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How to link and integrate various resources

e Available in a variety of databases
e Expressed in a variety of formats

 Some data types are too complex to be exchanged by
standard formats. Specific examples are
e Complex mixtures with defined, or ill-defined
concentrations

* Biological substances
e Polymers



Structured Product Labeling (SPL)

Health Level Seven (HL7) Structured Product Labeling (SPL)
* an ANSI-accredited data exchange standard

e adopted in 2004 by FDA for the exchange of health and
regulatory product and facility data



SPL is a universal exchange standard

* Reusable data types
e Coded data elements
e Data specific validation procedures



To provide machine readable data

e Extract from text or legacy databases
e Harmonize data according to the standard
e Code in a machine readable format



Scope of data that can be represented by SPL

e Health informatics
e Cheminformatics
* Bioinformatics



SPL applications

Human and animal approved and unapproved Rx and OTC drug and biologic
product labeling

Electronic drug establishment registration & drug listing
Electronic content of labeling for medical devices
Compounded drug facility and product reporting

Data needed for the importation of drugs and biologics
Risk Evaluation & mitigation Strategies

Maximum residue level in pesticides

|dentification of Medicinal Products (IDMP)

Pharmacologic class, substances, indications, biosimilar non-proprietary names
identification

Etc.
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SPL product data exchange

Drug manufac{urers Labels.fda.gov
Product SPL file D

Product SPL file — DAILYMED

SPL Substance index file

SPL Pharm Class index file
SPL Billing Unit index file _— openFDA
SPL Product Concept index file SRERRRSESE

t *11

Drug distributers



Substances in products

 Small molecules

* Proteins

* Nucleic acids

e Polymers

* Organisms

e Parts of organisms
* Mixtures



IDMP standard defines “WHAT”

Example:

* Proteins shall be defined by the final expressed sequence

* The description of modified proteins shall capture structural
changes that result from the modification when a definitive
structure is known



SPL standard defines “HOW”

Example:
e Structural Representation Type

MOLFILE application/x-mdl-molfile

Amino Acid Letter Sequence application/x-aa-seq

* All post-translational modifications and other variances from the
closest amino acid sequence are specified by means of amino
acid substitutions.

* Amino acid substitutions are specified as moieties of code
“structural modification” (C118425)
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SPL model
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Stereochemistry Type/CV

Chemical structure/ amino acid
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Stereochemistry Type/CV
\ Letter code
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L(I)

F(f)

T(t)

Y (y)
V (v)

InChl, <quantity>

<quantity>

InChl, <quantity>

Alanine

Arginine

Asparagine

Aspartic acid

Asparagine or aspartic acid
Cysteine

Glutamic acid

Glutamine

Glutamine or glutamic acid
Glycine

Histidine

Isoleucine

Leucine

Lysine

Methionine

Phenylalanine

Proline

Serine

Threonine

Tryptophan

Tyrosine

Valine

a non-standard amino acid

Part-whole m

MIME Media Type
application/x-mdl-molfile
InChl application/x-inchi
InChlkey application/x-inchi-key
Amino acid sequence application/x-aa-seq
DNA Sequence application/x-dna-seq
RNA Sequence application/x-rna-seq

Square Planar 1 Molecular Geometry C103211
Square Planar 2 Molecular Geometry C103212

€103213
€103214
€103215
C103216
€103217
€103218
€103219
T C103220
T 103221

Stereochemistry type NCIt code



Representation of chemical substance in SPL standard

= Chemical substance
" Chemical structure (MOLFILE)
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= InChl=1S/C14H18N403/c1-19-10-5-8(6-11(20-2)12(10)21-3)4-
9-7-17-14(16)18-13(9)15/h5-7H,4H2,1-3H3,(H4,15,16,17,18)
= |EDVJHCEMCRBQM-UHFFFAOYSA-N



Representation of structurally diverse substance in SPL standard

" Biological substance (plant)
" Bibliographic reference: Cichorium intybus L.
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Structurally

diverse substances

> «<SUBSTANCE_ID>»
79785

> <UNII>
BB338G703S

> <REF_INFO_PART1>
<TAXON_AUTHOR>BLOCH & SCHNEIDER</TAXON_ AUTHOR>

> <ITIS_TSN>
169276

» «DESC_PART1>»

<STRUCTURALLY_DIVERSE>»
<SOURCE_MATERIAL>»
<SOURCE_MATERIAL_CLASS>ORGANISM</SOURCE_MATERIAL_CLASS>
<SOURCE_MATERIAL_TYPE>BONY FISH</SOURCE_MATERIAL_TYPE:>
<SOURCE_MATERIAL_STATE/>
<PARENT_SUBSTANCE_ID/>»
<PARENT_SUBSTANCE_NAME/ >
<DEVELOPMENTAL_STAGE/ >

<PART_GROUP>

<PART>WHOLE</PART>

<PART_LOCATION/ >

</PART_GROUP>

<FRACTION>

<MATERIAL_TYPE/>

<FRACTION/>

</FRACTION>

<ORGANISM>

<KINGDOM>ANIMALIA</KINGDOM:>
<PHYLUM>CHORDATA</PHYLUM:>
<CLASS>ACTINOPTERYGII</CLASS>

<ORDER >PERCIFORMES<,/ORDER>
<FAMILY>SCIAENIDAE</FAMILY>

<GENUS >MENTICIRRHUS</GENUS>
<SPECIES»>SAXATILIS</SPECIES>
<HYBRID_SPECIES_MATERNAL_ORGANISM_ID/>
<HYBRID_SPECIES_PATERNAL_ORGANISM_ID/>
<HYBRID_TYPE/>

<INFRASPECIFIC TYPE/>

<structuredBody>

<identifiedSubstance>
<id extension="8@8338G7035" root="2.16.848.1.113883.4.9" />
<identifiedSubstance>
<code code="@@338G7035" codeSystem="2.16.848.1.113883.4.9" />
<asEquivalentSubstance:

<id root="f66254a8-7bc6-416e-8de5-a9894b5a@5ede” />
<code code="48779-3" codeSystem="2.16.848.1.113883.6.1" displayName="5PL indexing data elements section"” />
<effectiveTime value="20161003" />

"dchaasS6c-8ch@-eacd-b932-637517989cat”

</asEquivalentSubstances
</identifiedsubstance>

<bibliographicDesignationT

wtxMenticirrhus saxatilis Bloch &amp; Schneider</b

<fidentifiedSubstances

NI

2

R

</structuredBody>

@

BB

=l

odeSystem="2.16.848.1.113883.3.27@85" />

bliographicDesignationText>




Representation of protein substance in SPL standard

= Protein substance

= Chemical structure (SEQUENCE)
QVQAQLQQSGSELKKPGASVKVSCKASGYTFTNYGMNWVKQAPGQGLKWMGWINTYTGEPTYT
DDFKGRFAFSLDTSVSTAYLQISSLKADDTAVYFCARGGFGSSYWYFDVWGQGSLVTVSSASTKGP
SVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

= Other characteristics
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Modified Proteins

rotein subunit

a

<HUMDER_OF_SUBUNITS>L1c/MUMDER_OF SUBLWITS>
<SUBUNTT_GROLF>
<SUBM;

<PROTEDH: -
<SEQUENCE_TYPE>COMPLETES /SEQUINCE TYPE>

3L/ SUBMNITS

T AR RAGENT _FOTT T
CHTRLC TLRAL_MOOTFICATION_TYREsAMING ACTO SUBSTEFUTIONS/STRUCTURSL FOCTRICATION TYoFy
CROLES

<FRASINT_RBMIERY 3¢/ FRAGPINT_ MBI
DOUICLILAR_FRAGENT_UARE 5L -MITHIONING 40%
POLTEULAR PRAGUENT 105GSmasATING: oL
MOLTEULAR PRAGUENT IMEHI ]S
<PRASHENT_COMMECTIVITY 4 ;0< /FRAGHENT COMMECT
HOLFILES

[CBATA[C

e,/ MOLECUS AR_FRAGUNT_Napd s
Al FRAGENT_T0S

s

| &

MOLECULAR_FRABMENT_MTETYY
/TR TLA,_PODTFICATION_GROLES
«/MOOFICATECN_GROURS

CULAR LOTGNT_TYDGS
ML DCULAR W LGHT_ME THOGSCALCULATEDS OC FCULAR _WT IGHT 1ol THis
pren
AVERASE A Ml AVERAGE >
Low_L
I
ANITS >
<HOM_MPEREC_VALUE />
<AL
< fMOLECULAR WETGHT>
SCOMMENTS/ >
<PUBLIC_ DOMATN 3
</PROTETM:|

<subject>
<identifiedSubstance>
<id extension="675VGVSJ1D" root="2.16.840.1.113883.4.9" />
<identifiedSubstance>
<code code="675VGVSILD" codeSystem="2.16.348.1.113883.4.9" />
<asEquivalentSubstance>
<definingSubstance>

<code code="772648ab-bddd-f9aa-843d-6f7faffbd9c2"” codeSystem="2.16.848.1.113883.3.27@5" />

</definingsubstance>
</asEquivalentSubstance>
<moiety>

<code code="C118424" codeSystem="2,16.848.1.113883.3.26.1.1" displayName="PROTEIN SUBUNIT" />

<quantity>
<numerator value="1" unit="mcl" />

mel" /3

<denominator walue= unit:
</quantity>
<partMoiety>

<id extension="SU1" root="beadSed2-f72d-45f7-al46-62ad261b@22e” />
</partMoiety>
<subjectofs

<characteristic»

<code code="C103248" codeSyste

</characteristic>
</subjectof>
</moiety>
<moiety>

<code code="C118425" codeSystem="2.16.848.1.113883.3.26.1.1" displayName="STRUCTURAL MODIFICATION" />

"2.16.840.1.113888.3.26.1.1" displayljame="Chemical Structure” />
<value xsi:type="ED" mediaType="application/x-aa-Feq">RPKPQQFFGLM</vglue>

<partMolety>
<id extension="M1" root="beadSed2-f72d-45f7-ala6-62ad261b@22e"™ />
<code code="F1" codeSystem="beadSed2-f72d-457-al46-62ad261b822e"™ />
<band>
<code code="C118426" codeSystem="2.16.848.1.113883.3.26.1.1" displayNs
<positionfumber value="1" />
<positionfumber value="1" />
<distalMoiety>
<id extension="5U1" root="beadSed2-f72d-45f7-a146-62ad261b@22e™ />
<fdistalMoiety>

o
</partMoiety>

</moiety>

<moiety>
<code code="C118425" codeSystem="2.16.540.1.113883.3.26.1.1" displayName="

<partholety>
<id extensio M2" root="beadSed2-f72d-45f7-al46-62ad261b822e™ />
<code code="F2" codeSystem="beadSed2-f72d-45f7-al46-62ad261be22e™ />
<bond>
<code code="C118426" codeSystem="2.16.848.1.113883.3.26.1.1" displayNg
<positiontumber value="1" />
<positiontumber value="11" />
<distalMoiety>
<id extension="SU1" root="beadSed2-f72d-45f7-al46-62ad261b@22e" />
</distalMoiety>
</bond»
</partMoiety>

</moiety.
</identifiedSubstance»
</identifiedSubstance>
</subject>

#3° roote"besdiedi-f72d-05¢7-a146-A20d201b0120" /3
cidentitiedsubstances
tecde codes"F2" codetystea="bendiedZ-FT2d-4567-810-62a42010022e" /3
tasEquivalentSubstances
<definingsubs
ccode coden"clIR159B-a00f-caSE-SH30- fObaSChIAIBN" codniyitaen"]. 16, 640.1. 1132KE. 3. 2705" 3
«fdetiningsunstance>
<faskquivalentsubst
cmedetys
<quantity:
tnumerates valuen1" unita"1% f3
<dencminator velues™1" unite™1" />
<fquantitys
partholety /3
4subjecofs
scharneteristics
<code codes"C100240" codeSystens"2.16.540
= ED" medin

113843.3.26.1.1% displayhiame="Cheadcal Structure” /2

tealue ="application/x-adl-ealfile"y<! [COAT

V]reivaluey
</characteristics
<feulrjectofs
csubjectofs
4characteristics
teadr ce
<value x8
feharncter
<fzubjectots
cuubjoceafs
«<characteristics
4eode code="CLH0IM" codelystens"2.16.640, 2. 100080, 0, 26.1,1" displayhase-"Cheadcal Structuce InChikey™ />
tvalue militypen"ED" sediaTypes"applleation s nchi -key ™ GSYTVEOARSGSN - BYPYZUCRSA-He fvalues
</characteristics
<fsubjecrifs
</motety>
ceointys
<eode codes"CLISA2T™ codeSystems=2,16.840.1.113883,3.26.1.17 displayName="2MINO ACID COWMECTION POINTS® />
<positionimber value="6"

e Sysbeen"2,16.840,1.113883.3,26,1.17 displayNamen"Chenical Structure InCRI™ /3
i 14 {nchi™+Indl ~2-3-2-A(G)S(7 VBN, 2- 5, 612, 1HD, (W2, 7,8} /18- /RS 1< valuey

fidentifiedSubstances
</identifisdsubstances
</ subfeets




Mixtures

IDMP:

* Mixture substances shall be described as simple
combinations of single substances that are either isolated
together or are the result of the same synthetic process.

e Mixture substances shall not be combinations of diverse
material brought together to form a product.



Representation of mixtures in SPL

® Chemical mixture

= Moiety (mixture component) O O

Quantity: Undefined not O
InChl=1S/C14H14/c1-12-7-5-6-10-14(12)11-13-8-3-2-4-9-13/h2-10H,11H2,1H3
PQTAUFTUHHRKSS-UHFFFAQOYSA-N

InChl=1S/C14H14/c1-12-6-5-9-14(10-12)11-13-7-3-2-4-8-13/h2-10H,11H2,1H3
KSYQGOYOIKQFNA-UHFFFAOYSA-N

Moiety (mixture component)
Quantity: Undefined not O
InChl=1S/C14H14/c1-12-7-9-14(10-8-12)11-13-5-3-2-4-6-13/h2-10H,11H2,1H3

Moiety (mixture component)
Quantity: Undefined not O O O

SIYISNUIKMAQBV-UHFFFAOYSA-N



Representation of mixtures in SPL

" Racemic mixture

= Moiety (mixture component)

= Quantity: 1/2
InChl=1S/C9H100/c1-2-4-8(5-3-1)6-9-7-10-9/h1-5,9H,6-7H2/t9-/m1/s1)
JFDMLXYWGLECEY-SECBINFHSA-N

= Moiety (mixture component)

= Quantity: 1/2
InChl=1S/C9H100/c1-2-4-8(5-3-1)6-9-7-10-9/h1-5,9H,6-7H2/t9-/m0/s1
JFDMLXYWGLECEY-VIFPVBQESA-N




Mixtures

AND Enantiomer

Symyx 842716182920 1 1.660008 0. eeaea e
121186 @6 999 V2000
20.2318  -4.7158 ©0.08080 © 0 0 B @ O 0o e
19.8499 -4.7158 ©0.0808C © 0 0 B @ O PRI
18.4594 -5.7386 ©0.0808C © 0 3 B @ O PRI
17.2783 -5.7386 ©0.0808C © 0 0 B @ © PRI
16.6877 -6.7615 ©0.08080 © 0 0 B @ O PRI
15.5066 -6.7615 .08 C © B 0 B @ O PRI
14.9161 -7.7844 ©0.0808C © 0 0 B @ O PRI
13.7358 -7.7844 .08 0 © 0 0 B @ O PRI
19.8499 -6.7615 .08 0 © B 0 B @ O PRI
20.8216 -3.6929 ©0.0808C © 0 0 B @ O PRI
22.8027 -3.6929 ©0.0808C © 0 0 B @ O PRI
22.5033 -2.6786 ©.08080 © 0 0 B @ O PRI
1218 o6
2318 o6 cnaeas
liie oo Wicleach@MITIGIIAI0 0 000000 9.0009 @
4518 @0 s 00 99 w3008
5 5 1 @ e 8 M VIS BEGIN CTAR
il 0 % o8 comrs 16 13 6 0 9 srcacea
7818 00 "
9 31 @ e @ y
116 1 @ e o - T
111 18 @ 0 "
1mM12 18 6 0 -
M END "
> <MIX_SUBSTANCE_TD> "
W V3 10 C 20.5635 -6.635 0 8
1794 MoV ll:l\-::!‘ :.MNHI
MOV L2 0 22,3342 T.E4ATO B R

> <MIX_UNII>

BUYB33LEXU

>  <MIXTURE_TYPE>

ALL

> <MIX_DESC_PARTI>
> <MIX_DESC_PART2>
> <MIX_COMMENTS>

> <SUBSTANCE_ID>

177122

»  <UNII>
9CCIPITILZ

> <DESC_PARTL>
> <DESC_PART2>
> <COMMENTS>

>  <STRUCTURE_ID>

88478

>  <SUBSTANCE_NAME>

333

W 20,6867 -5, BE4E @
VIO 14 H 19,2007 -3, 7882 @
V3B 15 W 13,3593 -7.13374 @
V3O 16 M 22,7099 -8, 0856 @

TrrazzErazay:

H

V30 BEGIN COLLECTEON
V30 POLVIO/STERACL ATORS=(1 3}
V30 END COLLECTION

HoVEe DD CTAR

" oo

2 HIX_SUBSTANCE_ID?

ima

TrrEzzEzza:

» CHIXTURE_TYREs
ML

> <HIX_DASE_PARTL>

v HIX_DESC_PARTEY
b AMIX_COMMENTS S
» cSUBSTANCE_TD>
1T

b CUMIER
ORI 291

5 ADENC_PARTLY
ASTEREOCHEMISTRY 300PT_ACTH(4/+ ) /0T
Sre/STIRBOORENTSTRY S

A TWPE VRACEMICE,/ TYPE S (COMMENT S 3.4/ COMMENT

e

o o
TR AR

e ELATI i
£/ e, L5 3 <ELACMIBEANR- 11336 TN 0.5 WO B

Ir<fvalues

rema

<fcharacteristicy
c/subiectofs
<subjectofs
ccharacteristics
<code displayMsve="Chemical Structure” codeSyslen="2,16.840.1.113883.3,26.1.17 code="C1832407 />
cvalue pE:types”ED” mediaType="application/u-inchi®™ smlns:phe"nttp:/ Jui. w3, org 2081/ KHLSchema lnsmnc}'nnrhr-mfﬁmsﬂsa’rs 1-3-11-6-7(5-18)12-4-2-9/h7- 184, 1-6H2 /17 .-’-U-u«,-’ia:.m

</characteristicy
<fsubjectifs
<subjectOfs
<characteristics
cente displayliaes"Chemical Strocture” codefpstem="2, 16,8401, 113883, 3.26.1,17 cade="C183248" /5
<value pbitype="ED" medialypes"application/x-inchi-key” welns:pba™http i Sown. ml. org/ 2001 XM mh-instance” »RE
«/characteristics
efsubjectnds

T5sA -1 fvalues

1>e/ualues

voe e e
o8 @

<fcharacteristicy
«/subjecrofs
ssubjectofs

<characteristicy

<code displayNsmes"Chemicel Structure” codebystems™2.16.849.1.11388. codes"C10I280" /3
<value péitype="ED" mediaType="application/x-inchi® smlns:pé="h L "> InChI=15/C7H1605/cB-1-3-11-6-7(5-18)12-4-2-8/h7-18H, 1-6H2/t7-/ml/ s 1</ palue
¢/characteristics

</subjectors

csubjectafs
<characteristics
cende aisplaylames Chemical Structure” codesysteme™2.16.848.1.113883.3.26.1.1° codra"C1R3248" /3
<value phitypes"tD” medialypes"spplication/x-inchi-key” wmlns:pba™http: /e, ni, or g/ 20010 Schenn-instance” sRE Tog valuex
</characteristicr
</subjectofx>
<hmaietyr




FDA Substance Registration System (SRS)

= Agency-Wide Substance Database
= 100,000 substances

= Small molecules, mixtures, proteins, polymers, biopolymers, plant
parts, tissue parts, vaccines, etc.

* Highly curated information (chemical structures, names, protein and
nucleic acid sequence, taxonomic information)

= Unique Ingredient Identifiers (UNIIs)




FDA open substance data in SPL format

Definitions of non-confidential substances from FDA Substance Registration System (SRS)
 UNique Ingredient Identifier (UNII)

e Compliant with ISO IDMP 11238 standard (IDMP)

Over 60,000 chemical substances

e Over 10,000 structurally diverse substances
e Started publishing proteins

* Available on DailyMed for direct download
* Available in openFDA s3 bucket

e Regularly updated and versioned

e Openly documented
http://www.fda.gov/downloads/Forindustry/DataStandards/StructuredProductLabeling/UCM321876.pdf



http://www.fda.gov/downloads/ForIndustry/DataStandards/StructuredProductLabeling/UCM321876.pdf

Inter-agency database interoperability

e Chemical structure linking and connectivity is “fairly well” solved
using Standard InChls — not perfect but very useful!

e Challenges remain with enhanced stereochemistry, polymers,
organometallics and Markush structures but InChl is moving towards
solving these challenging problems — iteratively and slowly

* FDA has solved a lot of the problems with SPL so can it be applied to
non-FDA databases and potentially enhance interoperability?

e Looking for a good source of high-quality “controlled” but open data



The Comptox Chemistry Dashboard data

e 747,000 chemical substances and ca. 727k chemical structures!
e Diverse structures— organics, inorganics, organometallics

e Fully open data available for download, reuse and repurposing:
https://)comptox.epa.gov/dashboard/downloads

* Increasingly an integration hub for EPA chemical structure data
e Strong team with cheminformatics experience
e Manual curators to provide feedback on
CVSP results and processing
* Lots of complex mixtures and “UVCB” chemicals O
-Unknown or Variable Composition, Complex
Reaction Products and Biological Materials



https://comptox.epa.gov/dashboard/downloads

Example Complex Stereochemistry v3000

e Insert stru

ure and result?

AND Enantiomer

SHBk- 8003 SeBRUCIBEA"

Chesizal Structure™ o

="n) i

M, 1-343, (W, 26, 31,

"2, 16,54
key™ =

“Chemical Structure”

10,

AR e

3248° />

,32,33,34) (W, 35,36,37);; ;2

=#1ip-2/b29-21

112883,3.26,

sipbe"hite:

248 /3
Sshesa-instang
*+1/p-2/bd9- 20

LG TP RIS Y Y OB Sk L

LG TP RASY - FPOTPIRTSA- LS

11 BB 18- 18222 1B ]ALLHS, BEYET) BU-25 (2T 1H) 1801

fvaluex

3. 2ha/c1-13-8-18-18-22(23( 13,

slues

}41{35, 36)37)39-25(27- 18)15-9-11

AT(IW(13-15 )00 52, 34) Ba) IR 1021 (14(2)30)

17(2B(12-15)88(32, 33) 38} 28 29- 21 [ 14( 2} 38)




Example Complex Mixtures

e “Aroclors” are complex mixtures of polychlorinated biphenyls (PCBs).
There are 209 possible PCBs and different Aroclors are combinations of
a series of these 209 variants and at specific ranges of concentrations.

e |deally SPL will carry information about the individual components and
the concentration of each component for a specific Aroclor

 Work in progress and looking promising!



Open Science Data Repository

Data .

OPEN SCIENCE HOME  ORGANIZE HELLU,VALT LOG DUT
[JATA REPOSITORY

HOME DRGANIZE IIEI.LIII.VJ\LY‘ LG OUT

DRAFTS / CHEMICALS / IUPHAR-NAT-PROD.SDF / 5857F 05D8424882390798207

¢ BR v £ in G

InChi

InChitay

Drop your files here e
N

Articles OH ¢] ( = )
,’3_6 \/}M)L H ] T A W
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Summary

e CompTox Dashboard content was converted to SPL files
e Stoichiometric mixtures (e.g. racemates) were converted as is
 Complex mixtures required additional changes

e SPL as a container is suitable for storing much more complex chemical
and biological substances

* SPL is machine readable

 Open Science Data Repository provides on-the-fly SPL capabilities
 Work in progress and definitely iterative in nature

 Watch this space for further progress
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