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Abstract

A new external ionization source for matrix-assisted laser desorption/ionization (MALDI) Fourier transform mass
spectrometry is described. This design allows a number of samples to be introduced simultaneously. This capability i
important for studying metal ion-coordinated species produced by MALDI. The source is used to observe the effects of alkal
metal ion affinities of neutral oligosaccharides on the intensity of the respective quasimolecular ions. (Int J Mass Spectrom 20
(2001) 23-29) © 2001 Elsevier Science B.V.
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1. Introduction MALDI, which is not as sensitive to salts as, say for
example, electrospray ionization.

Fourier transform mass spectrometry (FTMS) has
long been an important tool for studying ion/molecule
chemistry and specifically metal ion chemistry. The
external source represented a major innovation in the
advancement of (FTMS) as it allowed the coupling of
various ionization sources including MALDI [6—8] to
FTMS. When MALDI was coupled as an external

Matrix-assisted laser desorption/ionization
(MALDI) [1] has proven to be a sensitive and reliable
method for producing gas-phase oligosaccharide ions
[2]. Neutral oligosaccharides typically coordinate al-
kali metal ions when ionized by MALDI to produce
guasimolecular ions [2,3]. The respective alkali-met-
al-coordinated species are readily produced by the

addition of the appropriate alkali-metal chloride to the source for FTMS, it provided a versatile tool for

ollgqsacchande_solupon. This method has been ex- producing and analyzing metal coordinated species
tensively used in this laboratory and elsewhere to [

produce various ionic species and to study the effect
of alkali metals on fragmentation during ionization

[2,3]. It has also been used to obtain relative dissoci-
ation thresholds of alkali-metal ions coordinated to
oligosaccharides [4,5]. The method is facilitated by

The determination of intrinsic properties such as
the binding energies of metal ions coordinated to
oligosaccharides is difficult due to the complexity of
the system. For this reason, relative values are often
obtained. However, reproducibility is often a problem
with MALDI as various factors including, for exam-

* Corresponding author. E-mail: cblebrilla@udavis.edu ple, the rate of crystallization, can affect the intensi-
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Focusing @ o external ionization source that will accommodate
Sample Probe_ | _ multisample probes and even microchip-based sepa-
. p— ' A"2lyzer Cel ration devices. This design readily allows a large
yTl: |4 e edupale lon Guide number of sample wells to be incorporated into a
Laser Beam single probe. It will also be useful for analyzing

z

separation devices that spread the sample over a
relatively large surface area such as thin layer chro-
matography or gel electrophoresis that are currently
ties of the ions. For this reason it is preferable to not amenable to direct analysis. The multisample
maintain specific conditions such as those pertaining probe will not only benefit the study of metal coordi-
to ionization and detection. The development of a nated species, but will generally allow the analyses of
multisample probe for external MALDI source would multiple samples to meet other needs such as the
be of value in this regard as it allows several samples analysis of products from combinatorial libraries
to be produced at once and introduced into the where dozens or hundreds of samples need to be
MALDI source simultaneously. This greatly facili- analyzed in a relatively short period of time.
tates the analysis and helps maintain the experimental
conditions through the course of several experiments. 2. Experimental

Most external source FTMS instruments rely on

ion guides to transfer ions produced in a low vacuum  The oligosaccharides and the MALDI matrix, 2,5-
source to an ultrahigh vacuum analyzer chamber to dihydroxybenzoic acid, were obtained from Sigma-
gain the high-resolution and high-mass-accuracy ca- Aldrich (St. Louis, MO). All compounds were used
pabilities of FTMS. However, the position of the ion  wjthout additional purifications. Experiments were
guide poses several technical problems. Although performed using a homebuilt external source FTMS
multipole ion guides such as quadrupole and octapole described in detail in earlier publications [9,10]. The
have large angular acceptance, MALDI produces instrument consists of two vacuum chambers (a dual
sufficiently divergent beams that the entrance of the chamber) with one dedicated to MALDI and another
guide must be directly in front of the MALDI probe  dedicated to electrospray ionization. The two cham-
(Scheme 1). For multipole ion guides, the simplest pers share a 5.2 T Oxford superconducting magnet but
and most effective orientation is to position the laser gach has a separate lonSpec (Irvine, CA) data system.
and the ion guide 90° relative to each other. The probe A | aser Science Inc. (Franklin, MA) nitrogen laser
surface is made accessible to the laser beam bygperating at 337 nm is used for the desorption

Orienting it 45° to the incidence beam and 45° to the experiments_ The MALDI source was previous'y a
extractor electrode. Because of the relative orientation Sing'e Samp'e source. Modifications to the instrument
of the laser and the ion guide, the number of samples to accept multisample MALDI probe are discussed in
that can be accommodated in this design is severely the following section. MALDI samples of the oligo-

limited. Time-of-flight (TOF) instruments do notneed  saccharides were prepared using standard procedures
highly collimated ion beams. For this reason, the a|so described in an earlier publication [3].

development of the multisample MALDI source for

TOF instruments was relatively simple. Commercial

TOF-MS instruments routinely come equipped with

multisample probes. Recently, FTMS manufacturers 3 1. Construction of new multisample ionization

have began offering multisample probes for external goyrce for MALDI/ETMS

MALDI sources but these arguably lack the flexibility

or the performance of the TOF sample probes. The MALDI source region of the instrument was
In this article, we present a versatile design for an modified from a single sample to a multiple sample

Scheme 1.

3. Results
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] X manipulator

tioned to impact the probe directly in front of the
extractor aperture, the position of the probe must be
adjusted in all three dimensions. The next stage in the
development of this source is to use computer-con-
trolled manipulators that will allow each well to be
addressed automatically.

To accommodate the adjustable stages and the new
probe head, the ion focusing elements were greatly
simplified. Although the extractor was essentially left
intact, the steering electrodes (or focusing lenses in
Scheme 2) were made considerably smaller so as not
to interfere with the manipulators and the laser beam.
MACOR spacers were used to keep the stainless steel
electrodes in place. The dimensions of the steering
electrodes, as shown in the diagram in Scheme 2, are
6.5 mmx23 mm. There was some concern whether
configuration. The previous MALDI source consisted these elements would be sufficient to guide the ions
of an array of stainless steel lenses fashioned into aout of the source, however as we will show below the
cube with the sample probe positioned in the middle size of the steering lenses do not appear to affect the
of the cube and in front of the extractor plate (Scheme quality of the spectra.

1). The entire assembly was mounted on a six-inch A sample introduction device that allows the sam-
flange. The flange was bolted to a six-inch vacuum ple probes to be exchanged rapidly (in a matter of
cube. The probe was made from a stainless steel shaftminutes with pumpdown time) was also added to the

six inch flange E

m

z-manipulator

quadrupole rods

U
‘ ~— Extractor

y manipulator £qcysing
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0 ICR Cell

Scheme 2.

and is removed through a load-lock system.
The new MALDI source is similarly mounted on a
six-inch flange and includes movaldgy, andz stages

ionization source region. A commercially available
load-lock system was attached to the top of the
six-inch vacuum cube. The sample introduction de-

(Scheme 2). The flange is attached to the front end of vice consists of a small chamber with a quick access

the six-inch cube that serves as the main ionization
source chamber. Thg and y-movable stages are
made of aluminum and are translationally adjusted by
two manipulators, one for each stage. Thstage is
controlled by a linear manipulator with a micrometer
dial on the ambient side of the flange (MDC Corp.,

port, a magnetically coupled manipulator and a gate
valve to isolate the device from the main ionization
source chamber (Scheme 3). To place a sample in the
source, the gate valve is closed and the device vented
to allow the quick-access port to be opened. The
sample holder is placed on the end of the magnetically

Hayward, CA). Thex- and y-stage manipulators
(Newport Corp., Irvine, CA) have a linear range of

coupled manipulator by a grappling device that was
built in-house. The window of the port is closed and
12.5 mm and are normally used for the mounting of the sample introduction device chamber is pumped
laser optics. They were not designed for UHV appli- down by a small mechanical pump (with a pumping
cations. However, we observed no detrimental effects speed of 9 ffmin™%). When the pressure of the
either to the manipulators or to the vacuum when they load-lock chamber reaches base pressure (approxi-
are placed directly inside the vacuum chamber and mately 10 Torr), the gate valve is opened and the
incorporated into the translational stages. Control is sample is lowered into the translational stage of the
performed externally using electrical feedthroughs. ionization source. The sample probe head is released
Except for their large sizes and only moderate reso- and the magnetically coupled manipulator is raised.
lution (0.1 mm), the manipulators appear to work well The gate valve is shut again to isolate the load-lock
in this application. Because the laser beam is posi- chamber from the ionization source. The pressure in
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desirable for the laser spot to be always in front of the
B Magnetically coupled manipulator extractor hole. In the present configuration, 18 wells
with 3 mm diameter are machined on the surface. The
number of wells is increased by decreasing the diam-
eter of the wells. We have increased the number of
wells up to 100, however there is a limitation based on
Gate Valve the effective amount of material that can be conve-
niently placed on the surface. To accommodate still
more sample wells, the size of the probe head can be
increased by elongating it as shown in Scheme 4. The
MAL?I'HSW&] % elongated probe head is not expected to alter the
performance of the instrument relative to the shorter
version. The length of the probe is currently limited
only by the manipulator travel in the vertical direc-
tion. In the present vacuum configuration, probe heads
as long as four inches can potentially be analyzed.
Longer probe heads would need only a vacuum
chamber extension above the six-inch cube to move
the load-lock chamber further up. Finally, for conve-
3.2. Sample probe head nience a video camera with a zoom lens is mounted

near the source to monitor the position of the laser
The MALDI probe head is made of aluminum and  gpot relative to the sample well.

shaped as a wedge to expose the surface at 45°

incidence to the nitrogen laser (Scheme 4). Using this 3 3. MALDI/FTMS of oligosaccharides on
design, every part of the 28 mm surface is  myltisample probe

accessible to the beam. For maximum sensitivity, it is

x_ Quick Access port

Scheme 3.

the source during the analysis is between ‘@nd
108 Torr.

To examine the performance of the probe, perm-
ethylated B-cyclodextrin  [heptakis-(2-3-6)-tri-O-
methyl8-cyclodextrin], a cyclic heptasaccharide, was
analyzed with MALDI/FTMS. This compound is
450 commonly used in this laboratory for diagnostic
purposes. It usually generates strong signals with
MALDI. We examined whether the design, specifi-
cally with regard to the small focusing elements, was
sufficient to provide strong signals with MALDI/
43 mm FTMS. We also wanted to determine the sensitivity at
various positions on the probe head.

Fig. 1 shows the MALDI/FTMS spectrum of
B-cyclodextrin doped with NaCl to produce primarily
the sodium-coordinated parent. The quasimolecular
4 mm ion is the base peakm(z 1453) and there is little
fragmentation in the spectrum. The ion ratz 727
/ (designated by an asterisk) corresponds to an overtone

of the quasimolecular ion—a consequence of the
Scheme 4. strong ion signal and the cubic analyzer cell design.
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Fig. 1. MALDI-FTMS spectrum of3-cyclodextrin doped with NaCl employing the multisample probe. The quasimolecular ion is the base peak
with m/z1453.

Although we have not performed thorough compari- 3.4. MALDI/FTMS of oligosaccharides with

sons between the single sample source and the mul-different alkali metal ion dopants

tisample source, indications are that the resolution, the

mass accuracy, and the sensitivity are relatively un- A sample probe containing-cyclodextrin doped
changed. The ion transport and ion trapping are With the chloride salts of Li, Na, K, Rb, and Cs was
apparently not affected by the new design. To obtain Placed in the ionization source and examined by
the spectrum in Fig. 1, the extractor voltage was set to MALDI. The aliquots from the same oligosaccharide
—90 V and all the steering plates were set to 160 V to Sample solution were placed on five wells of the first
collimate the beam toward the center of the extractor ¢olumn of the probe and to each well different
plate. The manipulators appeared to function under chloride salts were added. Fig. 2 shows the MALDI/
vacuum as they do in atmosphere. Outgasing of the FTMS spectra of samples, scaled to the LICl doped

manipulators in the source was not readily observed sgmple. The spectrum for Nawa; shown previously in
Fig. 1. Each spectrum was obtained from the sum of

ten scans. There is some variation in the abundances
of the quasimolecular ions, but in each case the
guasimolecular ion is the base peak. The ionization
conditions for each sample was optimized for minimal
fragmentation, hence there are no fragment ions in the
} i spectra. Only the overtone at one half the quasimo-
closer to the e>.<tra.1ctor plate) from th.e flve Wells is less lecular ion and some electrical noise are observed.
than 10%. This is the natural variation in MALDI The signals corresponding to the oligosaccharide

|r.1telnS|t|e§ even .uerer identical conditions. Ther.e IS ~oordinated to Li /21437), Na, and Krf/z1469) all
similarly little variation between spectra from the first ,ov6 similar intensities. The relative deviation be-

and the second column. However, there is a slight but yyeen each dopant is less than 5%. However, the
general attenuation of signals from samples placed on gjgnals for Rb /2 1515) and for Csrfi/z 1563) are

the third column. The intensities of ions produced attenuated by about 10%—15%.

from samples in the third column are consistently Although seemingly simple, these types of com-
30%-—40% lower than those from the first two col- parative experiments would be difficult with single-
umns. We suspect that the metal probe head affectssample probes. In an earlier publication, we demon-
the electric field produced by the extractor plate and strated that Rb and Cs are not as strongly bound as the
the steering lenses as the sample well is brought closersmaller alkali metal ions to neutral oligosaccharides
to the extractor plate. [3]. We suspected that the lower affinity of the

and did not appear to affect the performance of the
instrument.

We find only small variations in the intensity of the
guasimolecular ion between the wells on the same
column (Spectra not shown). For example, the varia-
tion in the signal intensity in first column (the one
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Fig. 2. MALDI-FTMS spectra of3-cyclodextrin doped with various alkali metal chlorides. The spectra were all obtained with samples placed
on the first column. The spectra show that Li and K (and Na) produce similarly intense quasimolecular ions while Rb and Cs show somewhe
decreased intensities. The results are consistent with the notion that alkali metal ions that are not strongly bound to the oligosaccharide do r
similarly exhibit intense quasimolecular ions.

oligosaccharides for large alkali metal ions such as Rb limit. However, because of the multitude of condi-
and Cs would affect the sensitivity and the detection tions for preparing MALDI samples and the nature of
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