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Fig. 1. A general scheme of a QSAR model development
which includes systematic training and testing processes.
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Table 1. Classification of QSAR approaches based on their dimensionality

Dimension Method Protein
1D-QSAR Affinity is correlated with global molecular properties of ligands, that is one value per property Ne
and ligand (pKa, log P, etc.)
2D-QSAR Affinity is correlated with structural patterns (connectivity, 2D pharmacophore, etc.) without No
consideration of an explicit 3D representation of these properties
3D-QSAR Affinity is correlated with the three-dimensional structure of the ligands Possible
4D-QSAR Ligands are represented as an ensemble of configurations Possible
5D-QSAR As 4D-QSAR + explicit representation of different induced-fit models Yes
6D-QSAR As 5D-QSAR + representation of different solvation scenarios Yes
2D-QSAR i £8& 7|28 ste YHoR 84 o] ER3lA] gon,
PEOR 1A o1 W }i-—-' 2124 kot HQSAR |

Free-Wilson¥} Hansch-Fujita &3} -2 2] 2D-QSAR HolA R SAl= #A L89 FHEEE 2HShe £4F 37

HHE A d&5e AYsly] $gte) 2219 Bape) 23] Y YAE sk 2R 9E Ak Wioltt. Fig. 2
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Fig. 2. Hologram-QSAR (HQSAR) model development, which includes molecular hologram generation and partial least square
analysis to derive a final predictive HQSAR eguation.



AARYS Mo LA AAE FlEh] 9fstel 4aE
of o ¥ PLS 4% olgeiA Hofl o= BARAAS &
223 bin g B oo Eohe AE B S A8

L
BA, = const+ ExijCj (6)
=1

4714 BAi i WA B0 AEY
A A E bin j 9] BHE l-‘-:;*«XP
grolch. Gz PLS BAJolA SiE
S g2y Zojolt}
HQSAR9] 3t 711 X;_O_.Er -O—;PO}LH WA oA o
Aolu], 210l 4
% binolA] T £8& 74

2ok A Aot

<

=
P2 B AT BR2Y Fo B 22T ¢
5 190 ABIAA5Y AHeo] o] ZojA):
S HYOR ool

Fragment—Based QSAR(FB-QSAR)
2| Du 52 EA}E3lof| 7)238}o] Hansch-Fujitatl & 2}

S oA WAAT} Free-Wilson HAAIS E8 AR5
2D-QSAR W& 47skoirt B3] A Bale 2itno
A AEHoE HAE T e i9h 8270 AR ofuR &
Fro AAETE BE BYoA 7eE Ag, o §AR 743
Hrt.
M
Aa":;bazxgm %

A7 Ag, = S A AHA] 7]0920] 1 Fiu® balz

AR) REAE S5 50 73

2 28] gt FANZ IR, g INAT Ag,, = B
8o] ofafsta 4 AR 7|&Er.

AG L =D30p; . (8)

o BAROYA E8 F o] 1 WA Aol m 9 o
o] i) A9 Aol
AFA Az A2E WY RS o]F Al M(iterative
double least square, IDLS) A A= oj&54S 7stela
g% S St flef Zesiths FE dSeiich

Fragment~-Similarity Based QSAR(FS—QSAR)

Z o= 714 Free-Wilson BP9 28350418 & 4517
Sjgtol Mg gAY EEHAH HEE EYsh Bl
AHY719E QSAR(FS-QSAR) Hrdo)] 7= glck fAMS A
¥l ools) glAddoletn & 4 gl o|Fsky AA

]

= Al I *EH-»‘ Free-Wilson *Xé@% Aeksl7]
o

BT

H %‘“@Elw-—ﬁl 7*7“’} ﬂx}f?l 249 detet 2t
15 YA vEARE R T

oA AbEEl TP WAY TP B R ghE AR

th. FS-QSARY| =& WAL thew gk,

.F-L.J

]

2 o o
;oﬂrm
~

dr do
:‘ﬂi .2_:
o

o
¥

ﬂ.ﬁ

N }3
~log K, = const+ Z[max{hiizz?(ij, F x4 o
=1

A FA. Py = A Q8] Aol
P58 A9710 £, max = ) 5L M B4 3
Ao} A48 AU Fx = A Q8] $1700] kel 22

(A o Al 2. Fie = jAA 23] 9iz)ef] 5ol &

B2 e B AUEY). Sim[Fjk, Fig] = &8 A

4 7152 Fikol Figg ulastel fAM] Aoeg AAgith

AME= § A XB9YA] oA A AR e A
A )l A AR FAME 715 TRt ol Aol
Sim (£ £7,) = e |EVIEy) = EV(E )| (10)

EV(Fik) = £8|(Fp)2) BCUTRA 9] 71 JAU 714 &
< g

ot |22 83 COX2 ofdE 19} 85 triaryl bis sulfone
ofFE 15 E3tote] thE dlolE MEo] HHE I ARE

on, B4 mdojA Bighe 729 Ao BA4E 5



74

O HI2E Ao fHEA o2 A= BFAF ATA S
r'E 5% o449 AIFHER COX2 ofd® 0| T3 0.629
bis sulfone o210 A3l 0.68¢]91tk Free-Wilson
H|IL A COX2 H|o]EJA|Ex 0.46 181l bis sulfone H|
ol ESAE 0422 ¢ Fghe BAFHE AFolglth o
T BCUT AM] §H4= Tanimoto AF4x(Tc) ¥, Zaf
9 229 BA FAER dAE, B ' COX2¢
bis sulfone oPdE 71 BE 0.620(30ch 3AHAACZ GALA
He 271804 229 Free-Wilson 9| 303t 84S a2
7] wZoll FS-QSAR Hl2 Fef2] 2D-QSAR w43 v|i
T aRA9l dE5Eo] AFE AT ebx FS-QSARY o
5 A8Es Hot 58 U9 ohE QSAR WU 4
FEAE REAT ARAojn fdstn A 753t 2D-
QSAR ®dgg AF3ict

Top Priority Fragment QSAR

Casalegno $(2006) SA 74500l gt ALgA] 441
EARIE 35k 98 FR.Ulo| B SHEE 29 5
UE 345t 549909 SAEHE ok U £ 2

2 1

2 7]Hhe 2 3 QSARE A3ttt BAYHL o fAF
A & 27h8A Bl 9] Free-Wilson %9 Fa3H ¢+
& 3437] W&o FS-QSAR HH-& £ 9] 2D-QSAR
Wi Hwete] aFAR & 5o YFH Ty
FS-QSARY| 9% A= e th2 o £ 99 QSAR 1
AT 24 4 Ate A% Folu f-98ta AN 7ks
3t 2D-QSAR 2EZ A|Fdtct

7|E} Fragment—Related QSAR ¢

FZole AESA T A8 Hato] AR 2 2
2719k QSAR o] 7RtE]giel. Zhokhova $(2007)& &
A QAR BY AAE AFgehe e TYsiA 5]
8%t QSAR/QSPR(1-23 HHFEATA) d7of 24319
o 20| A3 B2 QSAR/QSPR RHS 755ty B
A Atz 18 AYAE A48k 98l AHEs NASAWIN
Z2IHoA A&ridADE A3 3| FHFSMLR)S} 371 59
ASAFHESZANN) H o2 43519tk Andrade 5(2008)
< SEIESAA R U YN EAE AF8l7] Y3t /e
2D-QSAR ZZ I3 HQSARS 24319t} g 231 B
A Az} Adkn) dhAfofl= DRAGON 5.4 H7, BuildQSAR
2 PIROUETTE T2 13L& g83}ch

3D-QSAR

3D-QSAR H]& 2x1919] )& A E AAstr] fstod
ErE)lot AxkRl o 2 o Babsltt, Yukd o2 3D-QSAR
dholi= Ao oEohe W oA Y= W F 7t
A7k god, £ HE AF1E 93 94goE ey
AgA B AXHoR S 488 7271 gasit.
32+ Fefle W 4 9l 3D-QSAR REE TtEs 8%
2919] shfel7|wata 8 A7 stk

Comparative Molecular Field Analysis (COMFA)
and Comparative Molecular Similarity Indices
Analysis (CoMSIA)

32HAAQ] BAFRE 7)122 g 3D-QSARY|Y FollA
Cramer 5(1988)c]l &Jsff 2709 Bla #4+ & £4 (compara-
tive molecular field analysis, COMFA) 7|H-2 QSARY} &
ARl A BHskE dolth. EAdE A3 fisted A
7}E)= 27h=9) A Ak (steric field)i} A 74714 electrostatic
field)oll Tt 524 2 %(contour map)E F3to} 7| &2
o} o|gjshd YA YEBA Alolo] ABAE Adke ¥
Ho|ct. CoMFA W& 339 EAEn AEEAY +2
EAg 22 o822 427l 3D-QSAR ZA| o ko]
4D-QSAR 5D-QSAR, 5} Z-2 thA)(mD)-QSAR #7t o}
Uz} CoMSIA, SOMFA, CoMMA 72 t} 742 3D-QSAR
o] g S 93k 7|2 & ot

CoMFA EX4& Aga}7] 9lelire= WA 7|38 32
AEE 18 Y BAY apatel9] v o] Atk of
A A 7E 7P @ kRS Ay £xE moded
(simulated annealing)3} 48+ &1 E]E(genetic algorithm,
GA) W T2 A3t

3 7hsd BE e A 4R X UE AlF
Al g A AR|sto] 7| AR AR HEE AR
o 221 B2 W B gAke] R8s Gasteiger-Marsili
Hhg ARkl AXletaL g EAe BAY) 71EEA
o7 FE T (template)FAH7HY] WHE-QQ1ES oAk
Aol W2 AR 3o whet 339 2t AAE
(atom fit) F= -5 4L(flexible fit) BFA]22 A Z(alignment)
A7 AEE EAES Ol 24378 7AE 3319 4zt
ARAR Foll 2 vheol Fig 33} Fig. 49 Zo] 3Rt=5
o] JejE ZF3H= H(row)H &2 YEl = F(column)
03 FAEl= QSAR EE AAJ3Ith Receptor #9jof 4§
3tz 71 BAS A3 AE dUAE A4t $iste] 7]1d



Bio =y +2*3001 +b*S002 +.. -+ m*S998+ n*E001 +...+7*F998

Fig. 3. Process of comparative field analysis (CoMFA) as 3D
QSAR.
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Fig. 5. The comparison of the in silico docked aldosterone (Q05) with the experimentally determined structure (Bledsoe et al., 2005)
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Table 2. Range (85%) of physicochemical parameters for calculated according to herbicides, PS-II and ALS inhibitor

Parameters(unit) Herbicides PS-II 'ALS
OLog P -0.90~4.50 -0.10~3.60 -1.40~2.00
CLog P -0.80~3.3.7 0.52~3.37 -0.40~2.20

DM (Debye) 1.80~12.22 2.20~7.70 5.00~17.60

MR (cm’/mol) 53.0~104.0 57.0~90.0 80.0~106.0

Pol (A% 19.0~37.0 21.0~32.0 28.0~40.0
HOMO (eV) -8.98~-7.34 -9.90~-8.54 9.58~-7.50
LUMO (eV) 2.76~0.40 -0.80~0.60 -3.10~-0.82

Vol. (em’) 558.0~995.0 595.0~856.0 727.0~1042.0
Mass (amu) 202.0~430.0 213.0~340.0 289.0~487.0
Surface area (A7) 194.0~356.0 208.0~300.0 255.0~370.0
Hy.E (Kcal/mol) -10.16~114.7 -6.96~111.16 -15.51~113.13

Table 3. The range (85%) of physicochemical parameters for fungicides and sterol biosynthesis inhibitors (DMIs) and for insecticides

and AChE inhibitors

Parameter{unit) Fungicide DMI Insecticide AChE
OLog P -1.10~3.80 -0.20~2.50 0.00~5.50 -0.03 ~4.40
CLog P -1.09~3.75 -0.09~2.51 -0.26~4.34 -0.03~3.21

DM (Debye) 1.60~7.60 2.10~5.50 1.20~10.20 2.01~10.20

MR (cm’/mol) 60.0~107.0 82.0~104.9 48.0~121.0 50.0~97.0

Pol (A% 22.0~40.0 28.0~37.0 17.0~43.0 18.0~34.0
HOMO (eV) -10.330~-6.820 -10.070~-7.360 -10.180~-7.170 -9.960~-7.580
LUMO (eV) -2.650~0.180 -1.460~0.020 -2.930~0.100 -3.020~-0.340

Vol. (cm’) 564.0~990.0 760.0~952.0 550.0~1086.0 572.0~955.0

Mass (amu) 210~412 292~377 183~477 193~368
Surface area (A% 203.0~358.0 263.0~337.0 190.0~384.0 202.0~341.0
Hy.E (Kcal/mol) -14.03~122,64 -9.04~56.74 -11.71~110.73 -11.71~109.70
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Fig. 8. Regions of biologically and medicinally relevant chemical
space within the continuum of chemical space.
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Fig. 9. A graphical illustration of the domain of applicability
in principal component (PC) space. The QSAR model training
set is represented by the yellow circle. Query molecules are
coloured as follows: within the training space {green), close to
model space (orange) and far (red). Query compounds predicted
further from training model space would be expected to be less
reliably predicted.
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Fig. 10. The path of work flow for the use of drug and chemical toxicity databases and models; starting from the source of data

to the goal of predicting human health effects.
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