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    Matrix-assisted laser desorption ioni ation MALDI  mass 
spe trometry ima in  MSI  is used to isuali e the distribution o  
many di erent biolo i al mole ules in thin tissue sli es  in ludin  
metabolites. Atmospheri  Pressure AP MALDI allo s or 
ima in  analysis to be per ormed at semi-physiolo i al onditions 
or so ter ioni ation. This also allo s or the use o  matri es that 
ill sublime hen ept under a uum or an extended time
ithout the need or extremely thi  matrix oatin s. AP MALDI 

sour es are o ten oupled to hi h mass resolution spe trometers 
su h as an orbital trappin  mass spe trometer. An o er ie  o  this 
AP MALDI set-up is sho n in .
      omo enous appli ation o  matrix is essential or any MALDI 
MSI experiment. Matri es must be uni ormly deposited a ross the 
tissue sur a e as ell as produ e rystal si es ithin the ran e o  
desired ima in  resolution. The T  M5 Sprayer allo s or 
reprodu ible spray o  matrix a ross slides hile minimi in  rystal 
si e ia a heated no le. nli e a uum MALDI  AP MALDI does 
not ause matrix to sublime durin  analysis and thus ill re uire 
di erent amounts o  matrix to be applied to samples or optimal
analyte si nal ithout ex ess si nal rom matrix pea s. In this 
study  three ey parameters ere explored in re ard to matrix and 
si nal optimi ation  tissue isibility or tea hin  matrix density  
and slide sur a e hoi e.
     The intera tion o  multiple parameters su h as these o ten 
impa ts the o erall uality o  an ima in  run. hen optimi in  
matrix appli ation the hoi e o  MALDI instrument  type o  slide 
used  sample type  and expe ted analyte abundan e ioni ation 
e i ien y must be a ounted or. Parameters sele ted or a uum 
MALDI ill need to be ad usted hen usin  an AP MALDI sour e 
as explored in this study.

er ie  o  MassTe h AP MALDI Sour e.  AP MALDI sour e atta hed to Thermo rbitrap MS.

xp ri ntal i n
  ro en mouse idney tissue as obtained rom ioI T and 
se tioned at 1 m onto both lass is her S ienti i  Pittsbur h  
PA  and IT - oated Delta Te hnolo ies  Lo eland   slides.
The tissue se tions ere ima ed ithout any ashin .

Matrix Application
Alpha- yano- -hydroxy innami  a id A  matrix as 

prepared in  a etonitrile .1  tri luoroa eti  a id and 
soni ated prior to sprayin . sin  the T  M5 Sprayer  serial 
tissue se tions ere sprayed ith A matrix ia the 
parameters sho n belo  in . The number o  passes 

as aried or ea h tissue to assess the e e t o matrix 
density on metabolite si nal and ba round matrix 
pea s. Matrix density as al ulated ia the ollo in  
e uation

AP MALDI matrix spray parameters used on the M5 Sprayer.



There ore  it is important or matrix o era e to not obs ure the 
tissue ima e ith a thi oatin . 2  depi ts the stit hed
ima es rom the sour e amera o erlaid ith a ell plate template. 
As sho n in 2  the tissue oloration ot li hter and 
harder to see as more passes o  matrix ere applied  hi h led to 
di i ulty in tea hin  and de inin  Is or data a uisition.

al ulations o  matrix density on ea h tissue are sho n  ith 
. m mm o  A matrix applied ith ea h pass  

2.
  Analysis o  optimal matrix density or si nal intensity must 
balan e the analyte pea  si nal intensity ompared to the matrix 
pea si nal intensity. hile in reasin  the amount o  matrix an 
ampli y analyte si nal  this also an lead to more intense matrix 
pea s in the spe tra. Matrix pea s are obser ed in most all MALDI 
experiments and the amount o  matrix should be limited to the 
amount needed or e i ient ioni ation o  the analytes. Too mu h 
matrix si nal may also lead to spa e har in  e e ts in trappin  
mass spe trometers.
   The e e ts o  in reased matrix density on si nal intensity o  
both analytes and matrix are sho n in . Prominent 
matrix pea s are indi ated ith red arro s  and  as expe ted  ere 
obser ed to in rease ith the number o  matrix passes. The o erall 
si nal intensity o  analyte and matrix as hi her on IT  slides  

 ompared to lass slides  . The maximum 
analyte si nal intensity or ea h slide type is indi ated on the

Spe tra rom samples pla ed on IT - oated slides re ei in  
1-  passes o  matrix.

Spe tra rom samples pla ed on lass slides re ei in  1-  
passes o  matrix.

2 isual ima es o  tissues oated ith aryin  amounts o  matrix. 
Matrix density or ea h se tion is sho n abo e. Tissue se tions s anned 

ith a latbed s anner. Tissue se tions isuali ed ith AP MALDI 
sour e amera. la  ir les represent superimposed standard tar et plate  
and ea h tissue ima e as stit hed to ether rom  indi idual ima es.

A /MA  M
All ima in  experiments ere per ormed on an AP MALDI ion

sour e AP MALDI n  sour e  MassTe h olumbia  MD  
SA oupled to an rbitrap usion Lumos mass spe trometer 

Thermo isher S ienti i San ose  A  SA . AP MALDI as 
per ormed in positi e ion mode ith a diode-pumped solid-state laser 

 55 nm  operatin  at a  repetition rate ith a laser spot si e 
o approximately 15 m. The AP MALDI sour e operates in line s an

ith ontinuous a uisition. A pixel si e o  1  m as enerated by
mo in  the sta e at a elo ity o  .11 mm se  and olle tin  t o
spe tra per pixel. The rbitrap resolution as set to 1  at m

 and .  spe tra ere olle ted per se ond. The mass ran e or
these experiments as set to 50-500. Tissue samples ere
isuali ed usin  the AP MALDI sour e amera or tea hin  see

2 .

ata Anal i
To e aluate the analyte si nal rom ea h experimental 

ondition  . A  iles ere opened in Thermo reeStyle and an 
a era e spe trum enerated rom ea h hole tissue se tion.  A 
spe trum o A blan  as used to determine prominent matrix 
pea s. All ima es iles ere imported to ether into S iLS Lab M S 

1b and normali ed to root mean s uare.  Pea  sele tion as
per ormed manually and ima es e aluated or di eren es due to 
matrix deposition density and or the type o  slide on hi h the
se tions ere olle ted.

Tissues ere isuali ed usin a latbed s anner 2 and the 
AP MALDI sour e amera 2 . The sour e amera ima es are 
re uired or tea hin o  the tissue border in the AP MALDI. 
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e t o  matrix density on ima in  o  metabolites on idney se tions.

    e demonstrate the use o  the T  M5 Sprayer or optimi ed matrix appli ation in AP MALDI experiments. hile a uum
MALDI is more ommonly used in ima in  experiments  AP MALDI o ers the bene it o  ima in  at near-physiolo i al ondition

hi h leads to less ra tionation o  analytes and matrix sublimation. e ause o  the pressure di eren e  AP MALDI ima in  re uires
an ad ustment o  matrix parameters rom a uum MALDI ima in . hile the optimal amount o  matrix ill di er based on analyte
and matrix hoi e  a trend a ross the board as obser ed o  about hal  as mu h matrix re uired or AP MALDI as used in a uum 
MALDI.
    The T  M5 Sprayer produ es a uni orm and hi hly reprodu ible matrix oatin  or MALDI ima in  experiments. The amount
o  matrix applied to samples is easily al ulated and ad usted ia parameters su h as matrix on entration  lo  rate  number o
passes  tra  spa in  and no le elo ity. These parameters an be ine-tuned or optimal data uality in ludin  spatial resolution
analyte si nal intensity  and de reased matrix ba round.

spe tra ith a red box ith absolute intensity o about x1 on IT and 1. x1 on lass. o e er slide hoi e did a e t the 
ampli i ation o matrix pea si nals. hile hi her o erall si nal as obtained rom the IT slides the primary in rease in si nal as 
obser ed rom matrix pea s rather than analyte pea s. This di ered rom samples prepared on lass slides hi h did not sho the 
same ma nitude o in reased matrix si nal.     
   Metabolite ion ima es o idney se tions are sho n in . hen omparin ima es on idneys sprayed ith 1- passes 
o matrix on di erent slide types se eral trends emer ed. or almost all metabolites and tissue se tions 1 pass o A matrix as 
not su i ient to produ e an ion ima e. This is li ely due to lo  extra tion o the analyte by the matrix as ell as limited matrix rystals 
to o- rystalli e ith the analytes. also depi t this trend ith most si ni i ant di eren e in si nal intensities obser ed mo in  
rom 1 to passes o matrix. ertain lo  abundan e metabolites  su h as spermidine 1 .1 and phospho holine  1 .  

did not produ e spatially resol ed ion ima es until at least passes ere applied orrespondin to a matrix density o . 1 m
mm . This hi hli hts the balan e o depositin ample matrix or analyte si nal hile not ausin  ex essi e ba round rom matrix pea s.
In addition  the hoi e o slide sur a e did impa t the si nal intensity or ertain analytes. The ma ority o metabolites ere 
dete ted ith hi her abundan e a ter normali ation on the lass slide ompared to IT slide. esear hers should ta e into a ount 
analyte abundan e hen optimi in  matrix density and slide type or a i en set o  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

T  TM-Sprayer  M  Sprayer  and M5 Sprayer  are a ailable 
orld ide ex lusi ely rom T  Te hnolo ies  LL .  To re uest 

urther in ormation  please isit  or onta t us at 
.

HTX M5 Sprayer™ Tissue MALDI Sample Preparation System




