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SHORT ABSTRACT:  
Desorption electrospray ionization mass spectrometry (DESI-MS) is an ambient method by 

which samples, including biological tissues, can be imaged with minimal sample preparation. By 

rastering the sample below the ionization probe, this spray-based technique provides sufficient 

spatial resolution to discern molecular features of interest within tissue sections. 

 

LONG ABSTRACT:  
Mass spectrometry imaging (MSI) provides untargeted molecular information with the highest 

specificity and spatial resolution for investigating biological tissues at the hundreds to tens of 

microns scale. When performed under ambient conditions, sample pre-treatment becomes 

unnecessary, thus simplifying the protocol while maintaining the high quality of information 

obtained. Desorption electrospray ionization (DESI) is a spray-based ambient MSI technique that 

allows for the direct sampling of surfaces in the open air, even in vivo. When used with a 

software-controlled sample stage, the sample is rastered underneath the DESI ionization probe, 

and through the time domain, m/z information is correlated with the chemical species’ spatial 

distribution. The fidelity of the DESI-MSI output depends on the source orientation and 

positioning with respect to the sample surface and mass spectrometer inlet. Herein, we review 

how to prepare tissue sections for DESI imaging and additional experimental conditions that 

directly affect image quality. Specifically, we describe the protocol for the imaging of rat brain 

tissue sections by DESI-MSI. 
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INTRODUCTION:  
Untargeted imaging by mass spectrometry facilitates the acquisition of chemical 

information for discovery and hypothesis-generating applications. Targeted imaging of a known 

chemical of interest, on the other hand, can facilitate increased sensitivity and selectivity through 

specific method development. Mass spectrometry imaging (MSI) is most commonly performed 

on tissues using MALDI,
1
 secondary ion mass spectrometry (SIMS),

2
 and ambient ionization 

techniques, including desorption electrospray ionization (DESI),
3
 laser ablation-electrospray 

ionization (LAESI),
4,5

 and liquid micro-junction-surface sampling probe (LMJ-SSP).
6
 In MALDI 

and SIMS, samples have to be physically removed from the specimen, and have to be flat and 

thin, as they are analyzed under high-vacuum. MALDI requires coating of the sample with a 

radiation-absorbing matrix, adding an additional and cumbersome step to the sample preparation.  

SIMS has the highest lateral resolution, but bombardment with highly energetic particles causes 

extensive molecular fragmentation. Therefore, MSI by ambient methods fill a niche where soft 

analysis with minimal sample preparation is desirable. However, to date, all methods are still 

limited by the requirement of flat sample surfaces. 

DESI uses a pneumatically-assisted charged solvent spray directed at the sample surface 

to desorb and ionize analytes.
7
 The working model for desorption and subsequent ionization by 

DESI is known as the “droplet pick-up model”.
8-10

 The charged primary droplets produced by the 

DESI probe collide with the surface, wetting it and forming a thin film into which the analyte is 

dissolved by a solid-liquid microextraction mechanism.
8
 Subsequent droplet collisions result in 

momentum transfer and takeoff of secondary droplets containing the material extracted from the 

surface.
9,10

 Ultimately, gas phase ions are believed to be produced through ESI-like processes 

following the ion evaporation, charge residue models or other models,
11

 however the precise ion 

formation process in DESI has yet to be experimentally proven.
12

 DESI sensitivity is strongly 

dependent upon the solubility of the analyte in the spray solvent, as desorption relies on the 

localized microextraction.
13

  

When used with a software-controlled sample stage, the sample is scanned 

unidirectionally with lane stepping underneath the DESI ionization probe, and through the time 

domain, m/z information is correlated with the chemical species’ spatial distribution (Figure 1). 

Since the first proof of principle DESI-MSI experiment reported by Van Berkel and Kertesz in 

2006,
14

 the technique has matured considerably,
15

 with reported applications in the analysis of 

lipids,
3,16

 drug metabolites,
17,18

 disease biomarkers,
19

 brain tissue,
3,18,20

 lung tissue,
18

 kidney 

tissue,
18

 testis tissue,
18

 adrenal glands,
17

 thin layer chromatography plates,
21

 and algae surfaces.
22 

The routine resolution of images obtained by DESI-MSI is 100-200 μm, which is ultimately 

determined by the effective surface area extracted by the spray, but resolutions as low as 40 µm 

have been reported.
23-25 

Such resolution and ease of analysis makes DESI-MSI appropriate for 

the rapid and simple analysis of biological tissue samples with surface areas in the 0.5-5 cm
2
 

range, enabling the acquisition of valuable spatial information to better understand biological 

processes
26

. Here, as an example of a typical DESI-MSI application, we review the procedural 

details of conducting a successful experiment involving imaging of lipids in rat brain tissues. The 

two most critical steps in the protocol are the tissue preparation
27

 and DESI ion source 

optimization, as described below.
 

 

 

PROCEDURE:  
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1. Tissue Sectioning 

 

1.1. Store flash-frozen, whole tissue in -80 °C freezer until ready for sectioning. 

 

1.2. Allow the tissue sample to reach the temperature in the cryomicrotome prior to sectioning 

(30 min). Set the blade and sample temperature to -30 °C. 

 

1.3. Once tissue has reached the temperature, handling the specimen with tweezers, cut front or 

back of brain depending on what part of the brain is of interest for sufficient mounting 

surface (i.e. if the front of the brain is of primary importance, mount rear of brain on chuck). 

 

1.3.1. Apply ~0.5 mL Optimal Cutting Temperature Compound (OCT, Tissue-Tek, Sakura) to 

chuck in center and, using tweezers, hold sample in place in OCT until it solidifies. Once 

OCT is completely frozen, mount chuck in sample holder. 

1.3.2. A minimal amount of OCT used to mount the sample is preferred (in contrast to 

mounting the specimen in a block of OCT as is commonly done in other histological 

procedures) to minimize the contamination of the sample. Contamination of the sample by 

OCT is detrimental to the DESI and imaging process due to ion suppression. 

 

1.4. Typical tissue sections necessary for MS imaging range from 12-18 µm in thickness. Section 

tissues at desired thickness within the recommended range. Thaw-mount each sectioned 

tissue by lightly touching a room-temperature microscope glass slide over section. Once a 

sample is mounted, use caution not to touch the tissue section as it will change the chemical 

distributions and compositions. 

Note: We recommend mounting two sections per slide, using one section for optimization, and 

the other for imaging. If sections are not for immediate imaging, store slides in -80 °C freezer in 

a slide box until ready for analysis. 

 

1.5. If analyzing stored sections, remove slide from freezer, immediately transfer to vacuum 

desiccator, and allow ~15-20 minutes to thaw. Leaving the specimen in the desiccator longer 

will dry the sample and reduce DESI efficiency. The optimization of the DESI ion source 

will be done with the tissue sample once it has thawed, however, in the interest of time, the 

period during which the sample is thawing serves as an ideal time for the initialization of the 

equipment. 

 

1.5.1. Using acetonitrile with 1% acetic acid as the DESI solvent, turn on the syringe pump with 

a flow rate of 5 μL/min. A lower flow rate will reduce the impact spot side of the DESI 

spray and effective pixel size, but a higher flow rate may be necessary for sufficient 

sensitivity. Therefore the flow rate (typically 1-5 μL/min) should be optimized for each 

application and the desired sensitivity and resolution. Ensure that the syringe contains 

enough solvent for complete optimization and imaging at given flow rate. 

 

1.5.2. Once the solvent appears dripping out of the source tip, turn on the nitrogen nebulizing 

gas with a pressure of 160 psi. 

 

1.5.3. Turn on the high voltage power supply connected to ion source applying 3600 V. 
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1.6. Mount the slide on the motion stage and begin ion source and MS optimization 

 

2. DESI optimization 

 

2.1. The DESI system consists of a source probe (see Figure 2), a syringe and pump or 

alternative solvent delivery system, compressed nitrogen, translation sample stage and 

mount. Proceed with DESI source optimization once the mass spectrometer has been tuned 

for the appropriate mass range and analytes of interest. 

 

2.1.1. If the source components have not been turned on yet, refer to sections 1.7.1-3 for 

directions. 

2.1.2.  

2.1.2.1. The variables discussed in these sections are recommended for imaging of 

biological tissues. However these variables should be optimized for different types of 

tissue or sample. Alternative solvents, flow rates, nebulizing gas pressures and voltages 

have been reported for imaging of biological tissues.
16-18

 

 

2.2. Ensure that initially the DESI source is not touching the glass slide, and not directed at any 

part of the tissue section. This will ensure that the probe isn’t damaged in the initial 

optimization process and will not contaminate any part of the set up by coming into contact 

with the tissue sample. 

 

2.2.1.1. A good starting position is with the tip 3 mm from the sample surface and 5 mm 

from the MS capillary inlet, with the probe at an angle of 55° with respect to the sample 

surface. The inner capillary of the DESI probe should extend ~1mm beyond the outer 

capillary. All of these parameters will be optimized. 

 

2.3. The MS interface capillary should have a collection angle of ~15° with respect to the sample 

surface for optimal transfer of ions. Adjust the stage height so that the MS capillary hovers 

over the sample surface; the capillary should be <1 mm from the surface, as close as 

possible without touching. 

 

2.4. Align the DESI probe in the x dimension with respect to the MS capillary inlet so that they 

are directly in line. 

 

2.5. Adjust the y and z positions of the DESI source for optimal sensitivity using the extra tissue 

section. Note that as the DESI probe is directed at one sample area, it will eventually desorb 

and ionize all of the analytes in that area and signal will gradually decrease as this occurs. 

Performing this step as quickly as possible is important. 

 

2.5.1. Therefore, throughout the optimization process, the sample needs to be moved 

underneath the spray head to ensure that fresh sample is being analyzed and that any 

changes in signal are due to source optimization, not sample depletion. However, 

considering that the varied chemical composition of different regions of the tissue, a direct 

comparison of ion intensity across the entire tissue section is not wholly accurate. The 
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thalamus of the brain provides a reasonably large-sized area with more consistent chemical 

composition, but still not perfectly uniform. Alternatively, a marking of red Sharpie
®
, 

which contains the dye rhodamine 6G ([M]
+
, m/z 443), on the glass slide away from the 

sample provides a strong MS response by DESI and can also be used for optimization, but 

given the different sample form and analyte, these conditions may still not correlate to an 

ideal set-up for biological tissues. 

 

2.5.2. Recommended y separation between source tip and capillary inlet: ~4 mm, recommended 

z separation between tip and sample surface: ~1.5 mm. Though these parameters will be 

slightly different for each experimental set-up. 

 

2.5.3. Considering the geometry and angle of the probe, take into account that the y and z-

dimension positions are inter-related with respect to the effective transmission of solvent 

and analyte-containing droplets. A change in one variable will require a subsequent 

modification in the other to maintain the same spray impact position and its transmission 

angles. 

 

2.6. Adjust the distance the inner capillary extrudes from the outer capillary of the source for 

maximum sensitivity, and minimal impact spot size. Caution: Ensure that the high voltage is 

OFF while making this adjustment. 

 

2.7. The source geometry will be considered optimal when the maximum signal is observed. 

 

2.7.1. The variables optimized in sections 2.5-2.6 are inter-related, therefore the adjustment of 

one will inherently require the re-adjustment of the other to maintain the necessary source-

sample-inlet geometry, or adjustment of conditions discussed in section 1.7.1-3.  

 

2.8. Additionally, a heating element surrounding the transfer capillary to the mass spectrometer 

may improve sensitivity by facilitating desolvation of the charged analyte droplets produced 

during the ionization process. Here we use a rope heater coiled around the transfer capillary 

set to 100 °C. 

 

3. Tissue Imaging 

 

3.1. During the imaging process, the sample stage moves the sample beneath the DESI probe and 

MS inlet capillary and all other components remain stationary. The motion parameters of the 

stage should be selected based on DESI impact plume size and optimal sensitivity. 

 

3.1.1. A larger impact plume will result in a higher ion intensity, given that more sample is 

being desorbed, however for imaging, it will also result in a larger pixel size and thus worse 

image resolution. 

 

3.2. The translation stage used in this experiment is home-built and controlled by a LabView 

program that allows for control of rastering speed and line spacing for an image of given 

dimensions. The stage motion control VI used in this experiment is available at 

omnispect.bme.gatech.edu. Alternatively, a commercially-available DESI source and stage 
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could be used such as the 2-D automated Omni Spray source from Prosolia Inc. 

(Indianapolis, IN USA). 

 

3.2.1. For brain tissues a typical image size is 10 x 15mm, and given the stage motion 

parameters used, the image will take approximately 3 hours. 

 

3.2.1.1. Program the LabView VI or equivalent control software for desired imaging 

conditions, using a stage scan speed of 80 μm/s, and line spacing between rows of 200 

μm. When using the Omni Spray source, motion parameters should be set for a scan speed 

of 100-200 μm/s and a line spacing of 200 μm. Note that these motion parameters can be 

changed depending on the number of desired pixels in each dimension and necessary 

sensitivity. 

3.2.1.1.1. A smaller line spacing has been shown to improve the image quality, with the 

scan speed having less of an effect.
25

 However, it is significant to note that this does not 

necessarily indicate and improved image resolution, as that is strongly dependent on 

impact spot size. A slower scan speed and smaller line spacing will significantly increase 

the time of analysis and must therefore be optimized for each type of tissue or sample. 

 

3.2.1.2. With the MS spectral acquisition set at 1 scan/s, and the image created as 1 

pixel/scan, the stage speed defines the pixel size in the x dimension, whereas the line 

spacing determines the pixel size in the y dimension. Although the true pixel size of the 

image is larger than this due to spray spreading, slower motion allows more time for 

desorption and detection of analytes. 

 

3.2.2. Give directory path and file name for position and time files to be recorded during images 

within the LabView VI. 

 

3.3. In preparation for mass spectral data acquisition, calculate the total time required for 

imaging. The Labview program used by our group automatically provides this value, but if 

alternative stage control is used, this calculation is necessary for the MS data acquisition 

settings.  

 

3.3.1. When using an Omni Spray automated source and stage, each line of the image is 

acquired as individual runs. The time-per-line and number of lines necessary for given 

imaging dimensions are calculated using the Omni Spray control software to be input into 

the mass spectrometer software. 

 

3.4. Ensure that the mass spectrometer scan speed is 1 spectrum/s, and set the instrument 

acquisition time to match the total time calculated.  

 

3.4.1. Set spectral scan speed to 1 spectrum/s. 

 

3.4.2. Acquire data in PROFILE mode and ensure that the m/z range is appropriate for the 

species of interest. Remember that DESI also produces multiply charged analytes, as in 

ESI. 
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3.4.3. Set acquisition time to match total image time given by LabView. 

 

3.5. Position the spray impact spot in the top-left of the area to be imaged. 

 

3.6. Begin acquisition of MS data and stage motion simultaneously. 

 

3.7. Upon conclusion of the data acquisition, return mass spectrometer to STANDBY mode. 

 

3.8. Turn off high voltage of DESI source. 

 

3.9. Turn off nitrogen gas. 

 

3.10. Turn off syringe pump. 

 

4. Image Processing 

 

4.1. Mass spectral data, in combination with stage time and position data saved as text files 

through LabView must be “folded” into a 2D image correlating coordinates of pixels with 

the corresponding spectra. The images presented here were processed using Matlab-based 

software that is freely available at: omnispect.bme.gatech.edu. If data is acquired using the 

Omni Spray source, the Firefly data conversion software is used to create the data cube for 

image visualization in BioMAP (www.maldi-msi.org). 

 

4.2. For data acquired on the Jeol AccuTOF mass spectrometer, the recorded chromatogram 

must be exported in .cdf format for further analysis. 

 

4.2.1. Using the DataManager within MassCenter, first convert acquired data to centroided data 

(Tools →Convert Acquistion Data to Centroid). Then export data in .cdf format by using 

the keyboard combination Ctrl+Shift+E followed by Tools → Export. 

 

4.3. Upload the raw .cdf mass spectral data and the two text files, position and time, to the 

OmniSpect website. Firefly-processed imaging data can be visualized in BioMAP. 

 

4.3.1. Further processing of the data including statistical analysis by Non-Negative Matrix 

Factorization or plotting of a single ion of interest can be performed directly on the website. 

 

4.3.2. Alternatively, the raw data cube can be exported for analysis in Matlab. 

 

REPRESENTATIVE RESULTS: 

 Figure 3 shows a representative spectrum obtained from an untreated rat brain section. In 

the positive mode, the mass spectrum is dominated by phosphatidylcholines due to their high 

ionization efficiencies (attributed to the positively charged quaternary ammonium group). The 

total ion image of the tissue section is also shown in Figure 3, showing abundant signal across 

the entire brain section. Key lipids detected are identified in Table 1 through literature 

comparisons.  
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 The spatial distribution of example lipids (Figure 4) show how the relative abundance of 

different phosphatidylcholine species varies between grey and white matter of the brain.  For 

example, [PC 34:1 + K]
+
, m/z 798.5364, shows increased intensity in the  cerebellar cortex (gray 

matter), whereas [PC 36:1 + K]
+
, m/z 826.5558, shows increased intensity in the cerebellar 

peduncle (white matter). The composite image obtained for the two ions (Figure 4c) highlights 

the contrast in lipid distribution across the tissue section. The spatial distributions of other key 

lipids in the brain are also listed in Table 1. These distributions agree with previous studies.
28-30

  

 

Tables and Figures  

 

 
Figure 1. Schematic of the DESI-MSI imaging process. DESI (a) is used for the surface analysis 

of tissues, and when the sample is rastered in a controlled motion (b) below the source, mass 

spectral data, intensity vs m/z (c), as a function of time (d) is acquired. This data is then 

correlated through the time domain with the motion parameters to form a chemical image (e). 

 

 
Figure 2. Schematic of DESI source. 
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Figure 3. Average whole-tissue spectrum with more abundant m/z values labeled (a) and total 

ion image (b) acquired by DESI-MSI in positive ion mode. 

 

 
Figure 4. Selected ion images of key phosphocholines in rat brain tissue acquired by DESI-MSI 

in positive ion mode; (a) [PC 34:1 + K]
+
, m/z 798.5364; (b) [PC 36:1 + K]

+
, m/z 826.5558; (c) 

composite image of m/z 798, blue, and 826, red. 

 

Table 1. Key lipid identities and localization within the brain section. 

Species m/z 
Localization 

(matter) 

[PC 32:0 + Na]
+
 756.5335 Gray 

[PC 32:0 + K]
+
  772.5165 Gray 

[PC 36:4 + H]
+
 782.5477 White 

[PC 34:1 + K]
+
 798.5364 Gray 

[PC 38:4 + H]
+
 810.5716 White 

[PC 36:1 + K]
+
 826.5558 White 

 

DISCUSSION:  

 The optimization of the DESI source geometry is critical for successful MSI experiments. 

The multiple variables contributing to the alignment of the system directly affect sensitivity and 

image resolution. If during optimization, the experimenter has difficulties obtaining signal, we 

recommend using red Sharpie
®
 spot drawn on the slide as a benchmark; the dye, rhodamine 6G, 

m/z 443, produces a strong signal in the positive ion mode and can be used for initial 

optimization. Additionally, the solvent selection for DESI is crucial for sensitivity, as analyte 

transmission and ionization depends on the extraction of the analyte from the surface into the 

thin film formed.
13

 Many electrospray ionization-compatible solvents and mixtures can be used 

to assist in the desolvation and ionization process depending on the class of compound of interest 

during the analysis. 

 

 As previously mentioned, the resolution of the DESI-MS image depends primarily on the 

source geometry. Image resolution on the order of 200 μm is regularly obtained by DESI-MSI, 
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though this is higher than laser-based and/or in vacuo imaging methods which can range from 

~10-150 μm.
5,31

 Resolution as high as 40 μm has been reported using DESI,
24

 however, 200 μm 

for routine imaging is sufficient for analysis of large biological tissue sections. The quality of the 

inner fused silica capillary of the DESI source will also affect image quality and resolution. The 

recommended inner diameter of the capillary is 50μm, as large i.d. capillaries produce larger 

sprays and larger image resolution.
25

 If this capillary is not cut squarely or is cracked, the spray 

will not be conical resulting in irregularly shaped impact spot, poor-quality and irreproducible 

images.  

 

 Not only does the source geometry affect the resolution of DESI-MSI, it also plays a 

significant role in the sensitivity of the method. Therefore the geometry must be optimized and 

kept constant throughout the procedure. If the sample is not planar, or is not mounted perfectly 

horizontally, the source geometry will change, thus changing the response and creating an 

artifact within the image.
23

 Although DESI-MSI is limited to planar samples, 3D imaging of 

biological tissues is made possible through the 2D imaging of serial tissue sections which are 

then stacked into a three dimensional image.
32

 This approach can also be employed for other 

MSI methods, including SIMS, MALDI, LAESI, etc. 
33

 Three-dimensional mass spectrometry 

images can also be created by the gradual removal of layers of material, by laser pulses for 

example, and reimaging.
34

 

 

 The positive mode analysis of rat brain tissues facilitates successful imaging of 

phosphatidylcholines and some drugs and metabolites.
18

 To complement this analysis, imaging 

in negative mode produces a spectrum with a greater diversity of classes of lipids,
28,35

 and can be 

used to provide a comprehensive analysis of the tissue sections. In cases where more than one 

lipid species can be attributed to a particular m/z value, tandem mass spectrometry can be used 

for identification. Tandem mass spectrometry also serves as an additional method of lipid 

identity confirmation.
35

 

 

 Ambient mass spectrometry imaging by DESI has been shown to be effective in the 

imaging of lipid species in rat brain tissue. Information obtained through MSI experiments can 

provide insight into diseases associated with altered levels of phospholipids such as Alzheimer 

disease, Down syndrome, and diabetes, among others.
36-38

 Given the high abundance of lipids 

and their roles in biological processes, many biological systems exist that would benefit from the 

information obtained via mass spectrometry imaging. With many potential methods to image 

biological samples using mass spectrometry, ambient ionization methods, DESI in particular, 

provide a means to do so with reduced sample preparation and increased ease of analysis.  
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Reagents

Name of the 

Reagent
Company

Catalogue 

Number
Comments (optional) Website

Tissue-Tek O.C.T. 

Compound
Sakura-Finetek 4583

http://www.sakuraeu.com/pr

oducts/showitem.asp?cat=11

&subcat=48

Acetonitrile EMD AX0156-6 OmniSolv, LC-MS Grade

Acetic Acid Sigma Aldrich 695092-500mL

Equipment

Material Name Company
Catalogue 

Number
Comments (optional) Website

Cryostat 

microtome
Thermo Scientific CryoStar* NX70

Any available microtome 

can be used for tissue 

sectioning

http://www.thermoscientific.

com/ecomm/servlet/product

sdetail?productId=13958375

&groupType=PRODUCT&sear

chType=0&storeId=11152&fr

om=search&ca=cryostar

Omni Spray®DESI 

Spray Head
Prosolia Inc.

 Can also use the 2-D 

Omni Spray® Source kit 

instead of assembling 

components of imaging 

experiment

http://www.prosolia.com/so

urces.php

High Voltage 

Power Supply

Stanford Research 

Systems, Inc.

PS350/5000V-

25W

http://www.thinksrs.com/pr

oducts/PS300.htm

Rope heater, RTD, 

controller
Omega

http://www.omega.com/toc_

asp/subsectionSC.asp?subsec

tion=M02&book=Heaters

Labview
National 

Instruments
Version 7.1 

Translational stage Prior Scientific Optiscan II

http://www.prior.com/produ

ctinfo_auto_motorized_optis

can.html

AccuTOF Mass 

Spectrometer
JEOL JMS-T100LC

Can use any mass 

spectrometer equipped 

with an extended 

capillary atmospheric 

pressure interface
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comments. Comments about minor grammatical, spelling or style concerns were not elaborated 

below, but simply addressed in the revised manuscript. 

Reviewers' comments: 

Reviewer #1:  

1. “The use of the term raster scanning may be misleading. Raster scanning can imply a 

serpentine pattern of the sample below the sprayer. What is actually done is unidirectional 

scanning and lane stepping.” 

a. We agree that “unidirectional scanning and lane stepping” is a more accurate term. We 

had originally used raster scanning for simplicity, but have since corrected the usage of 

the term to unidirectional scanning. 

2. “The authors talk only about untargeted imaging but targeted imaging is also important.” 

a. The discussion of untargeted MSI was intended to highlight the usefulness of MSI in 

the discovery-mode of analysis, which is particularly relevant to biological samples. 

Even so, targeted analysis also plays a key role in bioanalytical chemistry, therefore we 

have since added in a statement about the use of MSI for targeted imaging and the 

benefits of having a known target. 

3. “Page 2: Like SIMS or MALDI, but maybe not as stringent, surfaces in DESI also need to be 

relatively flat and mounted exactly horizontal or false images can result (see reference 21).” 

a. We have added a statement in the introduction regarding the need for a planar sample 

for the most commonly used MSI methods. We have addressed the issue of the 

horizontal mounting of the sample in the Discussion section of the paper. 

4. “Page 2: WRT Wiseman 2006 as first demonstration of DESI imaging there is actually a 

Kertesz and van Berkel paper that was in print slightly earlier. That paper was not referenced 

here.” 

a. We would like to apologize for the oversight in referencing the work of Van Berkel and 

Kertesz (now included as Ref. 13), and have given that group proper acknowledgement. 

We had highlighted the work of Wiseman (2006) because the focus of the procedure is 

the analysis of biological samples, which Wiseman et al pioneered using DESI, but the 

work of Van Berkel is the first demonstration of imaging by DESI. Therefore we have 

modified that section of the introduction appropriately. 

5. “Page 3: Thaw mounting is often done with just heat of finger under slide. This might be a 

better alternative than pressing down on the tissue with another slide, which risks tissue 

damage.” 

a. When the sectioned tissue sample slides over the blade, onto the pressure plate, we 

directly press the warm slide onto the section, which is sufficient to mount the tissue 

section onto the slide without further handling. Alternatively, the sectioned tissue can 

be lifted and laid onto a cold slide, then using the heat of a finger, the slide is heated 

from underneath securely mounting the section to the slide. In our protocol, we were 

referring to the first method of thaw mounting in our protocol. By either method, we 

agree that no slide or finger should come into contact with the section on the top side of 

the slide as it would significantly damage the tissue or change chemical distributions. 

*Rebuttal Comments
Click here to download Rebuttal Comments: RebuttalComments_2013-01-28.docx 

http://www.editorialmanager.com/jove/download.aspx?id=36036&guid=2554c032-501a-4c82-a02b-5f25e96a17a9&scheme=1


We believe that we have clarified this by removing part of our description and adding a 

clarifying statement about handling of the slides. 

 

Reviewer #2:  
Major Concerns: 

 

1. “The claim "Ultimately, gas phase ions are produced through ESI-like processes following 

the ion evaporation or charge residue models" appears to be unjustified. That ion generation 

from DESI-yielded analyte-containing droplets follows the mechanisms of ESI is likely (and 

believed by many), yet this is yet to be experimentally proven. Furthermore, recent studies 

indicate that ion generation in ESI can occur through other processes than the ion evaporation 

and charge residue models, leaving the claim incomplete for ESI and thus for DESI as well. 

Please remove or rephrase the claim.” 

a. We agree that the exact mechanism of ion formation has yet to be proven 

experimentally. We have since included a statement to clarify the remaining uncertainty 

on the ionization mechanism. 

2. “I think Steps 1.7.1, 1.7.2, and 1.7.3 should be moved to Section 2 as they contain variables 

that likely require optimization (e.g., spray solvent composition, flow rate, nebulizer gas 

pressure, and spray voltage).” 

a. We had included the initialization of the equipment in Section 1.7 for the interest of 

time to start while waiting for the tissue section to thaw as a practical measure. These 

variables do require optimization for different experimental set-ups as well as sample 

type. We had included specific values for these variables because they are regularly 

used in our lab for this particular sample. We have since added a statement within 

section 2.1.1 to clarify that these variables should be optimized for different set-ups or 

samples.  

3. “Please consider including steps to optimize the variables identified in 3), if applicable.” 

a. We have added a statement about the impact of spot size on image resolution to the 

Procedure section (3.1.1) in addition to the existing point made in section 3.2.1 and 

within the Discussion. We feel that this guidance is sufficient for a reader to make an 

informed decision regarding the desired motion parameters and resulting perceptions of 

image resolution without belaboring the optimization.  

4. “In Step 2.5.1, the protocol recommends moving the sample slide to avoid depleting the 

material (brain tissue) during optimization. The protocol however fails to account for 

chemical changes that are intrinsic to the sample and can present upon moving the stage. For 

example, the corpus callosum to the cerebral cortex have different chemical composition, 

thus moving the point of analysis between these anatomical regions (without recognizing 

this) could mislead the user in finding optimal conditions for ionization. Please address this 

concern and, alternatively, recommend a negative control.” 

a. We agree that the different chemical compositions in the tissue make it difficult to 

make a precise interpretation of the effects of each step within the optimization process. 

We have elaborated on this point within the protocol (2.5.1), recommending a focus on 

the thalamus of the section, which would have a slightly more homogeneous 

composition. We have also added the suggestion of using red Sharpie® for preliminary 

optimization; however changing the sample surface and chemical class of the analyte 



will still not necessarily provide the final optimized set of parameters, but may require 

less tuning. 

5. “Executing Step 2.6 will void the conditions optimized per Step 2.5. Thus, please move Step 

2.6 before 2.5 or refer back to Step 2.5 to call for the need for re-optimization via Steps 2.1 

and on.” 

a. We agree that the process of optimization of the DESI ion source is cyclical and that all 

variables are interrelated. Therefore in section 2.7.1, we have added a note to highlight 

the need for re-adjustment of other variables following the tuning of one.  

6. “Please comment in the discussion section on the protocol's adaptability to performing MSI 

in three dimensions at ambient conditions as already demonstrated by DESI.” 

a. While 3D imaging was not our original focus, we agree that 3D imaging is at the 

forefront of the field and of great importance. We have since added a brief discussion 

on 3D imaging in the discussion per your recommendation. 

 

Minor Concerns: 

 

7. “Please evaluate whether ion suppression effects due to the OCT compound would be of 

concern in DESI MSI, that users should be aware of.” 

a. The primary reason that minimal OCT is used, rather than embedding the sample is due 

to ion suppression from the OCT. We have added a statement in section 1.3.2 regarding 

this issue to make the reader aware of the reasoning. 

8. “Please correct "translational stage" to "translation stage"” 

a. We have corrected this term throughout the document. 

 


