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1.An incident pulsed laser deposits its
energy in a target sample and atomizes it.
A high-temperature micro-plasma results.

2.Light from the spontaneous emission of
atoms in the plasma (atomic emission
spectroscopy) is collected and dispersed by
a spectrometer.

- 3.The intensity of observed atomic
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The air we breathe, the food we eat, the people we meet all carry
bacterial microorganisms. Some essential for human life, some
causing petty illnesses such as strep throat or food poisoning,
and some causing pandemics such as the “black death” and
cholera.

Identification based on bacterium’s
unique surface molecular

With (1) emerging threats of bioterrorism, (2) ever-present
epidemics, and the increasing threats of (3) antibiotic-resistant
bacteria, and (4) food-borne contamination, methods to rapidly
identify pathogenic bacteria (which are essential for human

Identification

based on
health and safety) will become increasingly important in the bacterium’s D - %
future. With the current speed of traditional microbiological physical ]SCfImlnant
techniques of identifying bacteria, there is a critical need for new properties

(e.g. cell wall, shape) and chemical

technologies to rapidly classify them.
properties (e.g. reactions to other chemicals)

Function Analysis

« A chemometric analysis technique used for classifying a set of
observations into mutually exclusive groups (based on a set of
independent variables )

Q: How does TH IS identify a bacterium? « Can take the entire spectrum and reduce it to a data point

Experimental Set-U

% of fixed salt fraction

Glan-Laser
polarizer- M2 plate 2.6

1. Intensities of emission lines are normalized by the sum of all
intensities and separated into N groups
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‘Spectra-Physics LAB 150-10 Series 5.9
* 650 mJ/pulse max
+ 1064 nm 45.8
+ pulse repetition freq =10 Hz 1.8
« pulse duration = 10 ns
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There are N-1 canonical discriminant functions constructed:

600 um optical fiber LLA ESA3000 Echelle
spectrometer

(bo", by, byT,-..ubyg’) D (bM, by, b N, b, N1)
high-damage
threshold 6x + fiber-coupled input
Gebn + detection with a 1024 x 1024
pixel Intensified CCD-array
(24 um? pixel size;
pectral range = 200 - 834 nm.
.005 nm resolution (in the UV)
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L.} 3. For each spectrum, N-1 discriminant function scores are

calculated: . . 13
DF’ =h)+ > blx,
k=1

The discriminant function score for each
spectrum is plotted as data point on a graph.
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External-Validation External Validation Truth Tables
*A library of five bacterial genera with 32 sets of data was
tested using external validation techniques

Escherichia TRUE FALSE treptococcus TRUE FALSE

" A o Positive 89.97%  4.28% [positive 83.82%  2.04%
*Each of the 32 unique sets of data was withdrawn, individually, Negative 95.72% 10.03% |Negative 97.96%  16.18%
from the five-genera model and entered as unclassified data.

*The DFA then assigned these spectra to one of the five genus taphylococcus| TRUE FALSE Mycobacterium TRUE FALSE

classes Positive 62.16%| 2.55%:  {Positive 89.61% 1.27%|
_ Negative 97.45%| 37.84%  Negative 98.73%  10.39%)

1. Investigate ways of quantifying the accuracy
(sensitivity and specificity) of such a chemometric
classification.

Leave-One-Out Cross Validation

+A library of five bacterial genera with 32 sets of data was tested 89 99 of Escherichia classified as Escherichia

using cross validation 10,09, of Escherichia was classified as something else

+One specimen at a time withheld from the model and than D5 7960l the ofher dlasses were not classified as Escrerichia
i - . . 4 289 was classified as Escherichia

tested in the model (containing data obtained at the same time)

yielding higher (but incorrect) accuracies

*Previously obtained spectra from five bacterial genera groups
(Escherichia, Enterobacter, Streptococcus, Mycobacterium,
and Staphylococcus) were compiled into a spectral library
«Each spectrum reduced to a spectral fingerprint containing 13
emission line intensities (independent variables)

*These spectral fingerprints were analyzed by a commercial DFA
program (SPSS Inc., SPSS v19.0) to construct the canonical
discriminant functions

*These canonical discriminant functions were tested using
external validation techniques and then compared to “leave-one-
out” cross-validation tests
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2. Utilizing a computerized chemometric technique
(discriminant function analysis) investigate whether
any repeatable differences can be quantified

between bacteria of different genus, species, or

strain.
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Conclusio el

+LIBS using DFA is a promising identification technique, but other
chemometric techniques must be investigated

+Partial Least Squares Discriminant Analysis constructs predictor
variables that maximize the variance between classes
«Classification of a sample is based on a value of 0 and 1 (a
value closer to 1 is indicative of the class being closer to the
modelled class)

+Future work will compare PLS-DA to DFA to search for
improvements in accuracies
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