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Non-Targeted Screening Talks by

PMI R&D @CORESTA

The dos and don’ts of non-targeted screening by LC-HRAM-MS for chemical
characterization of smoke-free products

WACHSMUTH C.; ARNDT D.; BUCHHOLZ C.; BENTLEY M.; GOUJON C.

Philip Morris Products S.A., PMI R&D, Quai Jeanrenaud 5, CH-2000 Neuchatel, Switzerland

Computer-assisted structure identification (CASI) for high-throughput identification of
small molecules by GCxGC-HRAM-TOFMS

KNORR A.; ALMSTETTER M.; MARTIN E.; CASTELLON A.; POSPISIL P.; BENTLEY M.;
GOUJON C.

Philip Morris Products S.A., PMI R&D, Quai Jeanrenaud 5, CH-2000 Neuchatel, Switzerland

Non-targeted chemical characterization of complex matrices by nominal- and high-
resolution accurate-mass GCxGC-TOFMS

ALMSTETTER M.; KNORR A.; RHOUMA M.; MARTIN E.; CASTELLON A.; POSPISIL P.;
BENTLEY M.; GOUJON C.

Philip Morris Products S.A., PMI R&D, Quai Jeanrenaud 5, CH-2000 Neuchatel, Switzerland

Untargeted chemical characterization of the aerosol generated by a heated tobacco
product

BENTLEY M.; ALMSTETTER M.; ARNDT D.; KNORR A.; MARTIN E.; POSPISIL P.; MAEDER S.
Philip Morris Products S.A., PMI R&D, Quai Jeanrenaud 5, 2000 Neuchdatel, Switzerland
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Aerosol chemistry — Comprehensive chemical characterization

Non-Targeted Screening (NTS) of THS2.2 aerosol and 3R4F cigarette smoke
— Chemical space

N Complementary characters of GCxGC-TOFMS and LC-HRAM-MS data

/ 25 o Coverage of chemical space by non-targeted
° GCxGC-TOFMS (3 methods) and LC-HRAM-
MS (4 methods) in the context of the known

20 o chemical space of tobacco plant & smoke
: T % . (more than 6,000 for cigarette smoke)
15 g .
=
S 10 P
;'I o0
%
5 o T
=
0 R 2
° EEPK FDA 93 compounds: A small g
° ’ subset of the chemical space =
5 covered by our NTS methods :
-4.0E+01 -3.5E+01 -3.0E+01 -2.5E+01 -2.0E+01 -1.5E+01 -1.0E+01 -5.0E+00 0.0E+00 5.0E+00 1.0E+01 L
Log VP S
o Known chemical space in tobacco smoke o GCxGC-TOF chemical space <
o LC-HRAM chemical space ¢ Detected FDA 93 compounds %
8
« Coverage by overlapping individual methods/platforms to avoid potential gaps in the chemical space covered ¢

Log VP: logarithm of vapor pressure both calculated using ACD/Labs Percepta suite software. PHILIP MORRIS INTERNATIORAL

. . i . . Knorr, A., Almstetter, M. et al., Analytical Chemistry, 2019 7
ACD_Log POW: logarithm of octanol/ water partition coefficient values, Arndt, A., Wachsmuth, C. et al., Rapid Communications in Mass Spectrometry, 2019 O PMI SCIEN $
@)
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Knorr, A., et al., Analytical Chemistry 2013, 85, 11216
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Knorr, A., et al., Analytical Chemistry 2013, 85, 11216
https://www.ncbi.nlm.nih.gov/pubmed/24160557

Numerical values associated with the chemical constitution for correlation of chemical structure with various physical properties, chemical react., or biol. activity

Linear Regression: BP calc. by
ACD/PhysChem vs. BP calc. by Ki

s

2020 - Document not peer-reviewed by CORESTA

PMI SCIENCE

PHILIP MORRIS INTERNATIO@\L
@)


https://www.ncbi.nlm.nih.gov/pubmed/24160557

High-throughput structure identification (GC — Nominal mass)

Search in MS
Databases

Predictive . Ranking by
P Models | Scoring P cagiscore

CASI (nominal mass)
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https://www.ncbi.nlm.nih.gov/pubmed/24160557
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Knorr, A., Almstetter, M. et al., “Performance evaluation of a non-targeted
platform using GCxGC-TOFMS....”, Analytical Chemistry, Jun 2019
https://pubs.acs.org/doi/10.1021/acs.analchem.9b01659

10

Performance CASI (GC — nominal mass)

Non-targted screening of 3R4F reference cigarette whole smoke by GCxGC-TOFMS

Confidence categories in Structure ID for 2990 compounds

found in 3R4F reference cigarette whole smoke by GCxGC-TOFMS

Nonpolar:
1273 2516

274

529

1393

Confidence categories
for structure identification

» Confirmed

CASI score categories
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s
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* HIGH HIGH: >795
(25.8%) MEDIUM: >700:
MEDIUM
(19.2%)

NOT IDENTIFIED
(46.6%)

2020 - Document not peer-reviewed by CORESTA

PMI SCIENCE

PHILIP MORRIS INTERNATIO@\L
@)


https://pubs.acs.org/doi/10.1021/acs.analchem.9b01659

Confidence CASI: Rate of meaningful proposals as a function

of concentration in 3R4F reference cigarette smoke

.

Performance CASI (GC — nominal mass)

Confidence as a function of concentration

(confirmed by reference standards in 3R4F reference cigarette smoke dataset)
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- In silico assignment of fragments to structural features

Structures (CASI)
&

Accur. Mass Spec.
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&
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&
Experimental MS
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M 0EEE
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Experimental 56 03 e 05247
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W 40 S0 B} 0 B 80 W0 WX

60333 Reconstituted spectrum from
3-Ethyl-4-methylpyrrole in
silico fragmentation  H|T 4
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L, samars

ACD/MS Fragmenter

T
R erra )

10205247
M5 Score: 395

Experimental
SEectrum 3402573

W 4 5N & T B0 80 100

) y

Final Score = CASI, ,minar Score x In silico Fragmentation Score

*ACD/MS Fragmenter, version 2015.2.5, Advanced Chemistry Development, Inc., Toronto, ON, Canada, www.acdlabs.com, 2019.

Knorr, A., et al., Poster Presentation Jun 2018 - 66th ASMS Conference on Mass
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Spectrometry and Allied Topics, DOI: 10.13140/RG.2.2.36429.74722

Proof-of-concept (PoC) test set (28 compounds)
e Subset of 28 confirmed compounds selected for proof-of-concept study

CASI for GCXGC-HRAM-TOFMS — Compounds present in Mass Spectral (MS) databases (“knowns")

(out of >2,900 for 3R4F reference cigarette smoke above 100 ng/item)

« Selection: Diversity and complexity of structures & low to high specific mass spectra

Compound Name Structure  No. Class cAs MW FORMULA NIST MF CASl, o, CASI, . X
Score acc.mass
Pyridine, 3-methyl- g 1 pyridine, alkyl- 108-99-6 93.0578 C6H7N 950 937 903
2-Methylpyrazine (l 2 pyrazine, alkyl- 109-08-0 94.0531 C5HBN2 962 927 891
3-Pyridinol L 3 pyridine, hydroxy- 109-00-2 95.0371 C5H5NO 832 788 743
2-Furanmethanol Cg 4  furan, hydroxy- 98-00-0 98.0368 C5H602 935 899 809
2,3-Pentanedione e 5 a-dicarbonyl 600-14-6 100.0524 C5H802 930 835 807
Methyl pyruvate Ay 6 ester 600-22-6 102.0317 C4H603 952 778 735
Butanoic acid, 2-methyl- ~ 7 small acid, branched- 116-53-0 102.0681  C5H1002 873 848 846
3-Vinylpyridine a, 8 pyridine, vinyl- 1121-55-7  105.0578 C7H7N 925 905 856
p-Cresol 35 9 phenol 106-44-5 108.0575 C7H80 933 932 695
2-Ethylpyrazine Ek 10 pyrazine 13925-00-3  108.0687 C6H8N2 832 798 754
3-Acetylpyrrole Qﬁ 11  pyrrole, carbonyl- 1072-82-8  109.0528 C6H7NO 941 938 915
Cyclotene & 12 cycl. ketone, hydroxy- 80-71-7 112.0524 C6H802 948 935 906
Phenylacetaldehyde ©I 13 arom. aldehyde 122-78-1 120.0575 C8H8O 906 882 851
5-Hydroxymethylfurfural & 14 furfural, hydroxy- 67-47-0 126.0317 C6H603 881 858 829 |<_E
Methyl 2-furoate < 15 furan, carboxylic ester 1334-76-5  126.0317 C6H603 923 843 538 ﬂ
Pyranone O 16 pyranone, hydroxy 28564-83-2  144.0423 C6H804 904 800 799 %
2-Methoxy-4-vinylphenol E;L 17  phenol, methoxy- 7786-61-0  150.0681  C9H1002 911 902 863 O
Cotinine Dy 18 alkaloid, oxy- 486-56-6 176.0950  C10H12N20 935 864 833 é
Megastigmatrienone ’% 19 cyclohexenone, alkenyl- 38818-55-2  190.1358  C13H180 799 798 775 g
Scopoletin Beel 20 cumarin, hydroxy-, methoxy- 92-61-5 192.0423 C10H804 900 842 758 'g
(E)-Solanone Ao e 21 unsaturated keton 54868-48-3 1941671  C13H220 906 894 869 %
3-Hydroxy-B-damascone Q(N 22 cyclohexenol, alkyl-, carbonyl- 102488-09-5  208.1463  C13H2002 796 752 704 gg_
Palmitic acid ~~——% 23 sat.fatty acid 57-10-3 256.2402  C16H3202 892 889 876 °
Farnesyl acetone A~irek 24 sesquiterpene keton, isoprenoid 1117-52-8 2622297  C18H300 868 796 781 ;
Neophytadiene ioous. 25  diterpene, isoprenoid 504-96-1 278.2974 C20H38 912 909 897 g
Eicosane e 26 aliph. hydrocarbon 112-95-8 282.3287 C20H42 890 889 871 8
t-Phytol e 27 diterpen, hydroxy-, isoprenoid 150-86-7 296.3079  C20H400 915 906 903 8
Vitamin E Ve 28 chroman, isoprenoid 10191-41-0  430.3811  C29H5002 875 874 777 é
5
« Range MW: 93 - 430 PN SC|ENC$
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Performance PoC test set — “Knowns"” workflow

» Correct structure ranked for HIT 1 True structure discriminated from other proposals, i.e. 3-acetylpyrrole
for all compounds In test set

in silico | CASI ., x

CAS NIST | CASI,,. —
28 Com pounds True HIT HIT Compound Name Structure ME | Score MW Formula Accsc:rr:g |:r:;i:os;c2
_Positional = 3-Acetyipyrrole X
i .?Cfok;f?:ryiigzgrole e (% 941 | 938 |10005276| CornO | 976 | 915
\_ Structural 9-Bromo-3-methylidene-1- e I O E— -

/) isomers methoxy-cyclohexane

Ethanone, 1-(1H-pyrrol-2-yl)-
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pyrrol-2-yl)-

3-Ethyl-4-
methylpyrrole
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Pyridine, 3-methoxy-

897 | 879 |109.05276| C6HTNO 976 858
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932 | 855 |109.08915| C7H11IN 395 338
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zNISTMF =CASInominal = CASInominal x Accurate Fragment Score

O True positive rate CASI, o inar: 89 %

=> similar to previous 3R4F reference cigarette smoke set (88.5 %) => no bias

Same nominal

@ Pyridine, 3-methoxy-
725 | 721 |109.05276| C6HTNO | 976 704

O

<C
i—
i
Phenol z
() True positive rate CASI accurate mass: 100 % — s QU |9 77 |sowss| owoo | 37 | 20
\ Non-relate <
/ structures d o =
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25% improved discrimination / 8 3Ett$'pi y @L:,/ 739 | 672 |109.08915 ciin | 395 266
// me rrole N o
GR::;;PI «  Group 2 (29 %) 3-Methylpyridazine L
° CASI, iy SUfficient Ay S
9 (3-Methylpyridazine 663 | 645 |94.05310 | C5HBN2 395 255 —
NIST MF CASInom. CASInom. x . "“‘ =
AN «  Group 3 (25 %) Score i cilico Ace 2-Vinylfuran =
.- Isomers cluster Fraq. Score G
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CASI for GCXGC-HRAM-TOFMS — Compounds not present in MS databases (“unknowns”)

N

- In silico assignment of fragments to structural features

CASI (accurate mass) — “unknowns” workflow

Formula generation
&
Structures (Comp. DBs)

In silico Fragmentation
&
Spectra Reconstruction

Matching in silico
&
Experimental MS

( Soft ionization R
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reconstructed
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1004
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-a

R
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f 50333 s | 1omesy 2

ragmentation r 0>'
3002293 )
1 T
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603223 Reconstituted spectrum from
3-Ethyl-4-methylpyrrole in
silica fragmentation  H|T 4

.. ACD/MS Fragmenter

0 40 50 Ex 0 B0 81 100 1MW 1

Final Score = In silico Fragmentation Score x (Rlg1) X (2DrelRTg7) X (BPFIT)

Page 10

PoC test set (same 28 compounds + 1 additional
compound; stigmasterol)

High-throughput structure identification (GC — accurate mass)

Formula generation not considered for PoC (concept under development)

« Pubchem query for elemental composition of test candidates
= 48K structures

« Remove radicals and conformational isomers
= 35K structures

* Apply predictive models for Rl and 2DrelRT and filter by using conservative cutoff

limits
= 32K structures = opportunity for improvement

Benchmark with MetFrag

 PoC test set (same 28 compounds)
« Structures derived from Pubchem (see above, including data curation)

s
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CASI/Frag2015: better results (18/29 = 62%) MetFrag: better results (11/29 = 38%)

1

W
@ b |
.
= — .
- 10 10 =
15 = 15 =
E 18 = 17 S
— /'\
% 26 == 5g eaips St = 26 5
ks 33 A
“ _A\
55 G = |
O i A= NG
} 100 == — 100 &= 109 == A\
c 99 171 o= 117 '
© -~ 161 E= 162 172 e
o _ 188
— 260 240 ==
' 304
460
s — 523
736 747 522 745 670
1000 1050 == '
1086 . 1116 1210
1428 &= 1517 1480
! 2097
772
4410
5909
7133 F450
i~ i —{ [ [=p] —{ = w u [wu] [=p] m (=) [na] w [ = m a i~ w [na] (T ] (ad] = = = —{ [ i~
(] ~d ™~ i~ — - — - (] - ~d - (] ~d ™ () (-] ~d ~d ~d — — — ™~ ™~ — — — —
- o o o a - o = = = 3" = = o o = = n O o o o a o a o o o o

Elwﬁﬂig,ﬁdfﬁéﬁq %%émqrﬁ
O\YL’O\,Q/‘-Q/\;*\ &sil

-——CASI|/Fragmenter 2015(a) ———MetFrag(b) Total number candidates

(a) ACD/MS Fragmenter, version 2015.2.5, Advanced Chemistry Development, (b) MetFrag2.4.5-CL.jar
Page 11 Inc., Toronto, ON, Canada, www.acdlabs.com, 2019.

Results PoC test set - Compounds not present in MS databases (“unknowns”)

Results for CASI and MetFrag are far below
acceptable levels for automation

CASI performed better than MetFrag in the

PoC test set
(18/29 better ranked true hits ~62%)

Next steps for improvement of CASI

“unknowns” workflow:

o Detailed gap assessment & key

earnings

(e.g., in silico fragment assignment)

o Test & optimize new ACD/MS

Fragmenter, version 20

o Improvement on QSPR
models

18.1.1

(600 compounds in scope, actual model: 220)

o Explore Bayesian models as an add-on

(e.g., compound class assignments)
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