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Imaging Surfaces by Desorption Electrospray Mass Spectrometry: Issues and Solutions
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OVERVIEW I EXPERIMENTAL l RESULTS AND DISCUSSIONS CONCLUSIONS

Vertical image resolution higher (smaller details) than

1 Desorption electrospray ionization mass 1 Chemicals. HPLC grade acetonitrile and methanol were 1 Effect of Scan Lane Spacing on Vertical Image 1 Scanning Mode. 5 vertical lines were drawn with red UltraFine 1 Sampling capillary-to-surface distance (d . er de
spectrometry (DESI-MS) is rapidly developing as a purchased from Burdick & Jackson (Muskegon, MI). : 9 scis expected based on the vertical plume size is possible
sﬂr'ace sam"[’)\mglmmzauon se)ur)ée for thz 9 gon, Mi). Resolution. An 11x10 mm clipart image was printed on copy Sharpie on a_glass slide _and scanned in 10 ljonz_ontal lanes with - 1 Non-optimal and/or changing dssresults in signal - because of the high impact region (*sweet spot’)
interrogation of a wide variety of analytes on a broad 1 Lines on Glass Slides. Lines were drawn on 75x25 mm paper and the distribution of the most intense n-mer of a polymer 500 um spacing. The projected surface distribution of the Figure 8 loss and incorrect spatial assignment of the area Figure 11 size. Imaging with 125 nm vertical scan lane spacing
range of surfaces under ambient conditions, and can microscopic glass slides (Fisherfinest, Cat. No. 12-544-2, Fisher additive in the ink at m/z 689.3 was used to create the chemical principal dye (rhodamine B) was determined using bi- and K sampled on the surface during imaging experiments. Photo taken before imaging a heart was achieved
b 9 h . Scientific, Pittsburgh, PA) and fully frosted microscopic glass image. Printed image was scanned horizontally in unidirectional unidirectional scanning modes. DESI emitter DY : incorrect spatial shape printed on regular copy paper. i

e used to obtain chemical images of the surface lid herfi 544 h ientifi i assignment 1 Image analysis a concept and 1 Bidirectional scanning results in incorrect signal-to-
analyzed. slides (Fisherfinest, Cat. No. 12-544-5CY, Fisher Scientific) using mode. 1 Effect on signal-to-surface spatial location assignment: software (HandsFree Surface Analysis©) were Paper was intentionally placed at an surface spatial location assignment, while
red permanent markers (Fine Sharpie (Series no. 30000) and spray plume developed to control d. angle of 1.35° relative to the plane P 9 ’
UltraFine Sharpie (Series no. 37000), Sanford Corporation, Oak Figure 2 Figure 6 P scis - perpendicular to the sampling unidirectional scanning provides more accurate

1 Imaging was accomplished using uni- and bi- Brook, IL). The principal dye in the red ink was rhodamine B, 1 This automated system enables “hands-free” capillary (left side of the printed paper signal-to-surface spatial location assignment.
directional scanning with the former proving superior determined by its parent ion at m/z 443.3 in the positive ion mode < capillary on of dggs during a surface scan to was lower by 400 nm compared to the 1 Non-optimal and/or changing sampling capillary-to-
by providing more accurate signal-to-surface spatial mass spectrum and by product ion spectrum (not shown). d AY = col(@dgeg achieve maximum DESI signal and to ensure correct right side) for test purposes. surface distance results in signal loss and incorrect
location assignment. 1 Imaging Printed Lines/Cliparts/Shapes on Copy Paper. » Schematic of lines drawn spatial 1t of the area sampled to its true spatial assignment of the area sampled.

. / : ) y surface location
Lines/clipart images/shapes were printed on copy paper > Surface at dsps-Adss ‘ . 1 Image analysis automation concept and associated
. " Extracted ion current images of an ink fty HandsFree Surface Analysis©) developed t
sl parametere oy 3piay sestnges e Company. Memphis. Th) using an Epson Stius Color 00 prter pd : dscs=0 mm the sampling capilary just barely Componentat miz 889.3 WITHOUT the ol e Sampig ot s sotact dance
physical parameters (e.g. spray settings) inherently Company, Memphis, TN) using an Epson Stylus Color 600 printer %, surface lifted up & touched the surface. dsc;s>0 mm: gap with the automated samphng-c‘aplllary-lo- h d ables * hands-free”
affect the best possible image quality theoreticall with its default S020089 color cartridge and the distribution of the Lo i i < [ specific distance between the sampling capillary and 1 The automated system enables *hands-free
P ge quality Y ~y Bidirectional scan (« ) 8 surface optimization. reoptimization of the sampling capillary-to-surface
achievable. most intense n-mer of a polymer additive in the ink at m/z 689.3 Incorrect signal-to-surface Surface at the surface. dgcs<0 mm: the surface was lifted up distance during surface scans to achieve maximum DESI
was monitored. Both the full mass spectrum of the ink and the spatial location assignment — from the dsc,s=0 nm state with the specific distance signal and to ensure correct spatial assignment of the area
h | I face d production spectrum of m/z 689.3 were recorded in positive ion Photo of 250 mm vertical 125 mm vertical (while bending the flexible capillary). sampled o its true surface location.

1 Changing sampling capillary-to-surface distance mode (not shown). N . )
during imaging may result in signal loss and printed clipart lane spacing lane spacing Figure 9 Extracted ion current images of an ink
incorrect spatial assignment of the area sampled on 1 DESI-MS. The manual- and computer-controlled x, y, z sample X : @ © Relation of the sampling capillary and the surface showing the component at m/z 689.3 WITH the
the surface stage coupled to the LCQ DECA instrument is shown in Figure 1. 1 Effect of Spray Geometry on Image Resolution. Possible i Ao ~ 500 M deor ~ 500 mm shift of the area sampled by the spray plume for (a) positive dscs, automated sampling-capillary-to- NEAR FUTURE

\ , " " to obtain vertical resolution higher than that expected based on Unidirectional scan (® ) (c) dsgis = 0 M and (e) negative dggs in case of sampling a 0.6 mm- surface optimization (same parameters
' srg;‘ave;:(ad:,‘\z:::::;S;g;::f‘:?l;g‘ﬂises,icéa;:e‘o ed to plume size, because the “sweet spot” (high impact area where correct signal-to-surface wide line; and for (b) positive dsgs, (d) ds¢;s = 0 mm and (f) negative as above)
control the sampling :ap\Ha[y-u]-sxr'a:ed|5(ance -rﬁ‘s Figure 1 desorption takes place) is smaller than plume diameter (see location assignment z dggss in case of sampling a 2 mm-wide line parallel to the X-axis
system enables “hands-free” reoptimization of the wide view Figure 2. General plume diameter is 300-400 mm with our setup). | —=1 were drawn on frosted glass slides with red UltraFine Sharpie and - 1 Study the effect of
sampling capillary-to-surface distance during surface — * Fine Sharpie pens, respectively, and the lines were sampled by 0 25 4e5 6e5 8es 1 physical spray parameters on image quality
scans to achieve maximum DESI signal and to ensure - DESI. Intensity (cps) 1 incident angle
correct spatial assignment of the area sampled to its true Figure 3 - spray-to-surface distance
surface location. p— ) Figure 12 XIC curves 1 divergence angle
be 1 Effect on signal abundance: (©) (d) Figure 10 — 1 “oversampling” on image quality
High impact,, ° ' ® e,  Breakeoff Emitter - dscs =0 mm dscis =0 MM 1gu A (@ 1 scan lane spacing lower than vertical size of “sweet spot”
region = droplets spray Figure 7 i Not adjusted 1 analytelsurface interaction on tissue imaging
INTRODUCTION l‘ High impact *. % Samﬂlmg R 100 A 1 Thick line : P 1 ‘ehxuapnm e‘fﬂ:\ency" ie. ‘;)Ibserved sli!gn'a;z';u\y r‘ela(es to
. Pl capillary 100 S - H scis e concentration of analyte or reslt of different
region lume - o g o . o Thin line 2 extraction efficiency from different organs (pseudoimage)
4 e - : it : . m

! Th‘sl I'e”SSﬁrCh - fOC!USSd';)n lunderSland\ng ar‘u[i e Solvent oy nes * * | Jeting front v Surface Ea ° o © it kul an an
controlling parameters affecting imaging quality 2 < o . Time (s)
using desorption electrospray ionization mass Impact force gradient s v 2 REFERENCES
spectrometry [1-3]. (e ® 3 o

XYz sample stage 1 Physical spray parameters that change the plume (location, size, » degs ~- 500 MM e ~ - 500 mm & 4 . 7 kg (b)
pressure profile) possibly change “sweet spot”, i.e. image 0+ o i Adjusted [1] Takats, Z. et al., Science 2004, 306, 471-473.
! . j

1 Recently, the was used to resolution as well: 0 2 4 6 8 10 »] xc | level ch 2 d [2] Takats, Z. et al., J. Mass Spectrom. 2005, 40, 1261-1275.
imaging of analyte bands on TLC plates [4] and 1 incident angle Scan no. z z signal level changes g e scis [3] Cooks, R. G. et al., Science 2006, 311, 1566-1570.
imaging endogenous compounds in rat brain tissue 9 i . with dsge 3 E - [4] Van Berkel, G. J. et. al., Anal. Chem. 2006, 78, 4938-4944,
[5-6]. top view 1 spray-to-surface distance Bidirectional scan (« ) Unidirectional scan (® ) 0 ° [5] Wiseman, J. M. et al., Angew. Chemie Int. Ed. 2006, 45, 7188-7192.

sample surface . . varying signal abundance more stable signal abundance _a00 200 0 200 400 o ar € an ar 2 J- M. + Ang 45, -
stationary DESI emitter 1 compactness of the spray (divergence angle at the spray tip) q [6] Ifa, D. R. et al., Int. J. Mass Spectrom. 2007, 259, 8-15.
scis (M) Time (s)

1 To-date investigations focused on the effect of spray . . . . =
parameters on the VISIBLE spatial resolution/spot 1 Mapping the high impact region of the plume. A 100 rm 1 Simulated plume size, “sweet spot” location (+) and isopleths at
size [2,4-6]. sampling capillary extension wide line parallel to X axis was printed on paper. Surface moved different spray-to-surface distance (d) (incident angle 45°): . .

—— continuously parallel to X axis and moved in 50 nm steps at every 1 Dosed Tissue Imaging. ACKNOWLEDGMENTS
i i Figure 5
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1 study the effect of scanning direction/mode (uni- or area sampled . pray
bidirectional scanning) on image quality 114 x 40 mm; 81 lanes with 500 ym spacing emitter was provided through a CRADA with MDS
1 study the effect of the sampling capillary-to-surface 1 The mass spectrometers used were (a) a 4000 QTrap hybrid triple e Center of pume 1 100 pm/s scan rate, ca. 3.5 hr total time Sciex (ORNL02-0662).
distance, which may change during the course of imagin v f soh P y/its that ofhe fne Emiter v Results:
i it y ] 9 ging, quadrupole/linear ion trap mass spectrometer (MDS Sciex, 1 SRM transitions: —_==: 1 Study of the fundamentals of DESI and DESI-MS was
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achieve maximum DESI signal and to ensure accurate discriminator, while in the case of the LCQ DECA instrument the ‘0 e am b0 w0 m %y Surface  Sampling 1 Smaller distance: smaller, more compact sweet spot/higher 1 low signal abundance development and modification of the surface control
9 extended atmospheric sampling heated capillary allowed the Plume centerfline center distance, nm capillary resolution and imaging software.
spatial assignment of the area sampled. instruments to be interfaced with automated MS2000 x, y, z ° ﬁ LH ® 15 1 Gas flow rate to obtain maximum signal level was relatively
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drug and drug conjugate were constructed. instrumental setup see ref. 4. assignment



