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A surface plasmon resonance (SPR) optical biosensor is a label-free biophysical device which can detect molecular
interaction in real time. SPR is an emerging technology for fragment screening, the first step in fragment-based drug dis-
covery. Low levels of protein consumption and the ability to detect interactions with K, as low as mM make this technol-
ogy particularly attractive. Inherently small SPR responses due to fragment binding had been an issue but, owing to
well-established experimental protocols, such responses have become readily detectable. Medium-throughput instru-
ments are now on the market from several manufacturers that enable complete screening of a library with several thou-
sand compounds within a few days. In fragment screening, test compounds are injected at a high concentration because
of the low affinity expected for small molecules, making it likely that many false positives arise from non-specific binding
to an unrelated part of the target protein. Such false positives have to be eliminated by a well-designed assay cascade so
as to select true hits which can then be subjected to X-ray crystallization to obtain detailed structural information. SPR-
based direct binding assays have to be developed with a sufficient binding capacity and good reproducibility with a Z’-
factor larger than 0.6. In selecting hit candidates from fragment primary screens, the shape of sensorgrams, binding
stoichiometry and response level to reference proteins when available must be carefully evaluated. The selected com-
pounds from primary screening need to be further examined in terms of dose-dependence and binding competition
against tight binding reference compounds to ensure that they bind to the designated site of the target protein.
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Fig. 1. Schematic Drawing of Fragment-based Approach and
Fragment Screening Assay Cascade Using Surface Plasmon
Resonance Technology
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Fig. 2. Binding Responses Calculated for Various Compound
Concentrations
Responses are plotted against an analyte with Ky values of 1, 10, 100,
200, 500, and 1000 um with a concentration range of 101000 um. R .« was
set to 20 RU. The hashed bar indicates the threshold response corresponding
to three times the standard deviation from an assumed noise level of +£1 RU.
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Fig. 3. Examples of Sensorgrams Observed in Fragment Pri-
mary Screening

a) The ideal sensorgram expected for true fragment hits. Association
and dissociation are very rapid returning to baseline immediately after cessa-
tion of an injection. b) A sensorgram with a distorted shape. Test fragment
expected is not fully dissolved. ¢) A sensorgram with a high binding
response. Micelle formation of the test fragment is expected with slow associ-
ation/dissociation with a binding stoichiometry exceeding 1.
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Fig. 4. Use of a Reference Protein to Identify Nonspecific
Binders

a) Representation of the screening results of a 384-well plate. Binding
responses for the target protein and the reference protein are shown in black
and gray, respectively. Response data points connected by solid lines are the
responses from reference compounds. The arrows indicate compounds that
showed typical promiscuous binding greater than a binding stoichiometry of
1. b) Ideal example where binding is observed only for the target protein
(left panel) and not for the reference protein (right panel). ¢) An example
of a negative response of a reference protein. Limited solubility or non-
specific binding of the fragment is expected. d) An example of a nonselective
binder with binding to both the target and reference proteins.
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Fig. 5. Examples of Sensorgrams from Dose-dependence Experiments

a) Ideal 1 : 1 binding with fast association and dissociation and with binding saturation. b) 1 : 1 binding was expected but no saturation was observed within
the range of concentrations tested. ¢c) Compound aggregation or unspecific binding is suspected. Slow association and dissociation was observed with a Hill
coefficient larger than 1. d) Compound aggregation or unspecific binding is expected at higher concentrations.
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Fig. 6. Competition Experiments between a Reference Compound and Fragments
Sensorgrams (left panel) and response values (right panel) are shown for two competition experiments. The reference compound and fragment bind to the
same site (a) and different sites (b). Response levels at 50 sec after the injection were used as representative values for comparison (right panel). The measured

responses for the fragments, the reference and the mixtures are shown by hashed bars. The calculated responses for the mixture expected for different binding sites
are shown by white bars.
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4. BHYIC

ARETIE, £9, AI—T"y NORERY >IN
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U ERBREFEMT SO BERNERRIE, FFICHE
BRMIEGTH27 77 A FEROKRE, BEOY
T ARy MEEHEEIRT S5-0ICEDLD
BRI ANE—"ESNDRETHNDNITDNTH
WUz, BRI, KA —=Z271280WT
13, #EEE, b Y—r I L08R, SRy Y
BIZHT 2808, £, ZRAZU—Z71B
WTIE, e OREKENE, BT tam & 0B
HEER, WD 5DD T4 )V —ZHEYNITHNWS Z
EMMATHS I Exik /=, FBDD DRI D7z
DIWBBEEEZSND T TT A2 MENY 2N
DB OEEER X RS REEEEL 201, Z)b—
7w hORERE W SPREBEZHVWTHRTDOT 5
TARNINT BT VAT — 22k ok 2k
DIRFESNTZT TT A Neb o UDERL TS
<ERIEEW., £k, #aEEmimnmUizng
BTH, BoNzT7 I A ey NOWEERIC
HoEEmRLEEZEML, SPRICEDT vt
F—& &M, J0EItosW e ERREL
T, U—RILBYERE A LEmERIRTH &
HHRETH 5.
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