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L1 

LIGAND-BIND ING THE ORY AND PRAC TICE

Jannette Carey

De part ment of chem is try, Prince ton Uni ver sity, Frick Lab o ra tory, 360 
Prince ton, NJ 08544, USA

jcarey@prince ton.edu

The lec tures are in tended to equip stu dents with the fol low -
ing skills that can be ap plied equally to their own bind ing
data or to pub lished data: use the prin ci ples of equi lib rium,
mass ac tion, and mass bal ance to de rive equa tions de scrib -
ing bind ing pro cesses; cor rectly plot bind ing data; use
graph i cal anal y sis to in ter pret bind ing data; cal cu late pre -

dicted bind ing iso therms; sim u late and fit bind ing iso -
therms; de ter mine and quan tify af fin ity, stoichiometry, and 
cooperativity of bind ing pro cesses; quan tify, di ag nose, and 
eval u ate ran dom and sys tem atic er rors in bind ing data. The
lec tures will in clude com pu ta tional ex er cises.

Lec tures – Tues day, July 1

L2

ENTROPIC MECH A NISMS OF ALLOSTERY\

Da vid Dryden

School of Chem is try, Uni ver sity of Ed in burgh, The King’s Builidngs, EdinburghEH9 3JJ
United King dom

da vid.dryden@ed.ac.uk

The ti tle of my Ph. D the sis in the mid-1980’s was “Func -
tional con se quences of pro tein dy nam ics”. The main part
of the the sis was the de vel op ment of a the o ret i cal model for 
the in volve ment of pro tein dy nam ics and entropic changes
in the phe nom e non of allostery. This was fol lowed by a

search for ex per i men tal proof of this “Allostery with out
conformational change”. I will de scribe the sim ple
coarse-grained model, the ex per i ments which I at tempted
to prove the model and some re cent work re ca pit u lat ing
and ex tend ing the model.

L3

HE MO GLO BIN ALLOSTERY

Andrea Bellelli

De part ment of Bio chem i cal Sci ences “A. Rossi Fanelli”, Sapienza Uni ver sity of Rome, It aly

Co op er a tive ligand bind ing is a fun da men tal func tion of a
large num ber of pro teins, whose phys i o log i cal rel e vance
spans from trans port, ca tal y sis and reg u la tion of the cell cy -
cle. The re vers ible ox y gen com bi na tion to he mo glo bin is a
pro to type of cooperativity and has been con vinc ingly dem -
on strated to be a con se quence of allostery, the abil ity of the 
pro tein to adopt ei ther of (at least) two struc tural and en -
ergy states. The sim plest the o ret i cal frame work that cor re -

lates cooperativity and allostery is the two-state model
orig i nally pro posed by Monod, Wyman and Changeux
(MWC) in 1965, whose crit i cal as sump tion is that of per -
fect struc tural sym me try.

Cru cial ques tions on the struc ture-func tion (i.e. on
the allostery-cooperativity) re la tion ship in he mo glo bin
have been thor oughly ad dressed in the past with ref er ence
to the MWC model and pro vide quite a con sis tent pic ture,
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whose key el e ments will be re viewed in the lec ture. These
are: (i) the qua ter nary con straint, and its struc tural bases;
(ii) the dem on stra tion of two qua ter nary struc tures, to be
cor re lated with two en ergy states, ir re spec tive of li ga tion;
(iii) the re la tion ship be tween struc ture, ox y gen af fin ity and
dis so ci a tion of the tetrameric mol e cule into dimers; (iv) the 
struc tural and func tional char ac ter iza tion of li ga tion in ter -
me di ates; (v) the di rect dem on stra tion of the equi lib rium
be tween allosteric con for ma tions, by means of rapid ki -
netic tech niques.

Open ques tions on the de tails of the struc ture-func -
tion re la tion ship in he mo glo bin re main, and sug gest that
the MWC model needs ex ten sive re fine ments: e.g. it pro -
vides an un sat is fac tory de scrip tion of allosteric ef fects, and 
is not con sis tent with the ex per i men tally de ter mined time
course of ox y gen dis so ci a tion; more over metastable
allosteric con for ma tions have been ob served that seem to

vi o late the sym me try prin ci ple. Some of these find ings may 
be rec on ciled with the model ad vo cat ing some form of en -
ergy de gen er acy within the low af fin ity allosteric con for -
ma tion, but oth ers would re quire ma jor changes on which
no agree ment has been found yet.

Se lec ted re fe ren ces by the author

Bellelli A, Brunori M, Miele AE, Panetta G, Vallone B.
(2006) The allosteric prop er ties of he mo glo bin: in sights
from nat u ral and site di rected mu tants. Curr. Pro tein Pept.
Sci. 7: 17-45 (re printed and up dated in 2013).

Bellelli A. (2010) He mo glo bin and Cooperativity: Ex per i -
ments and The o ries. Curr. Pro tein Pept. Sci. 11: 2-36. 

Bellelli A. and Brunori M. (2011) He mo glo bin allostery:
vari a tions on the theme. Biochim. Biophys. Acta
(Bioenergetics), 1807, 1262-1272.

L4

THE USE OF MO LEC U LAR SIM U LA TION TO PRE DICT AND IN TER PRET LIGAND
BIND ING DATA: METH OD OLOG I CAL IS SUES, STRUC TURAL AND

THER MO DY NAMIC AS PECTS

Wilfred F. van Gunsteren

Lab o ra tory of Phys i cal Chem is try, Swiss Fed eral Institute of Tech nol ogy, ETH, 8093 Zurich, Swit zer land

Com puter sim u la tion of the dy nam ics of bio-mo lec u lar
sys tems by the mo lec u lar dy nam ics tech nique yields the
pos si bil ity of de scrib ing struc ture-en ergy-func tion re la -
tion ships of mo lec u lar pro cesses in terms of in ter ac tions at
the atomic level. Yet, the time and spa tial scale of sim u la -
tions is lim ited due to fi nite com put ing power. Re cent ad -
vances in sim u la tion meth od ol ogy, e.g. en vel op ing
dis tri bu tion sam pling (EDS), to com pute rel a tive free en er -
gies of dif fer ent states of a sys tem or of dif fer ent sys tems
can be ex ploited to rap idly com pute many free en ergy dif -
fer ences based on op ti mis ing the sam pling of the rel e vant
parts of con fig u ra tional or conformational space. Meth od -
ol ogy to cal cu late free en ergy dif fer ences is re viewed and
its strengths, weak nesses and lim i ta tions are dem on strated
by ap pli ca tion to a va ri ety of bio-mo lec u lar sys tems.

www.igc.ethz.ch and www.gromos.net

Christ et al., J. Comput. Chem. 31 (2010) 1569-1582.

Riniker et al., J. Phys. Chem. B115 (2011) 13570-13577.

Riniker et al., J. Com puter-Aided Mol. Des. 26 (2012)
1293-1309.

Riniker et al., J. Chem. Phys. 135 (2011) 024105.

Hansen et al., J. Comput. Chem. 33 (2012) 640-651.

Dolenc et al., J. Com puter-Aided Mol. Des. 25 (2011)
709-716.

Riniker et al., Helv. Chim. Acta 93 (2010) 2318-2325.

Steiner et al., J. Comput. Chem. 32 (2011) 1801-1812.
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Lec tures – Wednes day, July 2

L5

STUDY ING BIOMOLECULAR IN TER AC TIONS US ING ISO THER MAL TI TRA TION
CAL O RIM E TRY (ITC)

Bruce Turnbull

School of Chem is try and Astbury Cen tre for Struc tural Mo lec u lar Bi ol ogy, Uni ver sity of Leeds, 
Leeds LS2 9JT, UK

Pro tein-car bo hy drate in ter ac tions me di ate a wide range of
bi o log i cal pro cesses from sig nal transduction to vi ral ad he -
sion and cell in va sion.  If we are to fully un der stand such
pro cesses, it is im por tant that we can quan tify not only the
as so ci a tion con stant, but also the enthalpic and entropic
con tri bu tions to the free en ergy of bind ing.  Iso ther mal ti -
tra tion cal o rim e try (ITC) is a sen si tive tech nique for mon i -
tor ing so lu tion bind ing ther mo dy nam ics that re lies on
be ing able to mea sure the very small changes in heat that
arise when two mol e cules form a com plex.  ITC can give

di rect ac cess to DG°, DH° and TDS° in a sin gle ti tra tion ex -
per i ment, and un der op ti mal con di tions, ITC can also pro -
vide in for ma tion on the bind ing stoichiometry.  If ti tra tions
are per formed at sev eral dif fer ent tem per a tures, it is also
pos si ble to de ter mine the change in specific heat ca pac ity

(DCp), which is of ten cor re lated to changes in bur ied
apolar sur face area on bind ing.  In this lec ture, i will first
in tro duce how the iso ther mal ti tra tion cal o rim e ter works,
and then dis cuss the re la tion ship be tween the shape of the
ti tra tion curve and the ob served bind ing af fin ity, enthalpy
change and re cep tor con cen tra tion.  Com pe ti tion bind ing
ex per i ments will be de scribed as a method for ex tend ing

the tech nique to higher and lower af fin ity sys tems than can
be stud ied eas ily us ing di rect ti tra tions.  Fi nally we will
con sider other in flu ences on the enthalpy of bind ing, in -
clud ing changes in protonation and heat ca pac ity, and why
these fac tors must be con sid ered care fully when ana lys ing
bind ing ther mo dy nam ics.  The lec ture will be il lus trated
with ex am ples drawn from ITC stud ies of the in ter ac tions
be tween chol era toxin B-sub unit and both its high af fin ity
car bo hy drate ligand (ganglioside GM1), and low af fin ity
oligosaccharide frag ments.

Use ful re fe ren ces:

1. W. B. Turnbull, “Di vided we fall? Study ing low af fin ity
frag ments of lig ands by ITC”, G. E. Life Sci ences Ap pli ca -
tion Note. 2011, http://bit.ly/ITC-Turnbull 

2. W. B. Turnbull, B. L. Pre cious and S. W. Homans, “Dis -
sect ing the chol era toxin-ganglioside GM1 in ter ac tion by
iso ther mal ti tra tion cal o rim e try”, J. Am. Chem. Soc. 2004,
126, 1047-1054.

3 W. B. Turnbull and A. H. Daranas, “On the value of c: can
low af fin ity sys tems be stud ied by iso ther mal ti tra tion cal o -
rim e try?”, J. Am. Chem. Soc. 2003, 125, 14859-14866.

L6

ANAL Y SIS OF PRO TEIN-PRO TEIN AND PRO TEIN-LIGAND IN TER AC TIONS BY
MASS-SPEC TROM E TRY METH ODS

Rita Grandori

De part ment of Bio tech nol ogy and Bio sci ences, Uni ver sity of Milano-Bicocca, Mi lan, It aly

Mass spec trom e try (MS) has de vel oped into a cen tral tool
of bio chem is try and struc tural bi ol ogy. Such an ad vance -
ment takes ad van tage of mild desolvation/ion iza tion tech -
niques that al low pres er va tion of non-co va lent in ter ac tions
while de tect ing small mol e cules and biopolymers by MS.
These tech niques con ju gate the ex cep tional an a lyt i cal
power of MS with struc tural de scrip tion and, there fore, are

par tic u larly well suited to the in ves ti ga tion of com plex bio -
chem i cal sys tems. This con tri bu tion will fo cus on the ba sic
prin ci ples and the main meth od olog i cal ap proaches for the
anal y sis of pro tein-pro tein and pro tein-ligand in ter ac tions.
Ex am ples will be dis cussed con cern ing the is sues of
stoichiometry, spec i fic ity, in duced fold ing and rel a tive af -
fin ity.
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L7

SOME LIKE IT HOT: BIOMOLECULAR ANA LYT ICS US ING MICROSCALE
THERMOPHORESIS

Da vid Witte

Nanotemper Tech nol o gies GmbH, München

The anal y sis of bio-mo lec u lar in ter ac tions and their quan ti -
fi ca tion in the early stages of the drug dis cov ery al lows
faster de vel op ment of ther a peu tics and di ag nos tic tech -
niques. Here we pres ent Microscale Thermophoresis
(MST), a novel im mo bi li za tion-free and la bel-free tech nol -
ogy for frag ment based screen ing and anal y sis of the af fin -
ity of in ter ac tions, such as pro tein-pro tein, pro tein-nu cleic
acid or pro tein-small mol e cule in ter ac tions. MST an a lyzes
the di rected move ment of mol e cules in op ti cally gen er ated
mi cro scopic tem per a ture gra di ents for in stance in com plex
bioliquids, such as cell lysates and blood se rum. The
thermophoretic move ment is de ter mined by size, charge

and en tropy of the hydration shell around the mol e cules.
Vir tu ally all in ter ac tions and bio chem i cal pro cesses are re -
lated to a change in at least one of these pa ram e ters upon
bind ing and thus are de tect able by MST. MST al lows to
mea sure mul ti ple pa ram e ters of in ter ac tions like bind ing
con stants, bind ing sites, ag gre ga tion and bind ing
energetics. Fur ther more, MST as says are highly adapt able
to fit to the di verse re quire ments of dif fer ent biomolecules,
e.g. mem brane pro teins to be sta bi lized in so lu tion. Also
the type of buffer and ad di tives can be cho sen freely. This
makes MST a highly ver sa tile and ef fi cient tech nique to
study any kind of bio-mo lec u lar in ter ac tions.

Lec tures – Thurs day, July 3

L8

FLU O RES CENCE-BASED BIOMOLECULAR IN TER AC TION MEA SURE MENTS

Catherine A. Royer

Rensselaer Poly tech nic In sti tute, Troy NY USA

Flu o res cence, due to its sen si tiv ity and ver sa til ity, is widely 
used as a means to ob serve and quan tify in ter ac tions be -
tween biomolecules. There are sev eral pos si ble flu o res -
cence observables and mul ti ple fluorophores, hence
pro vid ing in nu mer a ble strat e gies for de sign ing the ex per i -
ment which is most ap pro pri ate for the biomolecular sys -

tem at hand. I will briefly de fine the observables and their
prop er ties: in ten sity, color, ani so tropy, life time, fluc tu a -
tions and FRET. The ad van tages and dis ad van tages of a
num ber of pop u lar fluorophores will be ex am ined. Then
via a few ex am ples, I will dis cuss how to de sign and carry
out a suc cess ful flu o res cence-based bind ing as say.

L9

ELECTRONIC SPECTROSCOPY

Andzrej Gorecki

De part ment of Phys i cal Bio chem is try, Fac ulty of Bio chem is try, Bio phys ics and Bio tech nol ogy, 
Jagiellonian Uni ver sity, ul. Gronostajowa 7 30-387 Kraków, Po land

Elec tronic spec tros copy is greatly sen si tive to small
changes in microenvironment of chromo phores. Since the
for ma tion of the pro tein-ligand com plex most of ten dis -
turbs close vi cin ity of some  chromo phores, it is pos si ble to
find spec tro scopic pa ram e ters that iden tify the apo and
holo state of the pro teins. For many rea sons Cir cu lar
Dichroism and flu o res cence spec tros copy tech niques are
the most com monly used to in ves ti gate pro tein-ligand in -
ter ac tion. Cir cu lar Dichroism can be used to de ter mine the
sec ond ary and ter tiary struc ture of pro teins, which can al ter 

dur ing the in ter ac tion. Steady-state and time-re solved flu o -
res cence spec tros copy can be ap plied to in ves ti gate pro -
tein-ligand in ter ac tions with the use of both in trin sic and
ex og e nous fluorophores. Flu o res cence spec trum anal y sis,
flu o res cence ani so tropy, flu o res cence quench ing or FRET
phe nom e non can be used to char ac ter ize the ther mo dy nam -
ics, ki net ics and struc ture of the in ter ac tion. Phys i cal ba sics 
to gether with the applications of the tech niques and data
anal y sis will be pre sented.
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L10

LIGAND BIND ING STUD IED BY IN FRA RED SPEC TROS COPY

Andreas Barth

De part ment of Bio chem is try and Bio phys ics, Stock holm Uni ver sity, Swe den

The lec ture dis cusses the use of in fra red spec tros copy [1,2] 
for the study of struc tural dis tor tions of ligand and pro tein
upon bind ing. Two pro teins serve as ex am ples: the
sarcoplasmic Ca2+-ATPase and pyruvate kinase. Be cause
the changes in in fra red ab sorp tion are small, a spe cial ap -
proach is needed to de tect them with high ac cu racy [3,4].
This ap proach im plies that the re ac tion of in ter est is trig -
gered di rectly in the in fra red cuvette and two tech niques
for do ing this will be pre sented. By mon i tor ing the
conformational change of the Ca2+-ATPase, it was pos si ble 
to iden tify the func tional groups of the sub strate ATP
which are im por tant for bind ing [5-7]. Iso to pic la bel ling
can be used to de tect the sig nals of the bound sub strate de -
pend on the strength of in ter ac tion be tween ligand and pro -
tein and on the struc ture of the bound ligand. For both
pro teins in ves ti gated, struc tural dis tor tions of the ligand
were de tected, which how ever were not di rected to wards
the tran si tion state struc ture [8,9]. The conformational
change of pyruvate kinase upon phosphoenolpyruvate
bind ing de pended on the metal ion [10]. In par tic u lar, Mn2+

caused larger conformational changes than e.g. Mg2+. This
in di cates a larger pro por tion of en zymes in the closed con -
for ma tion with the for mer ion. The allosteric effector fruc -
tose bisphosphate af fected this pro por tion for some
com bi na tions of mono- and di va lent ions, but not for oth ers 
[11]. 

1. A. Barth (2007), Biochim. Biophys. Acta -
Bioenergetics 1767, 1073-1101, DOI:
10.1016/j.bbabio.2007.06.004 In fra red spec tros copy of
pro teins.

2. A. Barth, C. Zscherp (2002), Quart. Rev. Biophys. 35,
369-430, DOI: 10.1017/S0033583502003815

What vi bra tions tell us about pro teins.

3. C. Zscherp, A. Barth (2001), Bio chem is try 40,
1875-1883, DOI: 10.1016/10.1021/bi002567y

Re ac tion-in duced in fra red dif fer ence spec tros copy
for the study of pro tein re ac tion mech a nisms.

4. A. Barth, C. Zscherp (2000), FEBS Lett. 477, 151-156,
DOI: 10.1016/S0014-5793(00)01782-8

Sub strate bind ing and en zyme func tion in ves ti gated
by in fra red spec tros copy.

5. M. Liu, A. Barth (2003), J. Biol. Chem. 278
10112-10118, DOI: 10.1074/jbc.M212403200

Map ping in ter ac tions be tween the Ca2+-ATPase and
its sub strate ATP with in fra red spec tros copy.

6. M. Liu, A. Barth (2003), Biophys. J. 85, 3262-3270,
DOI: 10.1016/S0006-3495(03)74744-4

TNP-AMP bind ing to the sarcoplasmic re tic u lum
Ca2+-ATPase stud ied by in fra red spec tros copy.

7. M. Liu, A. Barth (2004), J. Biol. Chem. 279,
49902-49909, DOI: 10.1074/jbc.M408062200 
Phosphorylation of the sarcoplasmic re tic u lum
Ca2+-ATPase from ATP and ATP analogs stud ied by
in fra red spec tros copy.

8.  M. Liu, M. Krasteva, A. Barth (2005), Biophys. J. 89,
4352-4363, DOI: 10.1529%2Fbiophysj.105.061689

In ter ac tions of phos phate groups of ATP and aspartyl 
phos phate with the sarcoplasmic re tic u lum
Ca2+-ATPase. An FTIR study.

9. S. Kumar, A. Barth (2010), Biophys. J., 98,
1931-1940, DOI: 10.1016/j.bpj.2009.12.4335

Phosphoenolpyruvate and Mg2+ bind ing to pyruvate
kinase mon i tored by in fra red spec tros copy.

10. S. Kumar, A. Barth (2011), J. Phys. Chem. B, 115,
6784-6789, DOI: 10.1021/jp201862a

Ef fects of ions on ligand bind ing to pyruvate kinase:
Map ping the bind ing site with in fra red spec tros copy.

11. S. Kumar, A. Barth (2011), J. Phys. Chem. B, 115,
11501-11505, DOI: 10.1021/jp206272x

The allosteric ef fect of fruc tose bisphosphate on mus -
cle pyruvate kinase stud ied by in fra red spec tros copy.

Lec tures – Fri day, July 4

L11

THE MUL TI PLE AP PLI CA TIONS OF EMSA TO STUDY PRO TEIN-DNA IN TER AC TIONS

Danny Charlier

Re search group of Mi cro bi ol ogy, Vrije Universiteit, Brussel

Pro tein-DNA in ter ac tions are of ut most im por tance for the
ex e cu tion, steer ing and reg u la tion of a wide va ri ety of cel -
lu lar pro cesses of fun da men tal im por tance such as DNA

rep li ca tion, re pair and re com bi na tion of DNA, tran scrip -
tion etc. The elec tro pho retic mo bil ity shift as say (EMSA)
is a rather sim ple and sen si tive method to de tect and study

Ó Krystalografická spoleènost

f14   FEBS Ad vanced Course Ligand-bind ing - Lec tures Ma te ri als Struc ture, vol. 21, no. 2b (2014)

http://dx.doi.org/10.1016/j.bbabio.2007.06.004
http://dx.doi.org/10.1017/S0033583502003815
http://dx.doi.org/10.1016/10.1021/bi002567y
http://dx.doi.org/10.1016/S0014-5793(00)01782-8
http://dx.doi.org/10.1074/jbc.M212403200
http://dx.doi.org/10.1016/S0006-3495(03)74744-4
http://dx.doi.org/10.1074/jbc.M408062200
http://dx.doi.org/10.1529/biophysj.105.061689
http://dx.doi.org/10.1016/j.bpj.2009.12.4335
http://dx.doi.org/10.1021/jp201862a
http://dx.doi.org/10.1021/jp206272x


these in ter ac tions. The ba sic prin ci ple re lies on the res o lu -
tion of pro tein-bound (sin gle or mul ti ple com plexes) and
un bound DNA mol e cules by mi gra tion in na tive con di tions 
through a ma trix (agarose or acrylamide) un der the in flu -
ence of an elec tric po ten tial. Many fac tors, in clud ing mass,
charge and shape of the mol e cules, as well as the mi gra tion
con di tions (com po si tion and con cen tra tion of gel ma trix,
ionic strength, pH, etc) will af fect on their res o lu tion and
rel a tive mi gra tion dis tances. As any other tech nique,
EMSA has its strengths and short com ings. The method is
most fre quently used for qual i ta tive pur poses, but when ap -

plied cor rectly, it may also pro vide quan ti ta tive data. In this 
lec ture ad van tages and short com ings of the tech nique will
be re viewed and it will be dis cussed how EMSA can be
used to de ter mine ap par ent equi lib rium dis so ci a tion con -
stants, bind ing spec i fic ity, the num ber of bind ing sites, the
stoichiometry of the in ter ac tion, bind ing cooperativity, the
ef fect of allosteric co-fac tors on the pro tein-DNA in ter ac -
tion,  and in trin sic and pro tein in duced DNA de for ma tions.

L12

UN RAV EL LING SE QUENCE-SPE CIFIC PRO TEIN-DNA IN TER AC TIONS

D. Charlier

Re search group of Mi cro bi ol ogy, Vrije Universiteit Brussel

Pro teins may bind DNA in a se quence-spe cific, struc -
ture-spe cific (or a combnation of these) or ran dom man ner.
Ran dom bind ing is for in stance in volved in the com pac tion 
of pro- and eukaryotic genomes by nucleoid as so ci ated
pro teins. Ex am ples of ex qui site struc ture-spe cific rec og ni -
tion can be found in var i ous pro cesses such as the bind ing
of the slid ing clamp at the primer:tem plate junc tion in
DNA rep li ca tion or branch mi gra tion and res o lu tion of the
Holliday (4-way) junc tion in DNA re com bi na tion by the
RuvAB and RuvC pro teins.

How ever, here the fo cus will be on se quence-spe cific
bind ing. The rec og ni tion of a short spe cific tar get se quence 
(fre quently not more than 15-20 base pairs) among the mil -
lions of bp of a cell’s ge nome is a cru cial as pect of the on set 
and the con trol of nu mer ous cel lu lar pro cesses in volv ing
DNA trans ac tions, such as or i gin rec og ni tion in bac te rial
DNA rep li ca tion and pro moter se lec tion and tran scrip tion
reg u la tion.

Tech niques that are used to study se quence-spe cific
pro tein-DNA in ter ac tions can be di vided in two ma jor
classes: pro tec tion stud ies and premodification bind ing in -
ter fer ence stud ies. In pro tec tion stud ies the pro tein is firts
al lowed to bind to the DNA, then the DNA se quence
stretch pro tected by the pro tein against en zy matic or chem -

i cal cleav age is re vealed by gel elec tro pho re sis of the re ac -
tion prod ucts in denaturring con di tions. DNaseI, hydroxyl
rad i cal and ‘in gel’ cop per-phenanthroline footprinting
will be dis cussed. In the premodification bind ing in ter fer -
ence ap proaches tar get DNA is first chem i cally mod i fied,
then it is eval u ated how these mod i fi ca tions af fect on the
pro tein-DNA in ter ac tion. This in volves pro tein bind ing to
the heterogenous mix ture of spar ingly mod i fied DNA mol -
e cules and their sep a ra tion on ba sis of the af fin ity for the
pro tein in an EMSA, re cov ery of free and bound forms
from the gel, cleav age of the phosphodiester bond at the
mod i fied po si tions and res o lu tion of the re ac tion prod ucts
by gel elec tro pho re sis in de na tur ing con di tions.
Premodification bind ing in ter fer ence stud ies al low the
iden ti fi ca tion of phos phates, bases or base-spe cific groups
that con trib ute sig nif i cantly to com plex for ma tion within a
zone of in ter ac tion with the pro tein. Mod i fi ca tions may be
of dif fer ent kinds and be back bone-spe cific (e.g. phos phate 
ethylation) or base-spe cific (e.g. groove-spe cific pu rine
methylation, thy mine ox i da tion, base re moval, (miss ing
con tact prob ing) etc.). Var i ous tech niques will be dis -
cussed and an a lyzed, in clud ing ad van tages and short com -
ings, and ex per i men tal data will be in ter preted.
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NMR in stud ies of ligand bind ing. The fo cus will be on ap pli ca tions of NMR to stud ies of mo lec u lar in ter ac tions rather
than on NMR meth ods.
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