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LI GAND BIN DING IN MO DERN DRUG DIS CO VE RY

Pres ton Hensley

SystaMedic, Inc, New Lon don, USA

The goal of any branch of mo lec u lar bi ol ogy, or hu man
phys i ol ogy more broadly, is an un der stand ing the re la tion -
ship be tween struc ture and func tion.  Both terms can have a 
broad and a nar row def i ni tion.  In drug dis cov ery, since
most of our tar gets are pro teins, the goal is re lat ing pro tein
struc ture to pro tein func tion.  The sim plest func tion is
ligand bind ing, and lig ands can be pro teins or small mol e -
cules.  For tu nately, we have at our dis posal a num ber of
high res o lu tion bio phys i cal tools which pro vide ex qui site
sen si tiv ity in this anal y sis.  Ap pli ca tions in clude ba sic

char ac ter iza tion of pro teins used in high through put com -
pound screen ing and a more high res o lu tion anal y sis that
might be used in new chemotype se lec tion. It is im por tant
that these tech nol o gies be used in com bi na tion, first to es -
tab lish the ba sic steps  of the in ter ac tion and then to use that 
model to do a com plete ki netic and ther mo dy namic anal y -
sis.  When such an anal y sis is ac com plished, one can have
con fi dence in the re sults and in their ap pli ca tion to sub se -
quent steps in the drug dis cov ery pro cess.

Exer ci ses

E1

DE TER MI NATI ON OF THE EQUI LIB RI UM BIN DING ISO THERM OF FLU O RIDE AND
FER RIC MY O GLO BIN

An drea Bel lel li

Dipartimento di Scienze Biochimiche “A. Rossi Fanelli”, Sapienza Universita’ di Roma

Horse heart myoglobin will be dis solved in Tris Buffer and
di luted to 5 to 50 uM. Absorbance spec tra will be col lected
in the vis i ble range (650-500 nm) and Soret (460-400 nm).
The sam ple will then be ti trated with stepwise ad di tions of
so dium flu o ride from a 0.5 M so lu tion and the absorbance

spec tra will be col lected af ter each ad di tion. The frac tional
ligand sat u ra tion will be cal cu lated from the absorbance
spec tra and plot ted as a func tion of flu o ride and the ex per i -
men tal data will be fit ted to a hy per bola us ing a non lin ear
least squares minimization rou tine.
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FLU O RES CEN CE

An dr zej Go rec ki

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, Jagellonian
Uni ver sity, ul. Gronostajowa 7 30-387 Krakow, Po land

Flu o res cence 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 de pends on their com plex
for ma tion, 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. In case
of mul ti ple bind ing sites elec tronic spec tros copy can also
help to mon i tor the 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 flu o res cence 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.
Non lin ear least-squares re gres sion of the bind ing data will
be per formed. In case of no 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.

E3

ISOTHERMAL TITRATION CALORIMETRY (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 conca -
navalin A (con A) which binds to mannosyl oligo -
saccharide 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 systems4 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 ref er ences:

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. Turn bull, “Di vi ded we fall? Stu dy ing low af fi ni ty
frag ments of li gands by ITC”, G. E. Life Sciences Ap pli -
cati on Note. 2011, http://bit.ly/ITC-Turnbull.

3 W. B. Turn bull and A. H. Da ra nas, “On the va lue of c: can
low af fi ni ty sys tems be stu died by iso ther mal tit rati on ca lo -
ri me t ry?”, 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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E4

SURFACE PLASMON RESONANCE (SPR)

Wei-Feng Xue

School of Bio sci ences, The Uni ver sity of Kent, Can ter bury, Kent, UK

This lab o ra tory prac ti cal ses sion will dem on strate 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 pro tein-ligand bind ing sys tems. 

E5

BIOMOLECULAR IN TER AC TION ANA LYT ICS US ING MICROSCALE

THERMOPHORESIS

Da vid Witte

NanoTemper Tech nol o gies GmbH Munchen Ger many

Microscale Thermophoresis (MST) de tects changes in the
hydration shell, charge or size of mol e cules by mea sur ing
changes of the mo bil ity of mol e cules in mi cro scopic tem -
per a ture gra di ents. It al lows fast de tec tion of a wide range
of biomolecular in ter ac tions from ion or frag ment bind ing
up to in ter ac tions of large com plexes (e.g. liposomes and
ri bo somes). The main key fea ture of MST is the pos si bil ity
to work un der close-to-na tive con di tions: Mea sure ments

can be per formed la bel-free, im mo bi li za tion-free and in
any buffer or com plex bioliquid (e.g. se rum and cell
lysate). This ap proach com bines ver sa til ity with a low sam -
ple con sump tion.

Dur ing the prac ti cal course the par tic i pants will have
the op por tu nity to use their own sam ples for MST mea sure -
ments ei ther em ploy ing in trin sic tryptophan flu o res cence
or flu o res cence orig i nat ing from a dye. 
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