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Abstract

Matrix-assisted laser desorption/ionization magsgpmetric imaging (MALDI-MSI) is a
technology that allows for label-free spatial as&yof biological tissue samples. This technology
be used to identify and quantify proteins, locaté monitor biomarkers, and sequence polypeptide
chains, techniques that can be applied to proteamatysis of disease formation. However, sample
preparation methods, especially with regard toagh@ication of the matrix tissue coating, are difft
to control but require accuracy and precision. dbal of this project is to design a device to g@pl
fine, uniform coating of light-absorbing compound®rder to simplify the sample preparation process
and facilitate the MALDI-MSI technique. Design olving pneumatic sprayers, pressure-valve
systems, and single-action airbrushes have bedaregpand considered. The proposed final design
implements a polyethylene enclosure that housesitomatic spray gun oriented to spray vertically-
downward onto a motor-driven conveyor that caniestissue sample through the misting solution.
Future development on the prototype will includdesing materials, constructing the device, and
testing the model in a laboratory setting to ensulfdlment of the proposed design criteria.
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Problem Statement

The goal of this project is to design and consteudevice to apply a fine, uniform coating of
matrix compounds to a tissue sample in a replicaialaner so as to simplify the sample preparation

process of MALDI-MSI and in doing so, facilitatetpatially life-saving biological research.

I ntroduction

MALDI Imaging Process

Matrix-assisted laser desorption/ionization magspmetric imaging is a technology,
developed in the 1990’s by Dr. Richard CapriolMainderbilt University, that allows for the study of
the spatial arrangement of
molecules, most notably Principle of MALDI MS Imaging
proteins and peptides, within Brveessiiny o __ MS Images
biological tissues [3]. The
technique involves coating a
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tissue sample with a UV- application

absorbing matrix, or mixture of
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organic compounds, shooting 5000~ 000 10000

the sample surface with a laser
Figure 1: Essential sts in MALDI-MS imaging process |.
to ionize the crystals formed by
the matrix, and collecting these ions with a tinfdhght analyzer. Computer algorithms process the
mass to charge (m/z) values obtained from the aagland mass spectrums, along with two-

dimensional images, are created detailing the ilmcatf molecules within the tissue based upon their

molecules weights (Figure 1). Further analysisigfoprotein extraction, HPLC fractionation,



proteolysis, and protein database searching candéermine which proteins correspond to these
weights, giving researchers a detailed view ofrtimdecular composition of their samples [1].
Relevance of MALDI-MS

MALDI-MSI is a revolutionary technology with appétions that span all areas of biological
research, from cataloguing tissue compositionsyestigating tumor formations. Central to the
universality of MALDI-MSI is that fact that it allws for the analysis of the entire composition of a
tissue sample in one reading, as opposed to intvgtans for each molecule of interest [1]. In
addition, biological processes can be
investigated without the need for
understanding the nature of the sample in
advance, as is necessary with other
techniques like immunohistochemistry or
fluorescent labeling. Also, MALDI is
supremely applicable to the study of
diseases, as it can provide data for the
molecular composition of a tissue prior to

disease formation, as the abnormality

Figure 2: MALDI-MS images of the sagittal plane of a

evaluated as part of a pharmaceutical study. Whboiirs, progresses, and can even monitor the effects
researchers had determined that their drug hactedfell
target organs before concentrating in the bladder [ of potential treatments (Figure 2) [7].

Matrix Application for MALDI-MS

Vital to producing quality images with MALDI imagg is the application of the UV-absorbent
matrix. This solution is usually composed of oligaolvents that are reactive, volatile, and can
absorb light energy [8]. The matrix must be apptie the tissue as a very fine mist, so that upon

contact it is will not stream across the samplé,doy in place to form crystals that are ionizedtly



laser to produce the mass to charge readingsT[itg. laser can be programmed to ionize samples
within 100 micrometers of each other, and so th&iximust form a uniform crystallization on the
tissue surface to ensure the integrity of the regsli
At present, our client and her team apply _
the matrix, composed of 50% methanol, 2,5-
dihydroxybenzoic acid, and 0.1% formic acid,
using an airbrush commonly employed for

painting applications [2]. They position the

sample, sliced to a thickness of only a few

microns, on a stainless steel plate held vertically

-
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within a frame arranged in a fume hood. The '.

matrix is sprayed horizontally at the sample with = ‘_'“_"
=
the discretion of the user determining the correct g S
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distance for optimal application, usually . 4
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Figure 3: Microscopic images of laser-raster patte
on tissue sample. Metallic flecks on tissue aystafs
formed by matrix [2].

approximately fourteen inches [6].
Project Motivation

The motivation of our client and her team in preipg this project is to obtain a tool to
facilitate the use of MALDI technology by simplifyg the matrix application process, and with this
tool, centralize a reliable and revolutionary reseun MALDI-MSI at the University of Wisconsin-

Madison Genetics - Biotechnology Center for biotagresearchers on campus and world-wide.

Design Specifications
According to criteria established by our cliehie device must spray a uniform coating of

matrix over a tissue sample mounted on an 81 ceteinby 123 centimeter stainless steel plate. To



achieve this consistency, the matrix must strilkeglate as a liquid but not in defined droplets, a
characteristic to be controlled by the liquid t® gaixing ratio of the designed apparatus. Theatevi
must also include a means of altering the pressiuttee air delivering the liquid matrix, an adjusia
spray aperture, and variable positioning of théepdand sprayer.

As the applied matrix is a solution of organicveoits, safety is a vital factor in this design. In
fact, spraying the matrix creates aerosols, wHiellowed to concentrate, could harm the operaia.
combat this health risk and isolate the sprayirigesu, the application currently takes place inmé
hood. Therefore, the new device must be enclasadcasing so that the excess matrix is contained
and can be easily cleaned each time the devicgew uHowever, this enclosure can not impede the
escape of aerosols, due to danger of accumulagsdyme, and thus, the designed device must still be
operable within a fume hood.

The device will be used daily and maintain funetibrough the current research project,
corresponding to a life in service of multiple yeait will also be automated or require minimal
manual force to operate. Finally, the device néed® constructed of materials, costing in tctak|
than $300, that will not dissolve when coated wlithh caustic matrix, composed of benzoic acid,

formic acid, and a 50% methanol solution.

Existing Products

Multiple patent searches using the U.S. Patenffaademark Office website revealed no
patents detailing methods for spraying matrix oplates for the MALDI-MSI processatent
7,095,018 was granted for a sample spot drop metratithe device for which patent 6,918,309 was
issued involves an using electric fields to pudl thatrix droplets to the correct area on the plaie,

no patent directly related to our spray approacs fewand.



Further internet searches revealed that many MAleBéarches utilize industrial-grade
pneumatic sprayers to apply the matrix to theiras) as well as designs employing airbrushes,

much like the current method utilized by our client

Design Alter natives

Component Matrix

As a design to address the presented problemvesdhe assembly of several independent
variables, we elected to organize the possiblegdesiternatives in a component matrix. Four
components were recognized in this matrix: theyspgasystem, the method of application, the

enclosure, and the orientation of the applicatiigyre 4).

Feature |deas
Sprayer Single-action vl\\I/EﬁZkree\gtlfe Nebulizer Pneumatic irPrirogtLiloCr?
Y airbrush b sprayer 9
vessel system
Stationary

Method of | Movable sprayer

Application | Stationary plate Sprayer,

Movable plate

Enclosure Fume hood Integrated Detached
covering covering
Orientation Horizontal Vertical

Figure 4: Component Matrix organizing indeperiakssign alternatives.




Spraying Mechanisms

As the success of our design rests on the unifgrafithe generated spray, we spent
considerable time brainstorming potential spraymggchanisms. Five unique ideas were developed,
each with their own advantages and disadvantages.first of these was the produce irrigation
system. Derived from ideas inspired by a groctyesproduce department, this sprayer would consist
of multiple nozzles placed in a horizontal pattelhhaving the same aperture and subjected to the
same pressure. The individual sprays would mixiataifere with one another prior to contacting the
tissue, creating a turbulent cloud of mist that ldaettle in a more consistent coat than if the
individual spray beams were allowed to concentrany one location. The disadvantages of this
system were the possibility for uneven pressursediby clogging in any of the multiple nozzles, and
consequently, difficulty in maintaining the appasat

The second spraying component, the pneumatic spriaythe current technology used by other
MALDI researchers. The industrial pneumatic spragyevides an even, homogenous coat of solution
at the correct pressure and speed. However, shelvAntage of this system were the feasibilityost ¢
and the location for purchasing the system. Comggamho use pneumatic systems did not desire to
disclose any information about their model's origmexpense. After much investigation, only one
model was located and it cost around $2300, wedlide our $300 budget.

A nebulizer, a component of an inhaler system lsgplatients with asthma, was another
original idea generated during brainstorming. \&hile component could provide adequate pressure,
dispense a substantial amount of fluid, is suffitiemaneuverable, and is small in size, it can not
provide the required degree of accuracy with re¢g@attie location of the applied spray. In addition
the range of pressure values compatible with thellieer is too narrow for the degree of variability

we hope to achieve.



The fourth spray system, referred to as the nozalee pressure vessel system, is a design that
would involve constructing a custom sprayer sysir@emm primary materials. Proposed as an assembly
of a pressure vessel, tubing, an air supply, anabgnopriate nozzle, the design would meet the
requirements of providing a variable pressure,@mdrollable spray. However, the pressure vessel
design is disadvantageous in that it could takgrafeant amount of time to assemble the device,
especially due to our lack of knowledge in condingcpressurized systems.

The final spraying system proposal is the air gonager. The sprayer is an automatic system
similar to the airbrush system currently utilizedthe client. However, instead of having to mahual
press a button and pull subsequently pull it baakantrol the liquid to gas mixing ratio, the ogera
simply has to adjust the pressure and fluid lepats to making a plate sample. At a reasonablé cos
and minimal construction, the automatic air guragpr is another advantageous proposed component
designs.

Method of Matrix Application

In addition, brainstorming was conducted to fomsigns for the exact manner in which the
matrix would be applied by the system. Generabogtinclude implementing a moving spray system
and a stationary sprayer, as the client manuallyleys at present, or fixing the spray system in a
stationary position while the plate containing slaenple is made mobile. As the sanctity of theyspra
consistency is essential to a successful prototypejecided that leaving the sprayer in one looatio
may improve accuracy with regard to matrix applarat Also, a moving conveyor system would be
much easier to design to move the plate througlsphaying matrix than a mechanism to reliably
move the sprayer, as well as automate the apitatiocess.

Enclosure
Another aspect of the design, independent of theratomponents, is the encasement that will

surround the sprayer and plate to contain the migbmatrix from coating the fume hood. Three



possibilities were formulated for this design cloéeaistic, the first of which involved covering the
entire spraying apparatus with a completely inddpet clear plastic covering with perhaps one, or
even multiple hinged doors cut into the sides lmwafor user-access. Another explored option
involved a clear, plastic covering that would beegrated into the spraying mechanism, perhaps with
the sprayer passing through the top of the plasticthe interior of the box and secured by anngrto
allow for adjustment. Doors would again allow &t the boxes interior, and although this design
might make cleaning the enclosure more diffictityould also ease user control of the sprayer.
Finally, we also proposed simply leaving the preagsen to the interior of the fume hood, which
would allow the operator complete access to thaysprand plate, but would also do nothing to
shorten the amount of cleaning and maintenancearegbbetween applications.
Orientation

The last component of the matrix is the orientatibime client currently sprays the matrix onto
the plate in a horizontal orientation, but the itieaxplore a vertical orientation was encouraged b
her team. This option may benefit the effectiveraddte matrix spray, in accuracy and conservation,
as it would utilize gravity to pull the matrix tovels the tissue, instead of pulling it away from the

desired flight pattern, as with the horizontal otaion.

Design Matrix

To assist in decision making, we elected to quatihié effectiveness of our design based on a
set of criteria that modeled the design specifcetiput forth by our client. Specifically, eachtiod
four components was ranked based on reliabilityystdbility, user-interaction, cost, maintenanced a
ease of manufacture. Figure 5 shows the breakadwre weighing system. Reliability and
adjustability were weighted most heavily, as theyewvstated as being the most important criteriafor

successful design by our client. The next highesght was given to user-interaction, which must be



minimized in order to prevent human error in thegass. Finally, the last three criteria, cost,
maintenance, and ease of manufacture, are noti@aldo the success of the design, and therefere w

given lower weights of 0.15, 0.10, and 0.05, retpely.

Criteria Weight
Reliability 0.25
Adjustability 0.25
User-interaction 0.20
Cost 0.15
Maintenance 0.10
Ease of Manufacture 0.05
Total 1.00

Figure 5: Weighted criteria used to evaluate desigtrix.

To simplify the presentation of the design mateiach of the four components, namely
spraying mechanism, method of application, enclesand orientation, was organized into four
separate ranked matrices (Appendix A). The rankyggem is based on a scale from 1 to 5, with a

score of 5 signifying a component that best meintieated criteria.

Final Design

The final design incorporates the components tlst satisfy the specifications of the sprayer,
method of application, enclosure, and orientatibtne device, as determined by the rankings of the
design matrix. Following is a description of e@omponent and its contribution to the overall devic

function.
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Sprayer

A Paasche A-AU Automatic Spray Gun will be utilized to spréye matrix (Figure 6) and
will be held by an o-ring in the top face of thevide enclosure (Figure 3c). The o-ring will alldor
slight distance adjustment by allowing the sprdgeslide vertically, perpendicular to the plandod
top face of the enclosure. The spray gun is opénaith compressed nitrogen, similar to the airbrus
currently implemented by our client. However, fipgay gun is controlled by an automatic, handheld
device for greater accuracy in terms of air pressund fluid volume adjustments than what is possibl
with a manual airbrush. Interchangeable sprayapeantures are also available that provide multiple
options for optimizing the matrix distribution. Vifgend to purchase three to four apertures that
produce both cone and flat sprays. Testing wiledaine the optimal aperture to satisfy the
requirements of the sprayer. The spray gun is regpensive than a manual airbrush, but automation

will minimize user-interaction and increase theatality of matrix distribution.

—— | o

Figure 6: Expanded diagram of the Paasche© A-Albuattic Spray Gun.

Method of Application

Based on the totals generated in the design mé#texplate containing the tissue samples will
move with respect to the spray gun, which will remstationary. The tissue sample plate will be
positioned on a platform connected to two timin§dbeThese timing belts, along with four pulleys
and a small reversible motor, will drive the platan where its initial position, through the matrix

spray, to the opposite end of the device, out@frdach of the dispelling matrix (Figure 8b). The
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spray gun will be turned off, and the matrix widl Bllowed to dry. After the coat has dried, the
sprayer will again be initiated, the motor direntioill be reversed by pushing the rocker switch
(Figure 8c), and the next matrix coat will be apgli

The 60 rpm, 12 VDC reversible motor will turn tt@nveyor pulleys by an extended shaft or
gear drive and will be housed outside the primavyiack enclosure (Figure 7). This is necessary

because the motor could produce sparks that cguoiteithe matrix if direct contact occurs.

Figure 7: DC reversible motor that will drive thevite conveyor (Buehler Motors).

Enclosure

A low density polyethylene (LDPE) encasement tdlincorporated into the device to contain
the matrix (Figure 8d). LDPE is relatively inexgere and available in sheets of % inch thickness,
which makes it ideal for our application. The oK enclose the entire spraying process, and dlsma
hinged door will allow for positioning the tissugnsple on the conveyor platform (Figure 8e). LDPE
was chosen for its resistance to the matrix cheminaorder to increase the life in service of our
design [4]. Also, LDPE is available as a colorlslsset, which is important for the operator’s &pio
monitor the spraying process. In addition, whpaque LDPE will be used as a secondary enclosure

for the conveyor, motor, and circuitry of the devic

12



Orientation

The sprayer will be oriented vertically to maximithe consistency of the spray on the tissue
sample. Gravity affects the direction of a horiadspray, whereas the vertical orientation ensures
that the matrix will fall directly towards the salapnstead of along a hyperbolic path. Also, the
orientation of a vertical sprayer can remain cantsé&en for varying matrix densities, while a heavi

matrix density could produce significant inconamstes if applied horizontally.

=
— o
a i d
C e
e e e
b

Figure 8 (a) Automatic Spray Gun. )Motor and onveyor. (¢ Motor control switch. (c Enclosure. (¢
Opening to insert tissue sample.

Future Work

In the future, we need to confirm the details of tmal design, such as how the sprayer is
attached to the casing, and the dimensions ofd¢hieels enclosure. We must order the materials that
we have selected for the final design, as wellesranine if any other supplies are necessary for
construction. We can then construct our prototype.

It is essential that we allow as much time as ipfes$o test the device in our client’s

laboratory, as only there will we gain a true uistnding our of prototype’s clinical capabilities.
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Initially, we will assess the device with the masolution employed by our client to learn how
adjustments with the aperture, air pressure, astamte between the sprayer and plate can alter the
uniformity of the matrix coating. In this way, wéll be able to show the researchers that will be

using the device how to adjust the settings toeaghthe desired effects.

Ethical Considerations

The success of our project is contingent upon niyt fabricating a functioning prototype, but
also fulfilling all ethical considerations involvedth our design. Namely, the main ethical
consideration that we must consider in creatingotia¢otype is safety. As the sample preparation
methods for MALDI-MSI involve volatile chemicalsrited out of a nozzle at high pressure in a
manner that produces aerosols, we must designrotatype to protect the operator from the matrix,
and ensure that the prototype can be operatedemaronment, such as a fume hood, that provides
further protection. In addition, the materialsdis@ construct the device must be as resistareto t
matrix as possible to ensure that over time thespaitl not erode and eventually cease functioning,
perhaps in a manner that could harm the oper&ioally, we must design the prototype to house the
motor in a separate chamber away from the matsigng significant spark from the motor could
ignite the chemicals of the matrix, potentiallyunng the user. Therefore, to successfully engiaee
prototype to meet the needs of our client, in addito fulfilling all design criteria, we must evalte

the ethical consequences of our decisions and reahst design that is safe for all involved.

Conclusion

With the remaining weeks, we hope to utilize timalfidesign created during the first half of the
semester to construct a quality prototype for DnyAarms and her team of researchers at the

University of Wisconsin-Madison Genetics-Biotechow} Center. With success in producing a device

14



to facilitate and simplify the matrix applicationogess for MALDI-MSI sample preparation, we hope
to provide our client with a reliable tool to remtibnize biological research both on campus ana eve

throughout the global community.
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Appendix A: Design Matrix Separated by Component

Spraying Component

Nozze-valve Sngle-action | Pneumatic Produce
Criteria Rank | Nebulizer | and pressure a?rbrush raver irrigation
vessel spray system
Reliability 0.25 1 3 4 5 2
Adjustability | 0-2° 1 4 5 5 2
User 0.20 5 4 4 5 3
I nteraction
Cost 0.15 4 3 5 1 3
Maintenance 0.10 1 3 3 4 2
Ease of 0.05 1 3 4 1 2
Manufacture
Total 1.00 2.25 3.45 4.30 4.10 2.35
Method of Application
Movable Plate .
o . Sationary Plate
Criteria Rank Sationary
Srayer Movable Sprayer
Reliability 0.25 3 3
Adjustability 0.25 3 3
User _ 0.20 4 5
I nteraction
Cost 0.15 4 2
Maintenance 0.10 3 3
Ease of 0.05 3 1
Manufacture
Total 1.00 3.35 2.55
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Enclosure

Criteria Rank Fume Hood Integrated Cover Detached Cover
Reliability 0.25 i i ]
Adjustability 0.25 1 5 2
User 0.20
Interaction 1 4 4
Cost 0.15 5 2 3
Maintenance 0.10 1 4 5
Ease of 0.05
Manufacture 5 3 4
Total 1.00 1.55 2.9 2.45

Orientation

Criteria Rank | Horizontal Spray Vertical Spray
Reliability 0.25 2 5
Adjustability | 07 : :
User 0.20 ) )
Interaction
Cost 0.15 ) )
Maintenance 0.10 - -
Ease of 0.05 ) )
Manufacture
Total 1.00 0.5 1.25
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Appendix B: Product Design Specification

MALDI-MSI Tissue Coating Device

Product Design Specification
Last Updated: March 12, 2007

Team Members:

* Holly Liske, BWIG

= Laura Piechura, Leader
Kellen Sheedy, Communications
* Jenna Spaeth, BSAC

Function:

Matrix-assisted laser desorption/ionization mass spectrometric imaging (MALDI-MSI) is an
imaging method that allows for label-free spatial analysis of biological tissue samples. This
technology can be used to identify and quantify proteins, monitor protein biomarkers, and sequence
polypeptide chains, techniques that can be applied to proteomic analysis of disease formation.
However, sample preparation methods, especially with regard to the application of the matrix tissue
coating, are difficult to control but require accuracy and precision. A device must be developed to
apply a fine, uniform coating of light-absorbing compounds in order to simplify the sample
preparation process. The goal is to provide a reliable tool to enhance the MALDI-MSI technique in
order to speed and simplify potentially life-saving research.

Client Requirements

* The device must be able to spray an even coating of matrix over an 81 cm by 123
cm tissue sample to achieve uniform distribution of the compound.

* The device should be adjustable with regard to spray aperture, air pressure, and
the positioning of the plate and sprayer to account for abnormalities in the
application process.

* The device must be in an enclosed casing or must be operable within a fume hood
as the spraying process involves the production of aerosols and utilized organic
solvents.

Design Requirements:
I. Physical and Operational Characteristics

a. Performance requirements: This device will be used to apply a coating on tissue samples for
MALDI imaging. The distance between the device and the tissue sample needs to be adjustable, and the device
needs to be able to move so that it applies a fine, even layer of matrix onto the tissue sample. The pressure of the
matrix needs to be adjustable, and precautions should be taken to contain excess matrix that misses the tissue
sample. Finally, it should be easy to disassemble so that it can be cleaned after each use.

18



b. Safety.‘ Since this experimentation involves aerosols, all testing should be done in a hood.
Safety glasses and gloves should be worn at all times when dealing with the matrix to avoid getting it in the
eyes or on skin. Breathing in the matrix should also be avoided.

c. Accuracy and Reliability: This device must evenly apply a layer of matrix onto the tissue
sample. The layer must be fine, and strike the tissue sample wet, but water drops cannot form before hitting the
tissue

d. Life in Service: This device must be able to endure concentrated periods of intense use of
approximately four hours a day and also be able to endure up to two month periods when there is little or no
usage. The life of the device should last at least five years.

e. Shelf Life: The matrix solution is an organic solvent capable of causing internal damage to
device components. All components must therefore be easily disassembled to allow for regular cleaning. The
design specifications include a device enclosure that will serve as protection from external conditions during
and between uses.

f. Operating Environment: The device will operate at standard temperature and pressure, and
low humidity will be maintained inside the device enclosure. All components must be able to withstand
repeated coating with the organic solvent matrix.

g. Ergonomics: The well insert and matrix solution must be easily placed into the device
enclosure, and the enclosure must be easily opened and closed between uses. Minimal user interaction is
desired during operation.

h. Size: The device size is restricted to the working area of a standard laboratory fume hood,
and minimizing the overall dimensions is desirable. The device height must allow for sufficient distance
between the tissue sample and release of matrix but must not restrict the view of the device user. The device
must accommodate a standard 384 well insert (123 by 81 millimeters) and hold 10 to 15 milliliters of matrix
solution.

i. Weight: The weight limit of the unit may vary based on design proposals, however; a hand-
held airbrush system should not exceed the weight of five pounds. On the contrary, a unit mounted on a base
needing only to be moved when not under operation could have a weight limit of up to twenty pounds.

j. Materials: Any material that comes into contact with the matrix solution can not dissolve in
organic compounds like methanol or acetonitrile. Inert materials like stainless steel, polypropylene, and Teflon

are applicable.

k. Aesthetics, Appearance, and Finish: For this design, function far outweighs appearance.
However, we will strive to give our client a professional, well-manufactured design.
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II. Production Characteristics

a. Quantity: One unit is needed for this project

b. Target Product Cost: The target product cost is $300, the maximum funding allotted Dr.

Harms. Significant expenses may include a stepper motor to power a conveyor that moves the plate and also a
different spraying mechanism, should we decide to avoid the current air brush design.

IT1. Miscellaneous

a. Standards and Specifications: The device indeed must comply with all FDA standards
related to the administration of aerosols and chemicals as well as the use of live tissue test subjects. Specific
standards may be found at the Food and Drug Administration website.

b. Customer: Ideally, the client desires a chamber to enclose the matrix spray process in which
the plate can be placed, a few buttons pushed, and the matrix is sprayed with perfect consistency. Also, the
capability to adjust each of the variables in the current airbrush process is desired. However, our client is open
to any solution that can be generated and has no prejudice against other design ideas.

C. Patient-related concerns: The “patient” of the MALDI-MSI process is a living tissue, let it be a
cross-section or an entire animal. Therefore, for the health of any living animal that is scanned, and for the
integrity of any results, the plate upon which the tissue rests should be cleaned and sterilized between uses.
However, the matrix application device itself does not need to be sterilized after each use, but only cleaned
regularly to ensure the purity of the tissue coating.

d. Competition: Multiple patent searches using the U.S. Patent and Trademark Office website
revealed no patents detailing methods for spraying matrix onto plates for the MALDI-MSI process. Patent
7,095,018 was granted for a sample spot drop method, and patent 6,918,309 involved an invention using electric
fields to pull the droplets to the correct area on the plate, but no patent directly related to our spray approach
was found.
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