
"QQMJDBUJPO�/PUF������]����2�22

���

"11-*$"5*0/�/05&

"QQMJDBUJPO���#BDLHSPVOE
    Matrix-assisted laser desorption�ioni[ation 	MALDI
 mass 
speDtrometry imaHinH 	MSI
 is used to Wisuali[e the distribution oG 
many diGGerent bioloHiDal moleDules in thin tissue sliDes
 inDludinH 
metabolites. AtmospheriD Pressure 	AP
�MALDI alloXs Gor 
imaHinH analysis to be perGormed at semi-physioloHiDal Donditions 
Gor soGter ioni[ation. This also alloXs Gor the use oG matriDes that 
Xill sublime Xhen Lept under WaDuum Gor an extended time
Xithout the need Gor extremely thiDL matrix DoatinHs. AP�MALDI 
sourDes are oGten Doupled to hiHh mass resolution speDtrometers 
suDh as an orbital trappinH mass speDtrometer. An oWerWieX oG this 
AP�MALDI set-up is shoXn in 'JHVSF��.
      )omoHenous appliDation oG matrix is essential Gor any MALDI 
MSI experiment. MatriDes must be uniGormly deposited aDross the 
tissue surGaDe as Xell as produDe Drystal si[es Xithin the ranHe oG 
desired imaHinH resolution. The )T9 M5 Sprayer alloXs Gor 
reproduDible spray oG matrix aDross slides Xhile minimi[inH Drystal 
si[e Wia a heated no[[le. 6nliLe WaDuum MALDI
 AP�MALDI does 
not Dause matrix to sublime durinH analysis and thus Xill reRuire 
diGGerent amounts oG matrix to be applied to samples Gor optimal
analyte siHnal Xithout exDess siHnal Grom matrix peaLs. In this 
study
 three Ley parameters Xere explored in reHard to matrix and 
siHnal optimi[ation� tissue Wisibility Gor teaDhinH
 matrix density
 
and slide surGaDe DhoiDe.
     The interaDtion oG multiple parameters suDh as these oGten 
impaDts the oWerall Ruality oG an imaHinH run. 8hen optimi[inH 
matrix appliDation the DhoiDe oG MALDI instrument
 type oG slide 
used
 sample type
 and expeDted analyte abundanDe�ioni[ation 
eGGiDienDy must be aDDounted Gor. Parameters seleDted Gor WaDuum 
MALDI Xill need to be adKusted Xhen usinH an AP�MALDI sourDe 
as explored in this study.

'JHVSF��� 	"
 0WerWieX oG MassTeDh AP�MALDI SourDe. 	#
 AP�MALDI sourDe attaDhed to Thermo 0rbitrap MS.
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  'ro[en mouse Lidney tissue Xas obtained Grom #ioI7T and 
seDtioned at 1� Ϫm onto both Hlass 	'isDher SDientiGiD
 PittsburHh
 
PA
 and IT0-Doated 	Delta TeDhnoloHies
 LoWeland
 $0
 slides.
The tissue seDtions Xere imaHed Xithout any XashinH.

Matrix Application
Alpha-Dyano-�-hydroxyDinnamiD aDid 	$)$A
 matrix Xas 

prepared in ��� aDetonitrile��.1� triGluoroaDetiD aDid and 
soniDated prior to sprayinH. 6sinH the )T9 M5 Sprayer
 serial 
tissue seDtions Xere sprayed Xith $)$A matrix Wia the 
parameters shoXn beloX in 5BCMF��. The number oG passes 
Xas Waried Gor eaDh tissue to assess the eGGeDt oG matrix 
density on metabolite siHnal and baDLHround matrix 
peaLs. Matrix density Xas DalDulated Wia the GolloXinH 
eRuation�

5BCMF����AP�MALDI matrix spray parameters used on the M5 Sprayer.
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ThereGore
 it is important Gor matrix DoWeraHe to not obsDure the 
tissue imaHe Xith a thiDL DoatinH. 'JHVSF�2# depiDts the stitDhed
imaHes Grom the sourDe Damera oWerlaid Xith a Xell plate template. 
As shoXn in 'JHVSF 2#
 the tissue Doloration Hot liHhter and 
harder to see as more passes oG matrix Xere applied
 XhiDh led to 
diGGiDulty in teaDhinH and deGininH 30Is Gor data aDRuisition.
$alDulations oG matrix density on eaDh tissue are shoXn
 Xith 
�.������ mH�mm� oG $)$A matrix applied Xith eaDh pass
 
'JHVSF�2.
  Analysis oG optimal matrix density Gor siHnal intensity must 
balanDe the analyte peaL siHnal intensity Dompared to the matrix 
peaL siHnal intensity. 8hile inDreasinH the amount oG matrix Dan 
ampliGy analyte siHnal
 this also Dan lead to more intense matrix 
peaLs in the speDtra. Matrix peaLs are obserWed in most all MALDI 
experiments and the amount oG matrix should be limited to the 
amount needed Gor eGGiDient ioni[ation oG the analytes. Too muDh 
matrix siHnal may also lead to spaDe DharHinH eGGeDts in trappinH 
mass speDtrometers.
   The eGGeDts oG inDreased matrix density on siHnal intensity oG 
both analytes and matrix are shoXn in 'JHVSFT����. Prominent 
matrix peaLs are indiDated Xith red arroXs
 and
 as expeDted
 Xere 
obserWed to inDrease Xith the number oG matrix passes. The oWerall 
siHnal intensity oG analyte and matrix Xas hiHher on IT0 slides
 
'JHVSF��
 Dompared to Hlass slides
 'JHVSF��. The maximum 
analyte siHnal intensity Gor eaDh slide type is indiDated on the

'JHVSF��� SpeDtra Grom samples plaDed on IT0-Doated slides reDeiWinH 
1-� passes oG matrix.

'JHVSF��� SpeDtra Grom samples plaDed on Hlass slides reDeiWinH 1-� 
passes oG matrix.

'JHVSF�2��7isual imaHes oG tissues Doated Xith WaryinH amounts oG matrix. 
Matrix density Gor eaDh seDtion is shoXn aboWe. 	"
�Tissue seDtions sDanned 
Xith a Glatbed sDanner. 	#
�Tissue seDtions Wisuali[ed Xith AP�MALDI 
sourDe Damera. #laDL DirDles represent superimposed standard tarHet plate
 
and eaDh tissue imaHe Xas stitDhed toHether Grom �� indiWidual imaHes.
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All imaHinH experiments Xere perGormed on an AP�MALDI ion

sourDe 	AP�MALDI	nH
6)3 sourDe
 MassTeDh
 $olumbia
 MD
 
6SA
 Doupled to an 0rbitrap 'usion Lumos mass speDtrometer 
	Thermo 'isher SDientiGiD
 San +ose
 $A
 6SA
. AP�MALDI Xas 
perGormed in positiWe ion mode Xith a diode-pumped solid-state laser 
	ϩ � �55 nm
 operatinH at a � L)[ repetition rate Xith a laser spot si[e 
oG approximately 15 �m. The AP�MALDI sourDe operates in line sDan 
Xith Dontinuous aDRuisition. A pixel si[e oG 1�� Ϫm Xas Henerated by 
moWinH the staHe at a WeloDity oG �.11 mm�seD and DolleDtinH tXo 
speDtra per pixel. The 0rbitrap resolution Xas set to 1��
��� at m�[ 
��� and �.� speDtra Xere DolleDted per seDond. The mass ranHe Gor 
these experiments Xas set to N�[ 50-500. Tissue samples Xere 
Wisuali[ed usinH the AP�MALDI sourDe Damera Gor teaDhinH
 see 
'JHVSF�2#.

%ata AnalZTiT
    To eWaluate the analyte siHnal Grom eaDh experimental 
Dondition
 .3A8 Giles Xere opened in Thermo 'reeStyle and an 
aWeraHe speDtrum Henerated Grom eaDh Xhole tissue seDtion.  A 
speDtrum oG $)$A blanL Xas used to determine prominent matrix 
peaLs. All imaHes Giles Xere imported toHether into S$iLS Lab M7S 
���1b and normali[ed to root mean sRuare.  PeaL seleDtion Xas
perGormed manually and imaHes eWaluated Gor diGGerenDes due to 
matrix deposition density and�or the type oG slide on XhiDh the
seDtions Xere DolleDted.

3FTVMUT
   Tissues Xere Wisuali[ed usinH a Glatbed sDanner
 'JHVSF 2"
 and the 
AP�MALDI sourDe Damera
 'JHVSF�2#. The sourDe Damera imaHes are 
reRuired Gor teaDhinH oG the tissue border in the AP�MALDI. 
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'JHVSF���� &GGeDt oG matrix density on imaHinH oG metabolites on Lidney seDtions.

$PODMVTJPOT
    8e demonstrate the use oG the )T9 M5 Sprayer Gor optimi[ed matrix appliDation in AP�MALDI experiments. 8hile WaDuum
MALDI is more Dommonly used in imaHinH experiments
 AP�MALDI oGGers the beneGit oG imaHinH at near-physioloHiDal Dondition

XhiDh leads to less GraDtionation oG analytes and matrix sublimation. #eDause oG the pressure diGGerenDe
 AP�MALDI imaHinH reRuires
an adKustment oG matrix parameters Grom WaDuum MALDI imaHinH. 8hile the optimal amount oG matrix Xill diGGer based on analyte
and matrix DhoiDe
 a trend aDross the board Xas obserWed oG about halG as muDh matrix reRuired Gor AP�MALDI as used in WaDuum 
MALDI.
    The )T9 M5 Sprayer produDes a uniGorm and hiHhly reproduDible matrix DoatinH Gor MALDI imaHinH experiments. The amount
oG matrix applied to samples is easily DalDulated and adKusted Wia parameters suDh as matrix DonDentration
 GloX rate
 number oG
passes
 traDL spaDinH
 and no[[le WeloDity. These parameters Dan be Gine-tuned Gor optimal data Ruality inDludinH spatial resolution

analyte siHnal intensity
 and deDreased matrix baDLHround.

3FTVMUT�	DPOU�
�
speDtra Xith a red box
 Xith absolute intensity oG about �x1�� on IT0 and 1.�x1�� on Hlass. )oXeWer
 slide DhoiDe did aGGeDt the 
ampliGiDation oG matrix peaL siHnals. 8hile hiHher oWerall siHnal Xas obtained Grom the IT0 slides
 the primary inDrease in siHnal Xas 
obserWed Grom matrix peaLs rather than analyte peaLs. This diGGered Grom samples prepared on Hlass slides
 XhiDh did not shoX the 
same maHnitude oG inDreased matrix siHnal.     
   Metabolite ion imaHes oG Lidney seDtions are shoXn in 'JHVSF �. 8hen DomparinH N�[ imaHes on Lidneys sprayed Xith 1-� passes 
oG matrix on � diGGerent slide types
 seWeral trends emerHed. 'or almost all metabolites and tissue seDtions
 1 pass oG $)$A matrix Xas 
not suGGiDient to produDe an ion imaHe. This is liLely due to loX extraDtion oG the analyte by the matrix as Xell as limited matrix Drystals 
to Do-Drystalli[e Xith the analytes. 'JHVSFT���� also depiDt this trend Xith most siHniGiDant diGGerenDe in siHnal intensities obserWed moWinH 
Grom 1 to � passes oG matrix. $ertain loX abundanDe metabolites
 suDh as spermidine 	N�[ 1��.1���
 and phosphoDholine 	N�[ 1��.����

 
did not produDe spatially resolWed ion imaHes until at least � passes Xere applied
 DorrespondinH to a matrix density oG �.��1 mH�
mm�. This hiHhliHhts the balanDe oG depositinH ample matrix Gor analyte siHnal Xhile not DausinH exDessiWe baDLHround Grom matrix peaLs.
In addition
 the DhoiDe oG slide surGaDe did impaDt the siHnal intensity Gor Dertain analytes. The maKority oG metabolites Xere 
deteDted Xith hiHher abundanDe aGter normali[ation on the Hlass slide Dompared to IT0 slide. 3esearDhers should taLe into aDDount 
analyte abundanDe Xhen optimi[inH matrix density and slide type Gor a HiWen set oG experiments. 
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HTX M5 Sprayer™ System is an  
Automated MALDI Matrix Deposition System 
Offering High Reproducibility and Superior 
Data Quality for Imaging Mass Spectrometry

The HTX M5 Sprayer™ is an easy-to-use, versatile spraying 
system that provides automated processes for sample  
preparation in imaging mass spectrometry.

The proprietary spray technology of the HTX M5 Sprayer™ 
guarantees a very fine, uniform and consistent matrix coating 
crucial for high-resolution imaging and relative quantification 
of analytes.

The unique ability to control liquid and propulsion gas 
temperature creates a fine solution mist that can be  
deposited in a precise and adjustable pattern over all or 
part of any MALDI plate. 

Spray characteristics (wet or dry) are easily adjustable via  
the intuitive operator interface. Users can create and save 
methods for reproducible operation.

Key Characteristics
◆ Proprietary technology providing very small matrix

droplets ( <5 microns)

◆ High flow rate and fast sample prep (2 to 18 minutes
per slide)

◆ Highly consistent matrix deposition across entire
sample area (+/- 3% by weight)

◆ Unique use of temperature and nitrogen flow to
control evaporation rate and matrix crystal formation

◆ More than 30 validated protocols covering trypsin
and most matrices (e.g.: SA, CHCA, DHB, DAN,
9-AA, DHA, CMBT, THAP)

◆ Validated protocols for Trypsin digestion of FFPE

◆ Continuous matrix coverage as needed for
high-resolution imaging

◆ Rugged operation and easy clean-up

Addressing the Matrix Deposition Challenge 
The main challenge when preparing samples for MALDI 
Mass Spectrometry Imaging is to balance the positive  
effects of the matrix solution penetrating the tissue and  ffects of the matrix solution penetrating the tissue and  ff
co-crystallizing with the analyte, and the negative effects ffects ff
of analytes delocalization. 

The all-new M5 chassis, high velocity stage and heated 
sample holder drawer contribute to a greater user  
experience and expanded process capabilities including:

◆ Faster and drier deposition capability

◆ On-tray trypsin digestion capability

◆ On-tray sample re-hydration

)T9 TM-Sprayer�
 M�� Sprayer� and M5 Sprayer� are aWailable 
XorldXide exDlusiWely Grom )T9 TeDhnoloHies
 LL$.  To reRuest 

Gurther inGormation
 please Wisit XXX�IUYJNBHJOH�DPN or DontaDt us at 
JOGP!IUYJNBHJOH�DPN.

HTX M5 Sprayer™ Tissue MALDI Sample Preparation System
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