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Introduction

Honey bees rely on chemical communication for colony
cohesion, social immunity and disease defense, yet many of the
compounds involved in signaling remain unknown. GC—-MS is
the main tool for profiling these metabolites, but library-
dependent electron ionization (ElI) workflows often lack
molecular-ion information, and MS libraries cover 1% of
PubChem compounds. Here, we present a library-independent
spectra-to-structure workflow using accurate-mass GC—MS
with simultaneous electron ionization (El) and soft ionization
combined with Al-based prediction of retention indices and
fragmentation patterns.

Methods

Volatiles from queens, drones, and workers were extracted
using hexane from glandular tissues and analyzed using a
Bruker ecTOF. The results were directly compared to results
provided by a common nominal mass GC-EI-TOF system.

The ecTOF enabled simultaneous El and chemical ionization
acquisition with multiple ClI reactants (N,H*, H,0* H(H,0).",
NH,*). Accurate-mass molecular ions and El fragments enabled
molecular formulas assignment in SIRIUS. For each predicted
formula, candidate structures were retrieved from PubChem
and curated using SMILES identifiers. Retention indices were
determined via Al-based models in MassKit-Al/AIRI software.
The structures were further filtered using compound-class-
specific ARl windows. The El spectra of remaining candidates
were predicted by NEIMS software. Experimental and predicted
El spectra were ranked using cosine similarity scoring to
prioritize the most plausible structures.
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Fig. 1 Schematic of the bee sample selection. Hexane extracts from legs, abdomen,
head, and thorax of honey bee (apis mellifera) queens, drones, and workers were used

for the study.
Table 1T GC-ecTOF Method
GC Method ecTOF Method
Injection Volume 0.5 L Azziid Tzmsier 180 °C
Lines Temperature

Injector Type Splitless io Stellites 2220 1o

) P P Temperatures Cl 250 °C
GC Column RIS lon Source Types = S /0y

30 m, 0.25 mmiD, 0.25 pymdf P Cl HRP using H,0* Reactant

Carrier Gas Flow 1.0 mL/min He, constant flow Mass Range 1-500 m/z

50 °C for 1 min
GC oven programm 20 °C/min to 330 °C
hold for 5 min

El/Cl Switching Speed 10 Hz

GC-ecTOF Working Principle

Fig. 2 (right): Working principle of the novel _
dual ionization GC-ecTOF. Within a single
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Fig. 3 (left): 3-step-control setup of
the Helical Resonator Plasma
(HRP) source enabling efficient
molecular ion generation via full
control of the chemical ionization
mechanism and utilization  of
automated reactant ion switching.
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Results

Compound ID by nominal mass GC-EI-TOF MS

MS DIAL 4.9

# features | Library 170 metabolites with current bee-research

matched / literature (370 novel compounds)
8933 540

_ Thousands of possibly important

novel bee-related compounds

Nominal mass GC-EI-TOF MS analysis made it was possible
to annotate 540 metabolites using standards low resolution
GC-MS libraries. Over 170 of these compounds showed
direct associations with honey bee biology. However, several
hundred metabolites were detected but remained
unidentified, highlighting the limitations of library-dependent
GC—MS workflows.

Compound ID Workflow using accurate mass EI/Cl data
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Fig. 4. Diagram of the library independent annotation
confirm the structure

strategy workflow.

A library-independent annotation strategy based on the
ecTOF GC-MS platform using a curated set of 64
metabolites (which include true positives and authenticated
spanning esters,
hydrocarbons, acids, alcohols, carbonyls, and related

standards) was  benchmarked

chemical classes.

Summary & Conclusion

An integrated accurate-mass GC—MS workflow has been developed.

This workflow enables systematic ranking of candidate structures without
reliance on conventional spectral libraries by integrating molecular ion
confirmation from parallel EI and CI acquisition with molecular formula

structures/compound —
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This workflow can be used to annotate compounds that are
included in the extensive PubChem database but for which
EI-MS spectra are unavailable in public or licensed libraries.

Unkown Identification — An Example

The protocol was further validated using 9-oxo-2-decenoic
acid (9-ODA), the principal component of the queen
mandibular pheromone (QMP), which regulates queen-
worker communication and colony organization, treated as
an unknown because it is absent from the NIST 23 library,
but is present in PubChem. This approach systematically
reveals chemically plausible olfactory cues inaccessible
through conventional El library matching, and establishes a
robust foundation for downstream olfactory, neural, and
behavioral studies of honey bee social immunity.
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File navigator Peak spot navigator EIC of focused spot = Bar chart of aligned spot (OH} EIC of aligned spot Basic peak property | Compound detail = Structure

Queen_Bee_Head_025_H20_FI
Queen_Bee_Head_026_H2C_EI

EICs of aligned results; Exact mass: 45.03187; Tolerance: 0.025 Annotation: cis- DELTA.2-11-Methyl-dodecenoic acid
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99.0436
@ L-J & @ Set | 45.0319

ANOVA Fold change
P-value (Max/Min)

81 5.80 1620.7 849 1.00 63.1 -1.00E00 -1.00

D RT{min) RI Quant mas: < Fill % Metabolite name Comment SN

a2 5.82 1623.3 99.0 0.50 430.3 -1.00E00 -1.00

a3 5.83 1625.1 58.0 1.00 7138 -1.00E00 -1.00 | R
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msp_file | sdf file rank |'f record i| pred_name | SMILES | cosine Laxp namekxpjeakdbredjeaks
C10H1803 C10H1303 1 15 5-hexyl-4-hydroxyoxolan-2-one CCCCCCCI 0.631364 1753-5.82¢ 271 90
C10H18O3 C10H1803 2 14 (4R,5R}-3-hexyl-4-hydroxyoxolan-2-one CCCCCC[C 0.631864 1753-5.821 271 90
CI10H1803 C10H1303 3 175 (E,9R}-9-hydroxydec-2-enoic acid C[CH](CCC 0.614253 1753-5.824 271 127
C10H1803 C10H1303 4 177 9-hydroxydec-2-enoic acid CCCCCCC 0.614253 1753-5.824 271 127
C10H18O3 C10H1803 3 174 (E}-9-hydroxydec-2-enoic acid CC{CCCCC 0.614253 1753-5.82f 271 127
CI10H1803 C10H1303 6 173 (95)-9-hydroxydec-2-enoic acid C[CH](CCC 0.614253 1753-5.82{ 271 127
C10H1803 C10H1303 7 172 (9R}-9-hydroxydec-2-enoic acid C[CH](CCC 0.614253 1753-5.824 271 127
C10H18O3 C10H1803 8 176 (E,95)-3-hydroxydec-2-enoic acid C[CH](CCC 0.614253 1753-5.82i 271 127
CI10H1803 C10H1303 9 102 2-(oxan-4-yljoxan-4-ol C1COCCC] 0.595562 1753-5.828 271 114
C10H1803 C10H1303 10 231 5-[(35}-oxan-3-yl]pentanoic acid CIC[CH]{C 0.593231 1753-5.824 271 83

4. Literature Relevance (CTS-lite.metabolomics.us)
5. Validation by commercial standard
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prediction, retention index filtering, and in-silico El spectral simulation.

The Bruker ecTOF simultaneous EI/Cl acquisition offered particular advantages

for the molecular ion confirmation of low-abundance compounds.

Overall, this workflow offers a scalable and reproducible approach to annotating
novel compounds in complex samples, reducing dependence on incomplete
spectral libraries.
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"The ecTOF is the best thing
that happened in GCMS in
the past 25 years!’
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