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Figure 1. The main steps of GEMD@CK for virtual database screening, including the target
protein and compound database. preparation, flexible docking, and post-docking analysis.
GEMDOCK mines a pharmacological consensus from the target protein and known active

ligands when available.
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Figure 2. The linear energy function of, pait-wise atoms for steric interactions (light line),
hydrogen bonds (bold line), and electrostatic potentiain GEMDOCK.



A: 2gpb_GLC B: 1byb_GLC

C: llic_ HDS D: 1a28_STR

Figure 3. GEMDOCK results for fdur t;}pi’éél%ebtablé complexes (i.e., the RMSD value < 2.0
A). The RMSD values of these cofn‘piexes were'less than 1.0 A Most of the docking ligand
groups (orange) were identical to the cfystal I‘igand structures (CPK). The green dotted lines
represent hydrogen bonds and cavities show in blue color.
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Figure 4. The successful percentages of GEMDOCK for retaining (red bar) and removing (black
bar) structure water molecules in CCDC/Astex test set:
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Figure 5. Comparison of successful rates between GEMDCOK and GOLD in different rotational
bond levels. (A) Successful rates of GEMDOCK, (B) Successful rates of GOLD. This
comparison shows GEMDOCK has stable performance (77% in average) in different rotational
bond levels. Both GEMDCOK and GOLD use default settings respectively.



A: 3cla_CLM

B: 1rne_C60

C: lake_AP5 D: leta_T44

Figure 6. GEMDCOK results for f'our faé;tb?macgebtable examples(i.e.,, RMSD value > 2.0
A). (A) The critical structure water “r"ﬁol'qcules” gré-'r“émoved from binding site (3cla). (B) The
ligand structure is highly flexible and large (1rhe). (C) Significant clashes between protein and
ligand atoms (1ake). (D) Specific protein-ligand interactions do not take into consideration in our
scoring function (for example, the interaction 1..O in leta). The docking ligand conformations are
orange and the crystua ligand conformations are CPK. Hydrogen bonds are shown in green

dotted lines and cavities are shown in blue.
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Figure 7. Affected factors analysis of GEMDOCK performance (A) Cavity sizes, (B) Ligand sizes, (C) Number of
hydrogen bonds in native binding, (D) Single bonds in flexible ligand conformations, (E) Ratio of hydrogen bonds,
(F) Ratio of single bonds, (G) Resolutions of crystal structures.
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Figure 8. Ten known human a-thrombin ligands are docked against the thrombin complex (PDB
code 1dwd) for evaluating docking accuracy and screening performance. Each ligand was
denoted in four characters followed three characters. 'First four letters are PDB code and later

three letters denote the ligand name.
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Figure 9. The binding-site pharmacological consensuses are identified by superimposing ten
known human o -thrombin ligands égainst the fef‘erence protein 1dwd Six pharmacological
preferences and interacitons are identified and circled as A (acetyl-p-amidinophenyl group), B
(amino and ketone group) and C-(amino group). The ﬁharmacological weights are denoted in
Whosition @nd the interaction types ae Iabéled in“H; V_and none behind weight values. The dotted
lines indicate hydrogen bonds. |
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Figure 10. GEMDOCK screening-accuracies of thrombin are assessed by (A) True hit, (B) GH
scores, (C) Enrichment factor and (B) False positive rate againgt true positive rates ranging from
50% to 100%. The performances of GEMDOCK are superior when using both ligand preferences

and receptor pharmacological interaction preferences.
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Figure 1. Average enrichment factor and average false positive rate of three virtual screening
targets. (A) Average enrichment factor and (B) Average false positive rate of TK. (C) Average
enrichment factor and (D) Average false positive rate of DHFR. (E) Average enrichment factor
and (F) Average false positive rate of ER. The label in x-axis is the combination of rankings. The
label of methods corresponds to table 10. (None: GEMDOCK without pharmacological
preferences, both: GEMDOCK with pharmacological preferences, Ori: GOLD with GoldScore,
and new: GOLD with recombinant GoldScore)
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Figure 12. Ranks and score curvesfor three virtual screening targets. (A) TK, (B) DHFR, and (C)
ER. Scoring of four methods has been normalized with equation 16. Scores of GOLD and
GEMDOCK have highly divergencesin performances The label of methods corresponds to table
10. (None: GEMDOCK without pharmacological preferences, both: GEMDOCK with
pharmacological preferences, Ori: GOLD with GoldScore, and new: GOLD with recombinant

TK
.‘_\.
\.
—— GEMDOCK:-none
- - - - GEMDCOK:-both
------ GOLD-org
—=-= GOLD-new ) ) ,
0 200 400 600 800 1000
Ranks
ER
Rty
| —— GEMDOCK-none
- --- GEMDOCK-both
[ -------GOLD-org
F - GOLD-new
0 200 400 600 800 1000

Ranks

GoldScore)

=
o
T

o
)

Normalized Score

0.6

DHFR
—— GEMDOCK-none

-=-- GEMDOCK-both
""" -GOLD-org
------ GOLD-new
0 200 400 600 800 1000
Ranks



6 0.

50.

40 .

30.

20.

10.

=
l—‘l\)wbwm\lw&oo
o

o

120.

100.

80.

60.

40.

20.

O O OO O oo oo

Average Enrichment Factor Average False Positive Rate
p_0O 9. 0.0 - . ;
mRanking cqgmbinati on mRanking cpmbination
DﬁScoring cqmbgi nat i ogn 8.0 mEScoring cpmbination
7.0
DO 6.0
5.0
p o
4.0
P O 3.0
2.0
D O
1.0
0<moﬂmouounggggu 0.0<monmooooogggao
< o < < oo T o o o < <@ 02 5 a @
< B <
AverageEnri chment Factor for Average False Positive Rate
@Ranking clombina 4. 0.0
00 EScoring clombinat mRanking cé¢mbination
T 3. 50 @Scoring cqgmbination
PO -
pboO n [ 3. 00
po 2 . 510
0
2 . 0r0
)
1.5
0
0.5
<moez83¢288888%5 0 R I TR BRI - s e
o (((m: D <o<<mm<<<m2
AverageEnr i chment Factor for Average False Positive Rate for
25.
mRanking cdmbinati
00 @Scoring cdgmbinat
20.
10 0 - _
D O M 15.
D O 1
10.
D O
5.
follll; A AIAE A RECR Hi R 0.
<mv°i‘822ﬁ:$§§§§§ F

PO

PO

poO

o o

@ [=]
< o

(3]

mRanking ¢

EScoring ¢

o
)

A B C|
A B D
A C D|
B C D
ABC

pmbinati on

mbinati on

Figure 13. Average enrichment factor and false positive rate comparison for ranking and scoring

combinations. (A) Average enrichment factor and (B) Average false positive rate of TK. (C)

Average enrichment factor and (D) Average false positive rate of DHFR.

(E) Average

enrichment factor and (F) Average false positive rate of ER. The label in x-axis is the

composition of methods.
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