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ABSTRACT

Purpose: Validate new library searching algorithms and structure ranking algorithm mzLogic™ for
local proprietary MS" spectral libraries to aid in structure elucidation of unknown drug metabolites,
impurities or degradants.

Methods: Ten Sildenafil drug standards were infused onto the Thermo Scientific™ Orbitrap ID-X™
Tribrid™ mass spectrometer to obtain MS" spectral trees for building a spectral library. LCMS data
were collected with a mixture of four sildenanfil standards to test library searching, mzLogic and
unknown structure elucidation. Mass Frontier™ 8.0 software was used for the complete workflow
including library building, data processing, identification and structure elucidation.

Results: Curated HRAM MS" spectral library which contains substructure annotations helps to
elucidate the structures of true unknowns. mzLogic utilizes the spectra and structure information in
the local library for unknown structure ranking.

INTRODUCTION

Small molecule structure elucidation is a very challenging and time consuming task. A mass spectral
library with extensive MS" spectral tree and substructure information is a valuable tool for rapid
identification of small molecule unknowns and unknown unknown structure characterization. The
objective of this work is to demonstrate a complete workflow from building local version of “mzCloud”
- HRAM MS" spectral library using the Orbitrap ID-X Tribrid mass spectrometer for in-house
proprietary compounds with automated curation and structure annotations in Thermo Scientific™
Mass Frontier™ structure identification software 8.0. The MS" spectral library with structure
annotations not only enables library searching to quickly identify unknown compounds in the library,
but also enables substructure matching. The new mzLogic structure ranking algorithm is able to use
the spectral knowledge in the library, rank possible structure candidates based on a combination of
spectral similarity and common substructure overlapping, which results in quick and confident
structure identification of unknown drug metabolites, impurities or degradants.

MATERIALS AND METHODS

Data Acquisition

An Orbitrap ID-X Tribrid mass spectrometer coupled with a Thermo Scientific™ Vanquish™ UHPLC
system were used for data acquisition. As proof of concept, a library was created for ten sildenafil
drug analog standards. Compounds were infused by electrospray ionization and MS" data collected
with varying collision energies for multiple fragmentation activation types. Four sildenafil standards
with same mass (two of them were in the library, and two of them were not in the library) were mixed
and analyzed by LC/MS™.
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The ten sildenafil drug standards for the library:

0
o 0 i
I / I N H HN | ’;\N o J\
N, HN
o HN \ o~/9 N AN o H
SN IS | P \/S\©:L\N | ﬂj/L )\/N7?/,
/ N 16
HO @ o / \
o N

— —S—0
/ AN

Homosildenafil
[M+H]+ 489.22785

Dimethylsildenafil
[M+H]+ 489.22785

Demethylpiperazinyl Sildenafil Pyrazole N-Desmethyl Sildenafil
[M+H]+ 393.12272 [M+H]+ 461.19655

O-Desethyl Sildenafil
[M+H]+ 447.18090

Sildenafil Citrate
[M+H]+ 475.21220

Hydroxyhomosildenafil
[M+H]+ 505.22277

Sildenafil Analog
[M+H]+ 503.24350

Sildenafil Analog |
[M+H]+ 535.21557

Sildenafil Analog IlI
[M+H]+ 519.22066

I

The four sildenafil compound standards in the LCMS mixture:
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Homosildenafil
[M+H]+ 489.22785

Dimethylsildenafil
[M+H]+ 489.22785

Isobutyl Sildenafil
[M+H]+ 489.22785

Methods

The library compounds were acquired on the Thermo Fisher Scientific Orbitrap Tribrid ID-X mass

spectrometer with Tune 3.1 software which includes library builder templates for infusion and LCMS.

Infusion-HCD-CID-MS4

Propoxypheny! Sildenafil
[M+H]+ 489.22785

LCMS data of the 4 standards was processed in Mass Frontier 8.0 by JCD component detection and

spectral tree deconvolution, followed by library-searching including identity, tree search, similarity
forward, identity substructure, subtree search, and mzLogic structure ranking.

Figure 3. JCD detected four components with m/z
of 489.2285 which corresponded to the four sildenafil
compounds in the LCMS mixture.

Figure 4. Deconvoluted spectral tree in Mass
Frontier 8.0 for each of the 489 compounds with up to
MS* fragmentation spectra from the Orbitrap ID-X.
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Library builder

The library template automatically acquires multiple collision energies, multiple spectra for each MS"
stages in both HCD and CID, and goes up to MS*. It uses assisted collision energy (15,30,45,60,75)
for the branch leading to CID MS3. The purpose is to capture fragmentation data at multiple collision

RESULTS

Compound Identification with Library Searching

Figure 6. Compound matches with tree search.
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5.966
6.254
6.620
6.766

Annotation Sources

2205419520 Tree Search
1925246848 Tree Search

794 834 815 Tree Search
1999,293,184 Tree Search

MS" Tree search was able to separate out the two library compound hits more in match scores
compared to identity search which is MS? vs MS? only. Comparison of identity search vs tree search
for component #1 are shown below.

Figure 7. The two library hits and match scores for
component #1 with identity search (MS2 vs MSZ only).

Figure 8. The two library hits and tree match scores for
component #1 with MS" tree search (MS"vs MS").
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Figure 12. Example of substructure match on the MS3 level, indicating these two 489 compounds share this common
substructure from the library..
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mzLogic Structure Ranking

mzLogic search algorithm in Mass Frontier 8.0 utilizes the fragmentation data and structures in the
spectral library to rank the possible structure candidates for a true unknown compound that is not in the
library. The ranking is based on spectral similarity and maximum common substructure overlap. For this

energy levels and fragmentation modes in the library to allow confident matching with LCMS
fragmentation data.

The four LCMS standard compounds were first run individually to obtain the retention times. They

were then mixed into one vial and run with the same LCMS condition. Fragmentation data for the four
489 compounds included up to MS*: MS? at HCD stepped collision energies 40,60,90; MS2 at HCD 40

and MS# at CID 40.

ML
Data Analysis _[,_j__n

Mass Frontier 8.0 software was used to build the curated and annotated MS" spectral library. The
DICD (direct infusion component detection) algorithm automatically compiles HCD, CID spectra for

each precursor ions at each MS" stages into a spectral tree. The MS" spectral trees were curated in

the Curator module in an automated fashion for each compounds and saved into a local library.

Figure 1. The Curator module in Mass Frontier 8.0
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The four components with spectral trees were searched against the local Sildenafil compound

library in Chromatogram Processor module. Mass Frontier 8.0 includes new library searching types,

new and improved matching algorithms that are trained on the extensive mzCloud database with
real fragmentation data.

Below is a summary of the library search types, used stages and constraints and use in Mass
Frontier 8.0.

Table 1. Library Search Types in Mass Frontier 8.0

Search T}rpe. Identity '] ﬁ Search Type Tree Search - | ir
Library | Sildenafils - Library ' Sildenafils -
| Bk SearchSelected = Uk SearchAll | | B SearchSelected | T SearchANl |
Matches for Compenent 1 using Identity profile Matches for Compenent 1 using Tree Search profile
. ID: 10 Sildenafils = . ID: 10 Sildenafils =
Ty s Ty
1 Jr L Homosildenafi 1 ot Homosildenafil
CaHuNeDs MM 488.220¢ Confidence: 98.8 CagHaNe0,5 MM 488.220¢ Tree Match: 98.8
Q ESI Ms? 93,8 Q ESI MS3... 928
ID: 2 Sildenafils ID: 2 Sildenafils
2 Frr (. Dimethylsildenafil 2 Py Dimethylsildenafil
CuHuMOs 1M 4882206 Confidence: 923 CoHuN0.S MM 488.220¢ Tres Match: 72.7

Similarity and Substructure Matching

For the other two 489 compounds (RT 6.62min and 6.77min) that are not in the Sildenafil library,
identity or tree search gave 57, 58 confidence scores due to no exact compound matches in the
Sildenafil library which is expected. The next step is to try the similarity, identity substructure and
subtree search to identify substructure matches in the library.

With similarity search, we got confidence score of 38 for both of these two 489 compounds. Since

similarity search compares query MS? vs library MS? only, it did not give good substructure matches

from the library.

Figure 9. Similarity forward search results for the two 489 compounds at RT 6.62min and 6.77min.

MNarne Scan No. | Precursorm/z | Match MSn |ty (minp | Abundance Annotation Sources
+ Components
Component 1 1569 480.2285 99 Homaosildenafil 4 5.965 2,205,419,520 Tree Search
Compaonent 2 1732 480.2284 99 Dimethylsildenafil 4 £.254 1,925,246,848 Tree Search
Component 4 1937 489.2285 38 Dimethylsildenafil 4 6.620 794 834 816 Simnilarity Forward
Component & 2024 480.2284 38 Dimethylsildenafil 4 6.766 1,999 243 184 Similarity Forward

On the other hand, identity substructure and subtree searches which match MS" vs MS" both gave
good substructure matches for these two 489 compounds, matching substructure of O-Desethyl
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Figure 13. For the 489 compound
@6.62min, the correct structure was ranked
#2 and had same mzLogic score as rank #1.

Candidates (9) | Similar Structv Candidates (9) | Similar Structu
%1 209) structure.., |[] %2 40.9) Structure... ] #3 @27) Structure... (|21 woa structure... {122 (40.0) structure...| [f| 43 (30.3) Structure...
~ iy - N 5 ~ A ~ q
CL;? Q0 UL, el 1, jjﬁ T, j;p' Lowg T CL, j}p
5 z gt T ~la Ly ~f e R q IfjfL he e
i S SRL SR A LI
| . . .
KTHQLYOWYITHOD-UHEE... MDDMCAQUTIFYAH-URFE.. | JXTRNLMETIKQQDD-UKFFEA... MDDMCAQUTIFYAH-UHFF... | | [[KTHQLYOWYITHOD-UHFF... | [XTRNLMBTIKQQDD-UHFFFA...
2428 Structure..| ||| #5 @7.7) Structure... || #6 (35.9) Structure... []24 37.6) Structure.. || #5 (37.2) Structure.. || #6 (35.3) Structure...
J r PR . Sy r
= Y o . e O . whd NidoWe
e s pd g ] ,\(/V\ g T SR
=S Aot OFET L . Fol O O
w i - L r - ’ -
KFPKZMNOHAXNFR-UHFF... LXZMWRKFIGOSLX-UHFFFA... || OQRGVYGOFARISN-UHFFFA... (RS R AL [ R ST AU )[BT
127 349) Structure.. [| #8 30.0) Structure... | #9 29.5) Structure... IREEE] S | S (k) Sive e | A (= s
CAaN
% -
- ‘ H . Dol r?\l/{ ) .,H _ ,51'3_4:} N
e oL | AP & S ool o as:
3 [ N s > S .
oL T /\":,\\/;:grwu,(\ H Ors T LI Y H z
OF AR of TR U (IFCANE S = /
E /
JCVLARTZHEY-UHFFFAO.. | [1SKGHYZPWKOGPDLUHFFFA.. | | DOUNINVILWLTAX. UHEFFAG... SICVLARTZHEIY-UHFFFAQ... | ||SKGHYZPWKCGPDL-UHFFFA... | [DUNJNVILWLTAX-UHFFFAQ...

CONCLUSIONS

Small molecule unknown structure elucidation is a very time and resource consuming task. If you have
a lot of in-house standard compounds, building a curated and annotated HRAM MS" spectral library
can be a very valuable tool for compound identification and identifying true unknowns that are similar

study, we proposed nine structure isomers for mzLogic ranking for the 489 compounds @ 6.62min and
@6.77min. The correct structures were ranked among the top scored candidates.

Figure 14. For the 489 compound
@6.77min, the correct structure was ranked
#2 and had same mzLogic score as rank #1.

or share common substructures to the compounds in the library.

® & ¢ & & 0000 0000w

Intensity (Relaive)
5

il
Intensity (Relative)
13

L

12 Assign Molecular Formulas . 2 5] 31742 -
Mmasen TS “ smasap TS s T

irrosen mw’lmw F. e muasiwm s 507
| P Y M 1 [0 T e

1 aas ,m.m] I
[ PP EETRTITIETY FTR IPYTVIN Py T - ) ph e L, -
0 w0 0 wo 0 a0 40 % A )

R I T A )

Sildenafil in the library. The substructure search results are consistent with the common substructure
overlap between these two 489 compounds (Isobutyl Sildenafil @RT6.62min and Propoxyphenyl

= mzLogic can utilize the fragmentation spectra knowledge in the spectral library to quickly narrow down
the list of possible structure candidates for further validation. It is an innovative approach for unknown

Figure 2. The local MSn spectral library in Data Manager with precursor structures and fragment annotations at
each MSn stages.
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Compound Identification

For the two 489 compounds (RT 5.97min and 6.25min) that are in the local Sildenafil library, Mass
Frontier 8.0 returned the right compound with 99 confidence match scores for both Identity search
and Tree Search.

Figure 5. Compound matches with Identity search.

MName Secan No. Precursor m/z Match MSn |ty (min} | Abundance Annotation Sources
+ Components
Component 1 1569 48092285 99 Homosildenafil 4 5.966 2205419520 Identity
Component 2 1732 489.2284 99 Dimethylsildenafil 4 6.224 1925245848 Identity
Compaonent 4 1937 489.2285 57 Dimethylsildenafil 4 6.620 794 834816 Identity
Compaonent & 7024 489.2284 58 Dimethylsildenafil 4 6,766 1,995 293 184 Identity

Sildenafil @6.77min) and O-Desethyl Sildenafil in the library.

Figure 10. Identity substructure search results for the two 489 compounds at RT 6.62min and 6.77min.

Marmne Scan Mo. | Precursorm/z | Match MS5n |ty (minp | Abundance Annotation Sources
» Components
Compaonent 1 15/3 4802285 99 Homosildenafil 4 5.966 2,205419,520 Tres Search
Compaonent 2 1732 4802284 99 Dimethylsildenafil 4 5,254 1,925,245,848 Tree Search
Component 4 1937 4802285 90 O Desethyl Sildenaf 4 6.620 794,834,816 Identity Substructure
Compaonent 6 2024 489.2284 90 O Desethyl Sildenaf 4 6.766 1,999,293,184 Tdentity Substructure

Figure 11. Subtree search results for the two 489 compounds at RT 6.62min and 6.77min.

MNarne Scan No. | Precursor mfz | Match MSn |ty (min} | Abundance Annotation Sources
+ Components
Component 1 1569 4802285 99 Homasildenafil 4 5.066 2.205419,520 Tree Search
Component 2 1732 480.2284 99 Dimnethylsildenafil 4 6.254 1.925246,848 Tree Search
Component 4 1937 480.2285 90 O Desethyl Sildenaf 4 6.620 794834816 Sybtree Search
Component 6 2024 4802284 B9 O Desethyl Sildenaf 4 6.766 1,999 293 184 gybtree S=arch
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