
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.

L13

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

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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Lec tures – Sat ur day, July 4

L14

Wei-Feng Xue

Scho ol of Bio sci ences, The Uni ver sity of Kent,
Can ter bury,Kent, UK
W.F.Xue@kent.ac.uk

Sem i nar: Global com pu ta tional anal y sis of stu dents´own data 

Exercises

E1

GEL FIL TRA TION

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 method of Hummel and Dreyer (1962 Biochim.
Biophys. Acta 63, 532-534) will be used to mon i tor bind -
ing of small lig ands to macromolecules. Stu dents can ex -
am ine their own sys tems pro vided that the small-mol e cule
ligand is avail able in ad e quate quan tity and sol u bil ity to be

in cluded in the run ning buffer. We hope to make a stan dard 
test sys tem avail able for those whose own sys tems do not
suit.

E2

ELEC TRONIC  SPEC TROS COPY

 Andrzej Górecki

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

andrzej.gorecki@uj.edu.pl

Elec tronic  spec tros copy is a pow er ful tool to in ves ti gate
struc tural pa ram e ters of mol e cules. Since the struc ture of
pro teins or lig ands most of ten depends on their com plex
for ma tion, it is pos si ble to find spec tro scopic pa ram e ters
that iden tify apo and holo state of the pro teins. In case of
mul ti ple bind ing sites elec tronic spec tros copy can also help 
to mon i tor frac tional sat u ra tion of in di vid ual sites. The
bind ing con stants are the most sig nif i cant pa ram e ters of the 
re vers ible bind ing of lig ands to sites. In or der to ob tain an
ex per i men tal mea sure ment of that pa ram e ter it is nec es sary 
to mea sure the con cen tra tion of frac tional sat u ra tion of the

pro tein as a func tion of ligand con cen tra tion. Dur ing the
lab ex er cises the stu dent’s own sys tems will be used. Ini -
tially spec tro scopic pa ram e ters that mon i tor com plex for -
ma tion will be searched. Suit abil ity of the sys tem as an
ex per i men tal model for pro tein-ligand bind ing will be dis -
cussed and ligand bind ing curves will be de ter mined. A lin -
ear form of the bind ing equa tion will be de rived or
non lin ear least-squares re gres sion of the bind ing data will
be per formed. In case of lack of the suit able stu dent’s sys -
tem, an il lus tra tion al ex per i men tal model for pro -
tein-ligand bind ing will be used.
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E3

FLUORESCENCE

Catherine Royer

Bi o log i cal Sci ences and Chem is try, Con stel la tion Pro fes sor - Bio-com pu ta tion and Bio-in for ma tics,
Rensselaer Poly tech nic In sti tute 110 Eighth St. BT3244B

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 successful fluorescence-based binding assay.

E4

PRAC TI CAL EX PER I MENTS 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

A prac ti cal il lus tra tion of the iso ther mal ti tra tion cal o rim e -
try (ITC) tech nique will in volve a com bi na tion of ex per i -
ments per formed on the par tic i pants’ own sys tems of
in ter est and ex per i ments us ing the plant lectin
concanavalin A (con A) which binds to mannosyl
oligosaccharide lig ands. Whereas the branched
trisaccharide 1 binds with a Kd in the micromolar range,
bind ing of the monosaccharide 2 has a millimolar Kd.

1

These ex am ples will be used to show how the shape of the
iso therm changes with af fin ity and con cen tra tion.2,3 Other
ex per i ments that could be per formed in clude com pe ti tion
ITC ex per i ments for tack ling higher and lower af fin ity sys -
tems4 and the use of ITC to de ter mine de ter gent crit i cal mi -
celle con cen tra tions. There will also be an op por tu nity to
use curve fit ting soft ware to pro cess raw data in clud ing
more com plex datasets for sys tems in volv ing mul ti ple
bind ing sites with dif fer ent af fin i ties.

Use ful re fe ren ces:

1. D. K. Mandal, N. Kishore and C. F. Brewer, “Ther mo dy -
nam ics of lectin-car bo hy drate in ter ac tions. Ti tra tion
microcalorimetry mea sure ments of the bind ing of N-linked
car bo hy drates and ovalbumin to concanavalin A”, Bio -
chem is try 1994, 33, 1149-1156.

2. 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 .

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.

4. 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.
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E5

PRAC TI CAL EX PER I MENTS US ING ISO THER MAL SUR FACE PLASMON

RES O NANCE (SPR)

Wei-Feng Xue

School of Bio sci ences, The Uni ver sity of Kent,
Can ter bury,Kent, UK
W.F.Xue@kent.ac.uk

This lab o ra tory ses sion will show the ba sic op er a tions of
sur face plasmon res o nance (SPR) in stru ments, as well as
the de sign and workflow of SPR ex per i ments aimed to
mea sure the as so ci a tion rate, the dis so ci a tion rate and the
af fin ity of pro tein-ligand in ter ac tions. Prin ci ples of
ligand-bind ing ki net ics anal y sis us ing SPR will be dem on -

strated on a BiacoreX in stru ment. Ex per i ments will be car -
ried out us ing a stan dard pro tein in ter ac tion sys tem.
Op por tu nity will also be avail able for the anal y sis of stu -
dents’ own ligand-bind ing sys tems.
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