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1 Energy-dependent fragments31

Fig. 1: Fragment emergence sampled over a collision energy range of 1 − 200V in
both positive (left) and negative (right) modes for alanine.
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Fig. 2: Fragment emergence sampled over a collision energy range of 1 − 200V in
both positive (left) and negative (right) modes for arginine.

Fig. 3: Fragment emergence sampled over a collision energy range of 1 − 200V in
both positive (left) and negative (right) modes for tryptophan.
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Fig. 4: Fragment emergence sampled over a collision energy range of 1 − 200V in
both positive (left) and negative (right) modes for leucine.

Fig. 5: Fragment emergence sampled over a collision energy range of 1 − 200V in
both positive (left) and negative (right) modes for lysine.
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2 Additional benchmarking figures for single first32

fragmentation events33

Fig. 6: Structural isomers of the neutral loss of leucine and alanine (CH2O2, left)
and of arginine (NH3, right). Due to the small difference in mass and thus a limited
elemental composition, the losses only show very low variety. In order to save compu-
tation overhead for such small neutral losses, a dictionary containing commonly found
neutral losses was was used.

Fig. 7: Left: Reasons for discarding potential structure candidates for the primary
descendant of arginine, i.e. C6H11N3O2, indicated by s for unsaturation, i.e. to filter
for mostly unsaturated hydrocarbons, and f for any unstable, reactive, or syntheti-
cally infeasible functional group. In particular, S2: no unsaturations in 3-membered
rings, S4: triple bond restrictions, f1: only one N or O next to an sp3 carbon or two
oxygens if both oxygens are ring atoms, f2: maximal one N or O in small rings, f8
(enol/enamine): removal of molecule if O or N atoms are adjacent to a non-aromatic
C––C, f10: carbonic acids (O–CO2H), carbamic acids (N–CO2H), and β-carboxylic
acid ((C––O)–C–CO2H) are removed. For a complete overview see table 2 and table 3
full of [1]. Right: Example structures filtered by the GDB-17 set of SMART filters.
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Fig. 8: Distribution of BDE values for all candidates of the first fragmentation reaction
with optimal MCES score for alanine, leucine, and arginine. A red dot marks the
reference reaction center size calculated for the literature proposed fragmentation.
Alanine and leucin show a single energy value, as their structure only allows for one
bond dissociation in their respectives parent molecule. In the case of arginine, the
lower BDE corresponds to the literature fragmentation.[2]

3 Annotated negative mode fragmentation trees34
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Fig. 9: Annoted fragmentation tree of alanine and arginine measured in negative ion
mode.
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Fig. 10: Annoted fragmentation tree of leucine measured in negative ion mode.
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