Lasers to Rapidly Identify/Detect
Pathogenic Bacteria

“Putting the ‘B’ In CBRNE”
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Superbug spreading

The severe drug-resistant strains of
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T reported to the CDC by hospitals
i in at least 35 states and Washington, D.C.
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NICK BRANCACCIO The Windsor Star
A hazardous materials team with Windsor Fire Services take readings and samples from the contents of a recycling box at the Transit
Windsor garage located beside the Essex-Windsor Solid Waste Authority Central Avenue transfer station on Tuesday. Windsor police,
fire and ambulance personnel descended on the garage on Morth Service Road Tuesday after an employee discovered white powder
inside a pencil case that had been left behind on a bus. Police said an employvee found the pencil case while cleaning the bus. Just
after 4 p.m., two firefighters donned white hazmat suits, rubber boots, oxygen tanks and masks to prepare to handle the material. The
workers sifted through the found objects and took samples of the powder to be examined by police. Police have not yet determined the
arigin or makeup of the powder. It has been taken to a laboratory in Etobicoke for testing.



Why?

“It Is well-accepted that the microbiological
expertise and cost required to perform these
identifications preclude their common use as
a screening mechanism to prevent human
infection.”!

ITarr, P.I. 1995. Escherichia coli O157:H7: clinical, diagnds_fic"::,a o
epidemiological aspects of human infection. Clin. Infect. Dis. 20, 1-8.



What can we do?

Although there are several alternative
approaches to solving this problem, we feel
the use of laser light is one of the best.

We want to go from this...
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Bacteria don’t have barcodes, but using lasers we
can obtain unique patterns or fingerprints...
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Advantage of using laser-based
methods

* Identifications made quickly
— (under 5 minutes, under 1 second?)

* low cell count necessary
e Insensitive to contamination
e safety

— (dead bacteria, stand-off distances)
e non-experts can use them easily
* no biochemicals/consumables
e computerized diagnoses




Who needs these techniques?
(huge market demand)

» food / beverage corporations

* hygiene compliance officers / FDA

e clean water utilities / EPA

o first responders

 clinicians: hospitals / physicians / CDC
e military medicine

 NASA / exo-biologists



We Must Proceed, and Faster...

LIBS and Raman research must proceed along
two equally important avenues:

« fundamental research to explore the
microbiological diversity that can occur in
specimens

* specimen preparation and handling protocols
and techniques to isolate pathogens from
contaminants of biological origin

NOTE: we do NOT need to fingerprint hundreds
and hundreds of “new” bacteria
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Qassem Mohaidat WSU, Dept. of Physics and Astronomy
Khozima Hamasha WSU, Dept. of Physics and Astronomy
Caleb Ryder WSU, Dept. of Physics and Astronomy



Back-up slides



LIBS: The Wayne State Team has already

demonstrated...

LIBS spectral fingerprint is:

The

growth-medium independent
independent of state of growth (how “old” the bacteria are)
independent of whether the bacteria are live or dead (or inactivated by UV light)

obtainable even when other types of bacteria or contaminants are present (mixed
samples)

obtainable even when other biochemicals are present
capable of strain discrimination
obtainable from about 500 bacteria

Raman spectral fingerprint:

IS more sensitive than a LIBS fingerprint
requires more bacteria (lower SNR)

can identify biochemical changes in closely-related mutants due to protein
phosphorylation

can be obtained from cell envelope fractions

can easily discriminate multiple E. coli strains
can be obtained from proteins

can be used to track metabolic or carbolic activity



EMMA: Elemental Multivariate
Microbiological Analysis

o utilizes laser-induced breakdown spectroscopy

(LIBS) to measure the unique atomic or elemental
composition of bacteria

Nd:YAG laser
(1064 nm, 8 ns)

Laser-Induced
Breakdown
Spectroscopy

spectrometer
LIBS Spectrum is like a Bar Code- Unique for Each Sample



Microfluidic separation/concentration
(Translume, Inc. Ann Arbor, Ml)
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bacteria | optical trap-based separation of
only heavier cells from lighter cells

Blood Sorting - Video V0B7 - MCB 048 - www.iranslume.com

Blood Snﬁing - Video V087 - MCB 048 - wwwiranslume.com

hydrodynamic
(microfluidic)
&4 ¥ separation of
Y/ - heavier cells from
7 lighter cells

monolithically fabricated
devices in glass



