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The 54th Annual ASMS
Conference: A Review

A synopsis of the five-day conference dedicated to mass spectrometry and its allied top-
ics that was held in Seattle, Washington.

Prachi Patel-Predd, Spectroscopy Assistant Editor

he 54th annual American Society for Mass Spectrom-
etry Conference on Mass Spectrometry and Allied
Topics was held from May 28 to June 1 at the Wash-

ington State Convention and Trade Center in Seattle, Wash-
ington.

The conference is an important and exciting event for
those involved in mass spectrometry—a fact that was
made apparent by the large number of people who at-
tended and the increase in the number of presentations
this year. More than 6000 scientists were at the confer-
ence, and about 3000 papers were presented as posters
and talks.

Barbara Larsen, ASMS vice president for programs and
member of Spectroscopy’s editorial advisory board, had pre-
dicted the increase in attendance. In an ASMS conference
preview that Spectroscopy presented in a May supplement
on mass spectrometry, Larsen had speculated that the at-
tendance would go up because compared to last year, the
conference had seen a ten percent increase in the number
of technical abstracts that were submitted.

Plenary Lectures
Each conference day except the last opened with a plenary
lecture followed by seven parallel oral sessions and two pe-
riods of formal poster presentations. Lisa Randall, a Har-
vard University (Cambridge, Massachusetts) physicist, pre-
sented the initial plenary lecture on Monday, the first day
of the conference. Randall, said to be today’s most cited
theoretical physicist, is the author of Warped Passages: Un-
ravelling the Mysteries of the Universe’s Hidden Dimensions,
a book on the hidden dimensions of the universe, which
was released in September 2005. Her talk had the same title
as her book.

Randall received the Ph.D. degree in particle physics from
Harvard in 1987. She has held fellowships at the Univer-
sity of California, Berkeley and Lawrence Berkeley National
Laboratory (Berkeley, California), and professorships at
Massachusetts Institute of Technology (Cambridge, Mass-
achusetts), and Princeton University (Princeton, New Jer-
sey), before she became a professor of physics at Harvard.

T
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ue to the high potential for natural or intentional
introduction of foreign infectious agents into the
United States, tools to rapidly identify disease threats

have become increasingly valuable. Recently, there has been
growing interest in breath analysis. This technique is ideal
for on-site analysis because it is noninvasive, rapid (com-
pounds of interest are already in gas phase), and simpler
than measurements in complex biological matrices (1–3).
Breath samples from both animals and humans have been
used to identify metabolic end products such as hydrogen,
methane, volatile fatty acids, and other volatile organic com-
pounds (VOCs) (4). By monitoring concentration changes
of VOCs, either depleted from inhaled air (by degradation
and excretion in the body) or added to exhaled breath as
products of metabolism, one can determine the presence of
an infection, a particular disease state, or a recent exposure
to a drug or environmental pollutant (1,2,5).

To date, over 200 organic compounds have been identi-

fied in human breath (6). These compounds include hydro-
carbons, alcohols, ketones, and aldehydes (1,2,7–9). The
most abundant VOCs in breath are isoprene, acetone,
ethanol, methanol, and other alcohols (1). Of these 200
compounds, only a few have been linked to a particular dis-
ease state. For example, breath pentane has been shown to
increase in a number of diseases including breast cancer
(10), heart transplant rejection (11), acute myocardial
infarction (11,12), schizophrenia (11), and rheumatoid
arthritis (11). Acetone has long been known to be a key
metabolic byproduct in patients with diabetes (2,13) and
congestive heart failure (14). Other studies have shown that
an increase in concentration of dimethyl sulfide, mercap-
tans, and fatty acids occurs in patients with cirrhosis (2),
isoprene concentration decreases in patients with heart fail-
ure (8), and dimethyl- and trimethylamine concentrations
increase in patients with renal disease (2).

There have been numerous breath-analysis studies

D

Analysis of Volatile Bacterial
Metabolites by Gas
Chromatography–Mass
Spectrometry

William L. Wood, Daniel J. Higbee, Melanie Gooldy, Scott Glogowski, Rich Fitzpatrick,
Richard J. Karalus, Troy D. Wood, and David J. Mangino

A method for the identification of key volatile organic compound (VOC) markers associ-
ated with infection by Neisseria meningitidis bacteria by gas chromatography–mass
spectrometry (GC–MS) was developed. Headspace samples of bacterial VOCs were
trapped on triple-sorbent bed tubes and then thermally desorbed into a laboratory
GC–MS system for separation. Identification was carried out by comparison of GC reten-
tion time and electron ionization mass spectra to the National Institute of Standards and
Technology (NIST) database. Further confirmation was obtained by GC–MS of known
standard chemicals. A total of 75 VOCs were detected, five of which can be considered
key VOC markers for Neisseria meningitidis. These peaks were identified as 1,2-
dimethylcyclopropane, 2-methylpropanal, methacrolein, N-2-dimethyl-1-propanamine,
and 3-methylbutanal by the NIST database.
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focused on the identification of disease
states. However, there are surprisingly
few reports in the area of bacterial
infection identification. Khaled and
Sarker (15) used the urea (13C) breath
test to detect Helicobacter pylori infec-
tion in humans. This same test was
used to detect Helicobacter pylori infec-
tion in squirrel monkeys (16) and cats
(4). Gas chromatography (GC) has
proved an extremely valuable tool for
identifying VOCs associated with bac-
terial infection in dental research
(17–19). For that reason, we undertook
the present study to identify key VOCs
associated with infection by the Gram-
negative bacteria Neisseria meningitidis
(N. meningitidis) using gas chromatog-
raphy–mass spectrometry (GC–MS).
N. meningitidis is the major cause of
both meningitis and sepsis, two dis-

eases that have particularly high mor-
tality rates in children and young
adults (20); it infects humans exclu-
sively (21) and is transmitted from
person to person during close contact
via airborne salivary droplets. The
overall frequency of asymptomatic
carriers is �10% in the general popu-
lation (22), with invasive infection
rates between 0.3 and 7.1 per 100,000
inhabitants in Europe (23).

Experimental
Collection apparatus: A sampling
apparatus capable of collecting VOCs
from the headspace gases was con-
structed and placed in a biological
safety cabinet (BSC). A vacuum pump
(Gast Manufacturing, Benton Harbor,
Michigan) was connected to a six-port
stainless steel manifold with 0.25-in.

perfluoroalkoxy (PFA) tubing (Curbell
Plastics, Orchard Park, New York).
Each sampling port had a critical ori-
fice (O’Keefe Controls Co., Monroe,
Connecticut) that allowed a constant
flow rate of 62 mL/min when a vacu-
um draw greater than 15 in. Hg was
applied. The stainless steel sorbent
tubes (Markes International,
Pontyclun, UK) were 0.25-in. o.d. �
3.5-in. long and attached to the mani-
fold ports via Swagelok fittings (Solon,
Ohio) using Teflon ferrules. The 150-
cm2 polystyrene cell culture flasks
(Corning, Corning, New York) were
sealed with silicone stoppers (Fisher
Scientific, Pittsburgh, Pennsylvania)
during sampling to limit the loss of
headspace gases and to minimize VOC
off-gassing. Gas flow into and out of
the culture flasks during collection

From BSC

Media and bacteria

To vacuum manifold

Sorbent tubePipetting 
needles

Charcoal and
HEPA filters

Tygon tubing

Figure 1: Schematic of collection apparatus.

Figure 2: Typical GC mass chromatogram of headspace sampled above Neisseria meningitidis after a 3-h incubation. The labeled peaks are 1.73
min (ethanol), 1.95 min (dimethyl sulfide), 2.62 min (1,3,5-trifluorobenzene), 4.45 min (2,3,4-trimethylpentane), 5.06 min (2,2,5-trimethylhexane),
and 8.03 min (styrene).
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occurred through pipetting needles
that penetrated the stoppers.
Headspace collection was completed
by connecting a sorbent tube to the tis-
sue culture flask through autoclaved
Tygon tubing connected to a 6-in., 14-
gauge pipetting needle (Fisher
Scientific, Pittsburgh, Pennsylvania).
The evacuated headspace gas was
replaced with outside air that was char-
coal and high-efficiency particulate air
(HEPA) filtered (Fisher Scientific,
Pittsburgh, Pennsylvania) from the
biological safety cabinet through a 2-
in., 16-gauge pipetting needle. The
headspace gases were drawn through
sorbent traps designed to retain
volatile organic compounds.

The sorbent tubes that were
employed use a “triple sorbent” bed
approach, in which three sorbent
materials with increasing retentive
capabilities for VOCs are packed in
series such that easily retained volatile
compounds are trapped in the first
sorbent bed while the more volatile
and the more difficult to trap com-
pounds that breech the early sorbent
beds of the tube are subjected to
increasingly retentive materials. The

Table I: Results from three sampling replicates

Run 1 Run 2 Run 3 NIST possibility (score) standard (retention time)

1.71–1.75 1.71–1.74 1.72–1.74 ethanol (80) ethanol (1.73)
1.94–1.95 dimethyl sulfide (95) dimethyl sulfide (1.96)
2.41–2.42 2-butanone (72)

2.63–2.64 1,3,5-trifluorobenzene (64) 1,3,5-trifluorobenzene (2.64)
3.14–3.16 2-methylbutanal (94)

5.82–5.86 2,3,5-trimethylhexane (86)
10.34–10.37 octamethyl-cyclotetrasiloxane (53)

72 h). Two samples were collected at
each interval along with a background
sample of ambient room air. Empty
sorbent tubes, media-only cultures, and
media/cell cultures were used as con-
trol runs.

Equipment and procedure: Volatile
organic compounds were collected on
a mixed-bed stainless steel sorbent
tube (3.5 in. � 0.25 in. o.d.) packed
with Carboxen 1000/ Carbopack
B/Carbopack C. The tubes were loaded
into a Markes Ultra TD automated
sampler (capacity 100, Pontyclun,
UK), which was interfaced to a Markes
Unity Thermal Desorber (Pontyclun,
UK). The tubes were checked for leaks
and purged with helium for 1.0 min to
remove water and air. The tube was
then desorbed at 280 °C for 5 min onto
a �10 °C Tenax cold trap (with a flow
rate of 10 mL/min). The cold trap was
then heated rapidly to 280 °C and the
desorbed sample was flushed through
a fused silica transfer line (0.25-mm
i.d., 180 °C) to the chromatographic
column (30 m � 0.25 mm, 0.5-mm df
Rtx-5Sil MS, Restek, Bellefonte,
Pennsylvania). Separation via GC was
achieved by ramping the column tem-

triple sorbent bed contained Carboxen
1000, which traps carbon chain lengths
of C2–C5; Carbotrap B, which traps
carbon chain lengths of C5–C12; and
Carbotrap C, which traps carbon chain
lengths of C12–C20. The design of the
sampling system allows for easy
removal and replacement of both sor-
bent tubes and tissue culture flasks.
The system is capable of sampling
VOCs from as many as six samples
simultaneously, and is of a size such
that the entire system could fit readily
into an incubator or biological safety
cabinet.

Bacterial strain, cultivation, and
collection of headspace samples:
Headspace samples of bacterial VOCs
from N. meningitidis (ATCC # 13077
type strain, isolated from spinal fluid
from a patient with fatal meningitis)
were obtained from CUBRC (Buffalo,
New York) and handled under
biosafety level-2 (moderate infection
risk) guidelines. The N. meningitidis
bacteria were cultured in Roswell
Park growth media (RPMI-1640)
with murine macrophages 
(ATCC # CRL-2019) for varying
amounts of time (1, 3, 6, 24, 48, and

Table II: Results from three sampling replicates

Run 1 Run 2 Run 3 NIST possibility (score) Standard (retention time)

4.14–4.15 4.14–4.15 2,2,4,6,6-Pentamethylheptane (72)
4.43–4.46 4.44–4.45 4.44–4.46 2,3,4-Trimethylpentane (91) 2,3,4-Trimethylpentane (4.48)
4.56–4.58 4.56–4.58 4.57–4.59 2,3,3-Trimethylpentane (72)
4.62–4.65 4.63–4.65 2,3-Dimethlyhexane (83)
No peak No peak No peak No match 2-Methylheptane (4.78)
4.82–4.85 4.83–4.84 3,4-Dimethylhexane (64)

4.89–4.90 4.89–4.92 3-Methylheptane (90)
5.05–5.08 5.05–5.08 5.07–5.09 2,2,5-Trimethylhexane (72) 2,2,5-Trimethylhexane (5.12)
5.65–5.67 5.65 3,3-Dimethylheptane (64)
7.35–7.38 7.35–7.38 2,5,6-Trimethyldecane (78)
7.44–7.46 7.44–7.47 7.46–7.49 2,2,4-Trimethylheptane (83)
7.61–7.64 7.62 2,2-Dimethyloctane (83)
7.97–7.99 7.98–8.00 8.01–8.03 Styrene (96) Styrene (8.03)
8.47–8.51 8.47–8.50 2,3-Dimethyloctane (90)
No peak No peak No peak No match 2,7-Dimethlyoctane (8.90)
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perature as follows: 40 °C, hold 1 min,
6 °C/min to 280 °C, hold 10 min. The
total analysis time was 51.0 min. The
GC–MS system employed in this study
was a Hewlett Packard (HP) Model
6890 Gas Chromatograph (Palo Alto,
California) interfaced to an HP model
5973 Mass Selective detector with
ChemStation software for data acquisi-
tion and processing.

Total ion current was monitored for
all samples using electron-impact ion-
ization (70 eV) in the positive ion
mode. A scan rate of 2.0 scan/s and
mass range of 20–500 amu was
applied. Data from each chro-

Table III: Results from three sampling replicates

Run 1 Run 2 Run 3 NIST possibility (score)

1.93 1.93          1,2 Dimethylcyclopropane (50) 
2.15–2.16 2-Methylpropanal (81)
2.22–2.23 Methacrolein (46)

2.56–2.57 2.56–2.57 N-2 Dimethyl-1-propanamine (9)
3.02 3-Methylbutanal (96)

matogram, including peak retention
time, area under the curve, and tenta-
tive identification based upon match-
ing of mass spectral database, were
transferred to an Excel spreadsheet.
Tentative identification of the chemical
structure of these compounds was

based upon interpretation of the mass
spectra (fragmentation patterns and
ion abundance) and library matching
using the NIST/EPA/NIH mass spec-
tral database (Gaithersburg, Maryland,
Version 2.0). Further confirmation of
potential marking compounds was
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Figure 3: Graphs of incubation time versus area percent for the selected peaks that showed increasing or decreasing trends. (a) ethanol, (b) 2,3,4-
trimethylpentane, (c) 2,2,5-trimethylhexane, and (d) styrene. Run 1 and run 2 are replicates run under identical conditions.
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Circle 16

conducted by purchasing reference
standards of the tentatively identified
species and performing GC–MS analy-
sis using the same thermal desorption
and chromatographic conditions
employed for the headspace samples.

Data management: Cell cultures
were incubated for intervals of 1, 3, 6,
24, or 72 h and repeated in triplicate.
The cell culture contained media only,
media with cells, or media with cells
and bacteria. The GC run lasted 51
min, although no significant peaks
were eluted after 18 min. A typical GC
chromatogram is shown in Figure 2.
The retention time, area percent (or
corrected area), and database search
results were exported into Excel
spreadsheets. The spreadsheets were
used to compare peak areas of eluted
VOCs between blank, media-only,
media with cells, media with cells and
bacteria, incubation time, and day of
experiment. The eluted VOCs fell into
one of six categories: peak areas that
increased over incubation time, peak
areas that decreased over incubation
time, peak areas that increased at first
then decreased, peak areas that
decreased then increased, peak areas
that remained relatively constant, or
peaks that only appeared when incu-
bated with bacteria. To further clarify
which peak areas showed changes,
graphs of incubation time versus area
percent (or corrected area) were made.
Representative graphs of selected peaks
are shown in Figure 3.

The NIST search results were used
to select standards needed to identify
peaks of interest. In all, eight standards
(ethanol, dimethyl sulfide, 1,3,5-triflu-
orobenzene, 2,3,4-trimethylpentane,
2-methylheptane, 2,2,5-trimethylhexa-
ne, styrene, and 2,7-dimethyloctane)
were selected and analyzed. Each stan-
dard was injected manually and run
under the same GC–MS conditions as
the cell culture headspace samples.

Results and Discussion
A total of 75 VOCs were detected in the
headspace of N. meningitidis cultures.
Six of these compounds were identi-
fied by comparison to standards:
ethanol, dimethyl sulfide, 1,3,5-trifluo-
robenzene, 2,3,4-trimethylpentane,
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Figure 5: GC mass chromatogram and mass spectrum of standard dimethyl sulfide, which
matched retention time and mass spectrum of VOC sampled in the headspace above N.
meningitidis. 
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Figure 6:  GC mass chromatogram and mass spectrum of standard 1,3,5-trifluorobenzene, which
matched retention time and mass spectrum of VOC sampled in the headspace above N.
meningitidis. 

2,2,5-trimethylhexane, and styrene
(Figures 4–9). A typical GC chro-
matogram contains most (but not all)
of the 75 VOCs. Ethanol, 2,3,4-
trimethylpentane, 2,2,5-trimethyl-
hexane, and styrene were detected over
all three days of sampling in all repli-
cates. Dimethyl sulfide and 1,3,5-tri-
fluorobenzene were detected in only
one of the three replicates. Five of these
compounds previously have been
identified in human breath: 2,3,4-
trimethylpentane (11), 2,2,5-
trimethylhexane (12), dimethyl sulfide
(24), ethanol (24), and styrene (11).
Styrene also has been detected in cattle
breath (4).

Two other standards, 2-methylhep-
tane and 2,7-dimethyloctane, were
analyzed but did not match any of the
candidate peaks. However, the mass
spectrum of 2,7-dimethyloctane
(Figure 10) was close to matching the
candidate mass spectrum found in the
GC chromatogram (Figure 11).
Therefore, it is believed that the struc-
ture of the candidate peak is similar to
2,7-dimethyloctane, and it might be a
related isomer.

Tables I–III list the results obtained
from each replicate. Incubation and
collection of headspace were conduct-
ed in the same manner for all three
replicates. Each sampling replicate
consisted of collection times at 1, 3, 6,
24, or 72 h of incubation. Only the
retention times of peaks resulting in an
NIST hit are shown, along with the
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Figure 4: GC mass chromatogram and mass spectrum of standard ethanol, which matched retention time and mass spectrum of VOC sampled in
the headspace above N. meningitidis.
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times 1.6, 1.71, 1.94, 2.02, 2.41, 2.64,
and 3.14 min). Only ethanol (retention
time 1.71 min) was found to increase
in all three runs, indicating that it is a
metabolic product (as indicated also in

NIST result. The standards used along
with the corresponding retention time
are also shown. Of the 25 peaks listed,
seven were found to increase with
incubation time (Table I; retention

Figure 2a). The peaks at 1.94 and 2.64
min were identified as dimethyl sulfide
and 1,3,5 trifluorobenzene, respective-
ly. Sixteen peaks were found to
decrease over the 72-h incubation time
(Table II). Five of these peaks (reten-
tion times 4.43, 4.56, 5.05, 7.44, and
7.97 min) were detected in all three
replicates. The peaks found at 4.43,
5.05, and 7.97 min were identified 
as 2,3,4-trimethylpentane, 2,2,5-
trimethylhexane, and styrene, respec-
tively (as indicated also in Figures
2b–d). Seven peaks (retention times
4.14, 4.62, 4.82, 4.89, 7.35, 7.61, and
8.47 min) were detected in two of the
three replicates. Combined, only five
peaks appeared after bacteria were
added to the culture (Table III). The
peak at 1.93 min was the only peak
detected in more than one replicate.
From our analysis, it was determined
that the majority of peaks that increased
occurred before 3 min elution time; the
peaks that decreased eluted between 4
and 10 min after injection.

As a comparison, the bacteria were
analyzed without media or cells. This
resulted in 16 peaks that were present
with cells and media runs only.
However, a total of 59 peaks were
detected when media and cells were
added to the bacteria. The N. meningi-
tidis bacteria produced five unique
peaks occurring at retention times
1.93, 2.15, 2.22, 2.56, and 3.02 min.
These peaks were identified by the NIST
database as 1,2-dimethylcyclopropane,
2-methylpropanal, methacrolein, N-2-
dimethyl-1-propanamine, and 3-
methylbutanal, respectively.

Conclusions
This study shows that N. meningitidis
bacteria produce VOCs that can be
detected by GC–MS. A total of 75
VOCs were detected, five of which can
be considered key VOC markers for
Neisseria meningitidis. These peaks were
identified as 1,2-dimethylcyclopropane,
2-methylpropanal, methacrolein, N-2
dimethyl-1-propanamine, and 3-
methylbutanal by the NIST database. As
expected, many of the VOCs detected
were hydrocarbons, alcohols, ketones,
and aldehydes. Further studies must be
performed on additional samples to
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matched retention time and mass spectrum of VOC sampled in the headspace above N.
meningitidis.
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establish whether VOC biomarkers of
infection for different bacteria can be
determined, as well as diagnosis of
infection in animal and human models.
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Figure 10: GC mass chromatogram and mass spectrum of the 2,7-dimethyloctane standard.

Figure 11: GC mass chromatogram and mass spectrum obtained for one of the selected
experimental GC peaks (retention time � 8.43 min) that has a mass spectrum closely related to
2,7-dimethyloctane. Because the two species are close in retention time and have similar mass
spectra, they might be isomers.




