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Fig. 1. Overview of imaging mass spectrometry.
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Fig.5. Time-of-flight spectrum (upper half) and ion images
(lower half) of different ion extraction methods; (a)
normal extraction, (b) delayed extraction, (c) post ex-

traction differential acceleration.
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Figure 1. (A, B) DESI-MS spectra of a 3 mm spot of (-NCC-1
standard on a PTFE surface. Spray solvent was methanol/water (20:80)
at a flow rate of 3 4L/min. (A) Positive ion mode DESI-MS spectrum.
Protonated, sodiated, and potassiated molecules were detected at m/z
645,667, and 683, respectively; the dimer, at m/z 1311. (B) Negative ion
mode DESI-MS. Ions corresponding to deprotonated molecules were
observed at m/z 643, and its dimer, at m/z 1287. (C) Positive ion
mode DESI-MS/MS spectrum of the protonated molecule, m/z 645.
(D) Negative ion mode DESI-MS/MS spectrum of the deprotonated
molecule, m/z 643. (E) Constitutional formula of Cj—NCC—l,h char-
acteristic CID fragmentations observed in positive ion mode (+) and

negative ion mode (—) are highlighted in gray.
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Figure 2. (A) Positive ion mode DESI-MS spectrum of the direct
analysis of a hophornbeam (O. virginiana) leaf. Spray solvent was
methanol/water (80:20) at a flow rate of 3 puL/min. Protonated,
sodiated, and potassiated molecules were detected at m/z 679, 701,
and 717, respectively. (B) DESI-MS/MS spectrum of the isolated
protonated molecule, m/z 679. (C) Proposed structure of the chlor-
ophyll catabolite corresponding to the ion at m/z 679, the 01»-NCC-1.
The structure shown is proposed considering previous data.”** Char-
acteristic fragmentations due to the losses of methanol (ﬁ'agment atm/z
647) and ring A (fragment at m/z 522) are marked.




Figure S. (a) Negative ion mode DESI imaging of a senescent Katsura tree leaf imprint on porous PTFE substrate. Spray solvent was 1% concentrated
aqueous ammonia in methanol at a flow rate of 1.5 #L/min. Imaging parameters: 1.17 s/scan; 98 scans/horizontal row; 56 rows; pixel size was 310 x
250 ¢m; total acquisition time was 107 min. (A) 30.7 X 13.9 mm section of a photographic image taken from a senescent Katsura leaf. (B) 30.7 x 13.9 mm
porous PTFE substrate with Katsura leaf imprint. (C, D) Ion images of the two chlorophyll catabolites”* in Katsura leaves at m/z 643.2 and 627.2. Both
images are plotted on the same color scale, which is depicted on the right-hand side of the figure to visualize relative ion intensities from 0 (black) to
100 (red). (b) Negative ion mode DESI imaging of a senescent American sweetgum leaf imprint on porous PTFE substrate. Spray solvent was 1%
concentrated aqueous ammonia in methanol at a flow rate of 1.5 #L/min. Imaging parameters: 0.72 s/scan; 119 scans/horizontal row; 50 rows; pixel size
was 130 x 300 zm; total acquisition time was 71 min. (A) Photographic image taken from a senescent American sweetgum leaf. The rastered 15 X 1S mm
section is highlighted in red. (B, C) Ion images of the two chlorophyll catabolites found in American swectgum% atm/z 643.2 and 627.2. Both images are
plotted on the same color scale, which is depicted on the right-hand side of panel a to visualize relative ion intensities from 0 (black) to 100 (red).
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Orbitrap

An orbitrap 1s a type of mass analyzer
invented by Alexander Makarov.

It consists of an outer barrel-like
electrode and a coaxial inner spindle-
like electrode that form an electrostatic
field with quadro-logarithmic potential
distribution.

Image current from dynamically
trapped 10ns is detected, digitized and
converted using Fourier transform into
frequency and then mass spectra.
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currént detected by the amplifier.
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Figure 2. The experimental Orbitrap mass spectrometer. lons are produced by the electrospray ion source at the extreme left. lons
then proceed through the source, collision quadrupole, selection quadrupole and then pass into the storage quadrupole. The
storage quadrupole serves as an ion accumulator and buncher, allowing a pulsed mass analyzer such as the Orbitrap to be coupled
to a continuous source like an electrospray ionization source. After accumulation and bunching in the storage quadrupole, the exit
lens (‘Lens 1) is pulsed low, the ion bunches traverse the ion transfer lens system and are injected into the Orbitrap mass analyzer
(shown end-on).
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Figure 3. (a) Typical transient acquired to record the mass spectrum of bovine insulin. The transient acquired is equivalent to the free
induction decay of FT NMR experiments. Top shows an expanded portion of the transient.
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e 7. i

e Figure 7. The approximate shape of ion packets of different

Figure 5. Principle of electrodynamic squeezing of ions in the m/z after stabilization of voltages. The Orbitrap is shown in

orbitrap as the field strength is increased. cross-section along the z-axis. Ovals represent cross sections
for thin rings of ions of different m/z. The cross-sectional area

is exaggerated for illustration purposes.

(a) (b) (©) (@)
Figure 6. Matching of incoming ion kinetic energy to the radial component of the Orbitrap electric potential. lon trajectories are
shown for z = 0. (a) Incoming ion kinetic energy poorly matched to the radial component of the electric field, resulting in a highly
eccentric, non-circular orbit. A few periods of the orbit, showing the rapid precession of perigee, are shown. (Trajectory trace line
thickened to aid visibility). (b) Same incoming ion kinetic energy as in (a) but with hundreds of periods shown. Because of the large
eccentricity and precession of the orbit, the locus of orbits appears as a ‘fat doughnut'. (c) lon kinetic energy (1620 eV) well matched
to radial component of the electric field. This orbit is nearly circular, resulting in a locus of orbits that appears as a thin ring.
Thousands of periods are shown superimposed and a thin trajectory trace line used. (d) Locus of orbits of two ion kinetic energies,

e 1570 and 1670 eV. Nearly circular orbits demonstrate the kinetic energy acceptance range of the Orbitrap.
. Mass Spectrom. 2005; 40: 430443



ol
—

168610560
11696 20570
Detected

169580587 | '1@9?.313552

80
70

=
IR NTREETATN]

=
ceed b e b b b

|1696.4058[}

1
|l | 169650579
) 1655.60576 '
;' 1696 70567
{1 1696 80571
169700309

20
10

Relative Abundance

0 1626.10651
| 168620677 ¥
1695,90599 \ Theoretical
| ‘ (|| 1696 30703
| |

1695.80572
[1696.40729

tesoss | ||| || |ltesesomss
. I |
1696 50780
168560518 | | ;
' 11696.70805
| (1189680830
| | 1697 00881

Pl b

Relative Abundance
& &
1

— ()
(=1} [=
e en

16955 1636.3 1697.0

miz

1383.08684

=
—

138294236 1333 2301

Detected

o =l
[ =T =}

B
(=]

. |’; i 1283 51482

.. IIlllllill1

iJ | I.I f

l-|||| HRRTRTANY h

Iy | ! | ) 1 II -
AN P YNy Y \

(5] (=T s ] §
L=} (== =]
polenebese b oo b v b

Relative Abundance
2

== kD
o o o
' |
-

1383.08962

1382.94634 ;1 ) 138323292 .
1 = Theoretical

1383.32842
P

|| ( | e
i i
'JW Moo

'13835

e |
[=1

|
1382.85086 r H
]
|

B ot &
o o O

an [{u] §
(= L=}
sl b bty

(3]
L]

1383.56712

Relative Abundance

20 3 438261205
10 = /\]“I\
.-./\
ﬂ'.. :1 ’r 'I'Il'.:l'.rl':'
13825 13330

m/z

Figure 3. Measured and theoretical isotope distributions of proteins at setting R = 100 000 (100 scans averaged, external calibration): (a)

horse heart apomyoglobin, m =
neutral), z = +21.

16 940.965 Da (monoisotopic, neutral), z= +10; (b) carbonic anhydrase, m = 29 006.683 Da {monoisotopic,
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Fi 1. Experimental sequence for measurements of the extent of mass sccuracy the erbitrap mass

analyser {a) Ingection of the first set of iors and trapping m the C-trap; (b injection of the second set S I
[

ofi and trapping in the C-trap; {¢) puked injection of mixed ion populsbon into the orbitrap: {d) |
o detection in the orbitrap, uldf \,

“I'W‘ll'ls ] Am Soc Mass Spectrom 2006, 17, 977=952
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