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Mass spectrometry (MS) is a powerful analytical technique that, when combined with any number of 

frontend separation methods can be used to determine the complex biochemical composition of a 

sample with a high degree of specificity. MS is increasingly becoming the ‘gold standard’ in Life 

Science applications such as toxicology, proteomics and metabolomics because of its specificity and 

its ability to measure small quantities of tumour, disease biomarkers, metabolites and hormones.  

Despite its growing acceptance, significant challenges remain in the path to mass spectrometry’s 

wider adoption into research and clinical labs. Poor spatial resolving power and low throughput are 

real barriers to routinely analysing large (centimetre-scale) heterogeneous samples such as excised 

tissue where the context of the sample’s anatomical structure, at scales ranging from microns to 

millimetres, matters.  

MS Imaging (MSI) techniques such as secondary ion mass spectrometry (SIMS) and matrix-assisted 

laser desorption ionization (MALDI) are increasingly being used in clinical and pharmaceutical 

histology labs but can not simultaneously achieve the high-spatial resolution and high-throughput 

needed for routine applications. Due to the serial and destructive nature of the data collection 

process, MS images are created one low-resolution (typically 10s of micrometers) pixel at a time and 

the sample is degraded with increasing beam exposure. Randomly searching for a key biomarker in a 

large tissue section could be likened to finding a needle in a haystack.  

To make MS imaging more viable, localized regions of interest must be pre-selected by a highly 

trained scientist or clinician. This requires that the tissue slice to be analyzed, or its neighbouring 

parallel section, be stained and examined under a traditional microscope prior to performing the MS 

analysis. However, it is widely known that the chemical staining process fundamentally alters the 

biochemistry of the sample, often removing key biochemical constituents being targeted, and 

parallel sections are never identical. Additionally, MS techniques require advanced skill sets typically 

held only by personnel with doctoral level training to operate the equipment and analyse the results.  

What is needed is an easy-to-use, high-resolution, and non-destructive frontend screening tool that 

can rapidly scan large areas of tissue to identify regions of interest for subsequent targeting by MS 

Imaging with high confidence and without the need for staining. The Spero microscope, by Daylight 

Solutions (San Diego, California) is answering this call. 

Spero enables even a novice user to see in real-time the spatial distribution of chemical functional 

groups in cells and tissue. This allows the rapid creation of quantitative whole-slide maps of a wide 

variety of biomolecules including proteins, lipids, collagen and nucleic acids without ever having to 

apply a stain. In fact, Spero works equally well with unstained fresh frozen tissue sections as it does 

with formalin fixed samples, the former of course having the advantage of preserving the sample’s 

lipid profile.  

From the detailed chemical maps produced by Spero, regions of interest can easily be identified for 

follow-on MSI or other molecular imaging techniques automatically with pre-loaded unsupervised 

algorithms or by visual inspection from a trained technician. Because the technique is label-free and 



non-destructive, the tissue samples remain in pristine condition for any subsequent molecular 

analysis including traditional staining protocols.  

Spero imaging microscopy is a new mid-infrared absorption spectroscopy technology that creates 

high-contrast digitally (virtual) stained images of tissue, cells, and biofluids. It does so by measuring 

the relative light absorption at resonant vibrational frequencies of the wide variety of naturally 

occurring chemical functional groups, such as ammonia (NH3) and carbonyl (C=O), found in biological 

materials.  

Spero’s high resolution and speed arise from the use of a special type of laser called a Quantum 

Cascade Laser (QCL), also developed by Daylight Solutions, and a high-pixel density infrared camera 

technology initially developed for the military. The optical frequency of the QCL can be rapidly tuned 

over the frequency range where the vibrational resonances of most biochemically relevant 

functional groups fall. This range, called the “molecular fingerprint band”, roughly spans 900-1800 

wavenumbers (cm-1), a unit of optical frequency corresponding to 5,500 to 11,000 nanometers (nm).  

A recent study [1] using Spero showed how a chemical image of the amide I vibrational resonance 

(ca 1655 cm-1) associated with proteins of a 4.8 cm2 unstained breast tissue microarray (TMA) 

containing over 200 cores could be created in just 9 minutes at a pixel resolution of about 1 μm. This 

is compared to a 19 hour data collection time required for a high-performance Fourier Transform 

Infrared (FT-IR) imaging microscope, or an estimated 15 hours of data collection for a SIMS analysis 

with a 30 μm effective pixel size and using a 100 millisecond dwell time per sampled spot.  

Other research [2, 3] has demonstrated Spero’s high-throughput multiplexing capability in the 

application of rapidly screening serum droplet arrays in addition to large tissue sections and TMAs. 

That work demonstrated how Spero could be used to pre-screen arrays of droplets or micro-wells 

before applying MS analysis.  

Spero is rapidly becoming a workhorse tool in histology labs around the world both as a stand-alone 

digital staining tool and as a fast, easy-to-use, frontend tissue screening tool to increase the success 

and throughput of Mass Spec Imaging analysis. As Spero imaging technology becomes more a part of 

the standard analysis workflow in pharmaceutical and clinical research labs, we anticipate that the 

utilization and output of mass spectrometer imaging technologies will increase markedly, while 

saving time and valuable resources.  
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