







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Reviews Methods Primers]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature reviews methods primers

	primers

	
                                    article


    
        
        
            
            
                
                    	Primer
	Published: 25 November 2021



                    Raman microspectroscopy for microbiology

                    	Kang Soo Lee 
            ORCID: orcid.org/0000-0001-5977-47701 na1, 
	Zachary Landry 
            ORCID: orcid.org/0000-0002-2316-53481 na1, 
	Fátima C. Pereira2, 
	Michael Wagner 
            ORCID: orcid.org/0000-0002-9778-76842,3, 
	David Berry 
            ORCID: orcid.org/0000-0002-8997-608X2, 
	Wei E. Huang4, 
	Gordon T. Taylor 
            ORCID: orcid.org/0000-0002-6925-75715, 
	Janina Kneipp 
            ORCID: orcid.org/0000-0001-8542-63316, 
	Juergen Popp7,8, 
	Meng Zhang9, 
	Ji-Xin Cheng 
            ORCID: orcid.org/0000-0002-5607-66839 & 
	…
	Roman Stocker 
            ORCID: orcid.org/0000-0002-3199-05081 

Show authors

                    

                    
                        
    Nature Reviews Methods Primers

                        volume 1, Article number: 80 (2021)
            Cite this article
                    

                    
        
            	
                        3576 Accesses

                    
	
                        53 Citations

                    
	
                            41 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Applied microbiology
	Raman spectroscopy


    


                
    
    

    
    

                
            


        
            Abstract
Raman microspectroscopy offers microbiologists a rapid and non-destructive technique to assess the chemical composition of individual live microorganisms in near real time. In this Primer, we outline the methodology and potential for its application to microbiology. We describe the technical aspects of Raman analyses and practical approaches to apply this method to microbiological questions. We discuss recent and potential future applications to determine the composition and distribution of microbial metabolites down to subcellular scale; to investigate the host–microorganism, cell–cell and cell–environment molecular exchanges that underlie the structure of microbial ecosystems from the ocean to the human gut microbiomes; and to interrogate the microbial diversity of functional roles in environmental and industrial processes — key themes in modern microbiology. We describe the current technical limitations of Raman microspectroscopy for investigation of microorganisms and approaches to minimize or address them. Recent technological innovations in Raman microspectroscopy will further reinforce the power and capacity of this method for broader adoptions in microbiology, allowing microbiologists to deepen their understanding of the microbial ecology of complex communities at nearly any scale of interest.
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                    Fig. 1: Raman spectroscopy working principles.[image: ]


Fig. 2: Configuration of a Raman microspectroscopy system.[image: ]


Fig. 3: Sample preparation.[image: ]


Fig. 4: Raman data processing.[image: ]


Fig. 5: Raman data interpretation.[image: ]


Fig. 6: Applications of Raman-based cell sorting to link ecological roles of microorganisms to their genomic identities.[image: ]


Fig. 7: Use of SERS tags for the quantification of the pathogen Staphylococcus aureus in various biofluids.[image: ]
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Glossary
	Fourier transform infrared (FTIR) spectroscopy
	
                  The other prominent method of vibrational spectroscopy, whereby absorption of light by a sample is used to identify the molecular composition of the sample.

                
	Normal Raman microspectroscopy
	
                  A fundamental form of Raman microspectroscopy that relies on measurement of non-resonant, spontaneous scattering signals in which one out of ~106 incoming photons to a sample is scattered.

                
	Wavenumber
	
                  A unit of frequency used in vibrational spectroscopy, defined as the frequency divided by the speed of the wave and thus equal to the number of waves within one centimetre.

                
	Resonance Raman scattering
	
                  Raman scattering that arises when the wavelength of the incident laser beam matches the electronic transitions of a molecule, which generates much more intense Raman signals than normal Raman scattering.

                
	Raman reporter
	
                  A chemical that generates a known surface-enhanced Raman scattering signal.

                
	Mode-locked laser
	
                  A laser that produces ultrashort pulses on the picosecond or femtosecond scale.

                
	Selection rules
	
                  Constraints that govern the likelihood of whether undergoing particular quantum transitions from one state to another is allowed or forbidden.

                
	Beating frequency
	
                  Frequency difference between two electromagnetic waves that interfere constructively and destructively.

                
	Spectral window
	
                  A spectral region of interest.

                
	Diffraction grating
	
                  A glass plate etched with very close parallel lines that produces a spectrum from a coherent light beam by diffraction and interference of light and thus functions as a planar prism.

                
	Chromatic aberration
	
                  Discrepancy of focus in axial and transverse directions between rays with different wavelengths after a focusing lens owing to the discordance of their refraction angles.

                
	Galvomirrors
	
                  A pair of mirrors, each of which is integrated with a rapidly moving scanning motor, which enables enlargement of a laser beam spot to a small scanning area.

                
	Dichroic mirror
	
                  An optical component for fluorescence microscopy by which monochromatic light for the excitation of fluorophores in a sample is separated from generated fluorescence signals.

                
	Isotopologue
	
                  A molecule that is structurally identical yet differs from another by the presence of at least one atom that possesses a different number of neutrons.

                
	Uniformly labelled tracer
	
                  A molecule in which all available positions for a given element are occupied by an isotopically heavy or radioactive nuclide, typically noted as [U-nE]compound, where n = atomic mass, E = elemental symbol, U = uniformly, followed by chemical form.

                
	Fractional isotopic abundance
	
                  The proportion of atoms in a molecular pool populated by the heavy isotope — also referred to as atom% (multiplied by 100).

                
	Biomolecular fingerprint
	
                  An indicator in which chemical properties of a biomolecule are encoded; in vibrational spectroscopy, collective vibrational frequencies in wavenumber of chemical bonds within a biomolecule.

                
	Raman-silent
	
                  The absence of Raman-active vibrational modes.

                
	Savitzky–Golay filter
	
                  A filter algorithm that fits a polynomial of a known order to each point in the spectrum, using a sliding window of a user-defined width, subsequently replacing each point with the fitted value at the centre of the window.

                
	Vector normalization
	
                  A normalization approach in which the intensity at each wavenumber is divided by the square root of the sum of squares of intensities for all wavenumbers within a spectral window, such that the Euclidean distance from the origin in the multidimensional space is equal to 1.

                
	Mahalanobis distance
	
                  A measure of the distance between a point and the centroid of a multivariate normal distribution, in units of standard deviation.

                
	Non-negative matrix factorization
	
                  A technique that represents each point in a set of mixed spectra as a weighted mixture of a finite number of conserved sub-spectra, with the axes being directly interpretable as Raman sub-spectra.

                
	Independent component analysis
	
                  A technique that optimizes a new set of axes to naively capture covariance between variables separately for each of a finite number of independently varying subsets of data.

                
	Isotopomers
	
                  Isotopomers of a compound have the same number of each isotope, but their positions differ.

                
	Voigt probability distribution profile
	
                  A convolution of Gaussian and Lorentzian probability distributions that is widely used in peak-fitting routines to describe the symmetry of peaks in Raman spectroscopy.

                
	Chromophore
	
                  A region of a molecule where the energy difference between two molecular orbitals is within the visible spectrum, thus determining the colour of the molecule.
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