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2. What is the significance?
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B. Introducing the “Cutting Plane”
and “Tangent Sphere” Methods

It is further revealed that ligand burial
(at least in the test set) does not get
deeper than the protein centroid, but
is approx. no closer than 2 A away
from the latter (in the direction of the

Abstract. Methods for quantitative comparison of the depth of burial of the bound

The ‘Gutting Plane’ and ‘Tangent Sphere’ Methods ligand is currently lacking (A.). Two complementary (but not redundant on actual proteins)
methods, the ‘Cutting Plane’ and ‘Tangent Sphere’ methods (CPM and TSM, respectively),

avearr sigh o P ?-'L:p] are presented to address this void (B.). CPM and TSM are inversely related, as can be

Cutting .. seen when applied to an artificial protein in the form of a spherical grid of points (C. and D.) ¢ N
L) the graph becomes degenerate when the location of the ligand binding site opening relative [T S NP LBS opening), with the percentage
- to that of the bound ligand is unknown, as in the actual implementation of these two " of protein atoms on the external side

methods (D.). CPM and TSM are based on percentages of protein atoms on the external
side of the cutting plane and the interior of the tangent sphere (the CPM and TSM indices,
respectively), hence are not dependent on protein size (B.). The data set by Laskowski et
al. (1996, Proteins) was used as test set. (E.). CPM is more specific for deeply bound

‘esasrior side’ o1 CP of the cutting plane (CPM index)
approx. no greater than 45% (H.).

Meanwhile, the TSM is not sensitive

“interior side’ of CP

ligands, while TSM is more specific for shallow bound ones; an auxiliary but not relative 1 enough to deeply bound ligands,
m‘,‘::",-- method, protein centroid to ligand centroid, is intermediate in sensitivity (F.). CPM, TSM Lt u hence no conclusion from TSM can
™ pratain and the auxiliary method were applied to the test set and the results are shown; the a1 aHH be drawn on this matter.
centroid inverse relation between CPM and TSM is confirmed, while the auxiliary method behaves 8 :u...ﬂ.l_ll_u_ﬂ H! [ﬂ .E
" similarly as TSM, as expected (G.). CPM and TSM classify the bound ligands in the test set e
prowen ‘shallow’, ‘medium’ and ‘deep’ in general agreement with visual (manual) classification by A T S EEEX YT
s;;."":""r‘,l Laskowski et al. (). See additional note on panel H.
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I. Protein-Ligand Pairs in the Lawkoswski Test Set Classified
| as “Shallow”, “Medium” and “Deep” by the CPM & TSM

C. Behavior of the Cutting Plane & Tangent Sphere Methods (CPM & TSM)
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We describe two complementary methods to quantify the degree of burial of ligand and/or ligand
binding site (LBS) in a protein-ligand complex, hamely, the 'cutting plane' (CP) and the ‘tangent
sphere' (TS) methods. To construct the CP and TS, two centroids are required: the protein
molecular centroid (global centroid, GC), and the LBS centroid (local centroid, LC). The CP is
defined as the plane passing through the LBS centroid (LC) and normal to the line passing
through the LC and the protein molecular centroid (GC). The "exterior side" of the CP is the side
opposite GC. The TS is defined as the sphere with center at GC and tangent to the CP at LC. The
percentage of protein atoms (a.) inside the TS, and (b.) on the exterior side of the CP, are two
complementary measures of ligand or LBS burial depth since the latter is directly proportional to
(b.) and inversely proportional to (a.). We tested the CP and TS methods using a test set of 67
well characterized protein-ligand structures (Laskowski et al., 1996), as well as the theoretical
case of an artificial protein in the form of a cubic lattice grid of points in the overall shape of a
sphere and in which LBS of any depth can be specified. Results from both the CP and TS
methods agree very well with data reported by Laskowski et al., and results from the theoretical
case further confirm that that both methods are suitable measures of ligand or LBS burial. Prior
to this study, there were no such numerical measures of LBS burial available, and hence no way
to directly and objectively compare LBS depths in different proteins. LBS burial depth is an
important parameter as it is usually directly related to the amount of conformational change a
protein undergoes upon ligand binding, and ability to quantify it could allow meaningful

comparison of protein dynamics and flexibility.



