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It has been reported that the diaryl urea class of p38a inhibitors binds to p38 map kinase
with both high affinity and slow binding kinetics (Pargellis et al. Nat. Struct. Biol. 2002, 9,
268—272). The slow binding kinetics of this class of inhibitors is believed to be the result of
binding to an allosteric pocket adjacent to the p38a active site. The use of traditional kinetic
and equilibrium methods to measure the binding affinity of this class of compounds has created
many challenges for determination of structure-activity relationships (SAR). The thermal
denaturation method provides a means of measuring high-affinity interactions. In this paper,
the method of thermal denaturation will be described as it has been applied to the diaryl urea

class of p38 map kinase inhibitors.

Introduction

The mitogen-activated protein kinase (MAPK) signal
transduction pathways are activated in response to
inflammatory mediators released during acute and
chronic disease. There are three major MAPK pathways,
extracellular-regulated protein kinase (ERK), cJUN
NH2-terminal kinase (JNK) and p38 mitogen-activated
kinase (p38 MAPK). Each pathway has multiple iso-
forms that may play different roles and be differentially
expressed in various tissues. Activation of the p38
MAPK pathway results in the recruitment of leukocytes
and the activation of immune and inflammatory cells.
Acute and chronic inflammation is thought to be central
to the pathogenesis of many diseases such as rheuma-
toid arthritis, asthma, chronic obstructive pulmonary
disease, Crohn’s disease, and psoriasis. Inhibitors aimed
at reducing the production of inflammatory mediators
are now being developed with the hope of providing an
effective treatment for inflammatory diseases.

In our search for inhibitors against the alpha isoform
of p38 MAPK, a class of inhibitors has been identified
that binds to p38a MAPK with high affinity and slow
binding kinetics.! These compounds bind to p38a by a
novel mechanism that utilizes not only the ATP binding
site and the Kkinase specificity pocket but also an
allosteric pocket, formation of which requires a large
conformational change in the protein. The slow binding
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kinetics seen with the diaryl urea class of p38 MAPK
inhibitors is consistent with the requirement for struc-
tural rearrangement of the protein. The unique binding
mode of the diaryl urea class of p38 MAPK inhibitors
has made it difficult to accurately measure the binding
affinity of these compounds using traditional equilibri-
um methods.

Various researchers have measured changes in pro-
tein thermal stability as a function of ligand concentra-
tion to determine binding affinity.2=® The method
described in this paper follows an earlier method
described by Brandts and Lin on the use of differential
scanning calorimetry (DSC) to study protein interac-
tions.2 It has been shown that one of the major advan-
tages of the thermal denaturation method is the ability
to measure large binding constants. A second potential
advantage of this technique, not previously stated, is
in the measurement of association constants for interac-
tions that have slow binding kinetics. To accurately
measure association constants for ligands with slow
kinetics using equilibrium methods requires very long
incubation times over which the protein may or may
not be stable. Since the thermal denaturation method
does not directly monitor the binding interaction, ex-
periments can be performed at concentrations of ligand
well above the binding constant where binding kinetics
are not limiting. As a result, experiments can be run
more rapidly and with a higher degree of accuracy. For
the case of the diaryl urea class of p38a inhibitors that
bind with both high affinity and slow kinetics, the
thermal denaturation method is the preferred method
for the measurement of binding affinity to provide the
throughput required for SAR.

Theory

There are two equilibria occurring during the thermal
denaturation experiment (eq 1). The first equilibrium

10.1021/jm030120s CCC: $25.00 © 2003 American Chemical Society
Published on Web 09/20/2003



4670 Journal of Medicinal Chemistry, 2003, Vol. 46, No. 22

constant, K,, describes the small molecule inhibitor
binding to p38a. The second equilibrium constant,
Kunfoild, describes the transition of p38a from a folded to
an unfolded state.

380+ L—pasal [P38al]
o — oL B s —
P P *~ [p38al[L]

Kunolg [p38aunfold]

380, P38, K =—7 (1
P3s5Qg PSS ntold Munfold [P380tod] 1)
Following the derivation of Brandts and Lin, these two
equilibrium constants can be combined to yield an
expression for the equilibrium binding constant at the
melting temperature as a function of the free energy of

unfolding and the total ligand concentration (eq 2)

_AGunfold,Tm,L
&P — gt |1
m

Ka,Tm = [L] (2)

where K, is the equilibrium binding constant for the
small molecule inhibitor at the melting temperature,
AGunfoldatm,L IS the free energy of unfolding for p38a in
the presence of ligand, L is the free ligand concentration,
R is the gas constant and Ty, is the melting temperature.
This derivation assumes that (1) the unfolding transi-
tion is two-state; (2) ligand will bind only to the folded
form; (3) all AC,, values are temperature independent;
(4) all reactions are reversible; (5) all measurements are
made at equilibrium; and (6) all activity coefficients are
unity.?2 Rewriting AGunfold Tm,L in terms of enthalpy and
entropy results in eq 3

K

a,Tm — [L] (3)
where K, tm is the equilibrium binding constant for the
small molecule inhibitor, AHto is the enthalpy of
unfolding for the unliganded p38a, Ty is the melting
temperature for the unliganded p38a, Tr, is the melting
temperature for the p38a inhibitor complex, AC, is the
change in heat capacity for unfolding of the unliganded
p38a, and L is the free ligand concentration. Each of
the terms in this equation can be measured allowing
for the calculation of K, for the inhibitor binding at the
melting temperature.

To compare the binding constants of different small
molecule inhibitors for an enzyme, the binding constant
calculated at the melting temperature must be con-
verted to a reference temperature. This is achieved by
using the following equation.

AH (1 1\ AC,[ T T
Ka = Katm exp(— TL(? - T_) + R’J"(In_l_—r +1- T—r)) 4)
m m

r m

where K, tm is the binding constant calculated at the
melting temperature, AH_ is the enthalpy of ligand
binding at the melting temperature, ACy_ is the change
in heat capacity for the small molecule binding to p38a,
T is the reference temperature, and T, is the melting
temperature for the liganded p38a.

Experimental Section

A. Materials. Compounds were synthesized as described
in Regan et al.”
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Cloning, Expression, and Purification of Murine p38a
MAPK. The full-length open reading frame of murine p38a
MAPK was originally obtained by RT-PCR amplification of
murine macrophage RNA and matches accession gi:15126598
in genbank. The p38a gene was initially ligated into pGEMT
(Promega) and subsequently subcloned into pET15b adding a
noncleavable 5His affinity tag for purification (Novagen). The
resulting expression vector was transformed into CaCl,-
competent B834(DE3) pLysS cells by heat shock. The expres-
sion host was grown in LB media containing 100 ug/mL
carbenicillin and 34 ug/mL chloramphenicol. For scale-up
expression, a 1 L culture was grown overnight to saturation
and was used to inoculate a 15 L working volume fermenter
(MBR BioRactor, Switzerland). The fermentation culture was
grown to an ODgqo 0f 1.0 at 37 °C with saturating oxygen. The
culture was then induced with 0.1 mM IPTG for 2.5 h under
the same conditions. Cells were harvested by centrifugation
and stored at —80 °C until purification.

Soluble murine p38a was extracted from cell pellets and
resuspended in 20 mM Tris-HCI, pH 8.0, 300 mM NaCl, 10%
glycerol, and EDTA-free protease inhibitor tablets (Roche)
(buffer A). The suspended pellet was sonicated for three 5-min
cycles using a Branson 450 Sonifier at a 50% duty cycle and
level 5 output allowing for 10 min cooling on ice between cycles.
After sonication of the sample, the lysate was centrifuged at
44 000 rpm for 1 h using a Beckman LES8O centrifuge with a
Ti45 rotor. The clarified soluble lysate was loaded onto a Ni—
NTA Superflow column (Qiagen) equilibrated with buffer A.
The column was then washed with buffer A, followed by buffer
A with 10 mM imidazole. The column was eluted with 20 mM
Tris-HCI, pH 8.0, 250 mM imidazole, 300 mM NacCl, and 10%
glycerol. Chromatography was monitored at 280 nm and 2 mM
dithiothreitol and 1 mM EDTA were added to collected
fractions. Pooled fractions were dialyzed into 20 mM Tris-HCI,
pH 7.5, 75 mM NacCl, 5% glycerol, and 2 mM dithiothreitol.
lon-exchange chromatography of the pooled fractions was
performed using a 25Q column (Biorad, Hercules, CA) equili-
brated in 20 mM Tris-HCI, pH 7.5, 50 mM NaCl, 5% glycerol,
and 2 mM DTT. A 50 mM to 1 M NaCl gradient was used for
elution. Fractions were pooled, concentrated, and then loaded
onto a Sephacryl High-Resolution S100 26/60 column (Amer-
sham) equilibrated in 20 mM Tris-HCI, pH 7.5, 150 mM NacCl,
5% glycerol, and 2 mM DTT. Column fractions were concen-
trated, analyzed by SDS—PAGE, and pooled based on purity.
The final p38a concentration was determined by a spectro-
photometer using a molar extinction coefficient at 280 nm of
49850 M~tcm™L.

Human p38a. MAPK was expressed and purified as previ-
ously published.®

B. Methods. Differential Scanning Calorimetry. The
DSC experiments were performed using a Microcal VP-DSC
from Microcal, Inc. (Northampton, MA). The sample cell of the
calorimeter was loaded with 1—-2 mg/mL of murine p38a
MAPK in a pH 7.0 buffer containing either low salt (10 mM
sodium phosphate, 1 mM Tris(2-carboxyethyl)phosphine hy-
drochloride (TCEP)) or moderate salt (10 mM sodium phos-
phate, 100 mM NacCl, 1 mM TCEP). For experiments where
inhibitor is present, inhibitors were added at twice the protein
concentration resulting in a final dimethyl sulfoxide (DMSO)
concentration of 0.5%. The reference cell was filled with the
corresponding dialysate buffer with added DMSO when ap-
propriate. All solutions were degassed for 8 min and then
scanned from 20 to 90 °C at a rate of either 1 or 0.2 °C/min.
Baseline scans,collected with dialysate buffer in both the
sample and reference cells, were subtracted from the protein
scans and the corrected data were adjusted according to the
protein concentration. Data were analyzed using Origin DSC
data analysis software (version 5.0).

Isothermal Titration Calorimetry. The isothermal ti-
tration calorimetry (ITC) experiments were performed using
a Microcal VP—ITC from Microcal, Inc. (Northampton, MA).
The sample cell of the calorimeter was loaded with concentra-
tions of test compound ranging from 10 to 30 uM ina pH 7.0
buffer containing 10 mM sodium phosphate, 1 mM TCEP, and
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1% DMSO. The syringe was loaded with concentrations of
murine p38a MAPK ranging from 75 to 225 uM in the same
buffer. All solutions were degassed for 8 min. Titrations were
performed at 25 °C with injection volumes ranging from 8 to
15 uL and a spacing of 500 s. After completion of the titration,
baselines were manually drawn and subtracted from the data.
The data were zeroed assuming that the final injections of each
titration represent only the heat of dilution. Data were fit
using a one-site binding model available in the Origin ITC data
analysis software (version 5.0).

UV—-Thermal Melt. The UV-thermal melt experiments
were carried out using a Perkin-Elmer Lambda 40 spectro-
photometer equipped with a PTP-6 Peltier system and six-
cell linear transporter. For each measurement, a quartz
cuvette was loaded with 2.5 uM murine p38a. MAPK and 25
uM inhibitor in a pH 7.0 buffer containing 10 mM sodium
phosphate, 100 mM NaCl, and 1 mM TCEP. Absorbance data
at 230 nm were collected as the temperature was scanned from
25 to 80 °C at a ramp rate of 0.2 °C/min. The melting
temperature for each sample was calculated as the maximum
deflection point of the first derivative of the melting transition
using the Perkin-Elmer Templab software (version 1.62). The
circular dichroism thermal melt was performed on a Jasco
J720 equipped with a PTC-343 Peltier device.

Fluorescence Exchange Curve Assay. The fluorescence
exchange curve experiments were carried out as described
previously.! These studies were performed in a pH 7.0 buffer
containing 20 mM bis-tris propane, 2 mM EDTA, 0.01% NaNs3,
and 0.15% n-octylglucoside. The exchange curve assays were
run as two half-reactions using an SLM Aminco Bowman
Series 2 model SQ-340 fluorescence detector. In the first half
reaction, p38a. MAPK and SK&F 86002 are preincubated for
3 min. In the second half reaction, p38a. MAPK is preincubated
with inhibitor for 60 min. A net dissociation of the fluoroprobe
is observed for the first half-reaction, and a net association is
observed for the second half-reaction. The raw data from both
half-reactions are fit simultaneously to an equation describing
simple competitive inhibition.

Data from the fluorescence exchange curve assay were
collected using either murine or human p38a MAPK. The on
and off rate kinetics and the equilibrium binding affinities for
a series of compounds binding to either murine or human
protein were compared and found to be identical (data not
shown). This result is not surprising since the amino acid
sequence for murine and human p38a MAPK varies by only
two residues (L47/H47 and T262/A262) both of which are
located on the surface of p38a. MAPK.

Propagation of Errors. The Kytm and K, binding con-
stants obtained from eqgs 3 and 4 have standard errors that
are obtained by propagating the errors in their components
which have variability from replicate measurements. In
general, for any function y = f(X1, Xz, X3, ..., Xn), Where Xi, Xz,
Xs, ..., Xn @re components with associated errors, the propagated
error on y is obtained by quadrature as follows:

Error (y) = 4/ z;‘zl((’iy/axi)zsxi2

where s, is the error associated with x;.9~%0

This procedure is first applied to eq 3 to obtain the
propagated error on Katm and then is used on eq 4 to obtain
the propagated error on K,. This technique is also applied to
the regression line displayed in Figure 4. For these data, since
both axes have associated measurement error, inverse regres-
sion (regression on exchanged axes) is a valid procedure.**?
The statistical errors on log K, obtained from the inverse
regression fit are then propagated as described above via the
antilog function to obtain the statistical errors on K,. Com-
putations were made using SAS statistical software version
8.2 (SAS Institute, Cary, NC) and Mathematica software
version 4.2 (Wolfram Research, Champaign, IL).

Results

Measurement of the Change in Heat Capacity
and Enthalpy of Unfolding for p38a. A DSC scan of
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Figure 1. DSC curve for murine p38a in the presence and
absence of compound 10. (A) DSC curve for unliganded murine
p38a (black) and fit of data (blue) in low salt buffer. (B) DSC
curve for unliganded murine p38a (black) and murine p38a
with 2-fold excess compound 10 (red) in moderate salt buffer.

unliganded p38a under low salt conditions is shown in
Figure 1A. The unfolding of p38a. is irreversible under
low salt conditions. This was determined by comparing
the AHyo measured after a full scan to the value
measured after partially scanning to 40 °C then res-
canning from 25 to 80 °C. The enthalpy measured after
the partial scan was 50% of the value measured by a
single full scan. The unfolding of p38a is also irrevers-
ible under moderate salt conditions. The low salt condi-
tions enabled measurement of AC, since the protein did
not precipitate at temperatures beyond the melting
temperature as seen under the moderate salt conditions.
The enthalpy of unfolding for the unliganded p38a
(AHTo) was determined by integrating the area under
the DSC curve. The measured value of 108 + 14 kcal/
mol was calculated by averaging the results from five
experiments. The change in heat capacity for unli-
ganded p38a (AC,) is represented by the change in
baseline before and after the melting transition. The
measured value of 2.5 + 0.9 kcal/mol K was fit from
the data and calculated as the average of five experi-
ments.

DSC scans of p38a in the presence and absence of
inhibitor (compound 10, previously published as BIRB
796)13 are shown in Figure 1B. These experiments were
conducted in the moderate salt buffer. These data show
the shift in T, that occurs in the presence of 2-fold
excess inhibitor. In addition, it can be seen that the T,
for the unliganded p38a. in the low salt buffer shifts from
40.6 + 0.4 to 45.2 £+ 1.6 °C when measured in the
moderate salt buffer.

UV—-Thermal Melts. Ideally, DSC scans would be
used to measure the melting temperature for p38a in
the presence of inhibitor. However, due to limited
throughput and the requirement for large amounts of
protein, melting temperatures were determined by UV—
thermal melting experiments. Initially, the thermal
transition was observed by circular dichroism. A loss of
secondary structure was seen as p38a. converted from
a folded to an unfolded state (data not shown). This
transition could be detected by monitoring either the
CD or absorbance signal at 230 nm. To further increase
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Figure 2. UV Thermal melt of murine p38a with inhibitors.
(A) UV-thermal melt of murine p38a (black), murine p38a +
10-fold excess compound 6 (green), and murine p38a plus 10-
fold excess compound 10 (red) in moderate salt buffer. (B) First
derivative of the UV—thermal melt raw data for murine p38a
(black), murine p38a + 10-fold excess compound 6 (green), and
murine p38a plus 10-fold excess compound 10 (red) in moder-
ate salt buffer.

throughput, the melting transition was observed using
a UV—Vis spectrophotometer outfitted with a six-cell
linear transporter and a Peltier accessory. Examples of
UV-thermal melt data for two compounds performed in
the spectrophotometer are shown in Figure 2A. The
decrease in UV signal that occurs after the melting
transition is the result of protein precipitation. The
melting temperature is calculated as the maximum
deflection point of the first derivative (Figure 2B).

All of the melting temperatures for p38a in the
presence of inhibitors were measured under moderate
salt conditions. The melting temperature for unliganded
p38a as determined by UV—thermal melt under the
moderate salt conditions is in good agreement with the
melting temperature as determined by DSC, 46.5 + 0.6
versus 45.2 + 1.6 °C, respectively. Since all of the
melting temperatures for the p38a were measured
under moderate salt conditions the AHty had to be
corrected to account for the shift in T, between the two
buffer conditions. This was done using the following
equation

AH=AH, + ACT - T)) (5)

where AH; is the enthalpy of unfolding determined in
the low salt buffer, T, is the melting temperature
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Figure 3. Calorimetric titration of murine p38a into sample

cell containing compound 4 at 25 °C in 10 mM sodium

phosphate, pH 7.0 and 1 mM TCEP. Fit parameters: N = 0.93,

Ka = 1.036 x 108 + 1.638 x 107, AH = —10.5 + 0.06 kcal/mol,
and AS = 1.46 cal/mol K.

measured in the low salt buffer, and T is the melting
temperature measured in the moderate salt buffer. The
corrected value for AH+p is 123 kcal/mol. At this point,
the K, tm for each inhibitor can be calculated using eq
3 (Table 1). For these calculations, the free ligand
concentration [L] was assumed to be the total ligand
concentration minus the protein concentration.

Isothermal Titration Calorimetry. Conversion of
Katm to a reference temperature is achieved using eq
4. The two parameters necessary for this calculation are
the enthalpy of ligand binding (AH.) at the melting
temperature and the change in heat capacity for ligand
binding (ACp). ITC was used to measure AH_ for 10
inhibitors with affinities for p38a ranging from Ky =
2.4 uM to 46 pM. A representative ITC data set showing
data for compound 4 is shown in Figure 3. While ITC
cannot be used to determine association constants for
binding interactions as strong as 46 pM it can be used
to very accurately measure AH_. The change in heat
capacity for ligand binding was measured for compound
4 and found to be —85 cal/mol K (data not shown). This
value was assumed to be representative of all of the
compounds within this structural class and used generi-
cally. The enthalpy of ligand binding for each compound
measured at 25 °C was corrected to the appropriate
melting temperature by eq 5 using the generic ACp..
Using the corrected values of AH_ and the ACp_ for
compound 4, the Kg Tret (25 °C) was calculated for each
of the 10 inhibitors using eq 4 (Table 1). Since AH_ is a
small number, the conversion to Tr will not dramatically
change K,, as can be seen in Table 1. The conversion
becomes more critical as the value of AH increases.

To alleviate the need for measuring AH_ for each
inhibitor assayed, the Ty, for each of the 10 inhibitors
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Table 1
b ¢ d e T
Cmpd. Structure AH* Tm Kar,, Ka,ref Kq Ky
No. (kcal/mol) (°C) (nM) (nM) (nM) | (nM)
(¢]
DARTO
1 & 43413 | 49.1£04 | 6070 +1520 | 2400 + 644 1181
2 N 5.6+0.04 | 492+0.1 | 5850+668 | 1950+223 | 1160 | 1152
| H H
OH
Ag_k o o‘/\N’\
Ny NN Lo
3 [:PH H% 114402 | 53.0£1.6 | 493+339 | 564392 | 36 20
(o]
4 Aﬁ:ﬂxNiN%”“@ 101405 | 545+2.8 | 2104245 | 2574302 | 23 | 10
| H H
(o]
%’_\\ X
5 E“gh‘ NO -11.6+0.7 | 548+0.5 | 177+588 | 168+5.8 | 21 5
Aﬁ&x%
6 QNPH i 116402 | 555404 | 118+37.6 | 106+34 | 1
RS TsGa e
7 E)” u% O 1141405 | 56.6+02 | 62.8+207 | 34«11 | 6*
;g,—k R OwNI\l
8 BJH u% O 1 127401 | 610402 | 53+24 |0231+0.11 0.09
Ag_\\ o OV\C
RS
9 Y ﬂ% "1 120204 | 624403 | 24212 | O104E
Q 0.053
%’K 20070 0.046 +
N.
10 gjﬁ H% -126+0.3 | 63.5+0.4 | 1.3+0.71 0.025 0.1

a Enthalpy of ligand binding as measured by ITC. P Melting temperature measured by UV—thermal melt. ¢ Dissociation constant at
Tm expressed as 1/K,. @ Dissociation constant at Trr expressed as 1/Ka. & Dissociation constant measured using the fluorescence exchange
curve assay expressed as 1/Ka,. f Dissociation constant fit from 1TC data. *Data generated using murine p38a. All other data in this table
were generated with human p38a. The error on AH and Ty, is calculated as the standard deviation. The error on all other values is

calculated as the standard error.

was plotted versus log K, trer (Figure 4). A linear fit of
this graph results in an equation that can be used to
estimate K, 1rer from any T, value. The average error
for a K, value calculated using this equation is +16.1%

(sd = 4.2%). It remains to be seen whether similar plots
of T, versus log K, 1ref derived for other enzyme targets
and drug scaffolds result in this same linear relation-
ship.
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Figure 5. Correlation graph comparing the Gibbs free energy
of binding calculated for various inhibitors using the fluores-
cence exchange curve method versus the thermal denaturation
method.

Comparison of Thermal Denaturation method
to Fluorescence Exchange Curve method. A fluo-
rescence exchange curve assay was used to measure Kon
and ko for several p38a inhibitors. The dissociation
constant for each of these compounds was calculated as
the ratio of kqsi/kon. These values were then compared
to those estimated using the thermal denaturation
method. A plot of AGtm method VErsUS AGeychange curve method
is shown in Figure 5. Linear regression of this line gives
a correlation coefficient of 0.91. The correlation between
these two methods is remarkably good considering the
indirect nature of the thermal denaturation method and
the complications of working with small molecule in-
hibitors that do not have ideal physicochemical proper-
ties. The reasonable correlation also supports treating
the unfolding reaction as reversible even though it was
shown to be irreversible under both low and moderate
salt conditions as well as in the presence of inhibitors.

Discussion

Kinases are attractive target biomolecules for the
treatment of numerous autoimmune and inflammatory

Kroe et al.

diseases as well as cancer. Currently, crystallographic
structures are available for many kinase targets and
are currently being pursued for many more.* In gen-
eral, the availability of crystal structures has greatly
improved our ability to build potent small molecule
inhibitors. Intimate knowledge of the shape of the
binding pocket greatly enhances the lead optimization
process. For kinase targets in particular, a large body
of information exists as to the variety of scaffolds that
can be accommodated by the active site. This wealth of
information has increased the speed at which we
discover small molecules that bind with high affinity
to Kinase targets.

Accurately measuring the binding affinities of poten-
tial lead molecules is important for determining both
isoform and kinase selectivity and may be important
in selecting the best lead scaffold. For many of these
kinases, the biological roles of the various isoforms that
may exist is not always clear. Early characterization of
scaffold selectivity can help in the early identification
of selective scaffolds as the functions of the various
isoforms continue to be uncovered.

Current methods available to measure binding affin-
ity for small molecules such as isothermal titration
calorimetry, surface plasmon resonance, and fluores-
cence spectroscopic techniques are limited in their
ability to measure high-affinity slow binding small
molecule inhibitors. One of the challenges facing the
above-mentioned methods is the need to work at low
concentrations. Low concentrations can be difficult to
measure and deliver accurately. An advantage of the
thermal denaturation method is the ability to work at
concentrations well above the binding affinity. Another
difficulty faced by traditional methods for measuring
binding affinity is the need to reach equilibrium while
at these low concentrations. This can be especially
challenging when working with molecules such as the
diaryl urea p38 MAPK inhibitors that have slow binding
Kinetics. Again the ability to work at concentrations
where binding is not kinetically limited appears to
alleviate this problem. The major disadvantage of the
thermal denaturation method is the need for large
guantities of protein relative to surface plasmon reso-
nance and fluorescence methods.

The thermal denaturation method as presented in
this paper is not optimized for the throughput required
for drug discovery. In its current format, the method is
medium throughput at best. The utility of this method
lies in the fact that it does not require any specialized
equipment. Melting temperatures can be easily gener-
ated using a UV—Vis spectrophotometer with an at-
tached Peltier device. For a given protein target melting
temperatures alone can be used to rank compounds with
similar binding enthalpies. Converting these melting
temperatures to binding affinities only requires mea-
suring a few of the basic thermodynamic parameters
for your system. Use of this technique for measuring
the molecular potency as a tool to develop SAR for the
diaryl urea class of p38a MAPK inhibitors is nicely
shown in the following paper by Regan et al.” Until high
throughput high sensitivity differential scanning calo-
rimeters?® or comparable technologies!® are more widely
available this is a viable method for acquiring this type
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of information in a medium throughput mode of com-
pound testing.
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