.tlvoiy fev topoisomers.

— YW Q ORINAATTE

.

K big

Relotive

Amount

A very simple thermodynamic treatment has been used to calculate
the free energy change for mchanging Some superhelical turns for
an altered local twisted structure.

c?_p\eol abp
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The tree energy of the supercoiled form is

Cinip = K(i+a)?

The free energy of the form w

ith n base i
structure is Pairs in an altereg

]
Gegn = 3G, + 4G, , + K(i+d-ngy?

where £ is the fraction of a turn unwound
altered structure and the other P"lleteu”r base pair in the

re
energy of nucleation and growth of the alter.gr::::;t::: free

-

Thus the free energy change upon assuming the altered structure is 4

L ] - - L 2 2
ncc thn clnlt mnuc + "‘quo + K(i+d-nf)" - K(1+q)

2.2 .
= nKEt" + n(lcgm ~ K{1+4)E) + 'Gnuc

This is a simple quadratic in the length, n, of the alterad

Structure, Calculated results for DNAs of 4300 bp and 430 bp with
20 an¢ 3 supercoils are shown below.
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These calculations suggest that in a small topological domain, .
supercoiling will always lead to PNA melting unless there is some
thermodynamically more stable alternate structure, The fine
structure of several S] hypergentive sites is shown below.
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It is hard to reconcile this data with DNA melting; more easy with
some kind of left-handed helices.



