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Discrimination of Intact and Injured Listeria monocytogenes by
Fourier Transform Infrared Spectroscopy and Principal
Component Analysis
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Fourier transform infrared spectroscopy (FT-IR, 4000—600 cm~1) was used to discriminate between
intact and sonication-injured Listeria monocytogenes ATCC 19114 and to distinguish this strain from
other selected Listeria strains (L. innocua ATCC 51742, L. innocua ATCC 33090, and L. monocy-
togenes ATCC 7644). FT-IR vibrational overtone and combination bands from mid-IR active
components of intact and injured bacterial cells produced distinctive “fingerprints” at wavenumbers
between 1500 and 800 cm~1. Spectral data were analyzed by principal component analysis. Clear
segregations of different intact and injured strains of Listeria were observed, suggesting that FT-IR
can detect biochemical differences between intact and injured bacterial cells. This technique may
provide a tool for the rapid assessment of cell viability and thereby the control of foodborne pathogens.
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INTRODUCTION collect full spectra in less than a few seconds. FT-IR measures
Listeria monocvtogeneis recoanized as a serious human molecular vibrations of biochemical composition and structure,
ylog 9 which provides characteristic biochemical “fingerprint&—

pathogen_. Itis ub|qU|t_ous and can cause I|fe-th_reaten|ng |IIn(_ess7) and can easily distinguish structural features of bacteria
(1, 2). This pathogen is the most thermally resistant vegetative (7.8)

cell commonly considered when food pasteurization processes FT-.IR has been used to monitBradyrhizobium japonicum

are develqped. It can survive at IOW. pH. and at high salt growth and its structural changes during grows). (Further-

concentration (>10%). Furthermore, this microbe can grow at more, FT-IR has been used to identify and clas@#gillus

rgfrzfgeratlon conditions, often with no signs of food spoilage cereus(9), Listeriaspp. (0, 11), Staphylococcuspp. ,Clostrid-

3, 4). . . ) iumspp., andescherichia coli{12), and to investigate microbial
There is a need to rapidly determine whether food products colony heterogeneity (5). IR methods can also be used to

are contaminated with. monocytogeneand other pathogens,  monitor microbial growth and quantify microbes responsible

preferably using a noninvasive method. Genetic methods suchg,, spoilage in chicken muscles (63).

as real-time Polymerase Chain Reaction (PCR) are destructive - ajqugh FT-IR can discriminate between different bacteria,

and require a minimum of 2 h. A further limitation is that ¢ feasibility of this technique to study cell injury has not been
genetically based methods cannot differentiate between V'ablereported. Current methods for detecting and enumerating

and degd or injured cells. Spectroscopic methods offer options ¢rassed or injured cells can be problematic. For exantple,
for rapid detection of pathogens and can both detect and p5nocytogenesan be injured by many factors, including
discriminate between pathogenic strains. Methods based upon,gating freezing, drying, sonication, exposure to acids, antibiot-
ylbratlonal spectroscopic techmqlues, such as Fourier tran_sformics’ and sanitizing agents, etc. However, it is very important to
infrared (FT-IR, 4006-600 cn*) spectroscopy are rapid, o ape to detect injureld. monocytogendsecause sublethally
require little or no sample pretreatment, and permit the users toinjured cells may recover in food during storage and then grow.
Current microbiological methods for recovering injured cells
* Author to whom correspondence should be addressed. Fax: (509) 335- usually involve highly selective media and are time-consuming

48}%/5;'}‘[?3%0?%?gtséh[%rcgys-‘i?’;“-Ed“- and labor intensive3( 14). FT-IR spectroscopy could possibly
§ Hashemite University. ' provide a method to detect injured cells present in foods.
#Eastern Oregon University. The goal of this study was to develop a rapid, spectroscopic

*Current address: Department of Family, Nutrition, and Exercise 1 [
Sciences, Queens College, the City University of New York, 65-30 Kissena (FT-IR, 4000—600 cm') method to detect and discrimindte

Boulevard, Flushing, New York 11367-1597. monocytogenedrom other selected.isteria strains and to
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investigate how spectral properties lof monocytogeneare

affected by sonication injury. 038

0.3

Fingerprint region

MATERIALS AND METHODS 0.25

Preparation of Bacterial Cultures. The bacterial strains used in e

this study were obtained from the culture collection of the Department
of Food Science and Human Nutrition, Washington State University.
SelectedListeria strains (L. monocytogenésTCC 19114,L. mono-

cytogenefATCC 7644,L. innocuaATCC 51742, andL. innocuaATCC

33090) from refrigerated slants were activated by streaking onto tryptic
soy agar (TSA) (Difco, Detroit, MI) at 37C for 24 h. A representative ] . o )
colony was then inoculated into 50 mL of brain heart infusion (BHI) Figure 1. Representative FT-IR spectra for four Listeria strains (green,
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(Difco Laboratories) broth at 37C for a 24-h incubation period. At
this point, the cells{10° cfu/mL) were in the stationary growth phase
and were ready for further use. Injury of bacterial cells was ac-
complished by sonicating (Bransonic Co., Banbury, €T)nonocy-
togenesATCC 19114 suspensions at room temperature for 5 min. The

sonicated suspensions were cooled frequently in a crushed ice bath tcg ©.00006

reduce the risk of heat injury to the cells.

L. monocytogenes ATCC 19114; red, L. monocytogenes ATCC 7644,
black: L innocua ATCC 33090; blue, L. innocua ATCC 51742).

@
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Broth (15 mL) of each strain was centrifuged in an RC-S superspeed $ ol ¥
centrifuge (DuPont Instruments, Newtown, CT) at 6000 rpm for 5 min, %.ﬂ,uogﬂz
the supernatant was discarded, and the precipitate (wet pellet) was=-0.00004
resuspended and vortexed in 10 mL of sterile saline (0.9% NaCl) &-0-00006
solution. This procedure was repeated three times to remove medium'g'%oggg?
components and harvest pure cells. Then the bacterial/saline suspensio §_ g2
(0.5 mL) was dispensed onto an aluminum oxide membrane filter (0.2 <
um pore size, 25 mm o.d.) (Anodisc, Whatman Inc., Clifton, NJ). The
Anodisc filters were then air-dried under laminar flow at room g, 2 Representative second-derivative transformed FT-IR spectra
temperature for 30 min to allow the formation of a homogeneous dried at the fingerprint region of four Listeria strains (green, L. monocytogenes

film of baptenal cells. ) . ATCC 19114; red, L. monocytogenes ATCC 7644; black, L innocua ATCC
Bacterial cells were enumerated using a standard spread plat|n933090, blue, L. innocua ATCC 51742)

method on TSA. The plates were incubated at°’@7for 48 h. Cell
counts were expressed as colony forming unit (cfu) per milliliter.

FT-IR Spectroscopy.A Thermo Nicolet Avatar 360 FT-IR spec-
trometer (Thermo Electron Inc., San Jose, CA) was used to collect Representative FT-IR spectra of folisteria strains (.
FT-IR spectra. The Anodisc membrane filters with bacteria were placed monocytogeneATCC 19114,L. monocytogeneATCC 7644,
in direct contact with an attenuated total reflection (ATR) zinc selenide |  innocuaATCC 33090, and.. innocuaATCC 51742) are
crystal. This eftrrangerrrm]ent r:f widely #Sed g_o f_sltudy_ the crlmer_niclal shown inFigure 1. Each strain exhibited characteristic absor-
composition of smooth surfaces such as biofilms in a relatively
undisturbed state (7). Spectra of samples\0) were acquired at ba”C‘?S at Wavenqmbers between 4000 and 150G.c'|ﬁhe
room temperature. prominent absorption peaks_ around 3000 &mre r_nalnly due

to a CH and CH asymmetric stretch of fatty acids from the

Data Analysis.Data analysis was performed using OMNIC (Thermo . ) .
Electron Inc., San Jose, CA) and Delight version 3.2.1 (Textron bacterial cell wall; the absorption peaks around 1745—1735

Systems, Wilmington, MA) software. FT-IR spectral features are often M " are likely from the>C=0 stretch of esters or fatty acids
overlapped. Therefore, some data preprocessing algorithms were(7).
employed to analyze the data, such as binning, smoothing, and second- Strain-specific absorbance peaks can also be observed
derivative transformatioril§, 16). Binning reduces the number of data  between 1500 and 800 cth Usually, the range below 1500
points in a spectrum by averaging points into one. Smoothing  cm1is significant for deformation, bending, and ring vibrations
ellmlnat(_es hlgh-frequency |n§trument noise _by averaging nelghborlng and is often referred to as the “fingerprint region” of a FT-IR
ggtsirpqmts. Second-derivative tran;formatlon sgparates overlappmgspectrum (722). The fingerprint region is shown Figure 1.

ption bands and removes baseline offsets. First, spectral data wer or instance, the peaks at 1455 dare mainly from an

binned by 2 nm and smoothed with a Gaussian function over 12 nm. tric CHbendi de of th thv f orotei
Then a second-derivative transformation with a 12 nm gap was asymmetric H e'_" Ing mode ot the methnyl groups of pro e_lns
(8). These vibrational bands can be correlated to single

calculated (1718). ) -
In this study, the multivariate statistical analysis technique of molecular bonds or functional groups and are important for the

principal component analysis (PCA) was used. PCA has been widely identification of pioqhemical Compqunds. .
used in the interpretation of infrared spectra in medicine, biology, A second-derivative transformation makes unique spectral

agricultural, and food sciences. It reduces a multidimensional data setfeatures of the different bacterial strains more promireigure

to its most dominant features, removes the random variation (noise), 2 shows representative second-derivative transformed spectra
and retains the principal components (PC) that capture the relatedof the fingerprint region collected from the four bacterial strains
variation (L9). The multidimensional data are processed by least-squaresp, Figure 1. Second-derivative transformation is often used to
techniques to a series of orthogonal eigenvectors of the sample,ocess spectral data because it separates overlapping absorption
covariance matrix. PCA shows whether there are natural clusters in bands, removes baseline shifts, and increases apparent spectral

the data and describes similarities or differences from multivariate data uti INEi > the diff in th tral feat
sets (20). The first PC conveys the largest amount of information, resolution. InrFigure 2, (n€ differences In the spectral features

followed by the second PC, and so forth. At a certain point, the variation P€tween the bacterial strains are distinct. Absorption peaks
modeled by any new PC is mostly noise (21). The scores for the around 1303 cm* are from the C—N functional group of the
chemometric model are composed of the weightings for each PC protein; those around 1250 care from the asymmetric
creating the best-fit vector for each sample. stretching mode of the P=0 in phosphate. The peaks between
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this spectral range. The quantity and distribution of different
components in cell wall, the membrane, and cytoplasm, such
as proteins and peptides, polysaccharides, phospholipids, pep-
tidoglycan (murein), and nucleic acids, vary among microbial
strains, making it possible to use FT-IR to detect and discrimi-
nate between foodborne pathogens (7).

0.00015 "'injured FT-IR spectra are affected by various factors, including
S Intact incubation temperature and time, the optical properties of filter
membrane used for sample preparation, etc22324). In this

0.0001

0.00005

o

-0.00005

-0.0001

-0.0002

Second Derivative of Absorbance

1500 1400 1300 1200 1100 1000 900

Wavenumber (cm-1) study, sample preparation procedures were standardized to
Figure 3. Second-derivative transformed spectrum of intact and sonication- minimize these influences, generate consistent FT-IR spectral
injured L. monocytogenes ATCC 19114 cells in the fingerprint region. patterns, and obtain reproducible data. The average cell con-

centration of bacterial strains was consistently 110° cfu/

mL, which provided strong FT-IR signals. Because absorption
0.004 - . ape .
0003 . of_water S|gn|f|car_1tly affects FT-IR spectr8)( all samples in _
oooal s this study were dried to the same extent before spectral readings
S coor| o - : were obtained. In addition, data from the fingerprint region
g | F . g (1500—800 cm?) utilized in the PCA modeling excluded the
ool s ¥ :“f‘:e,,' .‘. main water absorption peak at 3400 ¢ndue to the G-H
oood]  * el stretch of water. Other interfering compounds, such as BHI
0,003 - medium components, were removed by filtration before FT-IR
00604 0002 © 0.002 0004  0.006 measurements to limit interference from these sample compo-
Score 1 nents.
Figure 4. PCA results for intact and sonication-injured Listeria strains: . . .
(®) sonication-injured L. monocytogenes ATCC ]19114; (a) intact L. _In con_clu5|on, this p.relln?lnary ;tudy showed that FT-IR could
monocytogenes ATCC 19114; () intact L. innocua ATCC 51742; (x) dlﬁgren_tlatg .betweemsttlarla strains and between hea[thy and
intact L. monocytogenes ATCC 7644; (#) intact L. innocua ATCC 33090. sonication-injured bacterial cells. However, more work is needed

to evaluate the potential of FT-IR to detect, classify, and quantify

1200 and 900 cri are believed to be from stretching vibrations imPortant foodborne pathogens in complex food systems.

of the phosphate and the vibrations of polysaccharide moietiesFurther studies are necessary to investigate how spectral

(7,8, 22). properties of bacteria differ with growth phase, and as a result
Spectral measurements may provide insight regarding the ©f injury due to various environmental stresses, including pH,

condition of injured microbes and how certain types of injury salt, temperature, and other treatments (e.g., addition of antibiot-

could occur. In this study, sonication was used to damage ics), and to determine the selectivity and sensitivity of FT-IR

bacterial cells.Figure 3 shows typical second-derivative —Methods for the analysis of microbes in various food systems.

transformed spectra of intact and injuréd monocytogenes ~ FT-IR may also be a suitable method for examining bacterial

ATCC 19114 cells. Distinct differences can be observed betweenbiofims and as an alternative to traditional microscopic

these spectra; for example, a band at 1398%anises primarily observations.

from symmetric vibration of protein methyl group8)( The

changes to the cells dgring sonication may haye _resqlted from A ckNOWLEDGMENT

macromolecular shearing and subsequent redistribution of cell
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pounds, for example, heat-shock protei@8)( Theoretically,

these protein compounds have unique absorptions in the FT-IR

region providing a unique signature for specific types of bacterial LITERATURE CITED
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