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Frontal affinity chromatography
with MS detection (FAC-MS) in

drug discovery

Jacek J. Slon-Usakiewicz, William Ng, Jin-Rui Dai, Andrew Pasternak

and Peter R.Redden

The emergence of a relatively new technique resulting from a combination of frontal
affinity chromatography coupled with MS detection (FAC-MS) has extended the
capabilities of MS in drug discovery and development. Its application in a broad
range of biological systems, together with its label-free operation, relatively high
throughput, ability to rank ligands and determine K;, makes FAC-MS a universal
tool enabling convenient and efficient screening in the identification of new
potential drug leads. Here we will highlight FAC-MS screening studies and discuss
where it can be applied in evaluating multiple protein-binding sites, protein—protein
interactions and inactive proteins, and also in determining selectivity.

) In recent years, the use of MS has become an indis-
pensable tool in the pharmaceutical industry. Although
its main use has been at the drug development stage,
it is now being identified as a useful detection method
in the drug discovery process [1-3]. Within this
process, the pharmaceutical industry has relied on
assaying large historical compound libraries for the
identification of small-molecule hits against thera-
peutic targets. During the past decade, advances in
HTS technologies, combinatorial chemistry and ro-
botics have dramatically transformed the hit identi-
fication process. However, despite the fact that HTS of
large compound libraries does indeed provide hits
(albeit at a much lower rate than expected), there
are numerous difficulties associated with HTS assay
development that are being encountered [4], such
as miniaturization costs, sticky or poorly soluble
compounds, liquid dispensing and protein produc-
tion. Furthermore, the majority of these HTS assays
involve detection methods such as fluorescence,
radioactivity or absorbance, which, although useful,
only provide indirect evidence of binding [5]. This
is because the detection of the binding event is not
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based on a distinct feature of one of the binding
components. Therefore, a screening system that is
a measure of direct binding, even at a moderate
throughput, would be advantageous. There are only
a few technologies that provide binding data and
species identification [6] but the emergence of a
relatively new technique based on a combination of
frontal affinity chromatography with MS detection
(FAC-MS) has been shown to be of value in the
screening of mixtures and the determination of
dissociation constants (K,) and has the potential to
become a useful method in modern drug discovery.

Principles of FAC-MS

FAC-MS was first introduced by Schriemer in 1998
[7], and is based on the continuous infusion of ligands
over a protein target immobilized onto a solid support
column, with the eluting ligands detected by MS. In
contrast to traditional ‘capture and release’ affinity
chromatography methods, FAC-MS is based on an
ongoing equilibrium between ligands flowing
through the column containing the immobilized
protein target. As ligands flow through the column
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Q. m [ ‘ (= ® 000 : accordingly. Nevertheless, with 200 Fom-
Continuous Eh' i pounds per run, and FAC-MS runs typically
Sample infusion ‘\J‘_ - averaging 30 min, with continuous opera-
— tion the number of compounds screened
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Time ® ——— The concept of using an ‘indicator’ for
monitoring real-time competition with
ligands in screening applications has in-
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creased the capability of FAC-MS [7]. An
indicator is a compound detectable by MS

that binds to a specific site on the immo-
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. m BN ¢ —— bilized protein target with a known affinity
By © ' ' in a specific column infusion time. In these
. screening cases using an indicator, only
J the indicator and void marker are moni-
g Em®e 1 i

® i tored by MS. Although there is no set

.. ...‘ i S . . s 1s
—\!_ﬂ_ﬁ,— affinity requirement for an indicator to an
————\ immobilized target, for practical reasons
FACSNS [ ) | the affinity should be in the 0.5-50 pM
Drug Discovery Today range. Therefore, these two FAC-MS
screening possibilities — with and without
FIGURE 1 an indicator - give FAC-MS extra flexibility

The principle of FAC-MS is depicted, whereby ligands and a void marker are continuously infused

through a column containing an immobilized protein.
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they might bind to the target with differing affinities. As
a result, individual ligands are retained, based on their
affinity in the column causing an increase in their ‘break-
through volume’, that is, the effluent volume passing
through the column that allows the output ligand con-
centration to equal the input ligand concentration. The
breakthrough volume of the ligand, characterized as a sig-
moidal front, is detected by MS by monitoring its m/z
value and corresponds directly to the time that the ligand’s
front (breakthrough time) is observed to pass through the
column (Figure 1). Therefore, depending on the affinity
of the ligand for the target, FAC-MS offers a convenient
way of measuring the relative binding strengths of ligands,
which enables rapid ranking and ligand identification.
With the use of a void marker — a compound that has no
affinity for the immobilized protein target and gives the
same elution front whether the target protein is present
in the column or not — and MS detection, this technique
enables multiple ligands to be evaluated simultaneously
in a direct readout fashion by measuring the entire m/z
range (so called Q1 scan).

The limiting factors with FAC-MS, as with most screen-
ing paradigms, involves DMSO concentration and com-
pound solubility. To limit the amount of DMSO affecting
protein stability the FAC-MS running buffer typically
contains a maximum of 1-2% DMSO. Hence, if 5 mM
compound stock solutions in DMSO are used, then 200
compounds can be screened per run (each at 0.5 pM) with
a total DMSO concentration of 2%. If a particular protein
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in screening assays and are suitable for the
identification of weak and tight binders
(with K, ranging from pM to ~0.5 mM).

It has been shown that in the development of FAC-MS,
using frontal affinity chromatography theory [8-12], the
dissociation constant, K,, can be related to the FAC-MS
chromatographic experimental parameters [12] via
Equation 1:

[?][]]1 (A4 44 o(v-Vi)iv_ B

LGV voy, e

where [A], is the ligand infusion concentration, [P], is the
amount of immobilized protein per unit column volume,
v is the total bed volume of the column, B, is the total
amount of immobilized protein equal to v[P],, V is the
elution volume of ligand, A, V is the elution volume of
A in the absence of immobilized protein and [A] (V -V )
corresponds to the amount of A specifically adsorbed
to the immobilized protein. Equation 1 can then be
rearranged to the more useful Equation 2:

V-V, = L
[A] ot Ky

The use of Equation 2 enables the determination of K
using either a modified staircase approach or an indirect
method using an indicator. The modified staircase approach
is accomplished by infusing a FAC-MS column sequentially
starting with the lowest of a series of concentrations of a
ligand, A. Hence, for each concentration the breakthrough
volume (V-V ) is determined by monitoring the ligand and
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(@) of the ligand equilibrations, the indicator,
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The first application by Schriemer used the
3507 monoclonal carbohydrate-binding anti-
30.0 body that recognized the 3,6-dideoxy-
250 D-xylohexose (abequose) epitope [7]. Since
then, there have been other antibody-
;i 20.0 related targets immobilized in FAC-MS
% 15.04 applications, specifically a polyclonal anti-
body prepared using a known anti-epider-
1007 : . ) mal growth factor receptor (anti-EGFR)
Slope = immobilized protein (B,) i I
5.0 ? inhibitor coupled to BSA [13] and human
00l el anti-Gal IgG antibodies [14]. A polyclonal
090/ 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 antjbody raised to mimic the active site of
554 ™ Ky [Alotyi hepatitis C virus protease was used to screen
an extract of Phyllanthus urinaria L. with a
Drug Discovery Today | cet of five natural products from this extract
found to have high inhibitory activity
FIGURE 2 [15].
Depiction of a typical ‘modified staircase’ experiment to evaluate K for a protein target (immobilized
in the column) and a small molecule ligand. (a) The ligand (blue) is infused at increasing concentrations
starting from an initial (i) to a final (j) concentration along with a void marker (red). (b) The reciprocal of the ﬁ'ga/aCtOSIdGSe

breakthrough volumes, 1/(\/j—V0), are plotted against the summed ligand concentrations, [A], + Y, according
to the equation [17], to produce a linear correlation from which the Ky value can be determined from the 'y
intercept. The total amount of immobilized protein (B) in the column is then obtained from the slope.

void marker by MS and a plot of the summed ligand con-
centration versus the reciprocal of V-V generates a line
with the y intercept equal to — K, and the slope equal to
B, (Figure 2). For this modified staircase approach, the
summed concentrations refer to the initial concentration
of the ligand for the first step of the staircase but for the
second step of the staircase, it will be the sum of the ini-
tial concentration plus the concentration of the second
step. Similarly, the concentration of the ligand for the
third step of the staircase will be the sum of the initial,
second and third steps, and so on for the remaining con-
centrations.

For cases where MS cannot detect the ligand, or if it has
a strong affinity for the immobilized protein, the indirect
method must be used. In this case, a FAC-MS column is
again sequentially equilibrated with the lowest of a series
of concentrations of a ligand; however, in between each

One of the first screening applications of
FAC-MS involved the use of immobilized
-galactosidase [16]. A library of 89 mod-
ified B-galactopyranosides, each repre-
senting 4 diastereomers for a total of 356 library members,
were grouped into mixtures of 24-40 compounds and
analyzed by FAC-MS. The subsequent deconvolution pro-
cedure led to the identification of 34 compounds with K
values less than 10 pM. This study with immobilized
B-galactosidase was also the first to describe the ‘roll-up’
phenomenon (Figure 3). If there is a ligand in the screen-
ing mixture that has an affinity for the immobilized
protein target that is greater than the affinity of the indi-
cator then this ligand will, before equilibrium is established,
transiently displace more of the indicator, thus generating
an over concentration (or peak like shape) of the indica-
tor in the chromatogram. By contrast, if the screening
mixtures only contain ligands that have weaker affinities
for the target than the indicator, then depending on the
degree of affinity, only the indicator will elute earlier (i.e.
its front will shift to the left) and there will be no roll-up.
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FAC-MS, using the ligand WHI-P180 as

299995 - .
- Void marker the indicator and ranked using the ‘%
JOPON iﬂ%:gg{gﬁ + weak inder shift’ of the indicator [20]. As exemplified

— tor + . . -

" Indicator + strong binder in Figure 3, the breakthrough time for the
> 199995 indicator is first measured alone, then in
g the presence of ligands. To compare the
£ 149905 reductions in the breakthrough times for
j o
s indicator in the presence of the ligands,

99995 Roll-up the % shift is quantified from Equation 3,
eight
49995 Indica.tor breakthrouqh timei 7 %Shlft _ (tI t)/(tI tNSB)x 100%
[ Indicator + week binder [ Shif¥
breakthrough, time
-5 . . s
0 : 0 s 20 s 2 where t is the breakthrough time dif
Time (min) ference (measured at the inflection point
Drug Discovery Today of the sigmoidal front) between the indi-
cator and void marker in the presence of
FIGURE 3

FAC-MS indicator responses (roll-ups and shifts) typically seen in screening experiments. The
breakthrough front of the indicator (blue trace) is shown in the absence of any competing ligands. A ligand
that is competitive with the indicator but has a K, that is weaker than the K of the indicator will generate a
shift or the indicator’s front to the left (magenta trace versus blue trace). A competitive ligand with a K, that
is comparable to, or slightly stronger than, that of the indicator will generate a roll-up effect (a transient
over-concentration of the indicator) that dominates over the shift of the indicator (turquoise trace).
Competitive ligands that are much stronger binders than the indicator will generate substantial roll-ups of

the indicator (green trace).
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Sorbitol dehydrogenase (SDH)

Using ligands with varying degrees of affinity for SDH [17]
—ranging from 0.12 to 3.3 pM — FAC-MS was able to rank
the compounds based on their breakthrough curves. The
relative breakthrough volumes of the compounds corre-
lated well with their IC. values.

Mushroom lectin

Immobilized polypore mushroom (Polyporus squamosus)
lectin (PSL) was used to screen a variety (22) of sialylated
or sulfated oligosaccharide mixtures [18]. Sialylated
oligosaccharides are crucial determinants in viral and
bacteria adhesion and PSL recognizes sialylated oligosac-
charides. The binding affinity and specificity of PSL was
examined by FAC-MS using these oligosaccharide mixtures.

Human estrogen receptor 3(hERL)

An immobilized 21 amino acid peptide of hERB ligand
binding domain tagged with 6 histidine residues (a ‘His
tag’), and three cysteine-to-serine mutations, was used in
FAC-MS studies to determine binding affinities of several
known ER ligands. This expressed peptide had been
shown to stabilize ERB but not affect ligand-binding
activity [19]. The K values of the various ER ligands that
were determined by FAC-MS were comparable to literature
values [17].

EphB2 receptor tyrosine kinase

The erythropoietin-producing hepatocellular B2 (EphB2)
receptor tyrosine kinase was immobilized and a series of
commercially available kinase inhibitors were profiled by
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the ligand, t,, is the non-specific binding
breakthrough time difference between the
indicator and void marker in the absence
of immobilized protein or immobilized
neutral protein (and is a constant for the
indicator used) and t; is the breakthrough
time difference between the indicator and
void marker in the absence of the ligand.
In this manner, the % shifts can be used
to rank the binding affinity of compounds for further
analysis and, ultimately, further biological evaluation. In
other words, the greater the % shifts, the greater the
degree of competition for the indicator.

As with any binding assay, there is generally a concern
regarding a correlation between the results of a binding
assay and a functional activity measurement. For the case
of EphB2, the FAC-MS % shifts of the kinase inhibitors
not only correlated with K, but also with the more tradi-
tional measurement of activity, IC,, values from an ELISA
assay. As mentioned previously, similar correlations have
been observed in FAC-MS studies for other immobilized
proteins, namely SDH [17] and a polyclonal antibody
acting as an epidermal growth factor receptor mimic
[13]. Therefore, these correlations with IC indicate that
FAC-MS can be used with confidence in practical screening
applications with a variety of immobilized targets.

Differentiating between multiple binding sites

Protein targets often have multiple sites for potential inhi-
bition, but these multiple sites are generally not specifically
addressed using traditional screening methodologies.
With the methods currently available, it is not usually
possible, in an initial screen, to distinguish between the
binding sites using traditional radioactive, luminescent
or antibody-based assays [21]. Such screens are based on
assays that are limited to measuring the functional effects
of small-molecule interactions without revealing the site
of inhibition. With these assays, once a ligand has been
identified, additional structural studies are required to
elucidate the site of binding. Protein kinases are an example
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FIGURE 4

FAC-MS chromatograms of dual indicators for PKCa immobilized to CPG beads through the streptavidin-biotin complex. In the chromatograms, red lines
correspond to the void marker, M3; magenta lines correspond to chelerythrine chloride (1 uM), the substrate site indicator and green lines correspond to PD153035
(1 M), the ATP site indicator. Arrows indicate respective shifts. FAC-MS intensities normalized for clarity. (Lower left panel) The effect of adding WHI-P180 (5 pM) to
the infusate. Only PD152025 (1 uM), the ATP site indicator, shifted to the left from 19 to 10 min. (Upper right panel) The effect of adding protein kinase C inhibitor
peptide 19-36 (5 uM) to the infusate. Only chelerythrine chloride (1 pM), the substrate site indicator, shifted to the left from 30 to 12 min. (Lower right panel) The
effect of adding both WHI-P180 (5 uM) and protein kinase C inhibitor peptide 19-36 (5 uM) to the infusate. Both indicators shifted to the same extent as when they
were analyzed separately.

of therapeutic targets that possess multiple binding sites
and because each protein kinase targets a specific protein
substrate, it has been suggested that compounds that target
the substrate-binding site, instead of the ATP-binding site,
could provide drugs with improved kinase selectivity and
potentially less toxicity [22].

An example of where FAC-MS has been used to evaluate
different binding sites on the same protein has been
shown using protein kinase Ca (PKCa) [23]. FAC-MS con-
firmation of PKCa activity was obtained by observing
significant binding (delayed breakthrough time compared
to the void marker) of both the substrate binding site and
the ATP binding site ligands, chelerythrine chloride and
PD153035, respectively. Neither compound affected the
breakthrough time of the other compound, regardless of
the concentration used. They were therefore able to act
simultaneously and independently as dual indicators for
their two respective binding sites of the catalytic domain
of PKCa (Figure 4). With indicators for the two binding

sites for PKCa established, when an ATP-binding-site ligand
was added (WHI-P180), only the ATP-binding-site indi-
cator shifted to the left and there was no effect on the
substrate-binding-site indicator. An analogous situation
occurred for the substrate-binding site, when a substrate-
binding-site ligand (PKC inhibitor peptide 19-36) was
added and only the substrate-binding-site indicator
shifted. This suggests that screening with FAC-MS, in this
fashion, would not only provide hit identification, but
also binding site information in the same screen.

Inactive conformations

Nature has designed sophisticated processes to regulate
kinase activity in cells [24]. Kinases themselves use a vari-
ety of autoinhibitory mechanisms to maintain inactive
configurations in quiescent cells [25]. The problem is that
once these mechanisms are disrupted, disregulated kinase
activation can occur, leading to disease. Targeting aber-
rant Kinase activity with inhibitors has thus been a major
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TABLE 1

Comparison of screening platforms based on direct binding

Capability FAC-MS (Protana) NMR ALIS (Neogenesis) CE-Assay™ (Cetek) SPR (Biacore)
High (Q1 scan); Moderate High High Low
Throughput Moderate (indicator)
Protein immobilization Yes No No No Yes
Rank compounds Yes Yes No Yes Yes
Determine K, Yes No Yes No Yes
Usable chemical library Unlimited Yes Limited (requires mass Limited (parameters  Unlimited
encoding) must be optimized)
Direct readout (real-time) Yes No No (chromatographic Yes Yes
separation required before
MS detection)
Other potential screening applications
Inactive proteins Yes Yes Yes Yes Yes
Distinguish multiple binding sites Yes Yes No No No
Protein—protein interactions Yes Yes No No Yes
Multiple targets in single assay Yes Yes No No No

therapeutic strategy. However, it has been established that,
even in well-regulated systems, there is equilibrium between
active and inactive kinases [26-28].

A major question, however, is how do you find inhibitors
that favour one state over the other and take advantage
of these differences when current screening methods that
rely on a kinase activity readout require active kinases?
Crystal structures clearly provide valuable information
and insight with respect to binding but cannot be used
effectively in a screening exercise. Here again the use of
FAC-MS as a unique assay tool is exemplified by screening
an inactive form of the EphB2 receptor kinase [29].

The Eph receptor family and several other receptor
tyrosine kinases have invariant tyrosine residues in their
juxtamembrane regions [30]. Autophosphorylation of these
tyrosines provides a docking site for many downstream
signalling proteins, but also has a crucial autoinhibitory
function and has been shown to stimulate kinase catalytic
activity directly [31]. It has been shown with EphB2 that
mutation of the two juxtamembrane tyrosines 604 and
610 to phenylalanines [32] (Y604/610F) generated an in-
active kinase. It is believed that the inability of these
residues to be phosphorylated results in this EphB2 mutant
remaining in a pseudo autoinhibited state.

To demonstrate the capability of FAC-MS to identify
binders of an inactive kinase, both the active and inactive
forms of EphB2 were evaluated under similar conditions.
A mixture of four known kinase inhibitors was passed
over active EphB2. Each compound exhibited because
since their breakthrough times were greater than that of
the void marker. The same four kinase inhibitors were
screened against the inactive (Y604/610F) EphB2 kinase,
and gave essentially the same results and rank order
obtained in the previous experiment. It should be expected
that the conformations of the ATP-binding pockets of
the active/inactive kinases are similar and it is the (Y604/
610F) juxtamembrane mutations that render the kinase
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functionally inactive. In this way, the FAC-MS results for
active EphB2 act as a reference for inactive EphB2 and pro-
vide confidence that the observed binding for the inac-
tive kinase is real. Although the structure of this inactive
EphB2 has been solved, until now it would have been
impossible to use this variant of EphB2 directly in a tradi-
tional functional assay.

Alternative direct binding methods

In contrast with functional assays, which require radioac-
tive, luminescent or antibody-based methodologies, FAC-MS
is a binding assay. There are other technologies currently
in use that are also based on measuring direct binding,
such as the surface plasmon resonance (SPR) technique
from Biacore, a variety of NMR screening techniques
[33-36], capillary electrophoresis (CE Assay™) from Cetek
and the automated ligand identification system (ALIS)
from NeoGenesis. All of these systems, including FAC-MS,
have their advantages and disadvantages (Table 1). The
Biacore system also requires immobilization of the protein
target and, although not high throughput in nature, has
the advantage that it can determine detailed kinetic analy-
sis of binding (e.g. k , and k  rates) and can hence rank
ligands. Recently, the coupling of MS to SPR [37] shows
that it is possible to link protein detection, capture and
kinetic analysis with the measurement of protein and pep-
tide masses as well as protein identification. However, the
analysis of analyte interactions with fast off-rates remains
a limitation of SPR-MS. NMR-based screening approaches
are becoming increasingly popular in lead discovery because
of the advantages over established high-throughput func-
tional assays. Among these, identifying very weak binders
(mM K, values) and yielding detailed structural data that
indicate binding site information are most interesting.
Disadvantages associated with NMR-based screening include
the requirement for large quantities of protein for a typical
screen, long acquisition times, isotope enrichment of
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either the protein or library and complex spectra that
might be difficult to analyze [35]. ALIS is similar to a cap-
ture-and-release technique and is related to FAC-MS in that
MS identifies any ligands that are captured by the target
but does not require protein immobilization. It is also
high throughput in nature but does not generate binding
data or rank ligands. It has, however, recently been shown
that affinity selection-MS (AS-MS), which is related to
ALIS, enables ligand ranking and classification of ligands
by allosteric or direct binding site competition [38]. The
high-resolution capillary electrophoresis CE Assay™ is
high throughput and can rank ligands, however, it does
require fluorescence labeling of the ligand or target to get
data at low concentrations (low uM). Depending on its
mode of use, FAC-MS can be high throughput (Q1 scan)
and rank ligands or be moderate in throughput (indicator
mode), and generate dissociation constants in addition to
ranking ligands. The disadvantages of FAC-MS are that
the protein must be immobilized in an active form and if
used in a competitive fashion, an indicator with some
affinity for the protein must be available. With the excep-
tion of ALIS, all methods provide real-time readout of direct
binding. For any of these methods, the nonspecific binding
interactions can affect the results. With FAC-MS, the non-
specific binding interactions (for example, binding to the
beads, capillaries or neutral proteins, such as BSA) meas-
ured in separate experiments are always taken into account
— as with the other methods they are an integral part of
the screen.

Conclusion and outlook

To date, FAC-MS has been able to accommodate a wide
variety of target proteins and compound libraries (includ-
ing natural products), hence its applications could have
a broad role in drug discovery. FAC-MS can be used as a
reasonably high throughput assay tool for profiling and
ranking compound mixtures. Alternatively, with the use
of an indicator, only those mixtures that generate a signif-
icant % shift of the indicator need to be deconvoluted. The
data to date also demonstrate that the % shift of the
indicator correlates well with two significant measure-
ments in drug discovery - IC,, and K, values — and this
correlation should also translate to many other proteins.
FAC-MS is also well suited to tackle some of the more
involved aspects of drug discovery and development, such
as specificity/selectivity and evaluating protein-protein
interactions.

Specificity and selectivity

The case described previously for PKCa illustrates evaluat-
ing two binding sites (i.e. the ATP- and substrate-binding
sites) on the same protein. With FAC-MS, however, there
is no reason why one could not use two (or more) com-
pletely different proteins to examine specificity, or two
(or more) target isoforms to examine selectivity using sim-
ilar protocols. As long as indicators had been identified

for both proteins, monitoring indicator shifts would be
straightforward. In addition, the indicators do not need
to be completely independent with respect to their bind-
ing sites; this can be accounted for in their respective shift
evaluations when evaluated independently.

Protein—protein interactions

One of the benefits of using MS as a detection method is its
ability to not only monitor small molecules but also to mon-
itor peptides and proteins because of the multiple charges
that arise. This makes FAC-MS particularly appealing
because now peptides and proteins can be used as indi-
cators and protein—protein interactions can be evaluated
directly. Moreover, FAC-MS could be applied downstream
of this process to monitor proteins involved in signal
transduction. Once an interesting protein has been im-
mobilized, it could be used to probe interactions with a
suspected protein — an approach that is currently per-
formed experimentally mainly by co-immunoprecipitation
[39]. It should also be noted that with FAC-MS the reverse
case is possible, whereby small molecules can be immo-
bilized and used for protein-target-fishing linking drug
screening with chemiproteomics.

Immobilization strategies

FAC-MS uses similar protein immobilization strategies to

those commonly found with other technologies, the

major difference being that the final buffer must be

FAC-MS friendly and capable of retaining protein stability.

Using controlled pore glass beads (CPG), reasonably high

immobilization yields were achieved and the different

functionality of these beads enables a variety of immo-
bilization methods to be used:

e Biotinylation of the protein using an activated biotin
ester, followed by coupling to streptavidin- (or avidin-)
coated beads through the streptavidin-biotin complex.

e Biotinylated anti-tagged monoclonal antibodies (e.g.
anti-His, anti-FLAG) can be complexed with strepta-
vidin- (or avidin-) coated beads followed by incubation
with a tagged protein. With both of these methods,
any remaining streptavadin (or avidin) binding sites
are blocked by saturation with biotin.

e Alternatively, the protein can be attached covalently
via its N-terminus to carboxylated beads. Although it
is not known at present which method will be the best
for a protein, the variety of proteins successively immo-
bilized in FAC-MS studies to date is encouraging.

e Another method that is also showing promise is the
incorporation of proteins with Sol-Gel (where immo-
bilization to beads is not required) [40,41]. In recent
years, it has been shown that a mild and biocompatible
Sol-Gel processing method can be used to entrap active
proteins within a porous, inorganic silicate matrix [42].
Dihydrofolate reductase (DHFR) Sol-Gel columns were
shown to be suitable for FAC-MS screening and were used
to identify known nanomolar inhibitors [40]. Sol-Gel
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techniques could be particularly useful with difficult

proteins, such as membrane bound GPCRs, that are

typically difficult to immobilize.
The outlook for FAC-MS looks promising in both the hit
identification and lead optimization processes. After hit
identification, further FAC-MS screening of structurally
similar compounds can be conducted to generate initial
SARs. For lead optimization, combinatorial or medicinal
chemistry, library expansion of the most promising hits
followed by FAC-MS screening can drive the optimization.
In a similar manner, FAC-MS could also be applied as a
secondary screen to compounds selected using cell-based
assays. There is an increasing trend in the drug discovery
industry to first use cell-based assays as a primary screen
to discover small-molecule hits specific to a disease condi-
tion. However, it is often difficult to discern exactly which

hits are specific to the protein or pathway of interest and
which are simply acting in a generic manner in the cells.
Protein targets relevant to the pathway could be immo-
bilized in the FAC-MS system and the hits from the cell-
based assay screened against these targets. Those hits that
interact with the target directly will be identified quickly
and can be developed with the confidence that they are
relevant to the disease state of interest. With all of these
scenarios, FAC-MS offers very informative screening with
the ability to rank ligands, distinguish binding sites, eval-
uate selectivity and generate binding contents.
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