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ABSTRACT 46 

Rapid, sensitive, precise and accurate analysis of samples in their native environment, in vivo, 47 
has become crucial to better decipher physiological and physiopathological mechanisms. 48 
SpiderMass is an ambient mass spectrometry system designed for mobile in vivo and real time 49 
surface analysis of biological tissues. The system employs a fibred laser, which is tuned to 50 
excite the most intense vibrational band of water resulting in a process termed Water Assisted 51 
Laser Desorption/Ionization (WALDI). The water molecules act as an endogenous matrix in a 52 
MALDI-like scenario leading to the desorption/ionization of biomolecules (lipids, metabolites 53 
and proteins). The ejected material is transferred to the mass spectrometer through a several 54 
meters long transfer line and atmospheric interface. Herein, we formulate a three-stage 55 
procedure including (i) laser system setup coupled with a Waters Q-TOF and ThermoFisher 56 
QExactive mass analysers, (ii) analysis of specimens and (iii) data processing which describes 57 
the optimal setup for the analysis of cell cultures, of fresh-frozen tissue sections and in vivo 58 
experiments on the skin. With proper optimisation the system can be used for a variety of 59 
different targets and applications. The entire procedure takes up 1-2 days for complex samples. 60 

 61 
 62 
  63 
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INTRODUCTION 64 

Rapid, sensitive, precise and accurate analysis of samples in their native environment in in vivo 65 
conditions has become a crucial part of routine analysis. By preserving the samples in their 66 
original state, without the need of sample preparation, we can better decipher the underlying 67 
biological mechanisms. For example, the improvement of cancer treatment and prognosis 68 
highly relays on the development of novel technologies allowing for rapid molecular 69 
diagnostics in an intraoperative context of cancer surgery. Therefore,  there is a growing need 70 
for the development of mass spectrometric (MS) techniques working under ambient conditions 71 
which enable in vivo/in situ analysis in real-time1–4. The development and use of ambient 72 
ionization MS (AIMS) techniques5,6 has become widespread since they require minimal sample 73 
preparation for analysis, contrary to traditional vacuum based MS approaches. Under ambient 74 
conditions the formation of analyte ions from the sample is most often promoted by surface 75 
bombardment. This is achieved with charged solvent droplets (Desorption Electrospray 76 
Ionization; DESI7, photons such as Atmospheric Pressure Matrix-Assisted Laser Desorption 77 
Ionization (AP-MALDI)8,9, Laser-Ablation ElectroSpray Ionization (LAESI)10,11 or Matrix-78 
Assisted Laser Desorption Electrospray Ionization (MALDESI)12; or even through excitation 79 
of species from the inert gas and Low Temperature Plasma (LTP)13. All of these technological 80 
advancements brought MS closer to in situ analysis by examination of living organisms, 81 
detection of pesticides in plants, and even detection of drugs, smoke or gunpowder residues 82 
directly from skin14–17. In the clinics, the first advances of AIMS were made with the 83 
development of probe electrospray analysis (PESI)18–20, needle biopsy and spray ionization21 84 
and direct analysis in real time (DART) 22,23 by directly analysing patient material. The methods 85 
showed great potential and are ideal for bench top routine analysis of patient samples but can’t 86 
be used in vivo intraoperatively because of safety and invasiveness issues or incompatibility 87 
with the sample size. The next big challenge is to adapt the AIMS methodology for in vivo 88 
analysis, which requires rapid, sensitive, precise and accurate measurements. Recently, several 89 
MS based systems have been developed in translational research for in vivo analysis and real-90 
time diagnostics. The first system, the intelligent surgical knife (iKnife), based on rapid 91 
evaporative ionization mass spectrometry (REIMS), was developed in 2009. The iKnife 92 
produces gas phase ions of evaporated tissue after the contact with the surgical tool24,25. The 93 
gas phase ions are than subsequently transmitted to the mass spectrometer through a Teflon 94 
tubing of more than 1m length using a Venturi gas jet pump24. The analysed molecular 95 
signatures are than subjected to classification using multivariate classifiers25. The system has 96 
been tested in vivo and provided confident identification of normal, borderline and malignant 97 
tissues derived from ovary cancer patients26, breast cancer patients27 as well as endoscopic 98 
classification of intestinal wall, cancer and polyps28. The technique is compatible with 99 
commonly used surgical devices (e.g. electrosurgical electrode, surgical diathermy, bipolar 100 
forceps or cavitron ultrasonic surgical aspirator) but is highly invasive: the iKnife technique 101 
utilizes the surgical aerosols (or smokes) formed during normal surgical interventions and 102 
provides the molecular information while the tissue excision is performed. Since the analysed 103 
tissue is physically cut it makes it difficult to be used for histological cross-validation27. In 104 
addition, the analyte detection is limited to metabolites and lipids in the negative ion polarity. 105 
Recently another system, the MassSpec Pen, was developed which consists of a syringe pump 106 
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delivering a defined water volume to the sampling probe, PTFE tubing integrated with valves 107 
to transport the water to and from the tissue, and a pen-size device for probing of biological 108 
specimens2. During the experiment, a water droplet is deposited on the tissue for a 3s period, 109 
allowing the extraction of analytes. The droplet is vacuum-extracted to the mass spectrometer 110 
and analysed. The system is based on non-destructive liquid-solid extraction and can be applied 111 
during in vivo tissue analysis2. The use of water as a solvent, however, limits the analyte 112 
extraction to hydrophilic species and suffers from contamination due to the presence of 113 
interstitial fluid and blood on surgically exposed tissue surfaces. The tip is placed in tight 114 
contact with the tissue and after each use it must be replaced or washed with automated flushing. 115 
The MasSpec Pen was demonstrated for ex vivo analysis of ovarian cancer biopsies or in vivo 116 
on murine model samples 2,29.  117 
 118 
In vivo real time analysis using SpiderMass 119 
We introduced the SpiderMass system for in vivo and real time analysis using a laser in the 120 
infrared (IR) wavelength in 2014 3,30. Contrarily to its first attempts for direct excitation of 121 
analytes and laser ablation31, the SpiderMass is tuned to excite the most intense vibrational band 122 
(O-H) of water molecules (2.94 µm) in a process described as Water-Assisted Laser Desorption 123 
Ionization (WALDI). Similar to Matrix-Assisted Laser Desorption Ionization (MALDI), 124 
WALDI uses water as an endogenous MALDI matrix to produce gas phase ions. Water was 125 
previously reported as a possible MALDI matrix and was used to analyse proteins trapped in 126 
ice crystals32, peptides in aqueous solution9 or oligosaccharides33. Here, the water content of 127 
the tissues is submitted to resonant excitation to generate a MALDI like mechanism except that 128 
the matrix is already within the system to be analysed. Organisms on average consists of 70-129 
80% of water. The resulting ions are then aspirated via a transfer line and detected in a mass 130 
spectrometer. The acquired MS spectra show similar characteristics as during the MALDI 131 
process with observations such as the collective effect, low fragmentation (if laser energy just 132 
above the threshold energy for ion production is used) and the capacity to detect both positive 133 
and negative ions or to analyse large polar molecules such as proteins.34. An OPO (Optical 134 
Parametric Oscillator) system coupled to a Nd:YAG pump with accordable wavelength 135 
providing 6 ns pulse duration is used as a source. At the set 2.94 µm wavelength, the OPO 136 
system provides the necessary laser energy output (>3-4 mJ/pulse, but preferentially less than 137 
9-10 mJ/pulse to limit fragmentation). The OPO can be coupled to a laser fiber ending in a 138 
handpiece which allows to freely screen any surface ex vivo or in vivo. After the fired laser shot, 139 
the resulting plume is aspirated via a polymer-based tubing of up to 5m long and positioned just 140 
above the analysed tissue. The collected aerosols are then delivered to the mass analyser, 141 
without the need of a post-ionisation device. The laser source can thus be placed remotely from 142 
the MS instrument and is rendered mobile by the use of a fibered laser system with up to 2m 143 
long fiber. The system can be coupled to different MS analysers such as QTOF Waters 144 
technology (XEVO, Synapt G2-S) equipped with the custom-made REIMS interface or Thermo 145 
Q-Orbitrap (Q-Exactive) instrument equipped with a homemade inlet interface (Fig.1). The 146 
resulting molecular profiles can be further processed and compared with spectral libraries or 147 
databanks. In this protocol, we provide detailed instructions to correctly operate the SpiderMass 148 
system and acquire molecular profiles from several biological entities. In addition, a schematic 149 
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workflow (Fig.2) from sample preparation to data processing is described in order to ensure 150 
correct applications of the system. 151 
 152 
Applications of the method 153 
Though the SpiderMass system has predominantly been developed for in vivo and real-time 154 
applications in oncology, it can be applied to a variety of different research areas such as 155 
dermatology, food safety and drug pharmacokinetic3,35,36. Currently, the SpiderMass system has 156 
been successfully applied to analyse ex vivo ovarian cancer biopsies and in vivo human skin, 157 
genetically modified macrophage cell lines, bacterial biotyping as well as intact proteins in 158 
solution3,34,36,37. Moreover, the recent applications of the described protocol ex vivo enabled 159 
analysis of dog sarcoma biopsy cohort, and multivariate statistical analysis allowed for the 160 
correct classification (97% of specificity) of tumour type and grading35. Furthermore, the 161 
system demonstrated its applicability in vivo during the surgery in an Oncovet clinic35.  162 
 163 
Comparison with other methods 164 
There are several advantages of SpiderMass over other ambient ionization techniques for in 165 
vivo and real-time analysis. One of the major advantages is the low invasiveness or low 166 
penetration depth of the microsampling probe in comparison to the iKnife25,26. Only about 167 
0.025-0.05 mm3 is sampled in one experiment for a total of 100 laser shots and a laser spot size 168 
of 400 µm which means a 2-4 µm depth material removal per laser shot3. On skin the laser 169 
leaves a white trace due to tissue dehydration which disappears within minutes after moistening 170 
of the skin. Due to this low invasiveness, SpiderMass analysis can be performed even on thin 171 
tissue sections when the availability of the biological material is limited. Though the recorded 172 
molecular profiles don’t change, if the tissue is sectioned or analysed as whole pieces, it does 173 
have an effect on the penetration depth. The laser marks are more visible when analysing tissue 174 
sections because they are much drier than tissue pieces. Interestingly, hardly any tissue damage 175 
was observed even during in vivo experiments in dog patients. Another method very similar to 176 
SpiderMass that was introduced in Zarrine-Afsar lab in 2017 is the PIRL38. In PRIL, the 177 
nanosecond laser is replaced by a handheld picosecond laser. The picosecond impulsion reduces 178 
the thermal effects and is expected to result in a slightly smaller damage of the ablated tissue38–179 
40. However, the picosecond range doesn’t undergo MALDI-like desorption/ionization 180 
mechanism and therefore, result in in lower ionization yields. Another advantage of the 181 
SpiderMass is the positioning of the handpiece. The laser is positioned far enough from the 182 
sample and avoids cross-contamination of consecutively analysed tissue areas in comparison 183 
with the MasSpec Pen where the tip needs to be washed or removed after each use2. In addition, 184 
due to the nature of the IR laser desorption/ionization (WALDI), the system routinely provides 185 
good quality and high intensity spectra for a large variety of biomolecules from lipids to 186 
proteins in both positive and negative ion modalities, which is limited or not reported in the 187 
aforementioned techniques. Finally, the laser is equipped with optic fibres (fibres up to 2m 188 
length were shown to provide sufficient laser energy) and the use of transfer tubes of several 189 
meters, render the use of the laser microprobe flexible and versatile.  190 
 191 
 192 
Limitations and potential improvements of the protocol 193 
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One of the major limitations of the SpiderMass is the robustness of the microsampling device. 194 
The optical fibre is still very delicate and prone to breakage, when constantly moving the 195 
handpiece and operating in the real clinical environment (surgery room). This however, doesn’t 196 
pose a great issue when performing routine research analysis in a stationary environment. In 197 
the future, we intend to replace the optical fibres by more robust jacketed ones or placed within 198 
a small-bore stainless-steel flexible conduit to avoid extensive breaking (especially for >1m 199 
fibres) while maintaining flexibility. In the current setting the microprobing device gives a laser 200 
spot diameter of 400 µm but we wish to decrease it to 100 µm for more accurate analysis of 201 
smaller margins or enlarge it to more than 1 mm for screening of bigger area. Yet, another 202 
limitation for application in the clinics is the portability of the whole instrumentation platform. 203 
Due to the size of the SpiderMass platform it cannot be moved from one room to another such 204 
as other devices use in hospitals (e.g. ultrasounds devices). It must be installed at a dedicated 205 
location in the surgical theatre or in pathology laboratories. Development of a more 206 
miniaturized platform for clinical or in the field applications is definitively something important 207 
to look for in the future to ensure better mobility of the system. An additional disadvantage over 208 
other AIMS techniques is that the current SpiderMass system doesn’t provide spatial resolution 209 
for a morphology-based tissue analysis. This is currently performed with complementary 210 
techniques such as MALDI35 for cross-validation Though, the techniques such as IR-211 
MALDESI provide additional 2D information for ex vivo/in situ analysis, they can’t be used for 212 
fast screening and in vivo, limiting their use for cancer diagnostics. Their current setup also 213 
limits their use in the surgery room. However, we plan in the future to decrease the laser beam 214 
diameter (by changing the focal lens of the handpiece) down to 100 µm and intend to add an 215 
imaging dimension to the SpiderMass by automated acquisition through a motorized (x,y) plate.  216 
 217 

EXPERIMENTAL DESIGN 218 

Sample preparation. In order to ensure the proper performance of the sample analysis, it is 219 
important to properly design the sample preparation. Analysis of standards and cell cultures is 220 
straight forward and requires only to spot a few µL of the desired sample onto a glass slide 221 
followed by drying under vacuum. The surgically removed tissues (biopsies) are processed 222 
following our preferred protocol (see Reagent Setup). Immediately after removal, the tissue 223 
should be snap frozen in liquid nitrogen and stored at -80°C before further analysis. Prior to 224 
sectioning, the tissue should be warmed up to -20°C in the cryo-microtome (the sectioning T 225 
varies depending on the tissue analysed from -10°C to -30°C). The tissues are halved using a 226 
metallic tissue cutting tool. The first half of the tissue is sectioned into 10-20 µm thin sections 227 
and thaw-mounted on the glass slide for SpiderMass analysis. The second half is preserved for 228 
histopathological examination using Hemalun, Phloxine, and Saffron staining as described in 229 
Box 1. In this way we get a direct correlation between the tissue areas analysed with SpiderMass 230 
and the pathological annotations. This is vital to assign the MS spectra to the right 231 
morphological and pathological class. The staining is evaluated by a trained pathologist who 232 
provides delineation of the different ROIs (Box 1). This control has to be incorporated to any 233 
SpiderMass analysis. 234 
 235 
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SpiderMass System setup. The SpiderMass setup is constituted of three main parts (i) a 236 
microsampling probe, (ii) a transfer line and (iii) a mass spectrometry analyser. Each of the 237 
parts must be carefully set-up and optimized for operation. The microsampling probe is 238 
composed of a tunable wavelength OPO (between 2.8µm to 3.1µm) pumped by a Nd:YAG 239 
laser (pulse duration 5ns, λ=1064). A biocompatible laser fibre is connected to the laser output 240 
and handpiece. The system includes a 4 cm focusing lens attached at the end of the fibre behind 241 
a CaF2 window (Fig.3). The proper setup of the microsampling probe is described in Steps 1-5 242 
in the PROCEDURE. The handpiece with the 4 cm focusing lens ensures proper holding and 243 
focusing of the beam diameter to 500µm. Prior to analysis, the laser setup must be conducted 244 
as described in Steps 6-28. The 3 m ion transfer line can be composed of different polymer 245 
material with the reduced polymer release such as PTFE. For in vivo analysis the tubing should 246 
be composed of biocompatible polymers such as Tygon® ND 100-65. One side of the transfer 247 
line is connected to the laser handpiece and on the other side directly to the inlet of the selected 248 
mass analyser (Step 29). For example, on the Waters Synapt G2-S the tubing was connected to 249 
the REIMS atmospheric pressure interface which is placed at the inlet of the MS instrument 250 
after removing the conventional ESI source (Step 29 Option A). The transfer line is attached 251 
directly on the custom-made REIMS interface capillary. This interface is not using the usual 252 
Venturi assisted aspiration, as the vacuum of the mass spectrometer is enough to draw the 253 
molecules back for analysis, and avoids vapour dilution (Fig.4). 254 
 255 
SpiderMass sample analysis. Following the microprobe and transfer line system setup the 256 
laser system should be properly optimized (laser energy, number of laser shots, distance 257 
between the sample and handpiece, etc.). Our laboratory practice is to use fresh-frozen 10-20 258 
µm tissue sections of bovine liver thaw mounted on a regular glass slide to optimize the 259 
necessary parameters (steps 30-32). It is important to evaluate the influence of laser energy, 260 
irradiation time, and laser shots and check ion detection by monitoring the total ion current 261 
(TIC). In order to perform good quality analysis, the energy should be set to 4-5 mJ (steps 33-262 
40). Routine systematic analysis should be performed every day to check the system stability 263 
and reproducibility. As an important consideration the selected mass analyser must be 264 
calibrated before use. After selecting the appropriate ion mode and mass range, an external 265 
calibration is performed. Standards are selected based on the molecules and mass range of 266 
interest. The external calibration will ensure high mass accuracy and confidence for further 267 
identification. For calibration on the Waters Synapt G2-S instrument follow steps 41-47. The 268 
calibration for the Q-Exactive should be performed accordingly to the standard Thermo Fisher 269 
protocol (Step 40). Prior to sample analysis the fresh-frozen tissue sections must be taken out 270 
of the -80°C and thawed to room temperature for 1 min. The different sampling regions can be 271 
selected based on prior histopathological examination and annotation of the same specimen. 272 
The irradiation time of the microsampling probe is dependent of the samples under 273 
investigation. The irradiation times are shown for different examples. Finally, we describe the 274 
parameters for analysis of cell pallets (Step 48 Option A), fresh frozen tissue sections (Step 48 275 
Option B) or in vivo skin (Step 48 Option C). 276 
 277 
Data analysis. Data analysis is strongly dependent on the research question and the mass 278 
spectrometer currently used in the setup. Based on the quality of spectra several pre-processing 279 
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steps must be considered. In this case, background subtraction, noise removal, binning and peak 280 
picking algorithms should be applied (Steps 49-51). The data analysis software is provided by 281 
the MS vendors. The MassLynx software (Waters) and Xcalibur (Thermo Fisher) have the 282 
capability to pre-process the acquired molecular profiles. The spectra pre-processing and peak 283 
list can also be created through mMass open source mass spectrometry tool41,42. In order to 284 
perform intra-sample and inter-sample comparison the peak lists are extracted to realize 285 
additional statistical analysis. Unsupervised or supervised computational statistical analysis 286 
such as principal component analysis (PCA), linear discriminant analysis (LDA) and 287 
classification models can be processed in additional software packages such as the Offline 288 
Model Builder (OMB) v.1.1.773.0 (Waters Research Center, Budapest, Hungary) 289 
 290 
Building a classification model. Sample cohorts comprising of many samples can be classified 291 
using the OMB software package according to Box 3. The raw data files acquired on the Waters 292 
Q-TOF mass spectrometer are directly imported into the OMB software. The previously 293 
described pre-processing of the spectra can also be performed within the software. All of the 294 
imported spectra are then used to build a PCA and LDA-based classification models. The PCA 295 
analysis is used to decrease the dimensionality of the data sets and generate a list of features 296 
showing the largest variance within the data set. Further on, the features are subjected to 297 
supervised LDA through user assigned classes. These classes are usually defined based on 298 
tissue phenotypes. The LDA is used for a second space transformation, in which it minimizes 299 
the intra- (within) class variance and maximizes the inter- (between) class variance. By the 300 
nature of LDA, the more classes the user assigns, the more dimensions are necessary for the 301 
separation of these classes in the LDA space. Once a transformation matrix is calculated, any 302 
novel spectrum can be transformed to the LDA space, and Mahalanobis distances are calculated 303 
from each previously assigned class average. The algorithm will classify the novel spectrum 304 
into the closest class, unless the distance is larger than a user defined n*standard deviation of 305 
that class. In this case, the spectrum will be marked ‘outlier’. The performance of LDA can be 306 
assessed by cross-validation. The cross-validation is performed by removing a part of the cohort 307 
and building the model again. In order to avoid any bias in the data, usually a full group of 308 
samples (patients) if removed from the cohort before PCA and LDA is recalculated. This step 309 
is iteratively and randomly performed for at least one third of the total cohort. Each time the 310 
model is built again, and the remaining samples classified against the built model. 311 
 312 
Evaluation and identification of molecular species. Statistically significant discriminative 313 
molecular species are further identified by the means of MS/MS analysis according to Box 4. 314 
The tandem MS/MS analysis using low or high energy collision induced dissociation (CID) 315 
ensures the creation of specific fragmentation patterns of selected precursor ions. The MS/MS 316 
analysis can be performed on either of the selected mass analysers. For higher mass accuracy it 317 
is preferable to select the Q-Exactive mass spectrometer because of the higher collision 318 
dissociation provided by the HCD fragmentation cell of the Q-Orbitrap instrument. The 319 
identifications of selected ions are performed directly from the tissue sections in real-time by 320 
switching the mass analyser between “full-scan” and MS/MS modes. The resulting 321 
fragmentation spectra are than compared to available online spectral databases such as 322 
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LIPIDMAPS or METLIN. Additional confirmation can be performed by MS/MS analysis of a 323 
standard solution. 324 
 325 

MATERIALS 326 

Biological materials 327 

• Cell lines of interest: In the example described in this protocol we use wild-type NR8383 328 
macrophages, NR8383 PC1/3 knockdown (KD) and NR8383 non-target (NT) shRNA 329 
cell lines. The rat alveolar macrophage NR8383 cell lines (CRL-2192) were obtained 330 
from ATCC (USA). NR8383 PC1/3 non-targeted (NT) and knockdown (KD) were 331 
produced in house43. Our approach is anticipated to be compatible with any cell type.  332 
!CAUTION: The cell lines used in your research should be regularly checked to 333 
ensure they are authentic and are not infected with mycoplasma. 334 
 335 

• Frozen animal tissue sections: In the example described in this protocol we use frozen 336 
(-80°C) dog sarcoma tissue samples. We collected tumour material from 25 patients 337 
following different pathology. Normal/healthy material was obtained from the same 338 
patient when possible during surgeries. Fresh tissues removed from the biopsy should 339 
immediately be snap-frozen and stored at -80°C. Fresh frozen tissue sections can be 340 
prepared following our preferred protocol described in the Reagent Setup  341 
!CAUTION All experiments performed on animals must follow the “3 Rs” policy of 342 
Refinement, Reduction and Replacement according to international, European and 343 
national ethical standards for experimental research. All dog sarcoma samples used in 344 
this protocol were collected after the signed consent from the owners and within the 345 
respect of French ethical guidelines. 346 

• Patient donors for in vivo human skin analysis. 347 
!CAUTION All subjects have to give their informed consent submitted to the ethics 348 
committee prior to the participation in the study. In France, all work involving the use 349 
of patient biological samples and databases follow the ‘Loi relative aux droits des 350 
malades’, March 4 2002, n°2002-303, modified February 2010 and the European 351 
directive 95/46 CE as well as law no 78-17 from the 6th of January 1978 (modified law 352 
94-548, on the 1st of July 1994, decree no 78-774, from the 17th of July, 1978, modified, 353 
decree no 95-682 from the 9th of May, 1995) (‘Loi informatique et 354 
Liberté’)(http://www.cnil.fr). 355 
 356 

 357 

Reagents 358 

• Methyl alcohol (99.8% ≥ Sigma-Aldrich, https://www.sigmaaldrich.com/, cat.no. 359 
320390) !CAUTION This reagent is a volatile, highly flammable solvent that is harmful 360 
upon skin contact and inhalation, toxic when swallowed. Use in a fume hood.  361 
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• Ethyl alcohol, dehydrated (HPLC grade, Biosolve) !CAUTION Flammable liquid and 362 
vapor. Use in a fume hood. 363 

• 2-propanol (LC/MS Grade, https://www.sigmaaldrich.com/, Sigma Aldrich). 364 
!CAUTION Flammable liquid and vapor. Use in a fume hood. 365 

• Water (HPLC Grade, Acros Organics, cat.num. 268300025 ) 366 
• Ham's F-12K (Kaighn's) Medium (ThermoFisher Scientific, cat.num. 21127022) 367 
• Fetal bovine serum (ThermoFisher Scientific, cat.num 16140-071) 368 
• Paclitaxel 58mM (Taxol, https://www.sigmaaldrich.com/, Sigma Aldrich, cat. num. 369 

T7191) 370 
• Puromycin Dihydrochloride (ThermoFisher Scientific, cat.num. A11138-03)  371 
• 100g Bovine liver (Auchan) for system calibration. 372 
• Liquid nitrogen for preparing tissue sections  373 

!CAUTION Causes severe burns. Handle with warm gloves and wear safety goggles  374 
  375 

Equipment 376 

• Personalized protective equipment (PPE) 377 
• Kimtech wipes (Kimberly-Clark) 378 
• 100 mL volumetric flask 379 
• 1000 µL micropipette (Eppendorf) 380 
• 200 µL micropipette (Eppendorf) 381 
• 20 µL micropipette (Eppendorf) 382 
• Polylysine coated glass slides or regular glass slides (Thermo Scientific cat. num. 22-383 

037-246) 384 
• Wheaton dry seal vacuum desiccator (Sigma Aldrich, cat.num. Z74816)  385 
• 3 m PTFE tube with 2.5 mm inner diameter (Automation direct cat.num. 386 

PT4MNAT100)  387 
• 3 m Tygon® ND 100-65 tube (2.4 mm inner diameter, 4 mm outer diameter, Saint-388 

Gobain, France, VWR cat.num. VERNADF00004, or ThermoFischer Scientific cat. 389 
num. 14-171-296.)  390 

• OPO LASER tunable between 2.8 µm - 3.1 µm (Radiant version 1.0.1, OPOTEK Inc. 391 
Carlsbad, USA) pumped by a pulsed Nd:YAG laser (Pulse duration 5ns, λ=1064 nm, 392 
Quantel, Les Ulis, France) 393 

• Biocompatible laser fiber (450µm core diameter; 1m; Infrared Fiber Systems, Silver 394 
Spring USA). 395 

• PM100D Power Meter (ThorLabs, db Electronic Instruments srl, Milano, Italy) 396 
• Microtome blades (Microtech MM35) 397 
• Cryo-microtome (Leica CM 1510S)  398 
• Mass analyzer (Q-TOF Synapt G2-S, Waters; Q-TOF Xevo, Waters; Q-Exactive 399 

Orbitrap mass spectrometer, ThermoFisher Scientific) 400 
• MassLynxV4.1 software (Waters, provided by the vendor) 401 
• Xcalibur Software v4.0 (Thermo Fisher Scientific, provided by the vendor) 402 
• Offline Model Builder, v1.1.773.0 (Waters Research Centre) 403 
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• OMB Recognition, v.1.1.857.0 (Waters Research Centre) 404 
• Case viewer v.1.15 (3DHISTECH, access: https://www.3dhistech.com/caseviewer) 405 
• mMass - open source mass spectrometry tool (access: http://www.mmass.org/)  406 
• Lipid identification Database (The LIPID MAPS Lipidomic Gateway, access: 407 

https://www.lipidmaps.org/) 408 
• METLIN MS/MS metabolite database (Scripps Research, access: 409 

https://metlin.scripps.edu/) 410 

 411 

Reagent Setup 412 

5mM NaF solution. 413 
Pipette 40.5 mL of iso-propanol (IPA) and 4.5mL LCMS grade water into a 100 mL volumetric 414 
flask. Cap and invert to mix. This produces a 90:10 (v/v) solution. Pipette 56 µL of 4M Sodium 415 
formate into the 90:10 (v/v) solution. Cap and invert to mix. Store up to 4 weeks at 2-8°C 416 
 417 
Preparation of cells. 418 
Cell lines are cultured according to the best-known procedure for the cell line type studied. For 419 
example, culture NR8383 wild type macrophages in Ham’s F12 K medium supplemented with 420 
15% (v/v) foetal bovine serum. NR8383 PC1/3 knockdown (KD)44 and NR8383 non-target 421 
(NT) shRNA cell lines should be cultured in Ham’s F12 K medium supplemented with 15% 422 
(v/v) foetal bovine serum and 12 μg/mL puromycin. Culture cells in an incubator at 37 °C and 423 
5% CO2. In our example, cell lines are pre-activated  or not with Taxol (Placitaxel) after 24H 424 
incubation of the cell lines with the treatment45. After culture, centrifuge the cells for 15 min at 425 
5000g at room temperature (RT: 20-25°C). After centrifugation, remove the supernatant and 426 
pipet 10 μL of the cell pellet. Place the 10 µL of cell pellets onto a glass slide and dry it using 427 
a vacuum dryer before analysis. The samples should be prepared and analysed fresh.  428 
 429 
Preparation of fresh-frozen tissue sections 430 
Follow the Procedure below to prepare fresh-frozen tissue sections. 431 

1. After surgical removal, put the fresh tissues into cryogenic tubes and snap-freeze them in 432 
liquid nitrogen. !CAUTION when handling liquid nitrogen wear personalized protective 433 
equipment (PPE). 434 

2. When the tissues are well frozen, label and store them in -80°C freezer until use.  435 
3. Before sectioning place the tube containing the tissue in the cryo-microtome at -20°C. 436 

CRITICAL STEP The cryo-sectioning temperature may vary depending on the tissue 437 
type. It should be set between -10°C and -30°C. Stabilize the tissue for 20 minutes. Cut 438 
the tissue into two halves.  439 

4. Section the first half of the tissue into 10-20 µm thick sections  440 
CAUTION when sectioning the tissue sections, wear protective cutting gloves. 441 

5. Thaw-mount an individual tissue section on the glass slide. 442 
6. Section one slice of the second half of the tissue for histopathological examination (see 443 

Box 1 for details).  444 
7. Store the samples in the -80°C until further use.  445 
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PAUSE POINT: The fresh frozen tissue sections can be stored up to 2 years in the -80° freezer. 446 
 447 
 448 

Equipment setup 449 
Mass spectrometry parameters for Q-Exactive instrument. 450 

Instrument Parameter Setting 

Scan type Full MS 
Scan range 200-1800 
Resolution 70 000 
Microscans 1 
AGC target 5.00E+06 
Maximum injection time 1000 ms 

run time 0.2 min 

Scan rate 3.7 scan/sec 

NSI Source   

Capillary temperature 350°C 

S-lens RF level 50.0 
 451 

Mass spectrometry parameters for Waters Synapt G2 instrument. 452 
Instrument Parameter Setting 

LM Resolution 4.7 
HM Resolution 15.0 
Source Temperature (°C) 80.0 
Sampling Cone 40.0 
Source Offset 50.0 
Desolvation Temperature (°C) 150.0 

Pressure Setting 

Backing 6.79E-01 

Source 1.37E-03 

Sample Plate 1.00E-06 
Trap 6.64E-03 
Helium Cell 7.88E-05 
IMS 1.28E-04 
Transfer 6.40E-03 
TOF 4.82E-07 
Function Parameter Setting 
Scan Time (sec) 1.0 
Interscan Time (sec) 0.015 
Start Mass 100 
End Mass 1600 
Start Time (mins) 0 
End Time (mins) 0.4 
Data Format Continuum 
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Analyser Sensitivity mode 
 453 
PROCEDURE 454 
Setting up the micro-sampling probe (TIMING 20 min) 455 

1. Check that the CaF2 window is free from particles or tissue debris. In order to clean the 456 
window, first unscrew the ring holding the window. Remove the window from the 457 
funnel and place the window on a wet Kimtech wipe rinsed with MeOH or acetone. Rub 458 
the window gently with the Kimtech to avoid scratching. When the window is clean 459 
from debris place it back inside the funnel and screw it in the O-ring. 460 
CAUTION Gently clean the window to avoid any scratching on the surface.  461 

2. Check that the metallic guide end is still 4 cm away from the lens (preliminary setting) 462 
to be within the range of the focal distance. This can be confirmed by that the spot of 463 
the red guide diode is focused. 464 

3. Prepare a 3m PTFE or Tygon® tubing 465 
4. Cut its end at a 45° angle 466 
5. Place and attach the bevelled end just under the tip of the metallic guide, right above the 467 

site of ablation (Fig 3.) 468 
 469 

Setting up the laser (TIMING 30-45minutes) 470 
6. Switch on the cooling system and wait 5-10 minutes 471 
7. Switch on the computer, then plug in the USB cable connecting the laser  472 
8. Switch on the OPOTEK system using the switch at the rear  473 

CRITICAL STEP make sure the switch is turned in the right direction before switching 474 
on the laser in Step 10. 475 

9. Start the OPOTEK control software  476 
!TROUBLESHOOTING 477 

10. Switch on the flash lamp with the “LAMP” button from the software. Wait 5-10 minutes 478 
for the laser to produce stable energy (cooling T should reach 37°C).  479 

11. Place the optical fibre in the injection support 17 mm away from the exit of the injection 480 
lens.  481 
CRITICAL STEP tighten it slightly to stabilize the fibre and make sure it is in the 482 
fixed position.  483 

12. Place the second end of the fibre in the second output fibre holder. Leave approx. 2 cm 484 
from the exit.  485 
CRITICAL STEP tighten slowly. 486 
CAUTION Be careful when handling the optical fiber since it is prone to breakage. In 487 
case of breakage please see Box 2.  488 
!TROUBLESHOOTING 489 

13. On the OPOTEK software, switch on the red diode “AD” checkbox 490 
14. Open the OPO shutter using the white rotating button on top  491 
15. Check the fibre alignment in the injection system 492 
16. Adjust the position of the fibre with the X and Y micro adjustment screws 493 

CRITICAL STEP: visually look at the fibre entrance surface to check if the laser beam 494 
is properly injected into the fibre. Observation of the red diode beam on the edge of the 495 
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fibre indicates that the injection is not optimized. For optimized injection the red light 496 
partially disappears.  497 

17. Plug in the power meter, set it to 2940 nm and 6 to 10 mJ maximum value (depending 498 
on your power meter sensor) 499 

18. Place the sensor at the end of the microprobe, 1 cm after the focal point to avoid burning 500 
the sensor 501 

19. On the OPOTEK software panel, set the energy to approx. 50% 502 
20. Switch on the Q-switch to make the laser shoot by pressing the “Laser” button 503 
21. Examine the laser energy values on the power meter and adjust the laser position 504 

(coordinates X,Y and Z). The energy should be as high as possible 505 
22. Adjust the laser energy % to obtain 4-5 mJ. 506 
23. Run an acquisition on the power meter for at least 1000 shots.  507 

CRITICAL STEP The standard deviation of the energy shouldn’t be above 20% of the 508 
laser energy, a higher value means there is a problem on the laser 509 

24. Stop the Q-switch, “LASER” off and remove the power meter. 510 
25. Examine the aspect of the beam at the focal point by using a thermal reactive paper. The 511 

red diode should be focused and neat under the following conditions 512 
26. Using the “1 SHOT” button, the diameter of the impact on the thermal paper should be 513 

approx. 500µm 514 
27. Verify that the diode is right under the Tygon® ion guide.  515 

CRITICAL STEP The tubing should be placed just above the focal point to insure the 516 
proper aspiration and guiding of the ions to the mass spectrometer. 517 

28. Attach the back end of the tubing to the source interface of the desired mass analyser. 518 
!TROUBLESHOOTING 519 

 520 
Connecting the transfer line  521 

29. Connect the transfer line to a Waters Q-TOF instrument (Option A) or Q-Exactive 522 
instrument (Option B). 523 
 524 
(a) Connecting the transfer line to a Waters Q-TOF instrument (TIMING – 2 525 
minutes) 526 

i. Connect the DC power supply on the bottom of the REIMS interface 527 
ii. Switch on the DC power supply to heat up the collision surface inside the interface. The 528 

value should be set to 2.4 A, 3V 529 
iii. Connect the transfer tubing on the transfer capillary. The outer diameter of the capillary 530 

is 1.55 mm, thus the classical PEEK fitting is necessary to connect the 2.44 mm inner 531 
diameter Tygon® tubing tight on it.  532 
 533 
(b) Connecting the transfer line to a Q-Exactive (TIMING – 2 minutes) 534 

i. Place the extended transfer capillary on the ion block of the mass spectrometer 535 
ii. Add the metal junction to this transfer capillary 536 

iii. Connect the transfer tubing to the extension 537 
!TROUBLESHOOTING 538 

 539 
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System optimization TIMING 30-45 minutes  540 
CRTICAL We recommend performing routine analyses on bovine liver every day to check the 541 
reproducibility and stability of the results. 542 
 543 

30. Preparation of a bovine tissue section (Steps 30-32): Cut the bovine liver into small 544 
pieces of approximately 1cm3. Wrap them in aluminium foil and snap-freeze the pieces 545 
in liquid nitrogen.  546 
CAUTION Wear appropriate equipment when handling liquid nitrogen.  547 
PAUSE POINT The samples can be stored in the – 80°C freezer prior to thaw-mounting 548 
for up to 2 years.  549 
CAUTION Wear protective gloves when handling the samples in the freezer. 550 

31. Section 10 - 20µm tissue sections in a cryo-microtome.  551 
CAUTION Be careful when cleaning the cryo-microtome and sectioning the samples. 552 
The blades are very prone to cause cuts. 553 

32. Thaw- mount the section onto polylysine coated or regular glass slides  554 
PAUSE POINT: The mounted sections can be stored in the -80°C for up to 2 years 555 
prior to analysis 556 

 557 
33. Evaluation of laser parameters (Steps 33-40): Place the mounted section from Step 32 558 

underneath the sampling probe.  559 
34. Take the handpiece with the microprobe in your hands or stabilize it in a fixed position. 560 

CRITICAL STEP the sampling probe should be 2 to 3 mm from the sample. This way 561 
the bevelled side of the Tygon® tubing should be right above the sample surface to 562 
obtain optimized collection of the expanding plume.  563 
!TROUBLESHOOTING 564 

35. Start acquisition on the mass spectrometer software.  565 
CRITICAL STEP Ensure the mass spectrometer is calibrated and ready for use before 566 
starting acquisition (see Equipment Setup). 567 

36. On the OPOTEK Software, use the “BURST” button to go the dedicated window. Burst 568 
the laser with 4 mJ, 10 Hz, 10 shots and move the sample during and between each 569 
burst.  570 
CAUTION Analysis performed on biological material, volatile or toxic compounds, 571 
should be performed under a certified fume/biological hood. 572 
CRITICAL STEP A classical scheme of analysis is to begin and end the acquisition 573 
by 10 sec blank, and fire 3 bursts separated by 10 sec to let the TIC go back to its initial 574 
background level 575 

37. Stop the acquisition.  576 
38. Evaluate the different parameters for significant ion signal detection. This is done by 577 

looking at (i) the TIC mean value during firing, (ii) the intensity of the highest peak on 578 
the 10 sec averaged MS spectrum, and (iii) the qualitative aspect of the signal.  579 
CRTICAL STEP The evaluation must be performed in positive and negative ion mode 580 
polarity.  581 
!TROUBLESHOOTING 582 
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39. Build a model of the bovine liver. It is convenient to build a model of the bovine liver 583 
in the OMB software. This way you can upload directly the freshly analysed sample and 584 
have a visual look at where it’s situated regarding the other samples.  585 

40. Select the parameters based on the evaluation in Step 35 - 38 for analysis  586 
CRITICAL STEP For calibration on the Waters Synapt G2-S instrument proceed to 587 
steps 41-47. The calibration for the Q-Exactive should be performed accordingly to the 588 
standard Thermo Fisher protocol (https://assets.thermofisher.com/TFS-589 
Assets/CMD/Reference-Materials/WS-MS-Q-Exactive-Calibration-Maintenance-590 
iQuan2016-EN.pdf ).  591 

 592 
41. (Optional) External calibration when using the REIMS interface (Steps 41-47): When 593 

using the Waters Synapt G2-S instrument, tune the mass analyzer in the appropriate ion 594 
polarity and set the desired mass range. 595 

42. For the Water Synapt G2-S, use a calibration solution of NaF at 5mM (see Reagent 596 
Setup) infused in the mass spectrometer REIMS interface at a flow rate of 0.2 ml/min. 597 

43. Once the TIC is stable, run the NaF solution into the instrument for 2 minutes, record 598 
the file.  599 

44. Open the recorded TIC and select all scans to combine for a spectrum.  600 
45. Centroid the spectrum with Masslynx ‘Automatic Peak Detection’ feature and save the 601 

centroid spectrum.  602 
46. Use the save centroid spectrum to calibrate the instrument on the ‘Tune Page’ 603 

Setup>Calibration>Calibrate TOF window.  604 
47. A calibration can be accepted if the both the RMS residual mass and 95% confidence 605 

interval are below 1 ppm. Save both tuning parameters and system settings. 606 
 607 
Sample analysis 608 

48. Analyse the samples. For cell pellets, follow Option A. For fresh-frozen tissue sections, 609 
follow Option B. For in vivo analysis of skin, follow Option C. 610 
 611 

a) Analysis of cell pellets (TIMING – 10 min) 612 
CRITICAL: For Option A, cell cultures should be prepared according to the Reagent Setup.  613 

i. Collect the cell pellets and pipette 10 µL onto the polylysine or regular glass slide 614 
CRITICAL STEP For replicates, spot 3 times 10µL per cell condition on 3 zones 615 

ii. Dry the samples in a vacuum desiccator for 10 minutes.  616 
iii. Place the glass slide underneath the laser sampling probe.  617 
iv. For cell analysis, set the laser energy down to 2mJ/Pulse 618 
v. Start the acquisition on the mass spectrometer software with a scan time of 1sec for the 619 

Synapt G2-S and 200 ms for the Q-Exactive. Use the laser in burst mode. 50 shots are 620 
usually enough to ablate an entire deposition spot. For MS/MS analysis for molecular 621 
identification, see BOX 4. 622 

vi. Repeat step v on the 3 different cell depositions for each cell condition. 623 
!TROUBLESHOOTING 624 

 625 
b) Analysis of fresh- frozen tissue sections (TIMING – 20 min) 626 
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CRITICAL: For Option B, fresh-frozen tissue sections should be prepared according to the 627 
Reagent Setup. The second half of the tissue should be prepared for the histopathological 628 
examination according to BOX 1. It is recommended to have the histopathological annotations 629 
ready prior to analysis of fresh frozen tissue.  630 

i. Take the frozen tissue section (see Reagent Setup) samples from the -80°C to RT and 631 
let them warm up for 1 min.  632 

ii. Place the sample under the sampling probe 633 
iii. Select tissue regions based on external histopathological examination. 634 
iv. Acquire at least 3 molecular profiles of each selected region using 10 s irradiation steps 635 

in positive ion mode. For MS/MS analysis for molecular identification, see BOX 4. 636 
v. Repeat Step iv for each heterogeneous pre-selected region based on the 637 

histopathological evaluation 638 
vi. Repeat Steps ii-v on several slides 639 

vii. Repeat steps ii-vi for negative ion mode 640 
!TROUBLESHOOTING 641 
PAUSE POINT: Samples can be stored in the -80°C freezer for up to 2 years for further 642 
MS/MS analysis but avoid taking samples in and out the freezer multiple times to limit 643 
sample degradation. 644 

 645 
c) In vivo analysis of skin (TIMING – 5 min) 646 

i. Place the finger or skin underneath the sampling probe at a distance roughly 647 
corresponding to the focal distance 648 

ii. Start acquisition on the mass analyser software and turn on the laser. For MS/MS 649 
analysis for molecular identification, see BOX 4. 650 

iii. Move the finger or skin slowly under the irradiation for 30 s 651 
CRITICAL STEP Moving the skin let the laser only ablate the outer-most part of the 652 
skin without going deep into the epidermis. One shot per location ensure ablating only 653 
the stratum corneum. 654 
CAUTION Do not ablate the skin for longer than 5 shots on the same spot to avoid too 655 
much skin damage and irritation.  656 

iv. Switch off the laser 657 
v. Average the spectra over the 30 s irradiation time of each measurement. Extract the TIC 658 

from the averaged spectra. 659 
!TROUBLESHOOTING 660 

 661 
Computational analysis (TIMING 30 min-1h) 662 

49. Load the acquisition in the appropriate software.  663 
CRITICAL STEP the software selection will depend on the vendor of the mass 664 
spectrometer. In our laboratory, all of the data collected on the Q-TOF Waters 665 
instruments is processed by the OMB v.1.1.773.0 classification software Box 3. 666 

50. Depending on the quality of spectra apply pre-processing of the spectra such as noise 667 
removal, baseline subtraction, binning and peak picking. 668 

51. Select peaks which show the statistical and significant difference shown by the 669 
discriminative analysis 670 
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 671 
 672 

TIMING 673 

 Steps 1-5, setting up the micro-sampling probe: 20 min 674 
 Steps 6-28, setting up the laser: 30-45 min 675 
 Step 29, connecting the transfer line 676 

Connecting the transfer line to a Waters Q-TOF instrument: 2 min 677 
Connecting the transfer line to a Q-Exactive: 2 min 678 

 Steps 30-40, System optimization: 30-45 min 679 
 Steps 41-47, External calibration when using the REIMS interface: 15 min 680 
 Step 48, Sample analysis 681 
 Option A Analysis of cell pellets: 10 min 682 

Option B Analysis of fresh- frozen tissue sections: 20 min 683 
Option C In vivo analysis of skin: 5 min 684 

 Steps 49-51 Computational analysis: 30 min-1h 685 
 Option A: MS/MS analysis on Synapt G2-S: 10-15 min 686 
 Option B: MS/MS analysis on Q-Exactive: 10-15 min 687 
 Box 1 Histopathological examination: 10 min 688 
 Box 2 Preparation and polishing of the optical fibre: 1-2h 689 
 Box 3 OMB classifications: 30-45 min 690 
 Box 4 MS/MS analysis 691 
 692 

TROUBLESHOOTING 693 

See Table 1 for troubleshooting guidance. 694 

Table 1. Troubleshooting Table 695 

Step Problem  Possible reason Solution 

At any 

step 

Breakage of the optical fibre  Mechanical damage or high-
energy applied to the fibre 

Polish the optical fibre. See 
BOX 1 for further 
instructions 

9 Software can’t find the laser Communication problem 
between the laser and the 
computer 

Restart the software and 
turn off and on the pump 
and OPO laser 

29 No aspiration at the end of the 
tubing 

The connection between the 
transfer line and transfer 
capillary is not tight 
enough/blocked transfer 
capillary 

Make sure there are no 
possible leaks at the 
connection/ clean the 
transfer capillary 
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38, 48 Dropping of signal intensity 
during acquisition 

Unclean transfer tube or 
source interface  

Replace or clean the transfer 
tube/clean the source 
interface according to 
standard laboratory 
practice. The tube can be 
cleaned with MeOH. 

38, 

48a)iii, 

48b)ii, 

48c) i 

Low signal intensity The sample is not positioned 
on the focal point 

Adjust the height position of 
the sample or handpiece 

38, 48 Very low signal intensity  Problem with  the coil heating Replace the coil in the 
interface; make sure the 
wiring is correct. 

Box 

4a)v 

and 

b)iv 

No fragment ions when 
performing MS/MS analysis 

Low collision energy Increase the collision energy 
until you see fragmented 
ions  

    

 696 

ANTICIPATED RESULTS 697 

In this protocol we describe the correct setup of the microsampling probe to perform 698 
SpiderMass analysis. The SpiderMass system is a MS based system with a broad range of 699 
applications depending on the research question in hand. Here, we demonstrate the anticipated 700 
results when analysis is performed under the optimized conditions using the described setup in 701 
our laboratory. 702 
 703 
Molecular profiles 704 
The mass spectra acquired directly, from either pieces of tissue, tissue sections (bovine liver 705 
biopsies, etc.), cell lines or skin, lie within the 200-1200 mass range in both positive and 706 
negative ion mode. In one single acquisition we are able to detect hundreds of molecular 707 
species. These molecules have been confirmed by MS2 analysis and belong to different lipid 708 
and metabolite species such as phospholipids (PC, PA, PE, PG and PI), fatty acids, 709 
diacylglycerols (DG) and triacylglycerols (TG)3,35. In the negative ion mode, the lipid species 710 
are predominately detected as intact [M-H]- ions. The resulting MS2 fragmentation patterns are 711 
deciphered manually and compared to available libraries such as LIPID MAPS, METLIN and 712 
previous publications. An additional confirmation can be achieved with the MS2 analysis of the 713 
external standard solutions. An example of the acquired MS and MS2 spectra (positive and 714 
negative ion mode) from the 10 µm bovine liver using 10s irradiation at 5mJ laser energy 715 
coupled to the Synapt G2 is shown in Fig. 5. The MS2 on the selected m/z = 885.5 was 716 
performed using 30V collision energy. The fragmentation pattern was manually annotated and 717 
compared to spectral libraries.  718 
 719 
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Reproducibility  720 
The molecular profiles obtained in both positive and negative ion mode are highly reproducible. 721 
With daily systematic analysis of bovine liver tissue pieces or 10–20 µm sections, we obtain 722 
the same molecular profiles with similar relative intensities between the different ions. With 723 
respect to absolute intensities these are depending on the mass analyser used. On average these 724 
are comprised between 104 and 106 for the most intense peaks. There is no variability in 725 
molecular profiles when analysing dried, thawed tissue sections or small pieces of tissue. The 726 
reproducibility was tested using 20 µm bovine liver sections on the Q-TOF configuration by 727 
calculating the similarity of spectra (mean, standard deviation (σ) and coefficient of variance 728 
(CV)). The data was acquired following Steps 33-39. The raw spectra were extracted and 729 
processed using mMass. The similarity was calculated for the TIC, selected ion intensities and 730 
number of peaks after applying the peak picking. The peak picking was performed using S/N 731 
=3 as a threshold, applied baseline subtraction and smoothing. In the first instance we evaluated 732 
the single acquisition reproducibility. Each acquisition is comprised of 3 molecular profiles 733 
during 10 bursts Fig. 6a). The extracted molecular profiles are shown in Fig. 6b. The calculated 734 
mean, standard deviation (σ) and coefficient of variance are shown in Fig. 6c. The CV values 735 
are all below 0.1 which show very low variance within a single acquisition. In the second 736 
instance the reproducibility was tested on a larger cohort acquired at different time points. The 737 
mean, σ, and CV were calculated for N=50 using the same parameters as for the single 738 
acquisition Fig.6 c). All the calculated values are CV<1, which indicates good reproducibility 739 
and stability of the system. 740 
 741 
Classification model 742 
Through the OMB software it is possible to build a classification models for any type of analyte. 743 
Fig. 7 shows an example on how the OMB software classifies dog sarcoma samples in a 2-class 744 
model discriminating healthy vs. cancer tissue types (Fig.7a) from positive ion mode spectra. 745 
Cancer and healthy tissue molecular profiles were manually determined based on histology. 746 
Within each distinct histopathological area, we observe a specific molecular profiles and intra-747 
sample heterogeneity. Thirty-three samples (1791 spectra) were used to build the principal 748 
component analysis (Fig. 7b) and linear discriminant analysis (Fig.7c) classification model. 749 
The first principal component (PC1) describes 37.4% variance, whereas PC2 and PC3 are 750 
described with 13.9% and 7.8% variance, respectively. Extracting the top five loadings show 751 
the most discriminative ions to be m/z 671.6, 687.6, 711.6, 739.6, 790.6 for cancer tissue and 752 
m/z 870.8, 881.8, 895.8, 907.9, 923.9 for healthy tissue (Fig.6 d). The cross-validation method 753 
using “leave one patient out” for the two-class model showed correct classification rate with 754 
99.94 % excluding outliers and 95.37% including outliers (Fig.6 e). The results show that the 755 
obtained molecular profiles for healthy and cancer tissue are in fact reproducible and can be 756 
properly classified with the built model. Further data processing and a detailed explanation of 757 
the results can be found elsewhere35.  758 
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 899 

BOXES 900 
 901 
 902 
BOX 1. Histopathological examination (TIMING 10 minutes)  903 
This box describes a staining procedure for the histopathological annotation of the second half 904 
of the fresh-frozen tissue sections. The staining should be performed when analysing patient 905 
material and prior to analysis in Step 48 b). The annotations should be performed by a trained 906 
pathologist.   907 
 908 
Additional reagents 909 

• Mayer’s Hemalun solution (Sigma Aldrich, https://www.sigmaaldrich.com/, cat. num. 910 
MHS32-1L) 911 

• Eosin-phloxine solution (Merck, VWR, cat.num. 1.02480.1000) 912 
• Ethanol extract of saffron at 10 mg/mL( VWR, cat num. 10047028.) 913 
• Xylenes (Reagent grade, Sigma Aldrich, https://www.sigmaaldrich.com/, cat. num. 914 

214736-1L) 915 
Additional equipment  916 

• 50 mL Falcon Conical Centrifuge Tubes (Thermo Fisher Scientific, 917 
https://www.fishersci.com/, cat.num.14-432-22) 918 

• Vertical Staining Jar with Cover (Ted Pella.inc, cat. num 432-1) 919 
• VENTANA iScan HT (Roche, Germany) 920 

Reagent setup 921 
Preparation of 70% EtOH 922 
Pipette 35 mL of Ethyl alcohol (HPLC grade) into a 50 mL falcon tube. Pipette the rest 25 mL 923 
of LC/MS grade water. Mix well. The solution can be stored at room temperature for a week 924 
during and used for staining.  925 
 926 
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Procedure 927 
1. Section the second half of the tissue into 5µm sections according to Reagent setup: 928 

Preparation of Fresh Frozen Tissue Sections 929 
2. Prepare the solutions in the vertical staining jars in order of the staining procedure 930 
3. Submerge the slide in the Hemalun solution for 1minute 931 
4. Rinse with tap water (10 s) 932 
5. Put the slides in the phloxine solution for 1min 933 
6. Rinse with tap water (10s) 934 
7. Dehydrate in 70% (vol/vol) Ethanol and then 100% (vol/vol) Ethanol for a few seconds 935 
8. Immerse the slide in the saffron extract for 5 to 10sec 936 
9. Rinse the slide in a 100% (vol/vol) Ethanol bath 937 
10. Dip the slides in Xylene to unsaturate the staining 938 
11. Mount the slide with a cover slip and histological mounting media 939 
12. Digitalize the slides with the VENTANA iScan HT: The nuclei are observed in a dark 940 

blue, the cytoplasm is pink, and the connective tissue is orange. 941 
13. The samples can be further investigated with the Case Viewer.  942 

PAUSE POINT The stained slides can be stored at room temperature up to 10 years.  943 
 944 
 945 
BOX 2. Preparation and polishing of the optical fibre (TIMING 1-2 hours) 946 
This box describes the procedure to properly polish the optical fibre after damage or breakage.  947 
Breakage and damage to the fiber can occur any time throughout the protocol.   948 
 949 
Additional reagents 950 

• 1-Methyl-2-Pyrrolidinone (Sigma Aldrich) !CAUTION this product is highly toxic, 951 
handle with great care. Use in a fume hood. 952 

Additional equipment 953 
• 50 mL glass beaker  954 
• 10 mL  Clear Glass Screw Neck Vial (Waters, cat.num. 186001420)  955 
• Fiber Optic Termination Kit ( ThorLabs, db Electronic Instruments srl, Milano, Italy, 956 

cat. num. CK05): Rubber polishing pad, the polishing disk, the fibre microscope 957 
inspector and the polishing sheets using the rougher paper (5µm, 3µm, 1µm and 0.3 958 
µm) 959 

 960 
Procedure 961 
CRITICAL: The instructions for stripping the fibre (Steps 1-7) are available from Infrared 962 
Fibre Systems, Inc. (http://www.infraredfibersystems.com/). 963 

1. Heat a vial of 1-Methyl-2-Pyrrolidinone in a small beaker under the fume hood to 130-964 
150°C  965 

2. Dip the fibre in the solvent for approx. 1 minute or until the coating softens and starts to 966 
peel.  967 

3. Remove the fibre from the solvent and dip it in isopropanol or methanol for one minute, 968 
and then wipe off any remaining coating on the tissue.  969 
CRITICAL STEP The end of the fibre should be clean from the coatings 970 
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4. Strip the remaining swelled coating with your fingernails and Kimtech wipe. 971 
5. Put the fibre on a paper towel and hold it with your index. 972 
6. Use a ruby cutting knife with you other hand to slightly score the surface of the fibre 973 

CRITICAL STEP You must touch the fibre surface perpendicularly or the fibre will break 974 
with an angle  975 
CRITICAL STEP The fibre should not break during scoring or you will get a jagged edge 976 

7. Take the fibre by each side of the score mark, between your two thumbs and indexes and 977 
tear the fibre apart. If the fibre doesn’t cleave easily, rotate the fibre 180° and rescore it. 978 

 979 
8. In usual operation, the fibre will get damaged by the high level of energy going through 980 

it, this will appear by a deterioration of the input and output faces. When you struggle 981 
reaching 4 mJ/pulse at the exit of the handpiece, and you are already at more than 95% of 982 
the laser maximum energy, you need to polish the fibre’s ends. In order to do so, first 983 
remove the fibre from the handpiece and the injection system by untightening the two 984 
holders  985 

9. Prepare the rubber polishing pad, the polishing disk, the fibre microscope inspector and 986 
the polishing sheets using the rougher paper (5µm)  987 
CRITICAL STEP Avoid letting air bubbles between the rubber pad and the sheet. This 988 
can be done by putting a small amount of water on the pad before placing the paper 989 

10. Mount the fibre in the bare fibre temporary terminator and the polishing disk 990 
11. Start polishing by drawing ‘8’ figures with the disk  991 

CAUTION Don’t apply too much pressure or you will scratch the fibre surface 992 
12. Remove the fibre terminator from the disk and observe the fibre’s end with the 993 

microscope; This first cycle of polishing allows to correct big scratches or chips from the 994 
outside edge of the fibre and get a nice round shape with neat borders 995 

13. Repeat steps 9 to 12 using a finer grit paper on each polishing cycle to finish by the 0.3µm 996 
one  997 
CRITICAL STEP at the last stage, very few marks should be still observable on the 998 
surfaces. Scratches bigger than 1/10th of the wavelength shouldn’t be ignored as they will 999 
cause diffraction.  1000 

 1001 
 1002 
BOX 3. OMB classifications (TIMING 30min -1h) 1003 
This box describes the use of the supervised classification software after Step 49. The software 1004 
can be used for any type after sample acquisition on the Waters Q-TOF mass spectrometer. The 1005 
Offline Model Builder v.1.1.773.0 is provided non-commercially by Waters Research Centre 1006 
for the analysis of Waters Synapt G2-S data. The software is capable of handling raw mass 1007 
spectrometry .raw files, it is used for pre-processing the data, for the calculation and cross-1008 
validation of multivariate classifiers, and for the real-time feedback on samples at the time of 1009 
sampling. A usual data analysis process consists of the steps described in the procedure below. 1010 
Procedure 1011 

1. Load the .raw files into the software by using the ‘Add sample files’ button. 1012 
2. Assign a class label for each file by typing it in the ‘Classification column on the 1013 

‘Sample List’ page. If necessary, assign class label for each spectrum separately by 1014 
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typing in the label into the ‘Classification box under the spectral view. In this case a 1015 
warning sign will appear next to the file name in the list, showing that there are multiple 1016 
classifications assigned within that .raw file. 1017 

3. Select the region of interests (burns) on the TIC view 1018 
4. Assign the patient code or group number into the ‘Group’ column. The cross-validation 1019 

is based on the assigned group names. Each group or a batch of groups can be selected 1020 
as a validation set.  1021 

5. Move to the ‘Model Properties’ page, select the model type (only PCA or PCA followed 1022 
by LDA), and adjust the model and pre-processing parameters (number of components 1023 
to calculate, binning mode and width, used mass range, and all pre-processing steps 1024 
necessary including background subtraction, normalization and lockmass correction). If 1025 
lockmass correction is necessary, an internal or external lockmass compound has to be 1026 
selected. This can be adjusted in the Lockmass DB. The colour of each class can also 1027 
be selected on this page.  1028 

6. After adjusting the parameters, build the classifier by pressing the ‘Build the model’ 1029 
button on the ‘Model Builder’ page.  1030 

7. Open the model for visualization by moving over to the ‘Visualisation’ tab. Both PCA 1031 
and LDA views can be selected, rotated and saved. 1032 

8. Run a cross-validation on the model by selecting all groups and checking in the ‘Full 1033 
group out’ checkbox. Adjust the outlier calculation parameters and start the cross-1034 
validation. Once the cross-validation is finished it can be viewed and saved under the 1035 
‘Reports’ tab.  1036 

9. Navigate to the ‘Loading Plot’ tab and select the loading plots of interest. The 1037 
coefficients can be exported with the ‘Export Loading’ function. The valid mass/charge 1038 
candidates with highest absolute value coefficients are selected for tandem MS/MS 1039 
analysis.  1040 

10. Navigate to the ‘Home’ tab and press the ‘Export for Recognition’ button. This will 1041 
export the classifier into the real-time identification module. 1042 

11. Open the ‘Recognition’ software, select the previously exported model. 1043 
12. Adjust the intensity limit on the ‘Settings’ tab above the background TIC level of your 1044 

acquired file. Adjust the outlier parameters (standard deviation based, n=25 by default), 1045 
select the number of scans to combine for each feedback. For quasi real-time feedback, 1046 
select 1.  1047 

13. Navigate to the ‘Recognition tab’. First start the mass spectrometer acquisition under 1048 
the mass spectrometer software, then select the file under acquisition from here and 1049 
press play. This will start the real-time identification of the currently acquired signal.  1050 

 1051 
 1052 
BOX 4. MS/MS analysis for molecular identification  1053 
This box describes the proper procedure to perform MS/MS analysis of selected precursor ions 1054 
in either the Synapt or QExactive configuration.  The analysis should be performed after the 1055 
regular acquisitions in Step 48 and after identifying m/z values of interest. The ions in questions 1056 
should have an intensity sufficient to perform MS/MS analysis. In the case of the analysis in 1057 
the Waters Q-TOF configuration the intensity of the precursor ions shouldn’t be below 104.  1058 
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Procedure 1059 
1. For MS/MS analysis on Synapt G2-S, follow Option A, for Q-Exactive, follow Option 1060 

B (see Experimental Design for details). 1061 
 1062 
a) MS/MS analysis on Synapt G2-S (TIMING 10-15minutes) 1063 

i. During sample measurement acquisition select MS/MS scan mode 1064 
ii. In the software select desired precursor ion mass ± 0.5 1065 

iii. Tune the parameters to achieve approx.1 m/z isolation window. NOTE in our preferred 1066 
setting the LM and HM parameters are set to 15 1067 

iv. Select the collision energy between 30-50 eV 1068 
v. Acquire MS/MS spectrum 1069 

!TROUBLESHOOTING 1070 
 1071 
b) MS/MS analysis on Q-Exactive (TIMING 10-15minutes) 1072 

i. Acquire a full scan at 70,000 full width at half maximum (FWHM) resolving power 1073 
(cantered at m/z =400) and 1 s scan 1074 

ii. Switch to MS/MS “on the fly” 1075 
iii. Use high-energy collision dissociation (HCD) with and isolation window 0.8 m/z 1076 
iv. Acquire spectrum during the 30s irradiation  1077 

!TROUBLESHOOTING 1078 

 1079 

 1080 

FIGURE LEGENDS 1081 

Fig.1. A schematic representation of the SpiderMass setup for in vivo experiments. The 1082 
SpiderMAss setup is equipped with the fibre laser microsampling device, ion transfer tube, and 1083 
the mass spectrometer.  1084 

 1085 
Fig.2. A flowchart of a standard SpiderMass experiment. The procedure contains step-by-1086 
step instructions from sample preparation to data processing and building up classification 1087 
models from biopsy samples. Samples are first carefully prepared before analysis by cutting 1088 
tissues into halves, the first to be used for SpiderMass analysis and the second for control 1089 
histological annotation of the mirror tissue. The SpiderMass half is generally sectioned to spare 1090 
tissues sections. SpiderMass analysis is generally performed over 10 s irradiation period in 1091 
triplicates from each of the tissue area of interest. Recorded MS spectra are then affected and 1092 
histologic class according to the pathologist annotation of the mirror tissue to the one that were 1093 
analysed. Classed spectra are then submitted to unsupervized (e.g PCA) or supervised (e.g. 1094 
LDA) multivariate analysis to study the data separation and build classification models. After, 1095 
multivariate analysis, univariate analysis is performed to retrieve the m/z associated to the 1096 
highest variance between classes. These can be further studied by tandem MS for identification 1097 
of the markers associated to a specific class.  1098 
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 1099 
Fig. 3. Close-up of the microsampling probe. a) Configuration of the microsampling 1100 
handpiece consisting of the handpiece itself with the CaF2 window, the metallic guide and on 1101 
which is attached the transfer tube. b) Picture of the whole mobile microsampling probe 1102 
showing the injection system, connector to the optical fibre (here short optical fibre of 30-50 1103 
cm) and connexion of the laser fibre to the handpiece with focal lens included.  1104 

 1105 
Fig.4. Interface. Transfer tube connections to the a) custom REIMS interface on the Synapt 1106 
G2-S Q-TOF MS instrument and b) interface to the Q-Exactive Orbitrap instrument. For (a) the 1107 
connexion used is direct and does not require extra Venturi system. For (b) a direct connexion 1108 
is also setup using an ion tranfer capillary with longer extension on the outside. 1109 

 1110 
Fig. 5. Typical MS spectra of beef liver. SpiderMass acquired a) positive and b) negative ion 1111 
mode MS spectra of beef liver with the Waters Synapt G2-S configuration. In the negative ion 1112 
MS spectrum (b), a precursor ion is selected with approx. 1 Da isolation window (m/z 885.6 1113 
±1Da) and fragmented with 20 to 30eV. c) Resulting MS/MS spectrum of m/z 885.6 parent ion 1114 
acquired for 30s continuous irradiation with annotated resulting fragments. 1115 

Fig. 6. Reproducibility experiment. SpiderMass acquisitions of bovine liver in positive and 1116 
negative ion mode using the Q-TOF configuration. a) Chromatogram of a single acquisition 1117 
using 3 repetitions of 10 bursts with a 10s pause in negative ion mode. The arrows indicate the 1118 
TIC regions for extraction of the molecular profiles. b) Extracted molecular profiles of the 1119 
individual chromatographic peak. c) Tables of calculated values of mean, standard deviation 1120 
(σ) and coefficient of variance (CV) for a single acquisition and systematic analysis (N=50). 1121 

 1122 
Fig. 7. 2-Class classification of 33 dog sarcoma samples. a) Examples of histopathological 1123 
stains from healthy (green) and cancer (red) tissue biopsies. b) Resulting 2-class principal 1124 
component analysis (PCA) fed through OMB software. Green represents the healthy tissue and 1125 
red cancer tissue. c) Resulting 2-class linear discriminant analysis. d) Loadings plot from PC1 1126 
discriminating most variant peaks between healthy and cancer tissue with 0.02 threshold. e) 1127 
Cross-validation table from the “leave one patient out method” in the OMB software. The table 1128 
includes the total number of spectra used, number of passes, number of failures, number of 1129 
outliers and correct classification rate. Appropriate institutional regulatory board permission 1130 
was obtained for handling the patient material. 1131 

 1132 
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