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MALDI PLATE CONSTRUCTION WITH GRID

PRIORITY AND RELATED APPLICATIONS
This application claims priority from U.S. Patent Application

10/742,423, which is incorporated herein in its entirety by reference.

INTRODUCTION

The present teachings relate to a plate construction useful in matrix-
assisted laser desorption ionization (MALDI) analysis.

The choice of a matrix substance for MALDI is dependent upon the
type of sample molecules to be analyzed; dozens of different matrix
substances are known. The task of the matrix substance is to separate the
sample molecules from each other and incorporate them into the matrix, to
transform the sample into the gas phase during laser bombardment by the
formation of a vapor cloud without destroying the biomolecules and, if
possible, without attachment of the matrix molecules, and finally to ionize the
sample by protonation or deprotonation or similar processes. In some
instances, it has been found advantageous to incorporate the sample or analyte
molecules in some form into the usually crystalline matrix substances during
their crystallization or at least into the boundary-surfaces between the small
crystals. |

Various methods are known for applying the sample and matrix to a
sample plate. The simplest of these is the pipetting of a solution with sample
and matrix onto a sample support plate that can be a metal plate. With metal
plates, the solution drop is wetting on the metal surface area, the size of which
corresponds approximately to the diameter of the drop and is dependent on the
hydrophilicity of the metal surface and the characteristics of the droplet. After
the solution dries, the sample spot consists of small matrix crystals spread over
the formerly wet area. Typically there is not a uniform coating of the wetted
area, but rather the matrix crystal distribution is dispersed.

At the present time, stainless steel plates are widely used substrates for

MALDI plates, which plates can be uncoated or coated with thin surface
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modifying agents such as a fluorinated polymer. However, some sample
generating techniques lend themselves to effect sample deposition or
confinement on substrates other than a metal, such as a porous membrane or
animal tissue. While these non-metal substrates can be useful for retaining
5  samples to be analyzed, the laser desorption and ionization processes can
impart a charge onto the sample surface that can interfere with the electrostatic
fields in the mass spectrometer, resulting in inaccurate or non-useful sample
analysis. This problem is especially noted when the substrate or sample is
non-conducting to the electrical charge.
10
SUMMARY
+ The present teachings provide a plate construction useful for MALDI
mass spectrometry that comprises a sample receiving surface on which at least
one sample is deposited, a holder for retaining the sample receiving surface
15  and an electrically conductive grid positioned above the sample receiving
surface and in electrical contact with the holder. In some embodiments, the
grid can be formed of intersecting electrically conductive wires that form open
areas within the intersecting points of the wires. In various embodiments, the
grid can be positioned in contact with the sample or the sample receiving
20  surface and can be positioned to permit a light beam from a laser to pass
through the open areas of the grid and then onto the sample or the sample
receiving surface to desorb and ionize the sample.
These and other features of the present teachings will become more

apparent from the description herein.

25
BRIEF DESCRIPTION OF THE DRAWINGS
The skilled artisan will understand that the drawings described below
are for illustration purposes only. The drawings are not intended to limit the
scope of the present teachings in any way.
30 Figure 1 is a schematic side view of a MALDI plate in use with a laser

beam by which some embodiments of this invention can be practiced.
Figure 2 is an exploded view of a MALDI plate construction with one
of the two conductive grids removed to allow more detail of the construction

to be shown by which some embodiments of this invention can be practiced.
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Figure 3 depicts comparison MALDI mass spectra of a mixture of
peptide analytes on a non-conducting membrane surface with the top panel
representing sample analysis without the use of a conductive grid and with the

bottom panel representing sample analysis with the use of a conductive grid.

DESCRIPTION OF VARIOUS EMBODIMENTS

In the following description, the substances that are to be analyzed,

including the biosubstances, are referred to as “analytes™ or “samples”. The

terms “biomolecules” or “biosubstances” used herein include oligonucleotides
(i.e., the essential building blocks of the living world), proteins, peptides and
lipids, including their particular analogs and conjugates, such as glycoproteins
or lipoproteins. Other substances that can be amenable to MALDI analysis are
small molecules, metabolites, natural products and pharmaceuticals.

For the analysis of large biomolecules, mass spectrometry with
ionization by matrix-assisted laser desorption and ionization (MALDI) has
become a standard method. For the most part, time-of-flight mass
spectrometers (TOF-MS) are used for this purpose, but ion cyclotron
resonance spectrometers (FT-ICR or Fourier transform ion cyclotron
resonance) as well as high-frequency quadrupole, ion trap mass spectrometers
and hybrid instruments composed of combinations of the above such as
quadrupole time-of-flight (Q-TOF) instruments, can be applied as well.

In accordance with various embodiments of this invention, a plate
construction useful for MALDI mass spectrometry is provided which
comprises an electrically conductive grid formed of spaced apart interseéting
electrically conducting wires. The grid can be formed from two or more sets
of wires that are joined together at points where the wires intersect to form
openings subtended by intersecting wires. Any number of sets of wires can be
utilized to form the grid having a wide variety of opening shapes.
Alternatively, the grids can be of a single piece construction such as a flat foil
where holes of desired dimensions can be formed by manufacturing processes
such as photo chemical etching or laser machining. In various embodiments,
the grid can be deposited directly onto the sample or sample receiving surface
by sputtering or vapor deposition processes to form a conducting pathway

across the sample or the sample receiving surface. In various embodiments,



WO 2005/061111 PCT/US2004/041382

10

15

20

25

30

the sets of electrically conducting wires can be formed of the same or different
metal, metal alloy or other electrically conducting material such as graphite,
stainless steel or nickel.

The wires forming the grid can have a diameter between about 0.0002
inches and 0.025 inches, or the diameter can be between about 0.0005 inches
and 0.005 inches. Typically, the openings or through spaces (holes) of tﬁe
grid can have a width between about 0.005 inches and 0.100 inches, or the
openings can be between about 0.015 inches and 0.035 inches. The grid thus
formed can have an open area of at least 80%, or at least 85%, or at least 90%
of the area of the grid. In various embodiments, representative suitable
electrically conductive materials from which the wires can be formed are
stainless steel, nickel, gold or the like.

The sample receiving surface can be any solid surface, whether
conductive or non-conductive, that will accept a deposited sample in a desired
configuration such as discrete samples from a multiplicity of sources or a
continuous sample such as an effluent from a liquid chromatography column.
In various embodiments, representative suitable sample receiving surfaces can
be glass, metal, plastic, porous membranes formed of polymeric materials,
tissue slices or the like. When utilizing a membrane, the sample can be
deposited directly on the membrane or can be deposited indirectly from
another sample support substrate such as a gel that can be a polyacrylamide
gel or a tissue slice. The sample receiving surface can also be any material
that already contains the analyte or sample of interest, such as tissue slices or
electrophoresis gels.

In various embodiments, the sample receiving surface can be supported
by a support substrate surrounded by a sample plate holder that positions and
provides support to the sample receiving surface. The position of the sample
or samples on the sample receiving surface can be fixed and can be in contact
with the overlaying conductive grid. The overlaying grid is in electrical
contact with the sample plate holder.

A MALDI plate construction in accordance with various embodiments
of the present invention permits use of a wide variety of sample receiving
surfaces that minimize or prevent charging of the sample receiving surface.

Such a plate construction improves sample analysis accuracy as compared to a
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sample analysis technique wherein significant sample or substrate charging is
experienced. While an exact theoretical explanation is not known, it is
thought that the inclusion of a conductive grid improves the performance of
the mass spectrometer by providing a uniform electric field across the sample
plate surface. This process is believed to be aided by the grid functioning to
dissipate all or a portion of the electrical charge produced by the laser beam so
that any electrical charge buildup on the sample or sample receiving substrate
is correspondingly reduced. These conditions, in turn, provide better
analytical results as compared to a sample plate construction design that does
not include the conductive grid. A

Referring to Figure 1, a MALDI plate construction 10 comprises a
plate holder 12 to which can be attached a support substrate 14 such as a solid
plate. The plate holder 12 can extend about the periphery of the support
substrate 14. A sample receiving surface 16 that can be a porous membrane or
sliced tissue (human or animal) or a stainless steel plate or the like can be
positioned on the support substrate 14. An electrically conductive grid 18 can
be secured to the plate holder 12 in a manner that permits contact of the grid
18 with the sample receiving surface 16. The grid 18 is in electrical contact’
with the plate holder 12. The electrically conductive grid 18 can be removed
from the support substrate 14 or from the plate holder 12. This permits
storage, reuse, cleaning or repair of the support substrate 14, plate holder 12
and grid 18. The grid 18 can be conveniently attached to the plate holder 12
by removable mechanical devices such as screws or can be affixed by direct
means such as spot welding. If the grid 18 is permanently mounted to the
plate holder 12, the support substrate 14 and sample receiving surface 16
should be removable to allow for storage, reuse, repair or cleaning of the
various component parts. A laser beam suitable for MALDI analysis can
contact the sample receiving surface 16 in the general direction of arrow 20.
The laser beam can pass through the opening areas in grid 18 to contact the
sample receiving surface 16 thereby to desorb and ionize sample on the
sample receiving surface 16.

Referring to Figure 2, a MALDI plate construction 11 comprises a
plate holder 13, a pair of conductive grids 15 (for sake of clarity, one of the

grids 15, normally located in the region depicted by reference numeral 17, has
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been removed to show details of the overall assembly), a pair of support
substrates 19 and 21 and two grid-retaining plates 23 and 25. Sample
receiving surfaces such as a porous membrane or sliced tissue can be
positioned on support substrates 19 and 21. Support substrates 19 and 21 can
be positioned within and mated with adjacent open wells formed within the
plate holder 13. The support substrates 19 and 21 can be retained on plate
holder 13 by screws 27 and 29 that engage threads 31 and 33 through holes 35
and 37. Other suitable fastening techniques can be used, for example, when
the plate holder 13 is formed of stainless steel, a magnet with sufficient force
to hold the assembly together can be used. Plate 23 can be retained in plate
holder 13 by screws 39 that engage threads 41. Plate 25 can be similarly
retained on plate holder 13 by screws 43. When the plate construction 11 is
assembled, the grids 15 can be located laterally adjacent one another in the
same plane, with both being in electrical contact with the plate holder 13.
After a MALDI mass spectrometry analysis is completed, screws 27 and 29
can be detached from threads 31 and 33 so that sample surfaces on support
substrates 19 and 21 can be replaced with new sample surfaces. This permits
the various components of the plate construction 11 to be stored, reused,

repaired or cleaned.

EXAMPLES

Aspects of the present teachings may be further understood in light of
the following example, which should not be construed as limiting the scope of
the present teachings in any way.

Two sample peptides (ACTH clip 18-39) were analyzed using a 4700
Proteomics Analyzer time of flight mass spectrometer (Applied Biosystems,
Foster City, CA). The calculated mass for the ACTH clip 18-39 peptide based
on its known structure is 2465.198 Daltons. Data was acquired and MALDI
mass spectra of the peptide sample were generated around the molecular ion
region. Figure 3 shows a comparison of the effect of the grid on the mass
spectrometry analysis. Without the grid (top panel), the mass spectral '
resolution is poor and the masses are shifted to a higher than expected mass
value, in this example more than 3 Daltons higher than the calculated mass.

When the grid is used with the MALDI analysis (bottom panel), the spectrum



WO 2005/061111 PCT/US2004/041382

has significantly improved mass resolution and the mass accuracy is within

fractions of a Dalton of the calculated mass.
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CLAIMS:

1. A plate construction for supporting at least one sample to effect
mass spectrometry of the sample that comprises:
a sample receiving surface upon which the at least one sample
is deposited,
a plate holder adapted to retain the sample receiving surface
and
at least one electrically conductive grid positioned above the

sample receiving surface and in electrical contact with the plate holder.

2. The plate construction of Claim 1 further comprising a second
electrically conductive grid positioned laterally adjacent the at least one

electrically conductive grid.

3. The plate construction of Claim 1 wherein the sample receiving

surface is detachable from the plate holder.

4. The plate construction of Claim 1 wherein the grid is detachable
from the plate holder.

5. The plate construction of Claim 1 further comprising a support

substrate adapted to provide support for the sample receiving surface.

6. The plate construction of Claim 1 wherein the grid is formed of

intersecting electrically conductive wires.

7. The plate construction of Claim 6 wherein the grid is formed from

at least two sets of intersecting electrically conductive wires.

8. The plate construction of Claim 1 wherein the grid is formed of a
unitary construction with a plurality of through holes of predetermined

dimension formed therein.
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9. The plate construction of any one of Claims 1, 2, 3, 4 or 5 wherein

the sample receiving surface comprises a porous membrane.

10. The plate construction of any one of Claims 1, 2, 3, 4 or 5 wherein

the sample receiving surface comprises animal tissue.

11. The plate construction of any one of Claims 6 or 7 wherein the

wires have a diameter of between about 0.0002 inches and 0.025 inches.

12. The plate construction of any one of Claims 6 or 7 wherein the

wires have a diameter of between about 0.0005 inches and 0.005 inches.

13. The plate construction of any one of Claims 6, 7 or 8 wherein the
openings of the grid have a width between about 0.005 inches and 0.100

inches.

14. The plate construction of any one of Claims 6, 7 or 8 wherein the
openings of the grid have a width between about 0.015 inches and 0.035

inches.

15. The plate construction of any one of Claims 6, 7 or 8 wherein the

openings of the grid form an open area of at least 80% of the area of the grid.

16. The plate construction of any one of Claims 6, 7 or 8 wherein the

openings of the grid form an open area of at least 85% of the area of the grid.

17. The plate construction of any one of Claims 6, 7 or 8 wherein the

openings of the grid form an open area of at least 90% of the area of the grid.

PCT/US2004/041382
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