Looking for the needle in the haystack

An algorithm for the rapid recognition of local structures in proteins
by Andreas Hoppe and Comelius Frommel

Application that inspired this work:
Automated search for diemative ligands using the 30 stuc-
fure of a profein-ligand complex and a 3D shucturd data-
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There are two different approaches:
+ Docking
+ More accurate in binding prediction
« Does not require the shucture of the orginal ligend
+  Supeposition
« Suited to suggest a lead substance for further chemical
modifications
o Uses he usudly neor-opfimal solution given by reality

Course of dlfemative ligand search by
superposition:

+ Selection of relevant atoms, usually the superficial atoms of
e ligand in contact fo the protein. This set will be called
model,

« Supeposition of the model with the fargets, enties of a
3D stuciure database, ssleciion of the best candidates
using a suitable measure funclion

« Volidation of the results (e.g. a modfied docking clgorithm)

This work concenfrates on supempogtion,

Supeirposifion

Let two atom sets A and 8 be given, A superpodtion is an assign-
ment, abijective map from asubsetSof Ao a subsetof B.and a
Cartesian fransformation T, A superpodtion is measured usng the
RMSD [roat mean square deviafion), the quadratic mean of the
distances of atomsin S (fransformed by T) to their assigned coun-
ferpantsin 8, The superposifion problem isthe search forthe super-
position with minimad RMSD o for all superpostions with an RMSD
belowagiven fhreshold.

Different tasks of superposition
Based on the cordinalifies of S in comparison fo A and B
we can classfy:

Motif-s2arch Haystack problem  Similarity search
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For the alfemdfive ligand search we require the solufion fo the
haystack problem. The proposed dgorithm makes use of the
fact that for an acceptable supempodtion 5 consists of the
mcjority of A, This guarantees o superior efficiency compared
fo dgonithms concentrating on the mofif search problem.

The superposition measure pRMSD
Modification of RMSD

« Anyatomin A notassigned counfspendtyc
« ¢ istheupper cutofffor a distonce of assigned atoms
« @uadratic mean of distances and penalties
The needle-haystack-algorithm:
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1. Ax an anchor (three non- »
calinear points) in the
model.
2. Find a set of atoms in the -
torget which approximately w G
superpose with the anchor - i ]
fhe anchor match. The fol-
lowing steps are repeated l ll
for every anchor maich,
3. Compute the Cartesian frans
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5. For the superposifions with the low-
est pRMVSDs use small modificafions \
of the fransomation and o repefi-
fion of slep 5 to improve the super-
podiion in temms of fhe pRVSD.

fomnation detemined by the
anchor match and apply the
inverse of the tansformation
to the model,

4. For each atom in the tansformed
model fry o find one near atom in
the target The result is a superposi-
fion which is valuated by its pRMSD.
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Proof of completeness
For a subproblemn of the haystack problem the proposed dgo-
fithm is guarcnteed fofind he cpfimal superpodtion.

If the model is a subset of the target (ransformed with o
Cartesion ransformnafion) the neede-haystack-algorithm finds
it. The proof usesthe fact that the possble anchormetches are
searched “brute-force”. Therefore one ancher match leads fo
a supepodtion with pRMSD 0. This supemposifion will pass the
rest of the steps of the dgorithm since it is always recognized
asthebest,

The proof remains valid if the atoms of the model are not
only ransformed but dso displaced up fo a cerfain distance.

Features of the algorithm
Full-atom representation
Sequence independency
Independence on chemical properties
Efficiency in fime and computer resources
Feasibiity even if the farget molecule is lage

The algorithm is suited for:
Rapidrecognifion of already identified local 3D shuctures
Classification of profein on the basis of crucial locd shuctures
Idenfification of the posfion of sterical atom configurations
Database search for substances containing o given atom
configuration

Applications:

Search of a ligand fo prevent HBS poly-

merization
The pcthogenesis of sickle-cell anemia involves the formation of
hemoglobin macrofibers from mutant hemoglobin HbS. The
genefic subsitution of dutamic acid by vdline atthe sidh position
in the ¢ chain creates a binding region to the & chain of anofher
hemoglobin modecule:

A closer lock ot the contact region reveds a double mould
in the p chain [green. Connolly surftace] which is filed by 21
atoms of the & chain (pink and violet, sticks and small balls):

For this pumpose we select the atoms necessary o fill the dou-
ble mould - they are coloured pink [as opposed to the other
contact atoms which are coloured viclet), The next picture
shows the atoms of the & chain asvan-der-Waal spheres:

The question isif thereis a substanc e which can also fill this kind-
ing pocket?

The search in the Cambridge Shucture Dotabose
revedled that a part of Leucinostadin A can be supeposed with
18 of the 21 ctoms with a RMSD of 0.28A. It is a likely binding
poriner since the atormic shucture of Leucinostatin Als similcr fo
thelocal shucture of the contact atoms of the & chain H of HBS.
In parficular the atorn 7993, Cy of Vals of he & chain, which fills
anarcw pocket of chain p coresponds to an oxygen atom in
Leucinostatin A [marked with an crange anowin both figures),

Similarity of subfilisin binding sites
Similar functionality of enzymesis caused by a dmilar topology
of their substate binding region.  The algarithm presented
allows to locdlize he binding ste of a protein only by the geo-
mefric dmilarity even if noligand-complexis stucturally known.
Starting point is the binding region (green. van-der-Waal
spheres) of Profeinase Kin complex with an inhibitor (small red
and yellow balls and sticks).

We were able folocate the aubsirate binding site in ofher mem-
bers of the sublilidn protease family: Subfilisin (FDB codes:
Tbed, 1bhé, Tcse, Tgoi ljea, 1501, 1502, 1sbh, 1sbi, 1sbn,
Isbt 2sbt, 15ca, 1scb, 1scd, 2sec, 1sel, 1db, 2sic, Ssic, 2sni,
2511, 1512, 1813, Tsub, 1suc, Tsud, 1aue, 1sup, 1via), Proteinase
K (1enm, 2pik, 3prk), Themmitase (1tec, 2ftec, 3tec, 1thm).
Alcclase (1a10), Peptidase (Imee, 1sbe), Mprotease (1mpt),
Savinase (1sn).

We were able torelect other profeins: Myeloblastin (1),
Chymofrypsdn (2gch, 4geh), Trypsn (Spho, 1y, Subfilisin
prosegment (15ob), Plasminogen activetor (11k), Thromibsin
(Twrl).

Curfindings comelate with known subshate binding affini-
fies also if sequence similarity does not in particular the
sequence smilarity of Proteinase K (1 pek) to Themnitase (1thm)
is for lower than of Profeinase K to Tnypsn (1hy) and
Chymotrypdn (2gch).



