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Molecules

Technique that measures the mass‐to‐charge ratio and abundance of gas‐phase ions.
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 Components	of	a	mass	spectrometer



Proteins

Sugars

DNA / RNA

Drugs and 
metabolites

Lipids
Peptides

Copyright F. C. Gozzo

Polímeros

proteomics

peptidomics

glycomics

genomics

Lipidomics

Metabolomics
and fluxomics

 Versatile
 Direct	analysis	or	coupling	
 High	selectivity	and	specificity

 Highthroughput		
 Quantitative	and	qualitative	
analysis

 Imaging



DESI:	the	first ambient	MS	technique

Implication	of	
Ambient		Ionization	

 Direct	analysis	of	ordinary	objects	in	their	
native	environments

Sample	
Workup

Sample	
Workup

Sample	
into	

Vacuum

Main	types	of	ionization	methods

&

Cooks	et	al. Science	(2006) 311:1566



DESI, SSP, DART, ASAP, 
ELDI, FD‐ESI, DAPCI, 
AP‐IR‐MALDI, MALDESI, 
JeDI, EESI, DeSSI, APTDI,  
LAFAPA, PADI, DBDI, ND‐
ESSI,  LDTD, LAESI, IR‐
LAESI, DAPPI, APGDDI, 
EASI, RASTIR, PESI, 
FA‐APGD, LTP,  DEMI, LMJ‐
SSP/ESI, SACI, SPAMS, LTP, 
DICE, LAMICI, EASI, PESI, 
Paper Spray, touch 
spray....

 Direct	analysis
 No	sample	preparation
 Ionization	in	open	environment	(in‐situ)
 Real	time
 High	throughput

Venter	et	al. Trends	in	Analytical	Chemistry	(2008) 27:284



 Direct	analysis	of	ordinary	objects	in	their	native	environments

DESI‐MS	PROFILING DESI‐MS	IMAGING

http://www.prosolia.com/	 Costa	et	al.	Chemical	Physics	Letters	464	(2008)	1–8	



DESI	imaging
Mass Spectra linked Spatial Coordinates (X,Y)

X

Y Y

X

m/z

m/z 281

m/z 788

m/z 349

m/z 834

3D	molecular	images

Xiong et al. JASMS, 2012, 23, 1147. Pirro et al. Analyst, 2012, 137, 2347.



DESI	methodology
 Geometry
 Solvent	system
 Solvent	flow	rate
 Gas	pressure
 High	voltage
 Reactive	DESI

Double‐bond	
derivatization	with	

silver	cations

Eberlin. Mass Spectrometry in Metabolomics, 2014, 1198. Springer



 Nano‐DESI

 Higher spatial resolution
 Imaging

Laskin et al. Anal Chem, 2012, 84, 7179.



Drug	mapping	and	screening

Clozapine tissue distribution

DESI‐MS	applications:	surface	analysis

Dried blood spot 
drug screening

Wiseman JM et al. Proc Natl Acad Sci U S A. (2008) Wiseman et al. Methods Mol Biol. (2014) 1198:291‐7.



Pharmaceutical	tablet	analysis

H. Chen et al., Anal. Chem. 77, 6915 (2005)



AmetrynMalathion

Amitraz

Food	and	leaves	
analysis

J. F. GarciÌ a‐Reyes et al., Anal. Chem. 81, 820 (2008).

Bjarnholt et al., Nat. Prod. Rep., 2014, 31, 818



Basic	Violet	3 Basic	Blue	2Optical	image Overlay	of	Basic	
Violet	3	and	Solvent	

Blue	2

Ink	analysis

Mixture of rhodamine B 
and rhodamine 6G. Only rhodamine B

DR. Ifa, LM. Gumaelius, LS. Eberlin, NE. Manicke and RG. Cooks, Analyst, 2007, 132, 461



Latent	fingerprint	chemical	imaging	by	mass	spectrometry

Science. 2008 Aug 8;321(5890):805.

DESI	image	of	
distribution	of	cocaine	
on	a	LFP	blotted	on	glass

Computer‐
generated	

fingerprint	from	
DESI	image

Ink	fingerprint	blotted	on	
paper	and	optically	

scanned

Computer‐generated	
fingerprint	from	
optical	image



CSI video on DESI‐MS imaging of latent fingerprint



Analysis	of	sexual	assault	evidence	by	desorption	electrospray	
ionization	mass	spectrometry

J Mass Spectrom. 2013 Jul;48(7):774‐8.

latent fingerprints blotted on different materials after touching a Trojan Enz® condom

paperglass metal Glass	
after	one	
month

m/z
463	

m/z	
727	

Polymers:	nonoxynol‐9;	polydimethylsiloxane;	polyethylene	glycol



Metabolic profiling directly from the Petri dish using nanoDESI imaging mass 
spectrometry

Watrous et al.  Anal Chem. 2013 Nov 5; 85(21): 10385–10391.



pale vegetal pole: source of  energy during early 
embryogenesis.

pigmented animal pole: nucleus and cytoplasmic 
machinery for protein production1mm
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Unpublished data



Individual	oocyte	and	embryo	
analysis	by	DESI	‐Workflow

Sample washing in 
PBS + 0.1% PVA. 

Wash in MeOH/H2O 
1:1 (v/v)

Embryos are individually placed in glass slides

DESI‐MS 
analysis

Ferreira et al. JMS, 2012, 47, 28.
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Cell	pellet

Inhibition of Cholesterol Sulfotransferase (SULT) 2B1b Results in Impaired 
Prostate Cancer Cell Growth and Diminished Androgen Receptor Activity

 Cholesterol	accumulated	in	prostate	lesions

Cancer	incidence	and	progression

 Accumulation	of	Cholesterol	sulfotransferase (SULT2B1b)	in	
intraepithelial	neoplasia lesions	

Accumulation	of	cholesterol	sulphate

Unpublished data



24	h	(N	=	22)

DESI‐MS & nanoESI analysis

48	h (N	=	19)
72	h	(N	=	16)
96	h (N	=	13)

0	h	(N	=	22)

Workflow of the zebrafish 
sample handling.

(a) (b)

(c) (d)

negative ion mode

 Zebrafish.	Lipid	dynamics	during	development

Data in publication



Chramow et al. Rapid CommunMass Spectrom. 2014 28:2084‐8.



liver

kidney

heart
lung

brain

Spinal cord

FA dimer PI (38:3) Oleic acid

 Pig	fetus,	35	days	of	gestation.	Organogenesis

Data in publication



 Ovarian	cycle	lipid	dynamics

Physiological cycle of corpora lutea

“Initiation” “Peak” “Regression”

Corpus luteum 
tissue

Blood within
void in tissue

Stroma Corpus luteum 
tissue

Scar tissue –
collagen

Data in publication



Cancer	diagnostics

NL: 8.31E1
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Cell. 2011 Mar 4;144(5):646‐74. 
Hallmarks of cancer: the next 
generation.
Hanahan D, Weinberg RA.



1st ‐ Tissue	sample 2nd ‐ Sectioning

Histopathological	
examination

Y

X

m/z

Chemical	
characterization

3rd ‐ Staining

4th ‐ DESI	image	acquisition

normal tumor

• DESI	spot	size	~250	µm			»		 Pixel	dimension
• Y	:	number	of	rows	(steps	of	the	motion	system)

• X	dimension	:	sampling	rate	of	MS	*	surface	velocity	

• sample	measurement

• DESI	spray	solvent	acetonitrile:	water	(50:50	v/v)

Tissue	handling	and	DESI‐MS	image	acquisition

•MS:	negative	ion	mode,	mass	range	m/z	150‐1000	

Pirro et	al. Analyst	(2012) 137:2374



DESI‐MS	results	vs.	Pathology



choline

ethanolamine

serine

glycerol

Inositol

Glycerophospholipids

Glycerol 
backbone

Fatty acyl 
residues

Phosphate 
group

Phosphatidylcholine: PC (16:0/18:1)

Slide	kindly	provided	by	Dr.	Cristina	Ferreira



Metal	cationization,	Ag+

Metal cationization is beneficial for ambient MS while avoiding
extraction, clean‐up, desalting process prior to MS analysis. Metal
cationization (i) increases desorption and ionization efficiency, (ii)
minimizes ion suppression, and (iii) adds chemical specificity leading
to structural identification

Ubiquinone

Gonzalez‐Serrano	et	al. PlosOne (2013) 8:e74981



L.S. Eberlin, D.R. Ifa, C. Wu, R.G. Cooks, Angew. Chem. Int. Ed. , 2010, 49, 873‐876 

3D	DESI‐MS

Xiong et	al. JASMS	(2012) 23:1147



“Morphologically	friendly”	solvent	system

Methodological	advancements

Eberlin et	al. ChemBioChem (2011) 12:2129



Colocalization
(A)	m/z 283.5,	FA(18:0);	
(B)m/z 834.6,	PS(18:0/22:6)	
(C)	m/z 888.8,	ST(24:1)
(D)	m/z 6718,	PEP19
(E)m/z 7531,	neurogranin
(F)m/z 14117,	MBP	isoform	8

Combination	of	lipid	profile	+	protein	
profile	+	morphological	information

Eberlin et	al. Anal	Chem (2011) 83:8366



Brain	parenchima :	glioma vs	
normal	grey	and	white	matter
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700700.083700.167700.25700.333700.417700.5700.583700.667700.75700.833700.917701701.083701.167701.25701.333701.417701.5701.583701.667701.75701.833701.917702702.083702.167702.25702.333702.417702.5702.583702.667702.75702.833702.917703703.083703.167703.25703.333703.417703.5703.583703.667703.75703.833703.917704704.083704.167704.25704.333704.417704.5704.583704.667704.75704.833704.917705705.083705.167705.25705.333705.417705.5705.583705.667705.75705.833705.917706706.083706.167706.25706.333706.417706.5706.583706.667706.75706.833706.917707707.083707.167707.25707.333707.417707.5707.583707.667707.75707.833707.917708708.083708.167708.25708.333708.417708.5708.583708.667708.75708.833708.917709709.083709.167709.25709.333709.417709.5709.583709.667709.75709.833709.917710710.083710.167710.25710.333710.417710.5710.583710.667710.75710.833710.917711711.083711.167711.25711.333711.417711.5711.583711.667711.75711.833711.917712712.083712.167712.25712.333712.417712.5712.583712.667712.75712.833712.917713713.083713.167713.25713.333713.417713.5713.583713.667713.75713.833713.917714714.083714.167714.25714.333714.417714.5714.583714.667714.75714.833714.917715715.083715.167715.25715.333715.417715.5715.583715.667715.75715.833715.917716716.083716.167716.25716.333716.417716.5716.583716.667716.75716.833716.917717717.083717.167717.25717.333717.417717.5717.583717.667717.75717.833717.917718718.083718.167718.25718.333718.417718.5718.583718.667718.75718.833718.917719719.083719.167719.25719.333719.417719.5719.583719.667719.75719.833719.917720720.083720.167720.25720.333720.417720.5720.583720.667720.75720.833720.917721721.083721.167721.25721.333721.417721.5721.583721.667721.75721.833721.917722722.083722.167722.25722.333722.417722.5722.583722.667722.75722.833722.917723723.083723.167723.25723.333723.417723.5723.583723.667723.75723.833723.917724724.083724.167724.25724.333724.417724.5724.583724.667724.75724.833724.917725725.083725.167725.25725.333725.417725.5725.583725.667725.75725.833725.917726726.083726.167726.25726.333726.417726.5726.583726.667726.75726.833726.917727727.083727.167727.25727.333727.417727.5727.583727.667727.75727.833727.917728728.083728.167728.25728.333728.417728.5728.583728.667728.75728.833728.917729729.083729.167729.25729.333729.417729.5729.583729.667729.75729.833729.917730730.083730.167730.25730.333730.417730.5730.583730.667730.75730.833730.917731731.083731.167731.25731.333731.417731.5731.583731.667731.75731.833731.917732732.083732.167732.25732.333732.417732.5732.583732.667732.75732.833732.917733733.083733.167733.25733.333733.417733.5733.583733.667733.75733.833733.917734734.083734.167734.25734.333734.417734.5734.583734.667734.75734.833734.917735735.083735.167735.25735.333735.417735.5735.583735.667735.75735.833735.917736736.083736.167736.25736.333736.417736.5736.583736.667736.75736.833736.917737737.083737.167737.25737.333737.417737.5737.583737.667737.75737.833737.917738738.083738.167738.25738.333738.417738.5738.583738.667738.75738.833738.917739739.083739.167739.25739.333739.417739.5739.583739.667739.75739.833739.917740740.083740.167740.25740.333740.417740.5740.583740.667740.75740.833740.917741741.083741.167741.25741.333741.417741.5741.583741.667741.75741.833741.917742742.083742.167742.25742.333742.417742.5742.583742.667742.75742.833742.917743743.083743.167743.25743.333743.417743.5743.583743.667743.75743.833743.917744744.083744.167744.25744.333744.417744.5744.583744.667744.75744.833744.917745745.083745.167745.25745.333745.417745.5745.583745.667745.75745.833745.917746746.083746.167746.25746.333746.417746.5746.583746.667746.75746.833746.917747747.083747.167747.25747.333747.417747.5747.583747.667747.75747.833747.917748748.083748.167748.25748.333748.417748.5748.583748.667748.75748.833748.917749749.083749.167749.25749.333749.417749.5749.583749.667749.75749.833749.917750750.083750.167750.25750.333750.417750.5750.583750.667750.75750.833750.917751751.083751.167751.25751.333751.417751.5751.583751.667751.75751.833751.917752752.083752.167752.25752.333752.417752.5752.583752.667752.75752.833752.917753753.083753.167753.25753.333753.417753.5753.583753.667753.75753.833753.917754754.083754.167754.25754.333754.417754.5754.583754.667754.75754.833754.917755755.083755.167755.25755.333755.417755.5755.583755.667755.75755.833755.917756756.083756.167756.25756.333756.417756.5756.583756.667756.75756.833756.917757757.083757.167757.25757.333757.417757.5757.583757.667757.75757.833757.917758758.083758.167758.25758.333758.417758.5758.583758.667758.75758.833758.917759759.083759.167759.25759.333759.417759.5759.583759.667759.75759.833759.917760760.083760.167760.25760.333760.417760.5760.583760.667760.75760.833760.917761761.083761.167761.25761.333761.417761.5761.583761.667761.75761.833761.917762762.083762.167762.25762.333762.417762.5762.583762.667762.75762.833762.917763763.083763.167763.25763.333763.417763.5763.583763.667763.75763.833763.917764764.083764.167764.25764.333764.417764.5764.583764.667764.75764.833764.917765765.083765.167765.25765.333765.417765.5765.583765.667765.75765.833765.917766766.083766.167766.25766.333766.417766.5766.583766.667766.75766.833766.917767767.083767.167767.25767.333767.417767.5767.583767.667767.75767.833767.917768768.083768.167768.25768.333768.417768.5768.583768.667768.75768.833768.917769769.083769.167769.25769.333769.417769.5769.583769.667769.75769.833769.917770770.083770.167770.25770.333770.417770.5770.583770.667770.75770.833770.917771771.083771.167771.25771.333771.417771.5771.583771.667771.75771.833771.917772772.083772.167772.25772.333772.417772.5772.583772.667772.75772.833772.917773773.083773.167773.25773.333773.417773.5773.583773.667773.75773.833773.917774774.083774.167774.25774.333774.417774.5774.583774.667774.75774.833774.917775775.083775.167775.25775.333775.417775.5775.583775.667775.75775.833775.917776776.083776.167776.25776.333776.417776.5776.583776.667776.75776.833776.917777777.083777.167777.25777.333777.417777.5777.583777.667777.75777.833777.917778778.083778.167778.25778.333778.417778.5778.583778.667778.75778.833778.917779779.083779.167779.25779.333779.417779.5779.583779.667779.75779.833779.917780780.083780.167780.25780.333780.417780.5780.583780.667780.75780.833780.917781781.083781.167781.25781.333781.417781.5781.583781.667781.75781.833781.917782782.083782.167782.25782.333782.417782.5782.583782.667782.75782.833782.917783783.083783.167783.25783.333783.417783.5783.583783.667783.75783.833783.917784784.083784.167784.25784.333784.417784.5784.583784.667784.75784.833784.917785785.083785.167785.25785.333785.417785.5785.583785.667785.75785.833785.917786786.083786.167786.25786.333786.417786.5786.583786.667786.75786.833786.917787787.083787.167787.25787.333787.417787.5787.583787.667787.75787.833787.917788788.083
788.167
788.25

788.333
788.417788.5788.583
788.667
788.75
788.833788.917789789.083789.167789.25789.333789.417789.5789.583789.667789.75789.833789.917790790.083790.167790.25790.333790.417790.5790.583790.667790.75790.833790.917791791.083791.167791.25791.333791.417791.5791.583791.667791.75791.833791.917792792.083792.167792.25792.333792.417792.5792.583792.667792.75792.833792.917793793.083793.167793.25793.333793.417793.5793.583793.667793.75793.833793.917794794.083

794.167
794.25794.333794.417794.5794.583
794.667

794.75794.833794.917795795.083795.167795.25795.333795.417795.5795.583795.667795.75795.833795.917796796.083796.167796.25796.333796.417796.5796.583796.667796.75796.833796.917797797.083797.167797.25797.333797.417797.5797.583797.667797.75797.833797.917798798.083798.167798.25798.333798.417798.5798.583798.667798.75798.833798.917799799.083799.167799.25799.333799.417799.5799.583799.667799.75799.833799.917800800.083800.167800.25800.333800.417800.5800.583800.667800.75800.833800.917801801.083801.167801.25801.333801.417801.5801.583801.667801.75801.833801.917802802.083802.167802.25802.333802.417802.5802.583802.667802.75802.833802.917803803.083803.167803.25803.333803.417803.5803.583803.667803.75803.833803.917804804.083804.167804.25804.333804.417804.5804.583804.667804.75804.833804.917805805.083805.167805.25805.333805.417805.5805.583805.667805.75805.833805.917806806.083806.167806.25806.333806.417806.5806.583806.667806.75806.833806.917807807.083807.167807.25807.333807.417807.5807.583807.667807.75807.833807.917808808.083808.167808.25808.333808.417808.5808.583808.667808.75808.833808.917809809.083809.167809.25809.333809.417809.5809.583809.667809.75809.833809.917810810.083810.167810.25810.333810.417810.5810.583810.667810.75810.833810.917811811.083811.167811.25811.333811.417811.5811.583811.667811.75811.833811.917812812.083812.167812.25812.333812.417812.5812.583812.667812.75812.833812.917813813.083813.167813.25813.333813.417813.5813.583813.667813.75813.833813.917814814.083814.167814.25814.333814.417814.5814.583814.667814.75814.833814.917815815.083815.167815.25815.333815.417815.5815.583815.667815.75815.833815.917816816.083816.167816.25816.333816.417816.5816.583816.667816.75816.833816.917817817.083817.167817.25817.333817.417817.5817.583817.667817.75817.833817.917818818.083818.167818.25818.333818.417818.5818.583818.667818.75818.833818.917819819.083819.167819.25819.333819.417819.5819.583819.667819.75819.833819.917820820.083820.167820.25820.333820.417820.5820.583820.667820.75820.833820.917821821.083821.167821.25821.333821.417821.5821.583821.667821.75821.833821.917822822.083822.167822.25822.333822.417822.5822.583822.667822.75822.833822.917823823.083823.167823.25823.333823.417823.5823.583823.667823.75823.833823.917824824.083824.167824.25824.333824.417824.5824.583824.667824.75824.833824.917825825.083825.167825.25825.333825.417825.5825.583825.667825.75825.833825.917826826.083826.167826.25826.333826.417826.5826.583826.667826.75826.833826.917827827.083827.167827.25827.333827.417827.5827.583827.667827.75827.833827.917828828.083828.167828.25828.333828.417828.5828.583828.667828.75828.833828.917829829.083829.167829.25829.333829.417829.5829.583829.667829.75829.833829.917830830.083830.167830.25830.333830.417830.5830.583830.667830.75830.833830.917831831.083831.167831.25831.333831.417831.5831.583831.667831.75831.833831.917832832.083832.167832.25832.333832.417832.5832.583832.667832.75832.833832.917833833.083833.167833.25833.333833.417833.5833.583833.667833.75833.833
833.917

834
834.083

834.167

834.25

834.333
834.417834.5

834.583

834.667

834.75

834.833
834.917835835.083

835.167
835.25

835.333835.417835.5
835.583

835.667
835.75

835.833835.917836836.083836.167
836.25836.333836.417836.5836.583

836.667
836.75836.833836.917837837.083837.167837.25837.333837.417837.5837.583837.667837.75837.833837.917838838.083838.167838.25838.333838.417838.5838.583838.667838.75838.833838.917839839.083839.167839.25839.333839.417839.5839.583839.667839.75839.833839.917840840.083840.167840.25840.333840.417840.5840.583840.667840.75840.833840.917841841.083841.167841.25841.333841.417841.5841.583841.667841.75841.833841.917842842.083842.167842.25842.333842.417842.5842.583842.667842.75842.833842.917843843.083843.167843.25843.333843.417843.5843.583843.667843.75843.833843.917844844.083844.167844.25844.333844.417844.5844.583844.667844.75844.833844.917845845.083845.167845.25845.333845.417845.5845.583845.667845.75845.833845.917846846.083846.167846.25846.333846.417846.5846.583846.667846.75846.833846.917847847.083847.167847.25847.333847.417847.5847.583847.667847.75847.833847.917848848.083848.167848.25848.333848.417848.5848.583848.667848.75848.833848.917849849.083849.167849.25849.333849.417849.5849.583849.667849.75849.833849.917850850.083850.167850.25850.333850.417850.5850.583850.667850.75850.833850.917851851.083851.167851.25851.333851.417851.5851.583851.667851.75851.833851.917852852.083852.167852.25852.333852.417852.5852.583852.667852.75852.833852.917853853.083853.167853.25853.333853.417853.5853.583853.667853.75853.833853.917854854.083854.167854.25854.333854.417854.5854.583854.667854.75854.833854.917855855.083855.167855.25855.333855.417855.5855.583855.667855.75855.833855.917856856.083856.167856.25856.333856.417856.5856.583856.667856.75856.833856.917857857.083857.167857.25857.333857.417857.5857.583857.667857.75857.833857.917858858.083858.167858.25858.333858.417858.5858.583858.667858.75858.833858.917859859.083859.167859.25859.333859.417859.5859.583859.667859.75859.833859.917860860.083860.167860.25860.333860.417860.5860.583860.667860.75860.833860.917861861.083861.167861.25861.333861.417861.5861.583861.667861.75861.833861.917862862.083862.167862.25862.333862.417862.5862.583862.667862.75862.833862.917863863.083863.167863.25863.333863.417863.5863.583863.667863.75863.833863.917864864.083864.167864.25864.333864.417864.5864.583864.667864.75864.833864.917865865.083865.167865.25865.333865.417865.5865.583865.667865.75865.833865.917866866.083866.167866.25866.333866.417866.5866.583866.667866.75866.833866.917867867.083867.167867.25867.333867.417867.5867.583867.667867.75867.833867.917868868.083868.167868.25868.333868.417868.5868.583868.667868.75868.833868.917869869.083869.167869.25869.333869.417869.5869.583869.667869.75869.833869.917870870.083870.167870.25870.333870.417870.5870.583870.667870.75870.833870.917871871.083871.167871.25871.333871.417871.5871.583871.667871.75871.833871.917872872.083872.167872.25872.333872.417872.5872.583872.667872.75872.833872.917873873.083873.167873.25873.333873.417873.5873.583873.667873.75873.833873.917874874.083874.167874.25874.333874.417874.5874.583874.667874.75874.833874.917875875.083875.167875.25875.333875.417875.5875.583875.667875.75875.833875.917876876.083876.167876.25876.333876.417876.5876.583876.667876.75876.833876.917877877.083877.167877.25877.333877.417877.5877.583877.667877.75877.833877.917878878.083878.167878.25878.333878.417878.5878.583878.667878.75878.833878.917879879.083879.167879.25879.333879.417879.5879.583879.667879.75879.833879.917880880.083880.167880.25880.333880.417880.5880.583880.667880.75880.833880.917881881.083881.167881.25881.333881.417881.5881.583881.667881.75881.833881.917882882.083882.167882.25882.333882.417882.5882.583882.667882.75882.833882.917883883.083883.167883.25883.333883.417883.5883.583883.667883.75883.833883.917884884.083884.167884.25884.333884.417884.5884.583884.667884.75884.833884.917885885.083885.167

885.25
885.333
885.417
885.5885.583885.667

885.75
885.833
885.917886886.083886.167886.25886.333886.417886.5886.583886.667886.75886.833886.917887887.083887.167887.25887.333887.417887.5887.583887.667887.75887.833887.917888888.083888.167

888.25
888.333

888.417

888.5

888.583

888.667888.75
888.833

888.917

889

889.083
889.167889.25889.333
889.417

889.5
889.583
889.667889.75889.833

889.917
890

890.083890.167890.25890.333
890.417

890.5
890.583
890.667890.75890.833

890.917
891

891.083
891.167891.25891.333891.417891.5891.583891.667891.75891.833891.917892892.083892.167892.25892.333892.417892.5892.583892.667892.75892.833892.917893893.083893.167893.25893.333893.417893.5893.583893.667893.75893.833893.917894894.083894.167894.25894.333894.417894.5894.583894.667894.75894.833894.917895895.083895.167895.25895.333895.417895.5895.583895.667895.75895.833895.917896896.083896.167896.25896.333896.417896.5896.583896.667896.75896.833896.917897897.083897.167897.25897.333897.417897.5897.583897.667897.75897.833897.917898898.083898.167898.25898.333898.417898.5898.583898.667898.75898.833898.917899899.083899.167899.25899.333899.417899.5899.583899.667899.75899.833899.917900900.083900.167900.25900.333900.417900.5900.583900.667900.75900.833900.917901901.083901.167901.25901.333901.417901.5901.583901.667901.75901.833901.917902902.083902.167902.25902.333902.417

902.5
902.583902.667902.75902.833902.917

903903.083903.167903.25903.333903.417903.5903.583903.667903.75903.833903.917904904.083904.167904.25904.333
904.417

904.5
904.583904.667904.75904.833
904.917
905

905.083905.167905.25905.333905.417905.5905.583905.667905.75905.833905.917906906.083906.167906.25906.333
906.417

906.5
906.583906.667906.75906.833

906.917
907907.083907.167907.25907.333907.417907.5907.583907.667907.75907.833907.917908908.083908.167908.25908.333908.417908.5908.583908.667908.75908.833908.917909909.083909.167909.25909.333909.417909.5909.583909.667909.75909.833909.917910910.083910.167910.25910.333910.417910.5910.583910.667910.75910.833910.917911911.083911.167911.25911.333911.417911.5911.583911.667911.75911.833911.917912912.083912.167912.25912.333912.417912.5912.583912.667912.75912.833912.917913913.083913.167913.25913.333913.417913.5913.583913.667913.75913.833913.917914914.083914.167914.25914.333914.417914.5914.583914.667914.75914.833914.917915915.083915.167915.25915.333915.417915.5915.583915.667915.75915.833915.917916916.083916.167916.25916.333916.417916.5916.583916.667916.75916.833916.917
917917.083917.167917.25917.333917.417917.5917.583917.667917.75917.833917.917918918.083918.167918.25918.333918.417918.5918.583918.667918.75918.833918.917919919.083919.167919.25919.333919.417919.5919.583919.667919.75919.833919.917920920.083920.167920.25920.333920.417920.5920.583920.667920.75920.833920.917921921.083921.167921.25921.333921.417921.5921.583921.667921.75921.833921.917922922.083922.167922.25922.333922.417922.5922.583922.667922.75922.833922.917923923.083923.167923.25923.333923.417923.5923.583923.667923.75923.833923.917924924.083924.167924.25924.333924.417924.5924.583924.667924.75924.833924.917925925.083925.167925.25925.333925.417925.5925.583925.667925.75925.833925.917926926.083926.167926.25926.333926.417926.5926.583926.667926.75926.833926.917927927.083927.167927.25927.333927.417927.5927.583927.667927.75927.833927.917928928.083928.167928.25928.333928.417928.5928.583928.667928.75928.833928.917929929.083929.167929.25929.333929.417929.5929.583929.667929.75929.833929.917930930.083930.167930.25930.333930.417930.5930.583930.667930.75930.833930.917931931.083931.167931.25931.333931.417931.5931.583931.667931.75931.833931.917932932.083932.167932.25932.333932.417932.5932.583932.667932.75932.833932.917933933.083933.167933.25933.333933.417933.5933.583933.667933.75933.833933.917934934.083934.167934.25934.333934.417934.5934.583934.667934.75934.833934.917935935.083935.167935.25935.333935.417935.5935.583935.667935.75935.833935.917936936.083936.167936.25936.333936.417936.5936.583936.667936.75936.833936.917937937.083937.167937.25937.333937.417937.5937.583937.667937.75937.833937.917938938.083938.167938.25938.333938.417938.5938.583938.667938.75938.833938.917939939.083939.167939.25939.333939.417939.5939.583939.667939.75939.833939.917940940.083940.167940.25940.333940.417940.5940.583940.667940.75940.833940.917941941.083941.167941.25941.333941.417941.5941.583941.667941.75941.833941.917942942.083942.167942.25942.333942.417942.5942.583942.667942.75942.833942.917943943.083943.167943.25943.333943.417943.5943.583943.667943.75943.833943.917944944.083944.167944.25944.333944.417944.5944.583944.667944.75944.833944.917945945.083945.167945.25945.333945.417945.5945.583945.667945.75945.833945.917946946.083946.167946.25946.333946.417946.5946.583946.667946.75946.833946.917947947.083947.167947.25947.333947.417947.5947.583947.667947.75947.833947.917948948.083948.167948.25948.333948.417948.5948.583948.667948.75948.833948.917949949.083949.167949.25949.333949.417949.5949.583949.667949.75949.833949.917950950.083950.167950.25950.333950.417950.5950.583950.667950.75950.833950.917951951.083951.167951.25951.333951.417951.5951.583951.667951.75951.833951.917952952.083952.167952.25952.333952.417952.5952.583952.667952.75952.833952.917953953.083953.167953.25953.333953.417953.5953.583953.667953.75953.833953.917954954.083954.167954.25954.333954.417954.5954.583954.667954.75954.833954.917955955.083955.167955.25955.333955.417955.5955.583955.667955.75955.833955.917956956.083956.167956.25956.333956.417956.5956.583956.667956.75956.833956.917957957.083957.167957.25957.333957.417957.5957.583957.667957.75957.833957.917958958.083958.167958.25958.333958.417958.5958.583958.667958.75958.833958.917959959.083959.167959.25959.333959.417959.5959.583959.667959.75959.833959.917960960.083960.167960.25960.333960.417960.5960.583960.667960.75960.833960.917961961.083961.167961.25961.333961.417961.5961.583961.667961.75961.833961.917962962.083962.167962.25962.333962.417962.5962.583962.667962.75962.833962.917963963.083963.167963.25963.333963.417963.5963.583963.667963.75963.833963.917964964.083964.167964.25964.333964.417964.5964.583964.667964.75964.833964.917965965.083965.167965.25965.333965.417965.5965.583965.667965.75965.833965.917966966.083966.167966.25966.333966.417966.5966.583966.667966.75966.833966.917967967.083967.167967.25967.333967.417967.5967.583967.667967.75967.833967.917968968.083968.167968.25968.333968.417968.5968.583968.667968.75968.833968.917969969.083969.167969.25969.333969.417969.5969.583969.667969.75969.833969.917970970.083970.167970.25970.333970.417970.5970.583970.667970.75970.833970.917971971.083971.167971.25971.333971.417971.5971.583971.667971.75971.833971.917972972.083972.167972.25972.333972.417972.5972.583972.667972.75972.833972.917973973.083973.167973.25973.333973.417973.5973.583973.667973.75973.833973.917974974.083974.167974.25974.333974.417974.5974.583974.667974.75974.833974.917975975.083975.167975.25975.333975.417975.5975.583975.667975.75975.833975.917976976.083976.167976.25976.333976.417976.5976.583976.667976.75976.833976.917977977.083977.167977.25977.333977.417977.5977.583977.667977.75977.833977.917978978.083978.167978.25978.333978.417978.5978.583978.667978.75978.833978.917979979.083979.167979.25979.333979.417979.5979.583979.667979.75979.833979.917980980.083980.167980.25980.333980.417980.5980.583980.667980.75980.833980.917981981.083981.167981.25981.333981.417981.5981.583981.667981.75981.833981.917982982.083982.167982.25982.333982.417982.5982.583982.667982.75982.833982.917983983.083983.167983.25983.333983.417983.5983.583983.667983.75983.833983.917984984.083984.167984.25984.333984.417984.5984.583984.667984.75984.833984.917985985.083985.167985.25985.333985.417985.5985.583985.667985.75985.833985.917986986.083986.167986.25986.333986.417986.5986.583986.667986.75986.833986.917987987.083987.167987.25987.333987.417987.5987.583987.667987.75987.833987.917988988.083988.167988.25988.333988.417988.5988.583988.667988.75988.833988.917989989.083989.167989.25989.333989.417989.5989.583989.667989.75989.833989.917990990.083990.167990.25990.333990.417990.5990.583990.667990.75990.833990.917991991.083991.167991.25991.333991.417991.5991.583991.667991.75991.833991.917992992.083992.167992.25992.333992.417992.5992.583992.667992.75992.833992.917993993.083993.167993.25993.333993.417993.5993.583993.667993.75993.833993.917994994.083994.167994.25994.333994.417994.5994.583994.667994.75994.833994.917995995.083995.167995.25995.333995.417995.5995.583995.667995.75995.833995.917996996.083996.167996.25996.333996.417996.5996.583996.667996.75996.833996.917997997.083997.167997.25997.333997.417997.5997.583997.667997.75997.833997.917998998.083998.167998.25998.333998.417998.5998.583998.667998.75998.833998.917999999.083999.167999.25999.333999.417999.5999.583999.667999.75999.833999.917100080.083380.166780.2580.333380.416780.580.583380.666780.7580.833380.91678181.083381.166781.2581.333381.416781.581.583381.666781.7581.833381.91678282.083382.166782.2582.333382.416782.582.583382.666782.7582.833382.91678383.083383.166783.2583.333383.416783.583.583383.666783.7583.833383.91678484.083384.166784.2584.333384.416784.584.583384.666784.7584.833384.91678585.083385.166785.2585.333385.416785.585.583385.666785.7585.833385.91678686.083386.166786.2586.333386.416786.586.583386.666786.7586.833386.91678787.083387.166787.2587.333387.416787.587.583387.666787.7587.833387.91678888.083388.166788.2588.333388.416788.588.583388.6667

88.75
88.8333

88.9167

89
89.0833

89.1667

89.25

89.3333

89.4167
89.5

89.5833

89.6667

89.75

89.8333
89.9167

9090.083390.166790.2590.333390.416790.590.583390.666790.7590.833390.91679191.083391.166791.2591.333391.416791.591.583391.666791.7591.833391.91679292.083392.166792.2592.333392.416792.592.583392.666792.7592.833392.91679393.083393.166793.2593.333393.416793.593.583393.666793.7593.833393.91679494.083394.166794.2594.333394.416794.594.583394.666794.7594.833394.91679595.083395.166795.2595.333395.416795.595.583395.666795.7595.833395.91679696.083396.166796.2596.333396.416796.596.583396.666796.7596.833396.91679797.083397.166797.2597.333397.416797.597.583397.666797.7597.833397.91679898.083398.166798.2598.333398.416798.598.583398.666798.7598.833398.91679999.083399.166799.2599.333399.416799.599.583399.666799.7599.833399.9167100100.083100.167100.25100.333100.417100.5100.583100.667100.75100.833100.917101101.083101.167101.25101.333101.417101.5101.583101.667101.75101.833101.917102102.083102.167102.25102.333102.417102.5102.583102.667102.75102.833102.917103103.083103.167103.25103.333103.417103.5103.583103.667103.75103.833103.917104104.083104.167104.25104.333104.417104.5104.583104.667104.75104.833104.917105105.083105.167105.25105.333105.417105.5105.583105.667105.75105.833105.917106106.083106.167106.25106.333106.417106.5106.583106.667106.75106.833106.917107107.083107.167107.25107.333107.417107.5107.583107.667107.75107.833107.917108108.083108.167108.25108.333108.417108.5108.583108.667108.75108.833108.917109109.083109.167109.25109.333109.417109.5109.583109.667
109.75

109.833

109.917

110110.083

110.167

110.25

110.333
110.417110.5110.583110.667110.75110.833110.917111111.083111.167111.25111.333111.417111.5111.583111.667111.75

111.833
111.917

112112.083
112.167
112.25
112.333112.417112.5112.583112.667112.75112.833112.917113113.083113.167113.25113.333113.417113.5113.583113.667113.75113.833113.917114114.083114.167114.25114.333114.417114.5114.583114.667114.75114.833114.917115115.083115.167115.25115.333115.417115.5115.583115.667115.75115.833115.917116116.083116.167116.25116.333116.417116.5116.583116.667116.75116.833116.917117117.083117.167117.25117.333117.417117.5117.583117.667117.75117.833117.917118118.083118.167118.25118.333118.417118.5118.583118.667118.75118.833118.917119119.083119.167119.25119.333119.417119.5119.583119.667

119.75

119.833

119.917

120
120.083

120.167

120.25

120.333

120.417120.5120.583120.667120.75
120.833
120.917

121121.083
121.167
121.25
121.333121.417121.5121.583121.667121.75121.833121.917122122.083122.167122.25122.333122.417122.5122.583122.667122.75122.833122.917123123.083123.167123.25123.333123.417123.5123.583123.667123.75
123.833

123.917

124124.083

124.167

124.25

124.333
124.417124.5124.583

124.667
124.75
124.833
124.917

125125.083
125.167
125.25
125.333125.417125.5125.583125.667125.75

125.833
125.917

126126.083
126.167
126.25
126.333126.417126.5126.583126.667126.75126.833126.917127127.083127.167

127.25127.333127.417127.5127.583127.667127.75127.833127.917128128.083128.167128.25128.333128.417128.5128.583128.667128.75128.833128.917129129.083129.167129.25129.333129.417129.5129.583129.667129.75129.833129.917130130.083130.167130.25130.333130.417130.5130.583130.667130.75130.833130.917131131.083131.167131.25131.333131.417131.5131.583131.667131.75131.833131.917132132.083132.167
132.25132.333132.417132.5132.583132.667132.75132.833132.917133133.083133.167133.25133.333133.417133.5133.583133.667133.75133.833
133.917

134134.083
134.167
134.25

134.333134.417134.5134.583134.667134.75134.833134.917135135.083135.167135.25135.333135.417135.5135.583135.667135.75135.833135.917136136.083136.167136.25136.333136.417136.5136.583136.667
136.75
136.833

136.917
137137.083

137.167

137.25

137.333137.417137.5137.583137.667137.75137.833137.917138138.083138.167138.25138.333138.417138.5138.583138.667138.75138.833138.917139139.083139.167139.25139.333139.417139.5139.583139.667139.75139.833139.917140140.083140.167140.25140.333140.417140.5140.583140.667140.75140.833140.917141141.083141.167141.25141.333141.417141.5141.583141.667141.75141.833141.917142142.083142.167142.25142.333142.417142.5142.583142.667142.75142.833142.917143143.083143.167143.25143.333143.417143.5143.583143.667143.75143.833143.917144144.083144.167144.25144.333144.417144.5144.583144.667144.75144.833144.917145145.083145.167145.25145.333145.417145.5145.583145.667145.75145.833145.917146146.083146.167146.25146.333146.417146.5146.583146.667146.75
146.833
146.917
147147.083

147.167

147.25
147.333

147.417147.5147.583147.667147.75147.833147.917148148.083148.167148.25148.333148.417148.5148.583148.667148.75148.833148.917149149.083149.167149.25149.333149.417149.5149.583149.667149.75149.833149.917150150.083150.167150.25150.333150.417150.5150.583150.667150.75
150.833
150.917

151151.083
151.167

151.25
151.333151.417151.5151.583151.667151.75151.833151.917152152.083152.167

152.25152.333152.417152.5152.583152.667152.75152.833152.917153153.083153.167153.25153.333153.417153.5153.583153.667153.75153.833153.917154154.083154.167154.25154.333154.417154.5154.583154.667154.75154.833154.917155155.083155.167155.25155.333155.417155.5155.583155.667155.75155.833155.917156156.083156.167156.25156.333156.417156.5156.583156.667156.75156.833156.917157157.083157.167157.25157.333157.417157.5157.583157.667157.75157.833157.917158158.083158.167158.25158.333158.417158.5158.583158.667158.75
158.833158.917159
159.083
159.167159.25159.333159.417159.5159.583159.667159.75159.833159.917160160.083160.167160.25160.333160.417160.5160.583160.667160.75
160.833160.917161161.083

161.167161.25161.333161.417161.5161.583161.667161.75161.833161.917162162.083162.167162.25162.333162.417162.5162.583162.667162.75162.833162.917163163.083163.167163.25163.333163.417163.5163.583163.667163.75163.833163.917164164.083
164.167
164.25
164.333164.417164.5164.583164.667164.75164.833164.917165165.083165.167165.25165.333165.417165.5165.583165.667165.75165.833165.917166166.083166.167166.25166.333166.417166.5166.583166.667166.75166.833166.917167167.083167.167
167.25167.333167.417167.5167.583167.667167.75167.833167.917168168.083168.167168.25168.333168.417168.5168.583168.667168.75168.833168.917169169.083169.167169.25169.333169.417169.5169.583169.667169.75169.833169.917170170.083170.167170.25170.333170.417170.5170.583170.667170.75170.833170.917171171.083171.167171.25171.333171.417171.5171.583171.667171.75171.833171.917172172.083172.167172.25172.333172.417172.5172.583172.667172.75172.833172.917173173.083173.167173.25173.333173.417173.5173.583173.667173.75173.833

173.917
174

174.083

174.167

174.25174.333
174.417

174.5

174.583
174.667
174.75
174.833

174.917175175.083
175.167

175.25175.333175.417175.5175.583175.667175.75175.833175.917176176.083176.167176.25176.333176.417176.5176.583176.667176.75176.833176.917177177.083177.167177.25177.333177.417177.5177.583177.667177.75177.833177.917178178.083
178.167
178.25178.333178.417178.5178.583178.667178.75178.833178.917179179.083179.167179.25179.333179.417179.5179.583179.667179.75179.833179.917180180.083180.167180.25180.333180.417180.5180.583180.667180.75180.833180.917181181.083181.167181.25181.333181.417181.5181.583181.667181.75181.833181.917182182.083182.167182.25182.333182.417182.5182.583182.667182.75182.833182.917183183.083183.167183.25183.333183.417183.5183.583183.667183.75183.833183.917184184.083184.167184.25184.333184.417184.5184.583184.667184.75184.833184.917185185.083185.167185.25185.333185.417185.5185.583185.667185.75185.833185.917186186.083186.167186.25186.333186.417186.5186.583186.667186.75

186.833
186.917

187187.083
187.167

187.25

187.333
187.417187.5187.583187.667187.75187.833187.917188188.083188.167188.25188.333188.417188.5188.583188.667188.75188.833188.917189189.083189.167189.25189.333189.417189.5189.583189.667189.75189.833189.917190190.083190.167190.25190.333190.417190.5190.583190.667190.75190.833190.917191191.083191.167191.25191.333191.417191.5191.583191.667191.75191.833191.917192192.083192.167192.25192.333192.417192.5192.583192.667192.75192.833192.917193193.083193.167193.25193.333193.417193.5193.583193.667193.75193.833193.917194194.083

194.167
194.25

194.333194.417194.5194.583194.667194.75194.833194.917195195.083195.167195.25195.333195.417195.5195.583195.667195.75195.833195.917196196.083196.167196.25196.333196.417196.5196.583196.667196.75196.833196.917197197.083197.167197.25197.333197.417197.5197.583197.667197.75197.833197.917198198.083198.167198.25198.333198.417198.5198.583198.667198.75198.833198.917199199.083199.167199.25199.333199.417199.5199.583199.667199.75199.833199.917
200

Loadings on PC1 (45.7%)

Lo
ad

in
gs

 o
n 

P
C

2 
(2

7.
6%

)

ORIGINAL LOADING PLOT



NAA,	N‐acetyl‐aspartic	acid



NAA distribution within tissue sections
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m/z 174 H&E Stain Slide



2HG,	2‐hydroxygluteric	acid

Eberlin et	al. PNAS	(2014) 111:11121



Classification strategy to predict the tissue 
state for unknown samples….



 LASSO discriminant technique

Eberlin et al. PNAS 2014, 111: 2436-2441



DESI analysis of tissue smears
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3D printed device

Rapid DESI-MS Analysis



Smears are chemically homogeneous
and provide high quality spectra
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DESI analysis of tissue smears and tissue 
sections yield equivalent information

Metabolites
(m/z 80‐200)
r = 0.9911
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Tissue Sections

Lipids
(m/z 700‐1000)
r = 0.9918
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Tissue Sections

Canonical correlation analysis (CCA) supports the chemical 
information is equivalent



Matured_1to10_Niemann_PL_070312#103-138 RT:3.14-4.20 AV: 36 SB: 14 0.07-0.46 NL: 3.53E2
T: FTMS - p ESI Full ms [150.00-1000.00]
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Immature_1to10_Niemann_TAG_070312#61-73 RT: 1.28-1.49 AV: 13 SB: 7 0.03-0.14 NL: 9.57E3
T: FTMS + p ESI Full ms [600.00-1200.00]
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Thank	you	for	your	attention


