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« A short introduction to Raman spectroscopy

* Microbiological applications of Raman
Phenotyping Who?

— Campylobacter host association
— Escherichia coli host association

Microbial function How?

— Raman Stable Isotope Probing

Spatial Mapping with Raman Where?
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Raman spectroscopy

Scattering of light

approximately 1 in 10 million A scattered > A laser
Stokes Raman

ansmission—
m T Emission — ) scattered = A laser
(—9 )tjﬂéiﬂ] Rayleigh

— Scattering

N
W/ A scattered < A laser

Anti-Stokes Raman

The frequency (v = 1/A) difference between the incident and the
scattered light characterises the molecule vibration.

v scattered = v laser * v vibration
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Raman spectroscopy

Band position:
Chemical species (ldentity)

A e

Intensity:
Concentration

Frequency Shift:
Temperature, Isotopic composition

Raman Qﬂﬂd(wwﬁk:er - 1/A Raman)

Structural disorder

* A Raman spectrum provides a molecular or
chemical fingerprint

* Vibrational frequencies are characteristic of
chemical bonds or groups of bonds
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Raman fingerprint
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Raman and microbiology

Proteins
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Raman and microbiology

Nucleic acids

g A-type helices in RNA Adenine Guanine
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Raman and microbiology

Lipids and carbohydrates
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Raman and microbiology

Fingerprint or Phenotype
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Table 1. Assignment of som bands frequenty in Raman spectra respectve of biclagical spacimens.
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The Raman microspectrometer
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Raman Microspectroscopy:
1. High spatial resolution (< 1 um lateral)
2. Low interaction with water
) 3. Non-destructive*
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Applications of Raman Spectroscopy
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Fig. 1 Raman image of the fissue



Raman and Microbial Ecology

linking ecotype to phenotype WHO? —_
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T e T T T Tent T Raman Mapping WHERE?
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Raman Phenotyping
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Raman Pheno

Raman spectroscopy for rapid discrimination of
Staphylococcus epidermidis clones related to medical
device-associated infections

0. Samek, '™ H.H. Telle,* L.G. Harris, > M. Bloomfield, * and D. Mack*

! Department of Physics, Swansea University, Singleton Park, Swansea, SA2 8PP, UK

# Medical Microbiology and Infectious Diseases, Institute of Life Science, School of Medicine, Swansea University, Singleton Park,
Swansea, SA2 8PP, UK

4 Renishaw ple. Spectroscopy Products Division, Wotton-under-Edge. Gloucestershire, GL12 7DW, UK
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Raman Spectroscopy as a Potential Tool for Detection of Brucella spp.
in Milk

Susann Meisel,” Stephan Stockel,” Mandy Elschner,” Falk Melzer,” Petra Résch,” and Jiirgen Popp™®

Institute of Physical Chemistry and Abbe Center of Photanics, Friedrich Schi ,/,1
Arnimal Health, Institute of Bacterial Infections and Zoonoses, Jena, German
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Food Microbiology
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ELSEVIEF journal homepage: www.elsevier.com/locate/fm

Food Microbiclogy

Identification of meat-associated pathogens via Raman
microspectroscopy

Susann Meisel , Stephan Stéckel , Petra Rosch ", Jiirgen Popp *"*
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linking ecotype to phenotype

Al

« Campylobacter jejuni and C. coli — campylobacteriosis

« Accounts for estimated 2.5 million cases (US) and 1,340,000
(UK) each year

« x13 the number of cases caused by Salmonella, E. coli, and
Listeria combined

 Estimated annual economic burden is £500 million in the UK

» Ability to colonize multiple hosts is a key feature of the ecology of
Campylobacter




linking ecotype to phenotype

Multilocus Sequence Typing (MLST)

692 661

Single host lineages
MLST 682 and 177 found only in wild birds

61 /'.§ '\ 1275 . .
AN/ \ 48 Multi-host lineages
28 . s \ | MLST 45 and 21 found in chickens, cattle, wild
| A birds and in clinical samples
257 = L g /
g g )
— / S _A
‘\ | 4 i ) Hypotheses:
A 4 1. Phenotype is related to genotype
’ " 42
2 2. Phenotype is related to species of host
\ organism/environment it was isolated from
> 4 '.‘,
A am o
Centre for
Efuﬂzanﬁnt':!::::i{m Sheppard, S.K., Maiden, M.C.J., Falush, D. (2009). Population Genetics of Campylobacter. In: Bacterial

Population Genetics in Infectious Disease. Eds. Robinson, A.D., Falush, D., Feil, E.J. John Wiley &

Sons, New Jersey. Pages 181-194.



linking ecotype to phenotype

e Strains used in this study:

Relative Intensity (A.U.)

108 Strains of Campylobacter (cultured
and analysed in triplicate)

2 species - C. jejuni (85) and C. coli (23)
66 Multilocus Sequence Types

1,620 Raman spectra

CC stretchi
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Neural network analysis

*Distinguish which peaks provide the most information in separating the classes
*Discards least informative peak until peak set with most discriminatory powers is left
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linking ecotype to phenotype

Campylobacter coli—Clade 1, 2, and 3

Clade 1 Clade 2 :,l//;, Fa rm
) <= . .
- ~ Riparian

0.1 e — Clinical
Claded Farm and Clinical

79% classification success

g g 38
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® G coli — clade 1
¥ G coli-clade 2
* G coli — clade 3
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Optimal subset of four peaks belonging to
phenylalanine and nucleic acids

Centre for
Ecology & Hydrology Read DS, Woodcock DJ, Strachan NJC, et al. (2013) Evidence for phenotypic plasticity among
NATURAL ENVIRONMENT RESEARCH COUNCIL multihost Campylobacter jejuni and C. coli lineages, obtained using ribosomal multilocus

sequence typing and Raman spectroscopy. Appl Environ Microbiol 79:965-73.



linking ecotype to phenotype

93% classification success

Wavelengths: 919.75 & 1313

+  Chicken

Network Confusion Matrix (92.9825%)
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Optimal subset of five peaks
belonging to cytochrome,
nucleic acids and one
unidentified peak

C. jejuni ST45 and 51271 human and chicken

692 ~' 661
61 ”. "\ 1275

A am .
2 § a
ST21+ ST45

Human/Chicken
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Read DS, Woodcock DJ, Strachan NJC, et al. (2013) Evidence for phenotypic plasticity among
multihost Campylobacter jejuni and C. coli lineages, obtained using ribosomal multilocus
sequence typing and Raman spectroscopy. Appl Environ Microbiol 79:965-73.



linking ecotype to phenotype

C. jejuni ST45 and 5121 human and cow

89% classification success

Wavelengths: 749.38 & 1228.1

-! 34 5
w Optimal subset of four peaks
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- 6 54 and two unidentified peaks
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Read DS, Woodcock DJ, Strachan NJC, et al. (2013) Evidence for phenotypic plasticity among
multihost Campylobacter jejuni and C. coli lineages, obtained using ribosomal multilocus
sequence typing and Raman spectroscopy. Appl Environ Microbiol 79:965-73.



linking ecotype to phenotype

Campylobacter phenotyping summary
* Phenotyping is a powerful method for typing bacteria
* Phenotype can be linked to the ecology of different strains

* Phenotype represents the sum of the genome interacting with the
environment

* Limitations of MLST technique (only 7 housekeeping genes)

* Further studies on whole genomes needed

Centre for
Ecology & Hydrology Read DS, Woodcock DJ, Strachan NJC, et al. (2013) Evidence for phenotypic plasticity among
NATURAL ENVIRONMENT RESEARCH COUNCIL multihost Campylobacter jejuni and C. coli lineages, obtained using ribosomal multilocus

sequence typing and Raman spectroscopy. Appl Environ Microbiol 79:965-73.



linking ecotype to phenotype

environmental

microbiology
Microbiclogy (2012}

001:10.1111/,.1462-2920.2012.02852.x

. - - - - Phylogenetic distribution of traits associated with
Two strain collections of Escherichia coli : plant colonization in Escherichia coli
1. ‘ECOR’ collection (Ochman and Selander et al. ]

1984) e

* Host associated

 Human and animal origin
e 72 strains

2. ‘GMB’ collection (Méric et al. 2013)
* Collected at IFR

* Plant associated (salad crops)
* 106 strains

Plant association index (PAi)

Hypothesis: I
1. Phenotype is related to environment B1
of origin ‘
e
‘E::(;llf)r:yfngydrology Méric G, Kemsley EK, Falush D, et al. (2013) Phylogenetic distribution of traits

associated with plant colonization in Escherichia coli. Environ Microbiol 15:487-501



Intensity (a.u)

linking ecotype to
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linking ecotype to phenotype

Discriminant Analysis of Principal Components (DAPC)
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* Involved with electron transport, oxidative phosphorylation, assimilatory metabolism
and detoxification

* Often located in the cytoplasmic membrane

* Some responsible for protection from UV exposure



linking ecotype to phenotype

Further Escherichia work:
1. Examination of the Raman phenotype with respect to other phenotypic
traits:
e  C-source utilisation, biofilm formation, colony morphotypes
(expression of curli fimbriae and cellulose)

550N 0N 00NN D
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o o ¢ .-@ o
o0 o0 00000 I . 0
VL eerer e e s
000 . 0. 000

Phenotyping Summary:
1. Broad screening method
Measures multiple biomolecules simultaneously
2. Provides targets for further phenotypic/genomic investigation
3. Correlate phenotype to other aspects of microbe ecology?
Pathogenicity, toxin production, persistence etc.
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Raman Stable Isotope Probing

Common ‘light’ isotope ‘Heavy’ isotope
e.g. 12C Carbon phenylalanine e.g. 13C Carbon phenylalanine
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Raman Stable Isotope Probing

13C Glucose
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Raman Stable Isotope Probing
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Raman Stable Isotope Probing

Deuterium oxide (2H,0) labelling

o
2 0%
5%
o
8- 95%
2 1009
c | \
% |
- o |
o. |
) | M
q -
© T T T T T T T
500 1000 2000 3000
Wavenumber

Centre for
Ecology & Hydrology

C-D bond stretching in lipids
Found in an empty region of the spectrum
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2H,0 can be used as a general marker of

bacterial growth

Cheaper than 3C or >N labelled

compounds




Raman Stable Isotope Probing

Isotope labeled substrate
added to sample

Live cells extracted

O

e

Fixed cells are permeabilized

.y

# 7§
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to specific target cells

Isotope uptake identified
by peak-shifts

Raman spectroscopy
of single cells

1

Fluorescently labeled cells
identified by epifluorescence
microscopy

=

e

Fluorescently labeled probed bind

Enveonmentsl Microbilogy (2007) $(8), 1878-1888 Gi:10. 117114622820 3007 01382 x.

Raman-FISH: combining stable-isotope Raman
spectroscopy and fluorescence in situ hybridization
for the single cell analysis of identity and function

el E. Huang."" = current such as FISH-

microautoradiography and stable isotope probing in

that it can be appied at the resolution of single celis
suitabl

Ecology Sectian, Centrs for Ecology and calibrations are
Hydrology Oxford, Mansiield Road, Oxfard, OX1 ISF, isolopes and has analysis times of typically 1min
k. par call.

APPLIED AND ENVIRGNMENTAL MICROBOLOGY, Jan. 20089, p. 234-241 Vol 75, No. 1
0099-22401

2400930800+0_ dot10.1 12X AEMOIS61-08
Copyright © 2009, American

Society for Microbiology. All Rights Reserved.

Resolving Genetic Functions within Microbial Populations: In Situ
Analyses Using rRNA and mRNA Stable Isotope Probing Cot;pled
with Single-Cell Raman-Fluorescence In Situ Hybridization"f
Wei E. Huang.'t* Andrew Ferguson, ™ Andrew C. Singer,' Kathryn Lawson,** lan P. Thompson,’
Robert M. Kalin,* Michael J. Larkin,** Mark J. Bailey." and Andrew S. Whiteley'*
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How?

SEquenced REactive BARrier (SEREBAR)
*Former manufactured gas plant (FMGP) in the United Kingdom
*Groundwater polluted with Polycyclic Aromatic Hydrocarbons (PAHs) including Naphthalene

*RNA Stable Isotope Probing using *3C labelled
Naphthalene in microcosms

ldentified Pseudomonas sp. and Acidovorax sp. as main
naphthalene degraders
*Acidovorax sp. unculturable
*Raman-FISH approach
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Raman mapping
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Where?

PAPER www.rsc.org/analyst | Analyst

. . . . Phenotypic heterogeneity within microbial populations
Baci I I us th uringiensis at the single-cell level investigated by confocal Raman microspectroscopyt

L4 G ra m - p Os itive’ S p O re—fo r m i n g Antje Hermelink, Angelika Brauer, Peter Lasch and Dieter Naumann®
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Where?

Legionella bozemanii

* Poly-b-hydroxybutyric acid (PHB) produced
in response to response to physiological
stress

* Energy storage molecule

Raman shift /cm™!

Centre for
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Phenotypic heterogeneity within microbial populations
at the single-cell level investigated by confocal Raman microspectroscopyt

Antje Hermelink, Angelika Brauer, Peter Lasch and Dieter Naumann®

Received 16th December 2008, Accepred 12th March 2009
First published as an Advance Article on the web 25th March 2009
DOL 10.103%/b822574¢

Mapped the intensity of the v(C=0) stretching
vibration at 1726 cm™ ( — PHB) and peptide
linkage at 1662 cm? (red — cell)



Raman mapping

Movile Cave

Pigmented cells

13C labelled cells Microbial

(Eukaryotic?) cell

Intensity (counts)
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Background
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Future prospects

Raman Activated Cell Sorting (RACS)

() (b)
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