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Rapid bacterial identification using Raman spectroscopy
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Raman microspectroscopy is a promising tool for microbial
analysis at single cell level since it can rapidly measure the
cell materials including lipids, nucleic acids, and proteins by
measuring the inelastic scattering of a molecule irradiated by
monochromatic lights. Using Raman spectra provides high
specificity and sensitivity in classification of bacteria at the
strain level. In addition, a Raman approach coupled with
stabled isotope such as '*C and ?H is able to detect and quantify
general metabolic activity at single cell level. After bacterial
detection process by Raman microspectroscopy, interested un-
culturable cell sorting and single cell genomics can be accom-
plished by combination with optical tweezer and microfluidic
devices. In this review, the characteristics and applications of
Raman microspectroscopy were reviewed and summarized in
order to provide a better understanding of microbial analysis
using Raman spectroscopy.

Keywords: bacterial detection, cell sorting, Raman micro-
spectroscopy, single cell, stable isotope
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Fig. 1. Application of Raman microspectroscopy in microbial ecology (Rosch et al., 2005; Eder et al., 2014; Wang et al., 2016).
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Table 1. Assignments of the Raman vibrational bands in bacterial cells

Frequency (cm™) Assignment Reference
520-540 S-S str Magquelin et al. (2002)
540 COC glycosidic ring def Magquelin et al. (2002)
665 Guanine Magquelin et al. (2002)
720 Adenine Magquelin et al. (2002)
785 Cytosine, uracil (ring, str) Maquelin et al. (2002)
838 DNA Deng et al. (1999)

858 CC str, COC 1,4 glycosidic link Magquelin et al. (2002)
897 COC str Magquelin et al. (2002)
1004 Phenylalanine Magquelin et al. (2002)
1061 C-Nand CC str Magquelin et al. (2002)
1085 C-Ostr Magquelin et al. (2002)
1102 >PO, " str (sym) Maquelin et al. (2002)
1129 C-N and CC str Maquelin et al. (2002)
1295 CH, def Magquelin et al. (2002)
1440-1460 C-H, def Magquelin et al. (2002)
1575 Guanine, adenine (ring stretching) Magquelin et al. (2002)
1606 Phenylalanine Magquelin et al. (2002)
1614 Tyrosine Magquelin et al. (2002)
1735 >C=0 ester str Magquelin et al. (2002)
2935 str CH, Asymmetric Williams and Edwards (1994)
3060 str CH Olefinic Williams and Edwards (1994)

str, stretching; def, deformation; sym, symmetric; asym, antisymmetric

w4 glon, et daA o) 7Bt 48 71t
thKloB et al., 2013). £3] E. coli 73-$-ampicillin, ciprofloxacin,
gentamicin, sulfamethoxazole 471 2] YA of| tfj$h #2] E-E
A1 &Il &= 31 thMiinchberg et al., 2014). 2310 FQ H
YA 2 LA = Mycobacterium tuberculosis©l] |3 DB
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25131 ok A&Zuf 7] 2 H(foodborne illness)S L o7 =
Salmonella spp., Escherichia coli, Pseudomonas aeruginosa,
Listeria monocytogenes, Legionella spp., Staphylococcus aureus
So] &40l FPEFHA oS A&7 A5 2 5 ek
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A o2 50| Zhssithal dEA lth(Meisel et
al., 2011, 2012). Salmonella spp. A< 71%&2] A= E]-Ok
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=2 A O & Pseudomonas aeruginosa?} Legionella spp. &
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