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Introduction

• Motivation

• Sample Preparation

• Ion Trap Theory 

• 2D MS/MS Analysis

• 2D Opportunities
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Biological Threats

1) https://www.cdc.gov/anthrax/basics/types/index.html#:~:text=Inhalation%20anthrax%20starts%20primarily%20in,about%2055%25%20of%20patients%20survive.
2) Thavaselvam D, Vijayaraghavan R. Biological warfare agents. J Pharm Bioallied Sci. 2010 Jul;2(3):179-88. doi: 10.4103/0975-7406.68499. PMID: 21829313; PMCID: PMC3148622.
3) https://en.wikipedia.org/wiki/2001_anthrax_attacks
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Bacterial Profiling

• Bacillus Genus Form Spores

• Each Species has a Unique 
Lipid Membrane

• Dipicolinic Acid is a Metabolic 
Product of Sporulation

• Lyse Spores with Microwave
1) Gonzalez, L. E.; Szalwinski, L. J.; Marsh, B. M.; Wells, J. M.; Cooks, R. G., Immediate and sensitive detection of sporulated Bacillus subtilis by microwave release and tandem mass spectrometry of dipicolinic acid. Analyst 2021
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Mass Spectrometry

• nESI

• Modified Thermo LTQ LX

• Supplementary Waveforms

• Linear Quadrupole Ion Trap

• MSSuite Software

51) Snyder, D. T.; Pulliam, C. J.; Ouyang, Z.; Cooks, R. G. Anal. Chem. 2016, 88, 2– 29, DOI: 10.1021/acs.analchem.5b03070



1) Snyder, D. T.; Pulliam, C. J.; Ouyang, Z.; Cooks, R. G. Anal. Chem. 2016, 88, 2– 29, DOI: 10.1021/acs.analchem.5b03070
2) Snyder, D. T.; Cooks, R. G., Single Analyzer Precursor Ion Scans in a Linear Quadrupole Ion Trap Using Orthogonal Double Resonance Excitation. Journal of the American Society for Mass Spectrometry 2017

Two-Dimensional Tandem Mass Spectrometry
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Two-Dimensional Tandem Mass Spectrometry
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Sporulation Metabolite of B. subtilis
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Sporulated Lipids of B. subtilis

precursor ion m/z

pr
od

uc
t i

on
 m

/z
OC

O

OC

O

OC

O

C15:0   m/z = 241

C16:0   m/z = 255

C17:0   m/z = 269

CH2

CH
H2C O P O

H2
C

O

O

C
H

CH2OH

OHOC

O

OC

O

PG(32:0)   m/z = 721

9



Vegetative Metabolite of B. subtilis
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Vegetative Lipids of B. subtilis

OC

O

OC

O

OC

O

OC

O

C15:0   m/z = 241

C16:0   m/z = 255

C17:0   m/z = 269

C18:0   m/z = 283

precursor ion m/z
pr

od
uc

t i
on

 m
/z

CH2

CH
H2C O P O

H2
C

O

O

C
H

CH2OH

OHOC

O

OC

O

PG(32:0)   m/z = 721

11



Sporulated Lipids of B. thurgiensis
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Bacterial Identification



Opportunities

• Threat Analysis
• Lipidomics
• Lipid Libraries
• Rapid In Situ Analysis
• Miniaturization
• Qualitative Analysis
• Harsh Environments
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