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The role of computer-aided drug design (CADD) in modern drug discovery [1-15] is
to support its various processes, including hit finding, hit-to-lead, lead optimization,
and the activities preluding to preclinical trials, through numerous in silico predic-
tors and filters. These tools have a wide variety of objectives, such as enriching the
families of molecules that will be submitted to experimental screening with poten-
tially active compounds, identifying molecules that may be problematic such as toxic
moieties or those with nonspecific activities, generating ideas on the chemical mod-
ifications to be made to the compounds to increase their affinity for the therapeutic
target or to improve their pharmacokinetics [16-19], or finally assisting in the var-
ious selection processes aimed at identifying and promoting the most promising
molecules. These approaches are generally divided into two main families [20].

Structure-based approaches [8, 21-23] use the three-dimensional structure of the
targeted protein, for example, to estimate via the use of a docking software how
and how strongly a small molecule will bind to it. Avoiding the necessity to resort
solely to an experimental method (e.g. X-ray crystallography, NMR, or cryo-electron
microscopy) to obtain this information makes it possible to process a large num-
ber of molecules very quickly and at a moderate cost. In turn, this information can
be used to determine how to modify the chemical structure of a small molecule to
optimize rationally the intermolecular interactions with the protein target. It is then
possible to select the most promising compounds for experimental validations, cre-
ating a cyclic optimization process, thanks to this feedback loop between in silico and
in vitro approaches.

Ligand-based approaches take advantage of already known molecules with cer-
tain bioactivities or physicochemical properties, in order to derive the information
necessary to predict the bioactivity or properties of other compounds, real or virtual.
Indeed, CADD has been a pioneering research area in the development and appli-
cation of machine learning methods [24-32], with the emergence, as early as the
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1960s [33], of quantitative structure-activity relationships (QSAR [34]) or quantita-
tive structure—property relationships (QSPR).

To perform these tasks, CADD benefits from numerous databases and datasets
of small molecules, bioactivities and biological processes, 3D structures of small
compounds and biomacromolecules, or molecular properties — some of which being
related to pharmacokinetics or toxicity [13, 35-38]. Created in 1971, the Protein Data
Bank (PDB) [39], which stores the three-dimensional structural data of large bio-
logical molecules such as proteins and nucleic acids, is a precursor in the field of
freely and publicly available databases with possible applications in CADD. Cur-
rently managed by the wwPDB [40] organization and its five members, RCSB PDB
[41], PDBe [42], PDBj[43], EMDB [44] and BMRB [45], the PDB continues to provide
the CADD community with numerous valuable 3D structures of therapeutically rel-
evant proteins in the apo form or in complex with small drug-like molecules, which
can be used to nurture structure-based approaches. Several subsets involving such
structures have been created over time, for instance, to provide reference sets to
benchmark docking software, such as the Astex [46] or the Iridium [47] datasets.
For a very long time, ligand-based approaches were generally limited to the use of
small datasets, collected on a case-by-case basis during specific drug design projects,
thus precluding their application beyond the building of focused models with lim-
ited scope. This situation dramatically changed during the 2000s with the rise of
large-scale databases created specifically for the benefit of drug discovery in gen-
eral and CADD in particular. ChEMBL [48, 49] released in 2008 or PubChem [50]
in 2004, which collect molecules and their activities in biological assays systemati-
cally extracted from medicinal chemistry literature, patent publications, or experi-
mental high-throughput screening programs, are certainly among the forerunners
of this trend. Such databases paved the way for CADD approaches addressing, for
instance, the prediction of bioactivities on a very large scale, including ligand-based
methods. ZINC [51], freely accessible from 2004, is another large-scale database of
small molecules, this time prepared especially for virtual screening. This important
resource focuses on the compilation and storage of commercially available chemical
compounds. DrugBank [52], whose first version dates back to 2006, is an example of
a database gathering numerous curated and high-quality information about a group
of molecules of biological interest, in this case mainly but not exclusively, approved
or developmental drugs. Although smaller than ChEMBL or PubChem for instance,
this type of resources, because of the quality, the structure and the practicality of the
information provided, also plays an critical role in the development of new CADD
techniques and filters, or for more direct applications in virtual screening.

Researchers working in CADD can be considered to have two main activities:
one consists in designing, validating, and benchmarking new in silico approaches,
the other is applying existing tools to support drug descovery projects. The nature
of the databases reflects this duality. Some are clearly oriented toward an applica-
tive usage. With virtual screening in mind, this is the case for resources gathering a
large amount of commercial or virtual molecules, such as ZINC [51] or GDB-17 [53],
whose main purpose is to be used as a source of molecules to feed virtual screening
campaigns. At the opposite end of the spectrum, we find molecular sets constructed
specifically for benchmarking screening methods, such as DUD-E [54] or DEKOIS
[55]. These contain a limited number of compounds, known to be active or inactive
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on certain protein targets, and carefully chosen to avoid any bias in many molec-
ular properties that would allow a screening software to identify the active ones
too easily. Between these two extremes, we can find databases, such as ChEMBL,
PubChem, or TCRD/Pharos [56], containing a large number of known bioactive
molecules. These generalist databases can not only be used to develop a large range
of CADD methods, including screening or reverse screening approaches, such as
Similarity Ensemble Approach (SEA) [57, 58] or SwissTargetPrediction [59, 60], but
also constitute a source of real molecules to be virtually screened.

By definition, the interest for many CADD-related databases lies in their capacity
to store a possibly large quantity of molecules, along with useful annotations, and
in their efficient diffusion to the public. This was made possible by the development
and dissemination of widely accepted specific file formats. The most common file
for representing molecules as strings are in SMILES [61, 62] and InChl [63, 64] for-
mats. These one-line formats have the great advantage of using little disk or memory
resources, facilitating the storage, and rapid transfer of large numbers of molecules.
It should be noted, however, that several SMILES strings can represent the same
molecule. This can be problematic and potentially generate redundancy when
compounds from different sources are gathered. To avoid this kind of situation, it
is possible to produce canonical SMILES by a well-chosen software, which are by
definition unique for each molecule, or to use the UniChem [65] database that pro-
vides pointers between the molecules of most common databases. Structure-based
approaches, such as molecular docking, 3D fingerprinting [66], or pharmacophores
[67, 68], require a spatial representation of small molecules. The most frequently
employed file definitions, including tridimensional atomic coordinates, are the
Structural Data File (SDF), the MDL Mol, and Tripos Mol2 formats. Compounds
are often available in such formats in the major small-molecule databases, such
as ZINC [51], Chemspider [69], or DrugBank [52], which allow their direct use
in 3D-based approaches. Other formats are available to store 3D structures of
biomacromolecules, taking advantage of the fact that large biomolecules are based
on the repetition of a small number of residues. The PDB and mmCIF [70] formats
are among the standards and provided by the wwPDB consortium, and by other
major databases of 3D structures of macromolecules, including PDB Redo [71, 72],
as well as the SWISS-MODEL [73], MODBASE [74], and AlphaFold [75, 76]
repositories of structural models.

To be valuable in the context of CADD, a database should meet several criteria in
addition to the nature of its content. These criteria are very close to the findability,
accessibility, interoperability, and reuse (FAIR) principles [77].

First, a database must be maintained and made available for the long term,
ideally via a persistent URL, so that it can be employed for sustainable projects
and developments. Unfortunately, a large fraction of new databases and datasets
disappear only a few years after their initial release, due to lack of resources to
maintain them or lack of interest. Attwood and colleagues studied the 18-year
survival status of 326 databases published before 1997 and found that 62.3% were
dead, 14.4% were archived (and not updated), and only 23.3% were still alive under
their original identity or after rebranding [78]. This first analysis was independently
confirmed by Finkelstein et al. who found that of the 518 original databases
published in the journal Database between 2009 and 2016, 35% were already no
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longer accessible in 2020 [79], and by Imker who observed that among the 1727
databases published between 1991 and 2016 in Nucleic Acids Research’s “Database
Issue,” 40% were dead in 2018 [80]. They found that databases with higher citation
counts and from researchers with higher h-index within renowned institutions
were more likely to survive. In addition to straightforward online accessibility over
the long term, databases should ideally be regularly updated to include the latest
useful information. In order to make this process efficient and compatible with
the reproducibility of the research projects that need the databases, these updates
should be clearly versioned and previous releases archived for the long term. In
addition, unique identifiers should be assigned to individual database entries and
maintained persistently across all versions.

Second, the database should be easily searchable and retrievable. Most of those
mentioned in this chapter can be accessed via a Graphical User Interface (GUI)
developed to browse and search data easily, for instance by typing keywords in a
search box, providing a query molecule in SMILES format or as a file, or by draw-
ing compounds or molecular fragments within a molecular sketcher. Such interfaces
are particularly efficient to search for information about a few given molecules and
to display them in a well-designed graphical representation. However, such inter-
faces become inefficient when a project requires a large amount of data, which will
eventually have to be analyzed by the user through dedicated scripts and programs.
In these cases, the information should be searchable and massively retrievable by
command lines, for example, with an API through specific search and download
commands. Ideally, the whole database content should be downloadable for local
use by classic database management systems, such as MySQL or PostgreSQL, in
order to be easily deployed and managed on the computers of advanced users.

Third, CADD databases and datasets should use renowned and well-accepted for-
mats to store and deliver molecules to the users. As mentioned above, several strings
and file formats are already available for this purpose, including SMILES, InChlI,
SDF, Mol, Mol2, PDB, and mmCIF. These formats are readily processed by most
CADD software, making the use of the databases or datasets content straightforward.

Fourth, to make the interoperability between databases easier, they should include
as much as possible well-accepted unique identifiers from long-standing key players
in the field. For instance, the UniProt [81] ID provides a valuable solution to identify
proteins. In addition, small molecules can be identified in many cases by one of the
identifiers present in UniChem. This does not prevent the authors of new databases
to create their own unique identifiers, for more flexibility. For example, ChEMBL
uses its own unique identifier for proteins and ensures interoperability with other
resources by providing a file mapping these ChEMBL IDs with UniProt [81] IDs.

Fifth, accurate information regarding the origin of the data stored in the database
or dataset should be provided, as well as a detailed description of the manual or
automatic curation processes applied to it.

Sixth, databases and datasets should have a clear usage license. Free- and
open-access resources are often favored in academic environment, where funding
may be limited, because they increase the visibility, maximize the use and impact of
data, and facilitate the reuse of research results (Table 1.1).



(panu1uo2)

[uny peorumop
-p1/310°qsox-odxa-puediy
//:dnY sryQul pue ‘SHIIAS
‘ddd “TON ‘AdS ‘Jrowux
ur a1y s[qepeojumoq

4SOV ay3 Aq paurejureN “(2z0c Jo
Se 000°LE INOqe) Jueq ele UIoid
9]} JO SILIJUD SINJONIIS ) UIYIIM

(uomyepifea pue ‘Jururen)
‘uoneorddy) SA paseq-armonng

810°qsor-odxa-puesiy SO[NOJ[OUI [[BWIS JNOJE UOTIBULIOJUT SA Paseq-puesi]
[¢8] //:dnY 010y 9[qIssa00 A[9a1] [BINJONI)S PUE [BIIWSYD SOPIAOIJ gunpoq odxg puedry
‘uonepunod (uomyepifea pue ‘Gururexn
gddmm 2 £q paurejurew ‘uoneorddy) SA paseq-armonng
poo/ejep ‘SOLIUD g(d Ul punoy sjusuodwod T
/310 qpdmm-mmm//:sdng S[NOJ[OW [[BWS PUR dNPISOT SA Paseq-puesy] Areuonorq
[z8] :9I0Y J[qISSA00. A[991] [1e SUIqLIOSaP A1 S0UAIDJAI [BUISIXE guppoq Jusuodwo) [edIWaYD
(uonepirea
. ue ‘ururen) ‘uoneorddy)
[ oFur-peo[umop “BJEP UONEPI[EA [9POW JO [)[BaM b .y el
. . SR uoryewnse A81ou9 va13 Surpur
/na-opar-qpd//:sdny ® pue ‘safuryd [opow Jjo uondrosap netn J e
1919y pRO[UMOP PUR [V ® ‘sdewt £)1SUSP UOIO9[d IIM SILIJUD uornjorpaid jo81e],
na-opai-qpd//:sdny gad Sunsixs Jo suoisiaa pazrundo SA paseq-ainjonns
[z “1L] 1910y PayoIeas A[9a1] 9q UB) sureluod yueqerep OAAY-9dd UL Sunypooq opay-9ad
$8000€-d}J/SOOIATS
/oqpd/yn-oe1qe mmm//:sdpy (uonepirea
1919 papEO[UMOp dq UB) - pue ‘Gururen; ‘uonesrddy)
1deso1-aqpd/aqpd /n-oe- UEY) 10 SUTEITOS “SOINIONIS uonewnss A319us 931 Jurpurg
109 mmm/ /ANy :1dV LSTY IR[No3[0WoIoRU [80130[01q UO BIRD uonoIpaid 3o3re],
aqpd/yn-oe1qo mmm//:sdNY  SOTRUTWASSIP PUR “‘SozZIUBSIO ‘S109[[00 SA paseq-ainjonns
[z¥] 1910y PayoIeas A[9a1] 9q UB) ogdd ‘dddMm 9] JO I0qUIAW © S Sunypoq ogdd
SOOINOSAI PAJE[aI PUB SA[NOS[OUIOIOBWIOL] JO SAIMIONLS (J€ PAUIULISIOP A[[eIusuirIadxa Jo saseqele
S2JUIYIY Tan/fanigejeay uonduasag sabesn uiep aweN

‘buiuaalds 1enuiA :SA abesn aAizedndde Jo ‘saydeosdde mau jo
uolnepiea pue buiuresy :papuiwal st asodind Ay ayi ‘@relsdosdde uayp 1N pue abesn uiew 119yl yum buoje ‘siaseiep pue saseqelep jo isi7  T°T d19eL



anoidrun

0} Surddew yim gqg woiy
saINIONIS £9/°087T SE [[oM s sjadie)
dnoidrup) 107 THAOOW-SSIMS woay
S[apouw §00°0Sz z sureiuo) -aurpadid

K103180d21/310° Suropowr-£3o1owoy THAON-SSIMS
Asedxa-opowssims//:sdny oy £q pojerouss sopow axmpnys  (UOHEANddY) SA paseq-armonng K1onsoday
[¢L] :a10Y payoIess A[991) 9q ur) urejod (¢ parRIOUUR JO SSBqRIR( Surpoq TAAOW-SSIMS
npa“json- ‘weidord YA TIHAOWN 24} Suisn
orqdwoo-aseqpowt//:sdny poure}qo spopow axmyonys uijord  (WONEAIAAY) SA paseq-amjonng
[+L] :910Y payoIess A[91) 9q uB) sArTRIRdWOD PaTRIOUUR JO 3SBqRIR( Surpoq aSegpPON
peo[uMOp/3N-or1q9-plojeydre
/[:3dny 919y papeofumop ‘sueWINY SUTpN[OUI SWSTURSIO 8 JO
9q Ued S[9poW JO §19§ sowoaj01d o3 Surea0d ‘pogeydiy oseqered
jn-oe1qa proyeydre//:sdiny £q pajorpad sexnponns g urejord (uonedriddy) SA peseq-aInjonng °Injonang urold
CYRA ;2197 payoIeas A[991] 9q UB) uorpu 0z soprmoid gq progeydry Sunpoq progeydry
SO[NOJOWOIIRWOI] JO SAINIONHS (J§ PI[OPOW JO SISBqeIR(
-adoing gad
Aq paure)ure I (220z JO SE 000°8¢ (uonepiea pue ‘Gururen
e 210Wr) yUueg EJe( Ulejoid ‘woneorddy " mmw -oIn on
Jwayoaqpd/Als 34 JO SALIUS 2INIONIS Y UIYIIM neonddy) SA paseq-amionsis
-oqpd/sn-oe-1qe-mmm//:sdny SO[NOJ[OUI [[BWIS JNOGE UOTIRULIOJUT SA Paseq-puesi]
[+8] 1010 9[qISS9008 A[991] [BINIONIS PUB [BIIWAYD SIPIAOI] Sunyooq wayDLgad
PEMIEYETEN] Tan/Aaigerieay uondusaq sabesn urepy awep

(panupuod) T 31qeL



(panu11uo2)

[18]

[98]

[s8]

«=K1onb;qyyo1diun/31o°
joxdrun mmam//:sdny o190y
K19013 papeo[umop 2q ue)

S10m01diunmmm//:sdnyg
19191 PaYoILas A[921] 9q Ue)

poo/1ourAyderdorresAIo mmm
//:dnY 1219 9[qISsa00® A[9a1]

/pso/syuauoduiod
/9102-psd/suornjos
/300’ WD OPId Mmm//:sdny
19101 91qISS900® A[9d1]

‘uoneoynuapI 19318} Snip pue
[OIB3SAI [BIIPAWOIQ 10§ S[00} Tofewr
Y[} JO SUO SUIBIA] ISEGE)EP A}
‘S90INO0SAI SNOIdWNU JUTUIqUIOD A

‘urajoxd remnonaed

® JNOQE UOIJBULIOJUI JUBAS[II UMOUY]
[1e ap1aoid o3 aseqejep aouanbas
urojoid JuBpUNPIIUOU ‘pajeIouUE
A[renuew e ST 101J-SSIMS/gI0IJTUN

‘s1owAjodoiq

Surpnoxa ‘syeraur pue ‘spunodurod
orueS1o-rejouwr ‘oruesiour

orues10 JO SaINJoNIIS [BISAI0 LOT T6¥
JO uoTd3[[09 © sepraoid (eseqereq
uadQ AydeidoeIsfiD) aod

*9sud21] ® 211nbar suondo

padueApE QIOW ‘931 ST YoIeas [dwiIg
‘SISATeUe UOT)ORIJIP UOHNSU pue
KBI-X WOIJ S2INJONI)S OTUEIIO-[R)oW
pue o1uesIo Jo s9[nod[our

[[eWs € 91BINdd. UOI[IW U0

J9A0 surejuod A1ojisodar gsO oyl

uonepIeA J931e],
uonorpaid ja81e], J0IJ-SSIMS/gS[10IJTUN

surejoid o woneULIOFUT pue Bleq

SA Paseq-aInijonils
SA paseq-puesr] aoon

SA Paseq-a1njoning
SA paseq-puesr]

(aso) sseqereq
aInonng agprquie)

SOTNOI[OU [BWS JO SAINJONIIS (J€ PAUTULIAIAP A[[ejustuiIadxa jo saseqere



qp-opai1/us/31o
punjisouednue Mmm//:sdny
19197 Passadoe 9q ued A30100U0
ur sojeprpued gursodindar

Jo aseqelep O QUL
1X)°'qpsSnipIsoued

/2q’S10M00 BJBPJOR

//:sdny 019y papeoumop

9q ued aseqe)ep SIy}

JO UOTSIdA 9[qEPBaI-UIYIBW Y
/qp-s3nip
-190ued/310°309(01d-0par mmm
[88] //:dnY :919Y 91qISsa0dk A[9a1]

/PeoTuMOp/pId)

/npa wun-yypeay-radrunfy//:dny

19191 PIPEOTUMOP 3q UBd TYDL
/ao3-yru-soreyd

[9s] //:5dNY :219Y 9[qISS900€ AJoa1

S10101dixour mmm//:sdny
[£8] 1919y paydIeas A[991) 9q ue)

*3SBISIP PIIBIOOSSE
pue s39818) UO UOT}eWIOFUT

Se [[om se sO] "TIINFYD pue
yuegsniq 03 SYUI YIIm S3nIp I90ued
PasuadI Jo aseqeIep ssadde uadQ

"90BJIIUT qIM Y]} ST SoTeyJ

*$0130101q 10 SA[NOJ[OUI [[BLUS
Jusn pajempowt 9q Ajrenuajod
ued Jeyy) surejord pazLIaloeIeyd

A100d uo siseydwo [eroads ym
‘sJ9318) UBWINY JNOQE UOTJRULIOJUT
surejuod (@YD.L) aseqereq

90IN0SAY [BNUAD 19318, Y[,

‘BJEP UONORIAIUL
gnip-urojoid pue urejord-urejoid o)
Ppared1pap SI “Ienonted ur ‘UoONIdS

*S[BOTWIAYD 10 S3NIp

1] s1oujIed JR[NOSJOW PUE SISBISIP
19190 Y)m sdiysuone[al uorouny
‘aoue)sur 10§ ‘eyep pajefaI-urajord
ySno1y) uonediaeu pue uoneISojul
SSOTWEAS B SI9sN 3T SULISO
‘wr1oj3e[d AI9A09SIP JLIIUDD-UBWINY
aarsuayaxdwod © ST J0IJIXoU

s8n1p 100ued PasuddIT

qq sSnigiaoue)

sSnip uo uoneULIOJUI pUE Ble

(uomnepirea pue
‘Gururen ‘uonesrjddy) uorewnss
£31ou0 9313 Surpurg

uonoipaid jod1e],
SA Paseq-oInionns
SA paseq-puesry

uorjepIfea ja81e],
uonoipaid jodie],

Soreyd/dydd.L

101J1XoU

LEMIEYETEN]

Tan/Aniqeyeay

uonduasag

sabesn urep

aweN

(panunuod)

T'T @19eL



(panu11uo2)

wodyueqdnip-o3//:sdny
[zs] 1919 9[qISS09® A[991]

310)
-peorumop#3ursodindai/or

anyo//:sdny 1e papeojumop

9q ued Jaselep YL

/s9-o1ud ojuIolq qpaIy//:sdny

[06] 1919y 9[qISS09® A[991]

"AVIHVIC/A1Nq//:sdny e
3[qe[reAr os[e SI [V UOWIAd V
€EpSIousqp
.@ﬁaﬂﬁuﬁdbﬁmuws.ﬁﬁ duelsul
orqnd pue 9e9yDSE /AT IO0P
//:sdny :19UTRIU0D I9Y00Q

BIA d[(R[IBAR ST dseqelep 9y,

S1oTennusodnip//:sdny
[68] :9I9Y payoIeas A[991) 9q UB)

"SoIIIUD SNIp 9591}

0} payul] a1e urejoid JuepUNpaIUOU
8LTS ‘A[[EUONIPPY "SALHUD

3nIp $99‘4T Jo [€103 ® 10] SSnIp
(eseyd-A19A00sIp) [BIUSWILIAXD
€699 I2A0 PUE ‘SEOINAIBINU ZET
‘(o1uad1aTe pue ‘sourooea ‘soprided
‘surajoid) sor3o101q paaoidde

02ST ‘sSnap a[nod[ou [rews
pasoidde 9z/z Sururejuod aseqejep
daIsuayaxduiod © s1 yueg3nig

"spunodurod £0g89 I0J UOT)RULIOJUT
$9103S A[JU1IND 3] "] S, I0PUdA

se [[om se sjaS1e) ursjoid ‘uotoe Jo
WISTURYOIW I19Y) INOGE UOT)RULIOJUT
Surkuedwosoe 9y} Ym spunoduwod
Tearuroa1d pue ‘sajeprpued

[eorurpo ‘sgnip pasoidde-yqa

JO Jase)ep pajejouue pue pajeIn)d)

‘aseqerep

SYAV: woij pajerodioour are
$109JJ9 9SIDAPE JY10ads-xas ‘S1910
duowry ‘uonoe o13o1ooeurreyd pue
‘SUONBOIPUI ‘UOT}O® JO opowt Snip
‘sjonpouid [eonnoaoeurreyd ‘sannud
[e2TWAYD SJUSTPAISUT DATIOR UO
uoneuLIoful sapiaoid [enua)3nig

uonorpaid 1031e],
SA paseq-aInjonns
SA paseq-puedry yuegsniq

gursodindar 3nig
uondipaid jodi1e],
SA paseq-a1njonns

SA paseq-puedr qnH Sursodimday Sniq
Sursodindar Sniq
uonoipaid jodie], [enuap3nig



jousjonpoidrernieu’

‘sonredoad repnosjowr

paindwosaxd as10AIp pue ‘@ouasaxd
Teoryderg093 reinjeu ‘uray)
sonpoid jey) swsTuegIo ‘OInjer|
‘SULIOJ [BOTWIAYO03I)S UMOUY

I197]) 0) ‘S[(R[IBAR UYM ‘PIJRIOOSSE
SI pue 21n3oN1s JN ,Je[},, © 03
spuodsa1100 A1us yoey "UONILIISAI
Aue noyym pue 9318Yd Jo 391)
d[qe[IeAR SI pUE $30IN0saI JN uado
0S 19A0 WOIJ BIep SIaYIE3 1] "sIsA[eue
pue ‘yo1eas ‘98e103s (SIN) S1onpoid
[eanyeN 103 309foxd so1nos-uado

UE ST QUI[UO (SI0NpPoid [eInieN

SuruaaIos TeniIA

[€6] 1Mu0209//:sdny uadQ jo uond30I) LANODOD aseqeyep Jonpoxd [eInieN LONODOD
spunoduwod [eInjeu jo saseqejeq
*3[(B[IBAR OS[E dI SSINJONIIS (uonepiea
pue saouanbas ja81e], “projeydry pue ‘Sururen ‘uoneonddy)
pue gad ur a1njonas 1981e) 9y}
0] SYuI[sso1d sapraoxd aseqerep oYL, uonoIpaid jo3rer, aseqere(
/pn/1urqe(qiprap//:dnyg 's1081e1 Surpuodsariod 1Y) YIm SA Paseq-21nonng ja81e], sonnaderay],
[z6] :ye urdo1 ySnoiyy 9[qIsseo0y sSnap Jo uorod9[[0d aaIsuayIdwod v Suryooq aLlL
‘syo8ie) ouag
uewny Y 6915 SUIpnoul ‘saLud
T6S°TT SUIBIUOD 1] "S)USIPaISUI 9ATIOR
J0 sjuauodwod [edIAYD dY} 10/pue
9INJONIS [BITUIAYD Y} UO Paseq
3nip/33ay payrun adoing pue ‘ysn ‘ueder uonopaid josrer,
/dlFowouad - mmm//:sdny ur s§nup pasoxdde 10] 901nosax SA paseq-ainjonns
[16] :919Y 9[qISS200® A[931,] uoneuLIoyur Snip sarsusyarduio) SA paseq-puedry NI HoTA
LM ITEYETEN] Tan/faniqejeay uonduasaq sabesn utepy aweN

(panupuod) 1T 3iqeL



(panu1uo2)

[6¥ ‘8¥]

[96]

[s6]

[v6]

SPEO[UMOP/UOT)BIUSWNIOP
-90BJI9)UI-[qUISYD/OI'00q)IS"
[quayo//:sdny :syeurioy
ardnnu ur sjqepeorumoq
19191 91qISS900® A[9d1
[quIayd

/Aneoe1q mmm/ /:sdny
1qa10/saseqe)ep
/and/xn-oec1qa-dyy//:sdny
1919 SJ[l dseqe)ep pue

A4ds
/1q9yo/saseqerep/qnd/yn-oe
199-dyy//:sdny 910y o1y 4AS
1G9T70/3[N"0B Iq" MMM
//:sdny 1e 91qesmoiq Aea1g

dyd-
Xapul/mau” Ternjeuradns/op
ureyo-pardde-jurorq//:sdny

1oeorein-oiqsdde-qposd/ /:dny

‘skesse

UOI[[IW G'T WIOIJ PAIOBIIXI ‘S[[AD
000z pue s3981e) ureloxd 0OOHT UO
SONIAIIOR paInseaw A[[eiudwirodxe
II9Y) pUE SO[NOJ[OW [[eWS

UOI[[IW ¢'7 Sururejuod aseqereq

‘spunodurod [eorurayo  J[eus,,

U0 PasNI0J SAMTIUS Te[NI[OUT
000°7ZT MOqe Jo A1eUonoIp d[qe[IeAr
A70913 ® SI (3s919)U] TBO130701g

Jo sannug [eorway)) 1gaYD

's10puaA Tenyuajod
pue ‘sseo A3101x0} pajorpaid
‘sanyrodoid Teorwreyooo1sAyd

‘sarnyonays (¢ Surpuodsariod

oY) In0qe UONJeWLIOJUT

Surpnyour ‘(sQN) spunodwod einjeu
805°STE SUTRIUO0D Aseqeiep Y,

'sjonpoid [eInjeu JUBA[I JSOW

a3 jo santadoid [eonnaseurreyd
pue Teoruay0091sAyd yim

Suore uonewIOJUI [RINIONIS-JE
Surpiroad Aq seoeds [eorwayooiAyd
9SIQAIP ) S9Z1103278J BT} AseqRIRp
9jjoqelaw juerd anbrun e ‘qp-DSd

(uoneprrea

pue ‘Gururen ‘uorjesrddy)
uonewnss A319u9 2013 Surpurg
uonorpaid jaie],

SA Paseq-aInjonns

SA peseq-puesr|

SA paseq-aInionng
SA paseq-puesr]

Kyorxog,
paseq-puedry
aseqejep jonpoid [erneN

paseq-puesry
aseqejep jonpoid [erneN

TANAUD

1994YD
SOINOI[OUW [[EWS JO SIseqe)e(

II reanieN 1odnsg

qp-DOSd



woyoqnd

/aod yrurwuiqou-dyy//:sdny
:d 1A £q 10 syndno woiy
a1qrssod a1e speofumop y[ng
A03qIU-
wuiqouwaydqnd//:sdyy

"e1Bp AJIOIX0) pUE ‘K1oJes ‘yi[eay
‘syudyed ‘sanianoe [esrdoroiq ‘saniadoid
Tea1sAyd pue [esTwayd ‘SIOYIIUIPT
‘SOINJONI}S [BOTWIAYD UO U0 BULIOJUT
[IIM ‘SaNIATIOROIq UOI[[IW T0E

pue spunodwod Uor[I Z1T Surure;uod

(uonepirea

pue ‘Gururen; ‘uonesrddy)
uonorpaid jodre],

SA paseq-aInjonng

[0s] :2I0Y J[qISSA00 A[991] HIN 93 1e aseqerep Knstwayd uadQ SA paseq-puedr] wayHqng
/speo[umOop JEULIO} SHTIIA'S Ul O[qE[IeA.
Jyoraqrun-qps//:sdny :a10y os[e a1e spunodwod aYI[-Pes] UOI[IW [T
S[QEB[IBAR QIR $19S IO[[BWS 10 SANOJOUL UOI[[IW (S JO S)3S ID[[BWS
01b¥04OX 00X #TSOTHOL 'suago[ey pue ‘s ‘0 ‘N
/p10da1/310°0pouaz//:sdyy D Jo swoje £1 03 dn S9[ndd[oW d1UL3I0
5] 2101 9[qIss00€ K[031] uoI[[Iq +'99T SAJeIOUWNUD £ T-4AD SA paseq-puedr L1-90D
23)°9SBI91 JUSLIND *SI9QUINU UOISSIIIB
/dwmnpbsAwaseaar g aIr] 10141U() 10 SAP0Od g d Aq PIsSSaII. (uonepirea
TjusLIng/A1011s0da1/s9 01UD" 3q Ued 9seqeIRp Y, SIS [RUONOUNy pue ‘Suruten ‘vonednddy)
ojuroiq-qpaiy//:dny :a10y ® Jo 11ed senpisal Surpuiq pajeral uoporpaid ais Surpuig
[86] papeo[umop A[oa13 9q ue) pue spuesi| 9[NOd[OW [[BWS JO dSeqeIe(] Suppoq gaoid
‘syutod Sumae)s oY) Se sa[nos[owW Inip
uwr panoidde yjim s3I UOHRULIOJSURT) (uoneorddy)
or-wuisxaoedsgnap//:sdny U0 paseq SUIUSSIOS [RNIIIA SA paseq-ainjonns
[L6] :2I0Y 9[qISS200® A[991] 105 s1onpoid [eOIWaYD UOI[[IW 10T SA paseq-puedry xooedsdniq
‘s19)ourered [edTWAY2021sAyd Auewa
Jo uonorpaid oy se [[om Se ‘SuLIlS
[YDUJ pue SHTINS JO UoneIauas oy
‘SOINJONIS [BIIWAYD 0} SOUIRU [BIIWUAYD
JO UOISISAUOD Ay} Sapn[oul 3] “("030
‘s1opuaA ‘TgHYD ‘gasurpurg Yuegsniq
xdseynejog  "8'9) S90INOS BIBP ££7 WOIf KNSIWLYD JO
Jwoo Topidswoyo mmm  £19100S [RAOY 9 Aq paridwiod saImonIs SA paseq-ainjonns
[69]  //:dny :a10y o[qeydIeas A[9a1] [BOTWAYD UOI[[IW STT JO UOTIA[[0D) SA paseq-puedry reprdswoy)
EERIEYETEN] Tan/fanigelieay uondusaq sabesn urepy awep

(panupuod) 1T 3iqeL



(panu1uo2)

SSVID
/310°dnoid3ueyz//:sdny

[Tot] 1919 9[qISSI® A[9d1]
/3p’

ugisop-3nip-gpselq//:sdny

[ooT] :9I0Y 9[qISSA00. A[991,]

S10°8uryoop 1zourz//:sdny
S10-3unyoop-ourz//:sdny

19197 9[qepEO[UMOP

[ts] pue 9]qISS00€ A[9d1]

dyd-

peo[uMOp/m31A/dp-3Ingrewt
-un-arzewreyd-oopiqnos

//:sdny :peoTumop 319§
dyd-xopur/ep-Singreuwr-run
arzeurreyd-oopiqnos//:sdyy

[66] 19191 9[qISSA00® A[921

"SOLIIUD

pues| 6£S°7H€ pue (Souo uewny
S8 Surpnpour) YOdo 9S0€ SureIuo)
"suonoeIdIUI puedI-YDdo pajepIfea
Aqreyuawirradxa 10j A1031sodar
PpajeInd AJenueur e sI aseqejep

(uonerossy puedri-¥ddo) SSVIO

"Spuesi YOdO
paselq paysiqnd [re Sururejuod
aseqejep pajeInd A[fenueA

‘3ursyoop 10§

Apea1 g ul peo[umop I0j J[qe[IeAe
dIe UOI[[IW 60§ ‘INO0J-I0-3[NI

93 SUIMOT[0] SO[NIS[OW Y1[-PBI]
UOI[TW 9¢/ ) JO "SAINIONIS

€ (Jsouwr 10J) pue (I YIM ‘SIOPUA
0ST woij sSo[ejed 0T WOIJ PAOINOS
‘S9[NO3[OW UOI[[Iq €T SUIRIUOD

31 "SUTULI0S Ten)IIA 10 spunoduwod
J[qe[TeA. AJ[RIOISWIWIOD JO dseqeled

‘A[oAn3oadsar ‘syonpoid $6L°666

PUB ‘LL6°66 ‘b666 SUIUIRIUOD “] pue
‘IN ‘S se pajouoap sojdures d[qeioen)
Areuoneyndwod pue aanejuasaidar
991 Ul pAINQLIISIP SI 13seIep

oY, 'SUOnoeaI o1uegIo JO UONIA[0D
® pue sy00[q SuIp[img jo Areiq
[rews & woyy Suneurdrio syonpoxd
[eN}IA UOI[[IW 7 (UuQneZIuedIQ
BJR( 9AINIUT UO Paseq ISISATUN
[ed1WAYD S[qBUIIIS) 0OAIINDS

9seqeIep JLIJUdD SSe[o-}a3I.], SSVID

aseqe)ep JL U sse[o-3ad1e], qaaserg

aseqejep JII U sse[o-jadie],

(uonyeorddy) SA paseq-arnjonng
SA paseq-puesry ulz

(uoneorddy) SA paseq-aInjonis

SA paseq-puesry 00dIdnos



[uwayopawduwod-nauerysapd

‘spuedI] onbrun ggz pue sernus

4Ad LLE SuBd[[0d ‘SI0}IqIyUL
pue surewop g4 d1AeIed Jo

S9INJONI)S JO dSeqeIEP PI)RIOUUE PUL
PpajeInd e sI (aseqeiep pajejouuy

uonoeIUI puedl pue SINJONINS

[so1] //:dny 219y 91qIssa0oe A[9a1] aserdsgIqoydsoyd) uyInsadd 9seqelep JLIIUD SSe[o-1931e], uyInsaad
"0IBISI ASBULY PISLq-2Injonas
j10ddns 03 ‘s10jqryur
onbrun gogg uey) 210W pUE SISBULY
anbrun /¢ Surstaduiod sarmjonns
9SBUIY PajeIouU. 0TS I9A0 SUIRIU0D
JOUSHITY (sermyonng pue syutrdroSury
[vo1] //:5dNY :219Y 9]qISS900€ AJoa1] uonoeIdu] puedrT-oseury]) SAITI dseqe)ep JLI)UAD SSB[O-)a3Ie], SATT
PeOTUMOP/3I00ULY]
/npa-o00yoeIqUNp/ /ANy "S9INJONI)S UMOUY]
1919 PapRO[UMOD 3] UB) s s1031qryur 3d pasoidde-y g
d100UTy JO 3S1] ® surejuod 3] AusorAyd
/npa-o00yyoeIqUNp//:dNY pUE ‘Sa1njonas ‘saduanbes
[coT] 10191 PayoIess A[9a1) 9q UB) aseury urejoid 10J ejep sopiaoid dseqejep JII)UAD SSe[o-)aSIe], ayopury
"eyep Aiiqerese
pue AJIAIDE Yim SPUESI[ 000002
Ajreau pue sjuagde [eLn)-ul pue
3nIp 000Z I9A0 SIPNIOUT I] 'SUNSILIR
pue ‘surejord-o ‘sajels 9AnO. pue
9)eIpaULIAIUT ‘dATIORUI UT (SS0[0Y3I0
/810°qp10d3 000°LZ< pue) sYDJO A10j0€j[0UOU
[zo1] //:5dNY :219Y 9]qISS900€ AJoa1] uewIny [[e SUrejuod qpgddo 9seqeIEp JLI)UAD SSB[O-)a3IR], qQpIDdo
LERIIEYETEN] Tun/Aniqelieay uondussag sabesn urejy aweN

(panupuod) 1T 3iqeL



(panu1uo2)

soA=peojumop e
¢dslpeoumop1as/utarewt
/UOIBasWaYd/pulq/pml

/310 qpSurpuriq mmm//:sdny

Je ‘yewrIoy JS Ul AJureur

‘popeoTuMOp AJ991J 9q UBD
ds['sninoqe/puiq/pmi

/310 qp3urpuiq mmm//:sdny

[601] 1919 9[qISSI® A[9d1]

peojuMop/ouoH
/310 peOowWdurpuiq//:sdny
peOTUMOP 0} S}3S JUIIIJ

/310 peow3urpuiq//:sdny
1919 9[qISSI00. A[921
[y peo[umop/driorg
/310°dnoid3ueyz//:sdny
19191 PAPEO[UMOP PUY
[uny yoreasb/qriorg
/810°dno133ueyz//:sdny

[901] :2I0Y payoIess A[9a1y oq ue)

[8oT ‘20T]

‘Kinuapt 2ouanbas 9,68 aaey 03
sura301d SuIMo[[e S9INIONIIS [BISAID
TP 1T pue ‘Kiguapt sdusnbss %001

I1M surejoxd I0J SJUSWIOINSEIW
AIugye [)m saInjonis [esL£Io
puesi-urejoxd gg6s SIS g@surpurg
"S9[nds[oul [[ews T0T080°T

pue sja81e; urajoxd 0188 10] BIRP
3urpuiq 0L ‘61S‘C SUIAJOAUI ‘SILIIUD
96 TH SUTRIUOD 1] "SI[NII[OW [[BWIS
YI[-SnIp Y s39818) SnIp 9q 03
PaI19pISU0) surdjoid Jo SUOT)ORIUT
oy} uo AJRIyd SUISno0j ‘sonruLge

Surpuiq painseaur jo aseqeieq

“salqiuIey

JUSI_IP 8SO°TT pue ‘Spuedi|
JUSISIP L8E 0T “BIEP SuIpulq
€7C ST ‘saInjonis vc%:#x&oi
60 TH SUTBIUOD J] "9INJLI)I] WOI}
Pa10BIIXd BIEP SUIPUIQ PAUTWLIdNAP
A[reyuowitiodxs Yiim pajejouue
spueSI[ JueAd[I A[Teo130[01q
paynuapt A[1ed[D "gdd U}

WOIJ POJOLIIXD dSEqEIep 9INjoNI)s
urajord-puesiy Aienb-y3ig

"SpuesI| 029°LT¢E

pue gqd woij surjord €49°9TT
SUIAJOAUT ‘SOLIIUD STT € LS SUTRIUOD I]
'suonoersjul Surpuiq urejord-puesy
jueAdal Aresrdororq “Arenb-ysdiy
10 9seqe)ep pajeInd A[[enuewiures

(uomyepirea pue Sururei])

uonewnsd A319uU9 2913 Jurpurg qgqgsurpurg
(uomyepirea pue Surureil)

uonewnsd A319uU9 2913 Jurpurg AVO Surpurg
uonorpaid 9y1s Surpurg
SA paseq-aIn3jonng

Suppooq driorg

uonewnss A310u9 9013 SurpuIq 107 sjeseieq



J3uarreyd-pueid/moqe
/310 eyRpuUdISopSnip//:sdny

‘Supyreuryouaq

110119)s0d ®© 10§ S[qE[IeAR [[1)S 1€
SUOIOII[[0D) 'S} pul[q & ul A[[euISrio
‘s10yeWINsa A310u0 901y Surpuiq pue
21eM1J0S SUIYO0P JTBWIYOUS] 0} PaAsn

(Bunjrewyouaq/uonepIEA)
Juryooq

[e1T] :9I9Y 9]qISS900€ A[9d1] syosejep urdjord-pueSI| Jo UOTIOI[0D uonewnsd AS1oud o213 Surpurg seSuaqrey) pueln Yea
ued
BJR UI)0I1 91 SSOIOE sjaxdod
s[opour Surpuiq g6z 03Ul PayOOpP-ssOId
Jeurud/wod qnupis//:sdny (evep Lyrunge YIm %6°Ty) (uoneprres
[z11] 1919 91qISS900® A[9d1 SpuedI] 6£8‘€T Jo sosod UOIIUI 9'zz  Ppue SUTUIRIL) SA PISRQ-2IN)onns 020ZPa00(sso1)
-doueuriojrad
LT=DP¢/speoumod Gurnyoop puedi-urajoxd
/sao1nosar-pue-jroddns Jo uonepIfeA 9y} 10 ‘gdd
/3N°o' W OPI mmm//:sdiy oY) wo1y saxa[durod urejord-puedyy (SuryrewyoUaq/UoTIEpITeA) IENN
[ov] 19191 91qISS900€ A[9d1] Ky1renb-yS1y ‘9sI10AIp 6§ JO 195 1S9, Sunyooq UonepIfeA XASY/dDD
S)ase)ep YIRWYOUdg
‘(6¥1) soxaidwod puesI—proe o[oNU
pue ‘(zso1) proe oreponu-urajoid
‘(zs87) ureyord-urajoxd
‘(¢vv'61) puesi-urejoxd
dyd-peojumop Surpnpour ‘sexodurod 1enosjoworq
/uor310°purqqpd-mmm 96%°€T JO 12101 ® 10J BIEp AjTunge
//:dny :uonyensidar 10)Je ‘019y Surpuiq sapraoxd J1 yueg ereq
papeorumop £[9a1j oq ue) ur9)014 9] ut parsodap sexordwod
dyd-asmoiq Je[noajowolq [[e 10 elep Ajruyje
Jud81opurqqpd-mmm//:dny urpuiq parnseawt A[ejuomwLIadx (uonyepirea pue Jururei],)
[T11 ‘otT] 19191 PaYOILas A[991) 9q UBD JO UO1I93[[0d dATsURId WO uornewnss A31ous 921§ Surpurg pulqgad
LERTENETEN| Tun/f&aniqeyieay uondudsag sabesn ulep| aweN

(panupuod) 1T 3iqeL



(panu1uo2)

aseqejep-wnipLI
Jwod uadosaka mmm//:sdny
[L¥] 1919 9[qISS09® A[9d1]

z3 1) °TTR/TTR/SI9SqQNS
/ap/310-Surpop-apnp//:dny

PROTUMOP SATYIIE J3S [V
310°-3unyoop-opnp

[¥s] //:dnY 919y 91qISS900€ A[9a1]

/npa-nid-qsdo-osIp

[¥11] //:dnY 1219y 9[qISS900® A[9a1]
Ier

ATRI1qI 0°ZSIONHA/ATRIqY
~0°ZSIOMAd/e1ep/S10)dp/ap*
uagdurgan)-run-wayourreyd:
Mmm//:dny 219 Jaserep [ng
S103[op/ap uadurqan)
-run-wayouLreyd-mma//:dny

Je JeULIO]

AdS ul d[qe[reae 3a31e)

[ss] 10d 91qe[reae 9213 syaseIRQg

"UOIyen)SISaI 19)J8 PLOTUMOp
0} 9[qe[IeA. A[9a1] dIE SJase)ep o],

“BLIILID A)11enb oy3 Jo awos

Pa7e[01A 1R} AUYIIOMISTLI) A[9)eIopoud
10J LIN-WNIPLI] PAWERU SaINJONIS
#0T JO 39S pU023S B pue AY}I0MISNI}
AyS1y 103 LH-WNIPLI] PIWEU
SoIM)ONIS TZT JO 39S ' Surpnjour
samjonis q¢ puedi-urejord
Aqpaomysnay A1y31y jo jesereq

"spuedI| paugop-1aosn

10J SA023p 918310 0} ANIQISSOJ
‘A3o10d0) QT TR[TUISSIP

1nq sontadoid resrwayo0d1sAyd
Ie[Twils SUIARY 9AT)OR OB 10J SK0dop
0S + s39818) 70T IsureSe sonuyje
1191} pue spunoduwod dAT)OR 988°7T

-1981e} 10d spueS| 9 jo aSe1one
ue ‘s3a81e) 56 Jo auo 0) snofojowoy
sa1njonas 10)dadar pue puedl] 66<H
SUTBIUO0D JIBWYOUSq pajordurod oy,

‘- Nd Ul paisy s3931e} oY) uisn
UI{o0p-SSOI9 10 39S YIRWYOUG

‘san1adoid TeorwayooorsAyd

Te[TUIIS 3Im saAneSau

9SIAAIp AJ[eINIONIS Of £q paydjewt
st aAn1sod yoeq ‘g@3urpulg woaiy
uaye) 2I9M SIANISOJ “syodre; urejord
08 10J 198 rewyouaq Aenb-ySiy
18 sopnoul A1e1qr 'z (SuruaaIos
0I[IS U AIR(QQ 10 SI3
uonen[eay surpuewa() SIONAA

(Bunjrewryouaq/UONEpIEA)
gunyooq

(uonepirea
pue Sururer],) SA paseq-oInjonng

SA paseq-puesr]

(uoneprrea
pue Sururei]) SA paseq-aInjonns

(uoneprrea
pue Sururel]) SA paseq-oInjonns

SA paseq-puesry

wnipLg

qJ-ana

0os1d

S10Xdd



[z1T]

[o11]

[s9]

[st1]

g’
919)S0SI0IgSSIMS mmm //:dNnYy

1Je 9[qeYIIeas A[OdI]

der1gados/y-3qsens
-n'eurreyd-ojurorq//:dny

1Je 9[qeYIIeaS A[OdI]

Jwayorun
/noec1qermma//:sdny

/VEDd-1I'T
/13enstun-udisopsnip//:sdny
19191 91qISS900€ A[9d1

'S90INOSAT PIJB[AI PUB 2INJRINI] o)
WOIJ PAJOLIIXa SIXaJU0D [edI3o[01q
pue ‘[eorwayd ‘AnsrwayoodisAyd
“K11A1)0€01q UO B1Ep

I syuowaoe[dal refnosjour anbrun
UOI[[IW SZ< JO dseqejep ssadoe uadQ

"spuesI| ££75

pue surajoxd £,g7 Suiajoaur ‘gad
o) woj saxardwod urajord-puesy
LL08 Uryiim syuowidery

000°TT SUTBIUOD ] "SPIOFLIS
O112)S0s101q SUI}09[as 10§ syuswder;
punog-urdjoid jo aseqereq

'sprdrssimg 1o ‘ggdurpurd ONIZ
“TANEYD ‘Waydqnd Surpnpout
S92IN0SAI pUB SIse(eIRP JUILIP
pue saInjidnis [ed1syd udamiaq
s19jutod Jo 9seqelep juepunpaIuou
9[e0s-a31e] ST WAYDIUN

ugisap puesry

udisap puesry

ASIAAI(

9I91SOSIOISSIMG

Ser1-gqd-os
ugisop puedI| 10 saseqele

waypIun

S9SEqe)Ep S[NIJ[OW-[[BWS UTBUI 3} JO SWOS Ul SO spunodwod Jo aseqeieq

‘[8103 Ul saAnjoRUL 9nbrun

6£8°L0F PUE S9AT)OR S0USPTUO0I-YIIY
0816 YIIM SUOT}O[[00 J9318)

6T sosudwod jasejep oy, “senradoid
TR[NOS[OUI JB[TWIIS [IIM SK0O3p

pue saAn3o® 9)erodIoour 0) pausisap
19s paseq-eiep Aesseorg waydqnd

(uoneprrea
pue Surures]) SA paseq-a1njonig

SA paseq-puesry

vdod-1I1

LEMIENETEN]

Tan/fniqeneay

uondudsaqg

sabesn ulepy

aweN

(panupuod) 1T 3iqeL



(panu11uo2)

sjosejep/310°
qe[Isur-aseqelep-yoop-siqoid

//:dnYy 219y 91qISS900€ A[991]

g10°

qe[Isur-aseqelep-yoop-siqord

[TzT] //:dny 219y 9[qISS900® AJ931]
[uny-d yoresas/INNSSOd

/d[o1go wmssod//:sdny

1JS9I9)UI JO SINJONIIS B 0)

puiq Ajrenusjod yey) spuediy

gunorpaid 10J opowt YoI1eas

[WIyY YoIess/INNSSod

/d[o1go wmssod//:sdny

:9)1s Surpuiq-puesdi] umouy

® 0} s9)1s Surpuiq Jeruars

[ozT ‘6TT] Surpuy 10y spour yoreas

peo[umop

/eS9-UI/AIS-U0JUIOY)

/N°oe1qe mmm/ /:sdny

9I3Y PIpEOTUMOp PUY

[01B3S/BSI-I/AIS-U0JUIOY)

/nUoe1qeTmmm//:sdny

STT 919y PatoIeas A[991] 9q UBD
J

'sa)1s Surpuiq
pueSI-[[eWSs 66690+ T JO A103150doy

(gad)

Jyueq ele( UIajoid dY3 Ul punoj sajis
Surpurq pues| sanend €0°091°6
pu® UMOUY 0Z6°STS JO aseqered

'S9[Y 4dd

I#S‘ST pue ‘soouanbas j01JssIms
11Z°CL ‘SIoquInu DF S68 Juasardal
VSD-IA Ul S9LIIUd 9y ], "suondrosap
JTISIURYOIW PI[IRIAP YIM ‘SILIUD
pajeInd-puey £00T SUTBIUOD I]
*2INJONI)S (J€ JO SOWAZUS UT SINPISal
JNATeIRd pUR SIS QAR SWAZUD
SISI[ (SEIV AU1S dnATeIeD) VSO

uonorpaid 9y1s Surpurg
Suryooq aseqere Yood-SIgoid

uonorpaid 9y1s Surpurg

ugisap puesry
Suryooq INNSSod
uonorpaxd a31s Surpurg VSO-IN

931 Surpuiq jo seseqeieq



SpeOTUMOP/Bd"qpUIY
//:sdny 919y JeULIO] TINX
‘IdS ‘VISVH Ul speoumoq

*SOLIIUD 9)I[OqBIOW

9Sa1[) 0} payul[ a1k (s19310dsuen
pue sawAzud) saouanbas urejord
0198 ‘A[[EUONIPPY 'SA)[OqeIaU
drqnjos-pidi] pue 9[qnjos-1ajem
y10q SUITpN[OUI SALNUD )1[0qeIdUWL
S¥6°0TT SUTRIUOD 9SEqEIED

9y, "eyep A1)sTuraydoo1q/A3o101q
Te[nod[our (111) pue ‘ejep

TeoTuI[d (1) “erep [edrwayo (1) ‘erep
JO Spury 921y} JUI] IO UTe}U0D 0}
PpauSdIsap s1 aseqe)ep A, 'UOT)BINP
[e10Ud3 pue ‘AIS9A0ISIp I3 IBWIOIq
A1)STWI_YD [BITUL[D ‘SOTUIO[ORISW
ur suorjedrjdde 103 pasn

9q 03 papuajul sI 3] ‘Apoq uewny
9Y) UI pUNOJ $3}I[0qeIOW S[NIJ[OUW
[[BWS JNOqe UONBULIOJUT PI[Ie)ap
Sururejuod aseqejep dIU0III[d

ey 'qpury//:sdny a[qe[reae £[oa1f & ST (GANH)
[ezT] 19197 d[qepROTUMOD A[OdI] aseqeje( SWOOqRIAN UeWNH YT, ANAY daNH
‘spunodurod
£08 105 (-94 9 10 +4dd) S[oqe]
Anqesurrad ggg [eo11089)e0 pue
‘spunoduod §5OT 10J sanfea gg301
[esrIowNU SUTUTRIUOD PUE SIOINOSAT
gdsd/wayo0ay} paysiqnd g woiy pariduwod
Jwod' qnyyd//:sdny ‘uonporpaid Kiqesurrad 1drireg
[zz1] 19191 d[qepROTUMOP A[OdI] ure1g-poorg I0J 1asejep JIewrqouag ANAY dasd
FINAYV O} PaIe[oI Saseqejep pue sjasereq
LERTENETEN| Tan/faniqelieay uondudsag sabesn ulep aweN

(panupuod) 1T 3iqeL



(panu11uo2)

/peorumop/marraded

/IN3SBqRIIOUW /N OB UIBD
yo-aseqenaw-mma//:sdny

19194 S[Y Je[j JUAIdPIP

pue TOSAIN d[oym ay,

Jyn-oe wed

yoroseqenou-mmm//:sdny

[9zT1] 19191 9[qRYDIB3S A[931]

S10"0£0r)0m1//:5dNY
[sz1] 1919y 9[qepeoumop A[aa1

HAN-dAD1-T20z/300(01d[pru
Jwod' qnyiid//:sdny
[¥z1] 1919Y 9[qepeOTUMOP A1

*S9OURIRJAI AINJRINI]

60T WOIJ SPI03I UOI}ORIIUL
799°TT Juasaxdal yorym ‘spunodurod
LEVE ‘SdAD €1 pue s1a)iodsuen
0¢ IN0qe 93pa[mouy] sapnjout
UOISIdA JUSLIND S, "SOURIqUISUI
[edo130101q sso1de J1odsuen

pue 9)e] 2[[0qRIAUW II3Y[} 0} paje[al
spunoduwod pue surejoid usamiaq
SUONJRIIUL UO BJRP PAINJONIS
sap1aoid (aseqer}dAl) aseqereq
J10dsuedL], pue WSI[OqeIdIAl AU L,

'saj[oqeIoW 7181
pue ‘suonoear 08 L1 ‘shemyed
LE6T SUIBIU0 A[JUALIND IKDRIDIN

‘Kemyyred

yoea jo ordwres aanejussaidar

& 3ur103s £q wstjoqelow

JO 9sI19ATUN 31} S0Te}ED 03 ST IADBIDIN
Jo [eo3 oy, 'souad pue ‘SoWAzZUd
‘SUOT)OBAI ‘SAI[ORIOW PI)RII0SSE SB
[[oMm Se ‘wsIjoqe}at A1epuodas pue
Arewad yjoq ur paajoaur semyjed
oI[0qeIaW PAJepIon[d AfejuswLrodx
JO 9seqeIep PajeINd B S 0ADEBIDN

"(9L0L ‘S€9%) ¥VEAAD pue

‘(928 ‘8581) 9ATdAD “(6L1S ‘T6EY)
61DTdAD (8029 ‘9€0€) 6DTIAD
‘{(s1031qIyUI-UOU 988 PU. SI0JIqIYUl
1L¥¥) TVIAAD 10§ s1011qrqur

0Svd QEOHSOOH%O ueuwny Jo jaseje

HANAV

HNAV

HANAV

9Se(qelldN

2KDRIDIN

HAN-dAD!



yoreas=uonorpaid
(LWIos™ o) [ow

/9p 1y puns-d&oyrews//:sdny

"Sa[ AS S® S[qepeo[umOop

10 YoIeas 2In3onnsqns y3noIyy
PasmoiIq A[ISed SULIOJOST JUSISIP
I0J INOS TeiuswLIadxa surejuod i1

spopou 301paxd
(INOS) wWsIoqeIaw Jo 1S 0S¥ d XD

[teT] 19101 9[qBY0IBS A[Od1] JO UOTONIISUOD ) 10} Jasere ANAY jaserep dADLIVINS
“(urwr og < ¥/'7) sauo 9[qeIs y£L1 puR
165805 1/Aesseorq/A03 yru- Kesse Surgoid A)1[1qeIS SWOSOIOTW
wipuqouwayoqnd/ /:sdiy JOAI[ TRI ' UI (UIw o S ¥1)
[o€T] ‘213 S]qepEO[UMOp A[331] a[qersun spunodwod zs. Jo 19sereq ANAY INTI-SIVON
(57 <4301
o1 Liqeswrad VANV ysSIy, yim
punoduwod 6¢/1 pue (0°7 > P4 3or
D) v'L Hd 18 fpiqeawiaad (VAN V)
Kesse Aiqeswod sueiquisw
19805 T/Aesseo1q/Ao03 yru [eoynIe [orered sjeIopour
wiuigouwayoqnd//:sdiyy 10 MO], Y31 SO[NIJ[OW S67 Surpnjour
[62T ‘8TT] 12197 d[qepeoTuMmop A[9a1] spunoduwod §zsz Jo 1asereq ANAY TVAINVd SIVON
#8591 /Aesseoiq/ao03 yru-
wuqouwayoqnd//:sdpy
Tr8S191/Kesseo1q/A03 yru: . (Aanaadsar pyEdRD pue
W gou-weyoqnd;/:sdny 60TdAD 9UTIAD UO SPAIIE §01T
PUE ‘4861 ‘THLT) 0S¥d SWOIYI0ILD
078S+91/Aesseorq/a03 yru JUaIaIp Uo AJIATOR dnsIuogeue
wyuIqou-wayaqnd//:sdny pourIalep Aeruawiodxe
[Lz1] 1919y d[qepeROTUMOD A[OdI] i spunodwod $60S JO 19sereq TNAY dAD-SILVON
LEMIEIETEN] Tan/fniqejeay uondudsag sabesn uiep| aweN

(penunuod) 1T AqeL



(panu1uo2)

[v€T]

[ecT]

[zeT]

*2INJNJ 9} UI [qBPLO[UMOp
ATy 2q pnop /qpOYHY
JdlFuaytrudisop8nap//:sdny
e 9[qeydIeas A[9a1J A[JUaIIn)
XS[X

oUW -6ZS00¥ TX800T100S
-0"ZS-1/98ewWr/Iuaju0d

/W00 Upd-s[a°sie//:sdny

Je UOT)eULIOJU]
Areyuowsrddng

Se d[qe[TeAr A[9d1]

€€5008T0C2pWO/ZO0T 0T
/10p/ w0 A3[1M" A1RIqQI[OUI[UO
adoinas-Anstwoys//:sdny
10y

uoneuriojuy Areyusuwroiddng
Se d[qe[TeAe A[9d1]
96T1L9T/Aesseorq/A03 yru*
wiuiqouwayaqnd//:sdny
T0Z1L9T/Aesseolq/aog yru-
wuiqouwaydqnd//:sdny
6611L91/Kesseolq/A03 yru’
wuiqouwaydqnd//:sdny
L6TTL9T/AeSSEOIG/AOT YIU®
wuiqouwaydqnd//:sdny
8611.91/Kesseolq/A03 qru*
wuiqouwaydqnd//:sdny
19104 9[qepeo[umop A[9a1

“TTARD pUB
‘S TAY ‘G TARN Surpnyour ‘pajrodax
OS[E 1€ S[QUUBYD UOI IdYI0 SWOS JO
spuedrT ‘(N 01<0sDI) spunoduwod
aAnRUI 8TL°6LT PUe (N 01>05D1)
s10)1qIqul DYHY 656 JO oseqeied

"SI9ZI}ISUS-UOU /7T
pUE SI9ZNISUSS Us 09z Surpnjour
‘spunodwod anbrun £8¢ jo 19sereq

“(—gdd 10 +499)
speqer Arpiqeswrad ggg [eo110391ed
1M SO[NOJ[OW §SET JO 19seIR(

‘(A1oAnadsar ‘9qzd XD

PU® ‘bVEJAD ‘TVIAAD ‘6102dAD
“6DTdAD UO SIATIOR 666T PUE ‘€TST
‘LYYT P16T “TLET) 0SPd SWOIYD0ILD
JUSIHIP U0 AJIAT)OR dTsTuOSeue
pauTuLIdp Aerusurrrodxa

Im spunodwiod €89/ Jo 1asere(

aseqeleJ
KorxoL, Ayorxojorpre) ANV
AoxoL, ‘Te 19 SAATY

K101X0) 0] Paje[al Saseqe)ep pue sjaseie

HNAV ‘Te 30 Suepy

HANAV dAD-TTZXOL



speojumop/310°qpi3p
mmm//:sdny e speorumoq

'SUOTORIIUI QUZ-3NIP T6SHS
Surpnpour ‘seusd /8y pue sanosfowr

S10°qp1Sp mmm//:sdny S60°6€ U9aM)3(Q SUOIIORIAUI ££2°001 (aseqeie( UONORIU]
[6€T] :9197] 9]qISS0IE AJORI] surejuod (170Z Ae]N) 0% qpIOd £oxog, duen-3ni) qpIoa
'sar0ads aanereduiod
109 WOJJ ‘SIUIAD 2INS0dXd TH#S‘€9T
pue ‘saseasIp /¢ ‘sadKjouayd
LOSS ‘SaUd8 pHE TS ‘STROTWIAYD $6E°9T (sseqereq
speojumop/310-aseqpio//:dny 10 sdiysuorye[al oraoua3oorxo) SOTIOUd3001X0],
[8¢T] 1919Y 9[qepeOo[uUMOp A[931 UOI[[IW S SUTeIU0d 1207 A.LD Aorxay, aanreredwo)) LD
$CE08TH/S9Tg/wod "J$9) puewWp UdZAX0
one)s3y Iepeorumopu//:sdny Tea13oo1q a3 03 SuIp1099e (AN)
Je UOIBULIOJU] Lnqepeidepoiq Apear jou,, 10 ()
Areyuowdrddng Limqepeidapoiq Apeai,, se payIsse[o
[LeT] Se J[qe[IeA. Aod1] spunodurod anbrun 4097 Jo joseleq Aoxor, 2107 ‘Te 39 Suay)
S[X’ ‘sonfea
TOWW-00SET00TSESISH00S %yo1d pue ‘SHTIAS ‘SIoquinu
-0'ZS-1/98ew1/Iud)u0d SV ‘SouwIeU [BOTWAYD ) SUTBIUOD
/W00 Upd-s[a'sie//:sdny Jose)ep YL, 1593 KJ101X0) S1uLiofiidd
Je UoneWLIOJUT pUaUAYDAI], ) UO SIAeIU
Areyuoworddng $S¢ pue soanisod £1zT Surpniour
[ogT] SE 9[qe[IeA’ A[91] S[EOTWIAYD ISIAAIP TLST JO 19seIed Arxor, 110 e 30 Sudy)
sIoyine Ay}
03 3sonbar uodn ajqefreae a1e 'SUONIPUOD
SanIANOR OYHY [BIudwLIadxa Qures 9y} JpUN JNO PILLTLD dIoM
119y} pue spunoduwod UOTYM ‘S[BOTUWIAYD (€ TZ WOIJ SINSII
[seT] [T€ JO S2INJONIIS [BITUWIAYD) Kesse DAY Jo JoseIep [eyuswILIadxg Aoxor, paigied
LERIIEYETEN] Tun/f&aniqeyieay uondudsag sabesn ulep| aweN

(panupuod) 1T 3iqeL



(panu1uo2)

S611/Aesseorq/a0d yrus
wuiqouwaydqnd//:sdny

X01SSA Vdd £q papraoid se
wayDqnd Ul J[qe[IeA. A[9d1]

XS[X'Te65T00XILD
/865200%31.9/x3/£5/eyepddns
/3107081 Mmm//:sdpy

JB UOT)BULIOJU]

Areyuoworddng
[zp1] Se 9[qR[TeAR A[991,]
[1¥1] x03029/A03 eda qndjo//:sdny

Jose)jep-JULII[Ip
-ueI-AInfur-19A1[-paonpurt
-3nIp/qy)-oseq-93pajmouy]

-A)1OTX0) -TOAT]/OIBISAT
-90URI0S/A03 BpY mmar//:sdy

10y

[ov1] [ XS[X © Sk dqe[TeAr A[91]

‘seonnaoeutreqd 91ZT 105 (AAYIN)
9S0p A[Iep PopPUWIUIOID] WNWIXBIA

"UOISIAIp [0

o 3dnasip Jo oSeurep [BUWOSOWOIYD
2onpur 03 Jou 10 3[qe spunodurod
*9°T ‘S)NSaI KBSSE SNI[ONUOIdTW

0d1a u1 9} 0} SUIpI0ddE

aanisod 10 aanedau se pajaqe|
S[BOTWAD JSIDAIP TH9 JO JaseIe(]

"S90URIRYAI 000 ES IOAO UIOIJ SI[NSAI
159) UON[IW T'T I9A0 YIIM THLET

UO S[BITWAYD OpS ZT I9A0 10J BIBP
£)101X01009 TeOTWAY-3[3UTs sopraoid
1] "SJI[PIIM pue ‘sjueld [BL1IS91I)
o711 o1penbe 103 BIRp A101X0)
[eorwayd 9[3urs Suneoo[ 10y 90IN0S
® SI (X0LODH) 9seqadpa[mous]
£30[09IXOLODH YL

"SSP $5T

Surpnyoul ‘paururiajopun Ajijesned
M (WI90U0d-ITI-Shondiquie)
dnoi3 reuonippe

Juo pue ‘A[aAndadsal ‘s3nip g1€ pue
8L7°761 SUIpnyoul ‘90UPIAS [eSnEd
POWLIGUOD M (UIOU0D [T[J-ONA
pue ‘-ssa7A “-1S0]NA) sdnoig sait
:(I'11a) Armfur 1A1] peonpur-gnip
Gursned 10§ [enusjod 1101

0) SUIPI0OI. SISSB[O INOJ OJUT PAPIAIP
are jey) s3nip pasoidde-yvad 9€0T
JO SISISU0D Jaseyep JUeI[TId UL

KorxoL,

Kpxoy,

fyorxoy,

fyorxoy,

ddanwvad

‘Te1s ueq

X0L0Dd

AueITId



Speo[uMOp/ed°qpel mmm//:dny

‘SyeutIoy AJS pue TyOul

‘SHTINS SUIpnour sa[y ASD Se
9qE[IeAY 'SUOIIRIO0SSE 19318)-UIX0)
¥L£Th 1R 2191} I9YRS0ITY

"Sp10921 39318) UIxX0) Surpuodsariod
€.0¢ 0} PYUI] I YOTYM ‘SUIX0) POOJ
pue ‘sSnap ‘sopronsad ‘syueinjiod
Surpnpour ‘surxo) 8/9¢ sasnoy
Apuaimo ‘oseqeie awosodxq
JIX0T, 3y} BB (ddEL) oseqeie(

[sp1] 1919y d[qepeoumop A[oaig 18181, UIXOT, pu® UIX0J, YL, Aorxog, ddsL
SIX'T00 1S $L6T10081
/o1y 1ddns/+£6100819/ 20T 0T K110
/1ddns/1op/310°soesqnd//:sdny JTUOIYP 18I [BIO0 10§ SaN[eA (TAVOT)
je uonewioju] Arejuswoddng JO9[JH 9SISAPY PIAISSqQ ISOMOT
[¥¥1] Se d[qe[IeAe A[9a1] Im spunoduwiod G4 Jo Jasereq AorxoL, ‘Te 19 B}I0JBZZRIN
8DUALL
/NAQ/0T6L 0T:10p=p1iudlsisiod
(WYX 19SeIRp/Npa“pIeAley
os1oAe)ep//:sdyy Je 10 TUnY Z9¢
-85qRPAY TS LEJLIROLIITOLTLTLOSTITS
/SOIY” XopUl/SMau/wod’ ‘N 0T pue T 3e spunodwod
gunnsuodowayopawadprIquIed ISIAAIP A[[eINIONIIS 000°00E
MMM uey) a1ow JsureSe usa1os Arewtid e
[evT] //:sdny e a[qepeoumMOop A[931] WIOIJ paure}qo ejep uoniqryul HJYAY Aorxoy, [enuUDOYAY
S9IUDID)DY Tan/Anigejeay uonduasag sabesn urepy aweN

(penunuod) 1T AqeL



(panu1uo2)

STX’
100 1S BOOY00E10/21y 1ddns
/B00r00£19/120T°0T/[ddns
/1op/310°soe'sqnd//:sdpy

J® UOTJBULIOJU]

Areyuoworddng

[Lp1] SE d[qe[reAt A[9d1]

ds[eyep/e3usireyo
/1zx03/A03 qru-podin//:sdyy
[ov1] 1919Y 9[qepeOTUMOP A[31]

'1$9) SOWY ) UO paseq
suageInwuou S9¢¢ pue suageinuu
7Sz Surpnpout ‘spunoduwod
9SIQAIP LT9. Sururejuod jaseie

‘SJeULIOf
AdS pue SHTIAS Ul °[qe[leae eje
(608 ‘LgS) €sd

“(zzLL “Ti11) Tenuajod dueIqUIaW
[BLIPUOYD0IIW PUR “(TZLL ‘8Th)
JUAWId[A dsuodsal 1030€] JO0ysS Jedy
‘(€SL8 ‘8€€) SAVLV ‘(6909 ‘860T)
JUSWIS[D dAISUOdSaI JUBPIXOTIUR/T
SY1[-(T POALISP-PIOIYIAID)

J0}0B] I1BJ[ONU JOA0D BJED YS

"(L0€8 ‘9¥Y) Advdd pue

agr eydre 103dsoa1 uaoxsa (099
‘L€6) 133ua] [ng eydre 103dedar
u930189 (9628 ‘€0€) @g1 103dadax
uagoIpue (7868 ‘08€) YSuUI]

03 103daoax uaSorpue ‘(9989 ‘09¢)
asejewore ‘(syurode)ep aanedou
6TzL pue aanisod 0S6) 10)dadax
U0qIed0IPAY [AIY I9A0D BIEp YN

‘skesse Aemiped (YS)

asuodsai ssaxis pue (YN) 103dadax
Ieaonu jo [oued e jsureSe poudaIos
‘s3nIp pue S[EITWAYD [BJUSTWUOIIAUD
urpnpour ‘spunoduod

JO spuesnot]) [e19Ads Jo ATeIql]

KorxoL,

fyorxoy,

‘Tele nx

jasejep afuay[eyd 1ZX0L,



wod'913003 syuajed//:sdpy

XS[X'Z00 1S T#S009610
/o1y 1ddns/1450096°
wrol'soe/1z01°01/1ddns
/10p/310 soe sqnd//:sdny
:uonyedrqnd

1)) JO UOTJRULIOJUT
Areyuowsrddng ur oy

‘uonje[suen) pue Aqeded

[0IB3S PAOUBAPE SIPN[OUI I

'sa01jo Judted LT woj suonedrdde
judted pue syudjed uoIIw L8

UBT]) IOUI 0} SSOJE JAIS pue I9Y)eD

‘s101e30133e-uou

S PaIopISu0d pue yuegsSniq
WoIJ uaye) SSNIp [euore3NSaAUT
pue [eyuswrradxs ‘pasoidde
TLIYT JO 19 9A1E39U $10SIAPY
107e30133y woij si0je3oidde

Jusled

syudjed 913009

S)9sBIEp pUR SASEqRIEp IO

[osT] XS[X & Se 9]qe[IeAe £[901] eled umouy 6TT°ZT JO 39S 2ANISOd uonoipaid uonedaiddy Fravaviclife)
1x1-08ed33e
Jerepmel/310°3uryoop IosiApe '$901n0s paysiqnd woy
//:dny :3e yew1o} SHTIINS s101e30133e umouy A[eIuswiIadxa
[6¥1] ur d[qe[reAe £[991j a1e vl 009°CT In0Qe Jo 19sere uonorpaid uonedaiddy I0SIAPY 101630133y
s10)e3a133e Jo sjasereq
sioyine
a3 03 3senbar uodn s[qerreae
are sonyea *q reruswnedxe ‘a1nsodxa [e1o Aq £)101x0}
119y pue spunodwod amoe jex ur (* 1) 9sop [eYId[ 1197}
[8¥1] [[® JO S9INIONI)S [BITWAYD 3 spunodurod 8¢/ Jo 19sere Aoxoy, ‘Te 1R NYZ
S2IUIDYIY Tan/fnigeieay uonduasag sabesn uiep aweN

(penupauod) 1T 319eL



1d'peorumop/180/op 1quie’

yoIns//:dny :3e s[qepeorumop

9I® SI Je[J PUB SYI0MION
Sp1quILYAns

[#ST] //:dnY :219Y 91qIsS900€ A[9211

o qpdurs mmm//:sdnyg
[gst] 1919 9[qISS09® A[9d1

speojumop/310-qxdureyd

mmm//:sdny :o1qepeorumop

9IB S19S JUAIPIQ

310 qySwreyd-mmm//:sdny

[zst] 1919y 9[qISS00® A[9d1]
[#IUY

m-1933ems/1de-031s/npa*

rwrerwrsoo eyrodsouty//:dyy

1dV 9I3euSIS SONT'T
/SIINOIJ[ON[[BWIS/NPd*

Twerwsod reyrodsouty//:dny

:(sonosrowr

[1s1] [Tews) [e310d e SONI'T

‘swisiuedIo

1€0g woij surajord uorrur

9'6 PUE STEITWAYD 000‘0EH SUIT0A0D
‘SUOT}OBIANUI [RITWAYO-UI)0Id
000°L9€ SUTEIU0D ('S YIS
"PaqLIOSap

are sAemyyed onouryooeuteyd

pue srwreukpooeuwrreyd

30q ‘Ternonted ur sSnip 104
"K19A00s1p Aemijed pue uonepon[d
Kemyyed 110ddns 03 A[jeoy1oads
pausgisap ST AdINS "9seqesep
Kemyyed 19130 Aue ur punoj jou
are skemyyed asat) Jo Arofeur oy,
‘ATuo suewny ur punoj skemyjed
S[NIS[OW [[BWS 000°0¢ Uyl

aI0W SUTUTRIUOD dSEBQERIEP [ENSIA
‘aAT)ORIdIUT U ST (9seqere Aemipied
9[NOJOIN [[RWS 9Y.L) HAdINS

*SJUBLIRA
1956z Surajoaur skemyied 10z ut
sSnip 942 Inoqe a8pamouy sapnour
UOISIOA JUSLIND Y, "SISYIILISAI

pue sueIUI 10§ asuodsal Snip uo
uonerrea o139uad jo joedwr oY) noqe
98parmouy sa1eINd 18y} 90IN0SAI
da1suaya1duwod e st gyyouLreyd

‘suageqrnyrad ornosjow [fews €71
J10J UOT)BUWLIOJUI SI03S A[JUSLIND I]
‘Jjuaunjean} punodwod 0} Saulf [[39 JO
sasuodsal Jnoge UONBULIOJUT S}O[[0D
saIneusIS Ie[N[[d) Pased-JI0MIIN
Ppaye13alu] Jo ATe1qry oyl

joeduur
Ie[ny[ed s gnip urpueisiopun

uonepIrea 1331e],
uonoipaid jodre],

uonepIfea 1a81e,
uonorpaid ja8ie],

S103[J9 OIS /UONO. JO WISTUBTIIA

(sreorway) Sunoersjug
10} 1007, Yo1eas) HOLLLS

dddINS

gXouwreyd

SONI'T



30| 1 Open Access Databases and Datasets for Computer-Aided Drug Design

References

1

10

11

12

13

14

15

16

17

18

Yu, W. and MacKerell, A.D. (2017). Computer-aided drug design methods.
Methods in Molecular Biology 1520: 85-106.

Talevi, A. (2018). Computer-aided drug design: an overview. Methods in Molecu-
lar Biology 1762: 1-19.

Frye, L., Bhat, S., Akinsanya, K., and Abel, R. (2021). From computer-aided
drug discovery to computer-driven drug discovery. Drug Discovery Today: Tech-
nologies 39: 111-117.

Tautermann, C.S. (2020). Current and future challenges in modern drug discov-
ery. Methods in Molecular Biology 2114: 1-17.

Shaker, B., Ahmad, S., Lee, J. et al. (2021). In silico methods and tools for drug
discovery. Computers in Biology and Medicine 137: 104851.

Liu, X., [jzerman, A.P., and van Westen, G.J.P. (2021). Computational
approaches for de novo drug design: past, present, and future. Methods in
Molecular Biology 2190: 139-165.

Agoni, C., Olotu, F.A., Ramharack, P., and Soliman, M.E. (2020). Druggability
and drug-likeness concepts in drug design: are biomodelling and predictive
tools having their say? Journal of Molecular Modeling 26: 120-111.

Gemma, S. (2020). Structure-based design of biologically active compounds.
Molecules 25: 3115.

Scotti, L. and Scotti, M.T. (2020). Recent advancement in computer-aided drug
design. Current Pharmaceutical Design 26: 1635-1636.

Chen, Y. and Kirchmair, J. (2020). Cheminformatics in natural product-based
drug discovery. Molecular Informatics 39: e2000171.

Wang, A. and Durrant, J.D. (2022). Open-source browser-based tools for
structure-based computer-aided drug discovery. Molecules 27: 4623.

Mouchlis, V.D. et al. (2021). Advances in de novo drug design: from conven-
tional to machine learning methods. International Journal of Molecular Sciences
22: 1676.

Velmurugan, D., Pachaiappan, R., and Ramakrishnan, C. (2020). Recent

trends in drug design and discovery. Current Topics in Medicinal Chemistry

20: 1761-1770.

Zagotto, G. and Bortoli, M. (2021). Drug design: where we are and future
prospects. Molecules 26: 7061.

Doytchinova, I. (2022). Drug design-past, present, future. Molecules 27: 1496.
Kar, S. and Leszczynski, J. (2020). Open access in silico tools to predict the
ADMET profiling of drug candidates. Expert Opinion on Drug Discovery 15:
1473-1487.

Kar, S., Roy, K., and Leszczynski, J. (2022). In silico tools and software to
predict ADMET of new drug candidates. Methods in Molecular Biology 2425:
85-115.

Kirchmair, J. et al. (2015). Predicting drug metabolism: experiment and/or com-
putation? Nature Reviews. Drug Discovery 14: 387-404.



References

19 van de Waterbeemd, H. and Gifford, E. (2003). ADMET in silico modelling:
towards prediction paradise? Nature Reviews. Drug Discovery 2: 192-204.

20 Wilson, G.L. and Lill, M.A. (2011). Integrating structure-based and ligand-based
approaches for computational drug design. Future Medicinal Chemistry 3:
735-750. https://doi.org/10.4155/fmc.11.18.

21 Sledz, P. and Caflisch, A. (2018). Protein structure-based drug design: from
docking to molecular dynamics. Current Opinion in Structural Biology 48:
93-102.

22 Wang, X., Song, K., Li, L., and Chen, L. (2018). Structure-based drug design
strategies and challenges. Current Topics in Medicinal Chemistry 18: 998-1006.

23 Maia, E.H.B., Assis, L.C., de Oliveira, T.A. et al. (2020). Structure-based virtual
screening: from classical to artificial intelligence. Frontiers in Chemistry 8: 343.

24 Lima, A.N. et al. (2016). Use of machine learning approaches for novel drug
discovery. Expert Opinion on Drug Discovery 11: 225-239.

25 Anighoro, A. (2022). Deep learning in structure-based drug design. Methods in
Molecular Biology 2390: 261-271.

26 Kimber, T.B., Chen, Y., and Volkamer, A. (2021). Deep learning in virtual
screening: recent applications and developments. International Journal of
Molecular Sciences 22: 4435.

27 lJia, L. and Gao, H. (2022). Machine learning for in sSilico ADMET prediction.
Methods in Molecular Biology 2390: 447-460.

28 Nag, S. et al. (2022). Deep learning tools for advancing drug discovery and
development. 3 Biotech 12: 110-121.

29 Rodriguez-Pérez, R., Miljkovi¢, F., and Bajorath, J. (2022). Machine learning in
chemoinformatics and medicinal chemistry. Annual Review of Biomedical Data
Science 5: 43-65.

30 Palazzesi, F. and Pozzan, A. (2022). Deep learning applied to ligand-based de
novo drug design. Methods in Molecular Biology 2390: 273-299.

31 Xu, Y. (2022). Deep neural networks for QSAR. Methods in Molecular Biology
2390: 233-260.

32 Vamathevan, J. et al. (2019). Applications of machine learning in drug discov-
ery and development. Nature Reviews. Drug Discovery 18: 463-477.

33 Hansch, C., Steward, A.R., and Iwasa, J. (1965). The correlation of localiza-
tion rates of benzeneboronic acids in brain and tumor tissue with substituent
constants. Molecular Pharmacology 1: 87-92.

34 Muratov, E.N. et al. (2020). QSAR without borders. Chemical Society Reviews 49:
3525-3564.

35 Zhao, L., Ciallella, H.L., Aleksunes, L.M., and Zhu, H. (2020). Advancing
computer-aided drug discovery (CADD) by big data and data-driven machine
learning modeling. Drug Discovery Today 25: 1624-1638.

36 Zhu, H. (2020). Big data and artificial intelligence modeling for drug discovery.
Annual Review of Pharmacology and Toxicology 60: 573-589.

37 Brown, N. et al. (2020). Artificial intelligence in chemistry and drug design.
Journal of Computer-Aided Molecular Design 34: 709-715.

31



32| 1 Open Access Databases and Datasets for Computer-Aided Drug Design

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Vogt, M. (2018). Progress with modeling activity landscapes in drug discovery.
Expert Opinion on Drug Discovery 13: 605-615.

PDB consortium (1971). Crystallography: Protein Data Bank. Nature: New
Biology 233: 223-223.

wwPDB consortium (2019). Protein Data Bank: the single global archive for 3D
macromolecular structure data. Nucleic Acids Research 47: D520-D528.

Burley, S.K. et al. (2021). RCSB Protein Data Bank: powerful new tools for
exploring 3D structures of biological macromolecules for basic and applied
research and education in fundamental biology, biomedicine, biotechnology,
bioengineering and energy sciences. Nucleic Acids Research 49: D437-D451.
Armstrong, D.R. et al. (2020). PDBe: improved findability of macromolecular
structure data in the PDB. Nucleic Acids Research 48: D335-D343.

Bekker, G.-J. et al. (2022). Protein Data Bank Japan: celebrating our 20th
anniversary during a global pandemic as the Asian hub of three dimensional
macromolecular structural data. Protein Science 31: 173-186.

Lawson, C.L. et al. (2016). “EMDataBank unified data resource for 3DEM.”
Nucleic Acids Res. 44: D396-D403. doi:10.1093/nar/gkv1126

Romero, P.R. et al. (2020). BioMagResBank (BMRB) as a resource for structural
biology. Methods in Molecular Biology 2112: 187-218.

Hartshorn, M.J. et al. (2007). Diverse, high-quality test set for the validation

of protein-ligand docking performance. Journal of Medicinal Chemistry 50:
726-741.

Warren, G.L., Do, T.D., Kelley, B.P. et al. (2012). Essential considerations for
using protein-ligand structures in drug discovery. Drug Discovery Today 17:
1270-1281.

Mendez, D. et al. (2019). ChEMBL: towards direct deposition of bioassay data.
Nucleic Acids Research 47: D930-D940.

Gaulton, A. et al. (2017). The ChEMBL database in 2017. Nucleic Acids
Research 45: D945-D954.

Kim, S. et al. (2021). PubChem in 2021: new data content and improved web
interfaces. Nucleic Acids Research 49: D1388-D1395.

Irwin, J.J. et al. (2020). ZINC20-A free ultralarge-scale chemical database for lig-
and discovery. Journal of Chemical Information and Modeling 60: 6065-6073.
Wishart, D.S. et al. (2018). DrugBank 5.0: a major update to the DrugBank
database for 2018. Nucleic Acids Research 46: D1074-D1082.

Ruddigkeit, L., van Deursen, R., Blum, L.C., and Reymond, J.-L. (2012). Enu-
meration of 166 billion organic small molecules in the chemical universe
database GDB-17. Journal of Chemical Information and Modeling 52: 2864-2875.
Mysinger, M.M., Carchia, M., Irwin, J.J., and Shoichet, B.K. (2012). Direc-

tory of useful decoys, enhanced (DUD-E): better ligands and decoys for better
benchmarking. Journal of Medicinal Chemistry 55: 6582-6594.

Bauer, M.R., Ibrahim, T.M., Vogel, S.M., and Boeckler, F.M. (2013). Evaluation
and optimization of virtual screening workflows with DEKOIS 2.0—a public
library of challenging docking benchmark sets. Journal of Chemical Information
and Modeling 53: 1447-1462.



References

56 Sheils, T.K. et al. (2021). TCRD and Pharos 2021: mining the human proteome
for disease biology. Nucleic Acids Research 49: D1334-D1346.

57 Keiser, M.J. et al. (2009). Predicting new molecular targets for known drugs.
Nature 462: 175-181.

58 Lounkine, E. et al. (2012). Large-scale prediction and testing of drug activity on
side-effect targets. Nature 486: 361-367.

59 Gfeller, D. et al. (2014). SwissTargetPrediction: a web server for target predic-
tion of bioactive small molecules. Nucleic Acids Research 42: W32-W38.

60 Daina, A., Michielin, O., and Zoete, V. (2019). SwissTargetPrediction: updated
data and new features for efficient prediction of protein targets of small
molecules. Nucleic Acids Research 47: W357-W364.

61 Weininger, D. (1988). SMILES, a chemical language and information system. 1.
Introduction to methodology and encoding rules. Journal of Chemical Informa-
tion and Computer Sciences 28 (1): 31-36. https://doi.org/10.1021/ci00057a005.

62 Weininger, D., Weininger, A. & Weininger, J. L. SMILES. 2. Algorithm for gen-
eration of unique SMILES notation. (2002). https://doi.org/10.1021/ci000622008

63 Heller, S.R., McNaught, A., Pletnev, I et al. (2015). InChlI, the ITUPAC interna-
tional chemical identifier. Journal of Cheminformatics 7: 23-34.

64 Heller, S., McNaught, A., Stein, S. et al. (2013). InChI - the worldwide chemical
structure identifier standard. Journal of Cheminformatics 5: 7-9.

65 Chambers, J. et al. (2014). UniChem: extension of InChI-based compound
mapping to salt, connectivity and stereochemistry layers. Journal of Cheminfor-
matics 6: 43-10.

66 Cereto-Massagué, A. et al. (2015). Molecular fingerprint similarity search in vir-
tual screening. Methods 71: 58-63.

67 Seidel, T., Schuetz, D.A., Garon, A., and Langer, T. (2019). The Pharmacophore
concept and its applications in computer-aided drug design. Progress in the
Chemistry of Organic Natural Products 110: 99-141.

68 Giordano, D., Biancaniello, C., Argenio, M.A., and Facchiano, A. (2022). Drug
design by pharmacophore and virtual screening approach. Pharmaceuticals
(Basel) 15: 646.

69 Pence, H. E. & Williams, A. (2010). ChemSpider: an online chemical infor-
mation resource. J. Chem. Educ. 87 (11): 1123-1124. https://doi.org/10.1021/
ed100697w

70 Bourne, P.E. et al. (1997). Macromolecular crystallographic information file.
Methods in Engymology 277: 571-590.

71 Joosten, R.P., Joosten, K., Cohen, S.X. et al. (2011). Automatic rebuilding and
optimization of crystallographic structures in the Protein Data Bank. Bioinfor-
matics 27: 3392-3398.

72 Joosten, R.P., Long, F., Murshudov, G.N., and Perrakis, A. (2014). The
PDB_REDO server for macromolecular structure model optimization. IUCrJ
1: 213-220.

73 Bienert, S. et al. (2017). The SWISS-MODEL Repository-new features and func-
tionality. Nucleic Acids Research 45: D313-D319.

33



34 | 1 Open Access Databases and Datasets for Computer-Aided Drug Design

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

Pieper, U. et al. (2014). ModBase, a database of annotated comparative pro-
tein structure models and associated resources. Nucleic Acids Research 42:
D336-D346.

Jumper, J. et al. (2021). Highly accurate protein structure prediction with
AlphaFold. Nature 596: 583-589.

Varadi, M. et al. (2022). AlphaFold protein structure database: massively
expanding the structural coverage of protein-sequence space with high-accuracy
models. Nucleic Acids Research 50: D439-D444.

Wilkinson, M.D. et al. (2016). The FAIR guiding principles for scientific data
management and stewardship. Scientific data 3: 160018-160019.

Attwood, T.X., Agit, B., and Ellis, L.B.M. (2015). Longevity of biological
databases. EMBnet.journal 21: 803.

Finkelstein, J., Guarino, J., Huo, X. et al. (2022). Exploring determinants of
longevity of biomedical databases. Studies in Health Technology and Informatics
290: 135-139.

Imker, H.J. (2018). 25 Years of molecular biology databases: a study of prolifer-
ation, impact, and maintenance. Frontiers in Research Metrics and Analytics 3:
18.

UniProt Consortium (2021). UniProt: the universal protein knowledgebase in
2021. Nucleic Acids Research 49: D480-D489.

Westbrook, J.D. et al. (2015). The chemical component dictionary: complete
descriptions of constituent molecules in experimentally determined 3D macro-
molecules in the Protein Data Bank. Bioinformatics 31: 1274-1278.

Feng, Z. et al. (2004). Ligand depot: a data warehouse for ligands bound to
macromolecules. Bioinformatics 20: 2153-2155.

Dimitropoulos, D., Ionides, J., and Henrick, K. (2006). Using PDBeChem to
search the PDB ligand dictionary. In: Current Protocols in Bioinformatics (ed.
A.D. Baxevanis, R. Page, G.A. Petsko, et al.) 14.3.1-14.3.3.

Groom, C.R., Bruno, LJ., Lightfoot, M.P., and Ward, S.C. (2016). The Cambridge
structural database. Acta Crystallographica. Section B: Structural Science, Crystal
Engineering and Materials 72: 171-179.

Vaitkus, A., Merkys, A., and Grazulis, S. (2021). Validation of the crystallogra-
phy open database using the crystallographic information framework. Journal of
Applied Crystallography 54: 661-672.

Zahn-Zabal, M. et al. (2020). The neXtProt knowledgebase in 2020: data, tools
and usability improvements. Nucleic Acids Research 48: D328-D334.
Pantziarka, P., Capistrano, L.R., De Potter, A. et al. (2021). An open access
database of licensed cancer drugs. Frontiers in Pharmacology 12: 627574.
Avram, S. et al. (2021). DrugCentral 2021 supports drug discovery and reposi-
tioning. Nucleic Acids Research 49: D1160-D1169.

Corsello, S.M. et al. (2017). The drug repurposing hub: a next-generation drug
library and information resource. Nature Medicine 23: 405-408.

Kanehisa, M., Furumichi, M., Tanabe, M. et al. (2017). KEGG: new perspec-
tives on genomes, pathways, diseases and drugs. Nucleic Acids Research 45:
D353-D361.



References

92 Zhou, Y. et al. (2022). Therapeutic target database update 2022: facilitating
drug discovery with enriched comparative data of targeted agents. Nucleic Acids
Research 50: D1398-D1407.

93 Sorokina, M., Merseburger, P., Rajan, K. et al. (2021). COCONUT online: collec-
tion of open natural products database. Journal of Cheminformatics 13: 2-13.

94 Valdés-Jiménez, A. et al. (2021). PSC-db: a structured and searchable
3D-database for plant secondary compounds. Molecules 26: 1124.

95 Banerjee, P. et al. (2015). Super natural II--a database of natural products.
Nucleic Acids Research 43: D935-D939.

96 Hastings, J. et al. (2016). ChEBI in 2016: improved services and an expanding
collection of metabolites. Nucleic Acids Research 44: D1214-D1219.

97 Yang, T. et al. (2021). DrugSpaceX: a large screenable and syntheti-
cally tractable database extending drug space. Nucleic Acids Research 49:
D1170-D1178.

98 Maietta, P. et al. (2014). FireDB: a compendium of biological and pharmacologi-
cally relevant ligands. Nucleic Acids Research 42: D267-D272.

99 Chevillard, F. and Kolb, P. (2015). SCUBIDOO: a large yet screenable and easily
searchable database of computationally created chemical compounds optimized
toward high likelihood of synthetic tractability. Journal of Chemical Information
and Modeling 55: 1824-1835.

100 Bermudez, M., Nguyen, T.N., Omieczynski, C., and Wolber, G. (2019). Strategies
for the discovery of biased GPCR ligands. Drug Discovery Today 24: 1031-1037.

101 Chan, W.K.B. et al. (2015). GLASS: a comprehensive database for experimen-
tally validated GPCR-ligand associations. Bioinformatics 31: 3035-3042.

102 Kooistra, AJ. et al. (2021). GPCRdb in 2021: integrating GPCR sequence, struc-
ture and function. Nucleic Acids Research 49: D335-D343.

103 Modi, V. and Dunbrack, R.L. (2022). Kincore: a web resource for structural
classification of protein kinases and their inhibitors. Nucleic Acids Research 50:
D654-D664.

104 Kanev, G.K., de Graaf, C., Westerman, B.A. et al. (2021). KLIFS: an overhaul
after the first 5 years of supporting kinase research. Nucleic Acids Research 49:
D562-D569.

105 Jansen, C. et al. (2016). PDEStrIAn: a phosphodiesterase structure and lig-
and interaction annotated database as a tool for structure-based drug design.
Journal of Medicinal Chemistry 59: 7029-7065.

106 Yang, J., Roy, A., and Zhang, Y. (2013). BioLiP: a semi-manually curated
database for biologically relevant ligand-protein interactions. Nucleic Acids
Research 41: D1096-D1103.

107 Smith, R.D. et al. (2019). Updates to binding MOAD (mother of all databases):
polypharmacology tools and their utility in drug repurposing. Journal of Molec-
ular Biology 431: 2423-2433.

108 Ahmed, A., Smith, R.D., Clark, J.J. et al. (2015). Recent improvements to Bind-
ing MOAD: a resource for protein-ligand binding affinities and structures.
Nucleic Acids Research 43: D465-D469.

35



36

1 Open Access Databases and Datasets for Computer-Aided Drug Design

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

Liu, T, Lin, Y., Wen, X. et al. (2007). BindingDB: a web-accessible database

of experimentally determined protein-ligand binding affinities. Nucleic Acids
Research 35: D198-D201.

Liu, Z. et al. (2017). Forging the basis for developing protein-ligand interaction
scoring functions. Accounts of Chemical Research 50: 302-3009.

Liu, Z. et al. (2015). PDB-wide collection of binding data: current status of the
PDBbind database. Bioinformatics 31: 405-412.

Francoeur, P.G. et al. (2020). Three-dimensional convolutional neural net-
works and a cross-docked data set for structure-based drug design. Journal of
Chemical Information and Modeling 60: 4200-4215.

Parks, C.D. et al. (2020). D3R grand challenge 4: blind prediction of
protein-ligand poses, affinity rankings, and relative binding free energies.
Journal of Computer-Aided Molecular Design 34: 99-119.

Wierbowski, S.D., Wingert, B.M., Zheng, J., and Camacho, C.J. (2020).
Cross-docking benchmark for automated pose and ranking prediction of ligand
binding. Protein Science 29: 298-305.

Tran-Nguyen, V.-K., Jacquemard, C., and Rognan, D. (2020). LIT-PCBA: an
unbiased data set for machine learning and virtual screening. Journal of Chemi-
cal Information and Modeling 60: 4263-4273.

Desaphy, J. and Rognan, D. (2014). sc-PDB-Frag: a database of protein-ligand
interaction patterns for bioisosteric replacements. Journal of Chemical Informa-
tion and Modeling 54: 1908-1918.

Cuozzo, A., Daina, A., Perez, M.A. et al. (2022). SwissBioisostere 2021: updated
structural, bioactivity and physicochemical data delivered by a reshaped web
interface. Nucleic Acids Research 50: D1382-D1390.

Ribeiro, A.J.M. et al. (2018). Mechanism and catalytic site Atlas (M-CSA):

a database of enzyme reaction mechanisms and active sites. Nucleic Acids
Research 46: D618-D623.

Ito, J.-1., Ikeda, K., Yamada, K. et al. (2015). PoSSuM v.2.0: data update

and a new function for investigating ligand analogs and target proteins of
small-molecule drugs. Nucleic Acids Research 43: D392-D398.

Tsuchiya, Y. and Tomii, K. (2020). Structural modeling and ligand-binding pre-
diction for analysis of structure-unknown and function-unknown proteins using
FORTE alignment and PoSSuM pocket search. Methods in Molecular Biology
2165: 1-11.

Konc, J., Lesnik, S., Skrlj, B., and Janezic, D. (2021). ProBiS-Dock database: a
web server and interactive web repository of small ligand-protein binding sites
for drug design. Journal of Chemical Information and Modeling 61: 4097-4107.
Meng, F., Xi, Y., Huang, J., and Ayers, P.W. (2021). A curated diverse molecular
database of blood-brain barrier permeability with chemical descriptors. Sci Data
8: 289-211.

Wishart, D.S. et al. (2022). HMDB 5.0: the human metabolome database for
2022. Nucleic Acids Research 50: D622-D631.

Nguyen-Vo, T.-H. et al. (2021). https://doi.org/10.1021/acs.jcim.1c00628).
iCYP-MFE: identifying human cytochrome P450 inhibitors using multitask



125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

References

learning and molecular fingerprint-embedded encoding. Journal of Chemical
Information and Modeling 62 (21): 5059-5068.

Caspi, R. et al. (2020). The MetaCyc database of metabolic pathways and
enzymes — a 2019 update. Nucleic Acids Research 438: D445-D453.

Mak, L. et al. (2015). Metrabase: a cheminformatics and bioinformatics
database for small molecule transporter data analysis and (Q)SAR modeling.
Journal of Cheminformatics 7: 1-12.

Gonzalez, E. et al. (2021). Development of robust quantitative structure-activity
relationship models for CYP2C9, CYP2D6, and CYP3A4 catalysis and inhibi-
tion. Drug Metabolism and Disposition 49: 822-832.

Sun, H. et al. (2017). Highly predictive and interpretable models for PAMPA
permeability. Bioorganic & Medicinal Chemistry 25: 1266-1276.

Siramshetty, V. et al. (2021). Validating ADME QSAR models using marketed
drugs. SLAS Discovery 26: 1326-1336.

Siramshetty, V.B. et al. (2020). Retrospective assessment of rat liver microsomal
stability at NCATS: data and QSAR models. Scientific Reports 10: 20713-20714.
Olsen, L., Montefiori, M., Tran, K.P., and Jergensen, F.S. (2019). SMARTCyp
3.0: enhanced cytochrome P450 site-of-metabolism prediction server. Bioinfor-
matics 35: 3174-3175.

Wang, Z. et al. (2018). In silico prediction of blood-brain barrier permeability of
compounds by machine learning and resampling methods. ChemMedChem 13:
2189-2201.

Alves, V.M. et al. (2015). Predicting chemically-induced skin reactions. Part I:
QSAR models of skin sensitization and their application to identify potentially
hazardous compounds. Toxicology and Applied Pharmacology 284: 262-272.
Sato, T., Yuki, H., Ogura, K., and Honma, T. (2018). Construction of an inte-
grated database for hERG blocking small molecules. PLoS One 13: €0199348.
Lee, H.-M. et al. (2019). Computational determination of hERG-related car-
diotoxicity of drug candidates. BMC Bioinformatics 20: 250-273.

Cheng, F. et al. (2011). In silico prediction of Tetrahymena pyriformis toxic-
ity for diverse industrial chemicals with substructure pattern recognition and
machine learning methods. Chemosphere 82: 1636-1643.

Cheng, F. et al. (2012). In silico assessment of chemical biodegradability. Jour-
nal of Chemical Information and Modeling 52: 655-669.

Davis, A.P. et al. (2021). Comparative Toxicogenomics Database (CTD): update
2021. Nucleic Acids Research 49: D1138-D1143.

Freshour, S.L. et al. (2021). Integration of the Drug-Gene interaction database
(DGIdb 4.0) with open crowdsource efforts. Nucleic Acids Research 49:
D1144-D1151.

Chen, M. et al. (2016). DILIrank: the largest reference drug list ranked by the
risk for developing drug-induced liver injury in humans. Drug Discovery Today
21: 648-653.

Olker, J.H. et al. (2022). The ECOTOXicology knowledgebase: a curated
database of ecologically relevant toxicity tests to support environmental research
and risk assessment. Environmental Toxicology and Chemistry 41: 1520-1539.

37



38

1 Open Access Databases and Datasets for Computer-Aided Drug Design

142

143

144

145

146

147

148

149

150

151

152

153

154

Fan, D. et al. (2018). In silico prediction of chemical genotoxicity using
machine learning methods and structural alerts. Toxicology Research 7: 211-220.
Du, F. et al. (2011). hERGCentral: a large database to store, retrieve, and ana-
lyze compound-human Ether-a-go-go related gene channel interactions to
facilitate cardiotoxicity assessment in drug development. Assay and Drug Devel-
opment Technologies 9: 580-588.

Mazzatorta, P., Estevez, M.D., Coulet, M., and Schilter, B. (2008). Modeling

oral rat chronic toxicity. Journal of Chemical Information and Modeling 48:
1949-1954.

Wishart, D. et al. (2015). T3DB: the toxic exposome database. Nucleic Acids
Research 43: D928-D934.

Huang, R. et al. (2016). Tox21Challenge to build predictive models of nuclear
receptor and stress response pathways as mediated by exposure to environmen-
tal chemicals and drugs. Frontiers in Environmental Science 3: 85.

Xu, C. et al. (2012). In silico prediction of chemical Ames mutagenicity. Journal
of Chemical Information and Modeling 52: 2840-2847.

Zhu, H. et al. (2009). Quantitative structure-activity relationship modeling of rat
acute toxicity by oral exposure. Chemical Research in Toxicology 22: 1913-1921.
Irwin, J.J. et al. (2015). An aggregation advisor for ligand discovery. Journal of
Medicinal Chemistry 58: 7076-7087.

Yang, Z.-Y. et al. (2019). Structural analysis and identification of colloidal aggre-
gators in drug discovery. Journal of Chemical Information and Modeling 59:
3714-3726.

Stathias, V. et al. (2020). LINCS data portal 2.0: next generation access point for
perturbation-response signatures. Nucleic Acids Research 48: D431-D439.
Whirl-Carrillo, M. et al. (2021). An evidence-based framework for evaluating
pharmacogenomics knowledge for personalized medicine. Clinical Pharmacol-
ogy and Therapeutics 110: 563-572.

Jewison, T. et al. (2014). SMPDB 2.0: big improvements to the small molecule
pathway database. Nucleic Acids Research 42: D478-D484.

Szklarczyk, D. et al. (2015). STITCH 5: augmenting protein-chemical inter-
action networks with tissue and affinity data. Nucleic Acids Research 44:
D380-D384.



