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(57) ABSTRACT 

The system for analyzing multiple samples includes a plu 
rality of portable [of] sample supports each for accommo 
dating a plurality of samples thereon, and an identi?cation 
mechanism for identifying each sample location on each of 
the plurality of sample supports. The mass spectrometer is 
provided for analyzing each of the plurality of samples When 
positioned Within a sample receiving chamber, and a laser 
source strikes each sample With a laser pulse to desorb and 
ioniZe sample molecules. The support transport mechanism 
[provided] provides for automatically inputting and output 
ting each of the sample supports from the sample receiving 
chamber of the mass spectrometer. Avacuum lock chamber 
receives the sample supports and maintains at least one of 
the sample supports Within a controlled environment While 
samples on another of the plurality of sample supports are 
being struck With laser pulses. The computer is provided for 
recording test data from the mass spectrometer and for 
controlling the operation of the system. 

87 Claims, 5 Drawing Sheets 
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MASS SPECTROMETER SYSTEM AND 
METHOD FOR MATRIX-ASSISTED LASER 

DESORPTION MEASUREMENTS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to mass spectrometer sys 
tems useful for obtaining matrix-assisted laser desorption 
measurements. More particularly, this invention is directed 
to an automated mass spectrometer system for combining 
high sample throughput With high reliability. 

BACKGROUND OF THE INVENTION 

Matrix-assisted laser desorption and ionization (MALDI) 
is a relatively neW technique that alloWs very large 
molecules, such as DNA fragments and proteins, to be 
desorbed from a solid sample and ionized Without signi?cant 
decomposition. Coupled With mass spectrometry, this tech 
nique alloWs the molecular Weights of biological polymers 
and other large molecules, including industrial polymers, to 
be precisely determined. One version of MALDI is 
described in a 1991 article in Rapid Communications in 
Mass Spectrometry, Vol 5, Pages 198—202. A mass spec 
trometer suitable for obtaining highly reliable matrix 
assisted laser desorption measurements is described in US. 
Pat. 5,045,694. 

Most MALDI applications to date have employed time 
of-?ight mass spectrometers, although magnetic de?ection, 
Fourier Transform ion cyclotron resonance, and quadrupole 
ion trap mass analyzers have also been used. A liquid 
solution of the sample to be analyzed is mixed With a 
solution containing an appropriate matrix, and a small 
aliquot of this mixtures is deposited on the source of the 
mass spectrometer (inside a vacuum system). Avacuum lock 
is generally utilized to avoid venting the vacuum system. 
Loading a sample typically requires from one to several 
minutes, and the attention of a skilled operator. A diligent 
operator should theoretically be able to load and run a 
sample every ?ve or ten minutes using such a system, but it 
is dif?cult to maintain such a rate over an extended period. 
US. Pat. 5,288,644 discloses one technique for reducing the 
required time. A plurality of samples are loaded onto the 
solid surface of a disk, Which is rotated by a stepper motor 
for positioning each sample respectively for striking by a 
laser beam. 

Further improvements in the loading of samples for the 
laser desorption mass analysis are required for this analytical 
procedure to gain greater acceptance and signi?cantly 
increase the use of this analytical tool. The disadvantages of 
the prior art overcome by the present invention, and an 
improved system is hereinafter disclosed for obtaining 
matrix-assisted mass spectrometer measurements. The load 
ing of the samples is highly automated for achieving both 
high sample throughput and high reliability. The present 
invention has a Wide range of application, and may be used 
With various analytical methods. 

SUMMARY OF THE INVENTION 

The present invention provides a highly automated system 
for preparing, loading, and running samples by MALDI 
mass spectrometry. Each step in the process may be con 
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2 
trolled and monitored by a computer. All sample processing 
and identi?cation information is recorded along With the 
mass spectra measurements, so that automated processing of 
the data may be performed. The typical input to this system 
is a collection of samples in relatively crude or unprocessed 
form, and the output provides direct ansWers to speci?c 
questions posed by the scientists relative to the samples. 
This system is particularly useful in applications that require 
processing a large number of samples to provide the required 
data. Examples include DNA sequencing on the scale 
required by the Human Genome Project, protein sequencing, 
and determination of the locations and nature of post 
translationalmodi?cations of proteins. While there are many 
potential applications of this invention, the Human Genome 
Project provides a particularly timely example of the need 
for this advancement. The DNA that composes the human 
genome has about 3.5 billion base pairs. Although highly 
developed techniques for sequencing DNA has been 
developed, at least a decade Would be required using avail 
able techniques to accurately sequence even one such DNA. 
Completion of the genome project Will require sequencing 
thousands or possibly millions of such genomes from both 
humans and other oganisms. The present invention Will 
accordingly be described in detail beloW With particular 
emphasis on its application to DNA sequencing, but it 
should be recognized that it has other applications. 

It is an object of this invention to provide improved 
equipment and techniques for performing MALDI mass 
spectrometry analysis. The equipment and techniques of this 
invention substantially reduce both the time and expertise 
required to load, run, and analyze multiple samples, thereby 
signi?cantly reducing the cost of the analysis. 
A signi?cant feature of this invention relates to the 

effective combination of mass spectrometry equipment and 
techniques With matrix-assisted laser desorption ionization 
equipment and techniques. The equipment and techniques 
may be utilized to substantially reduce the cost of DNA 
sequencing. The invention may also be used for determining 
the molecular Weight of various large molecules, such as 
biological and industrial polymers. 
A signi?cant advantage of this invention relates to the 

reduced time required for mass spectrometry analysis of 
multiple samples. The invention is particularly Well suited 
for use With a time-of-?ight mass spectrometer. 

These and further objects, features, and advantages of the 
present invention Will become apparent from the folloWing 
detailed description, Wherein reference is made to the ?gures 
in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts one embodiment of a sample holder 
according to the present invention for loading multiple 
samples for mass analysis. 

FIG. 2 depicts an alternate embodiment of suitable appa 
ratus for loading multiple samples for mass analysis. 

FIG. 3 is a block diagram of an automated system for 
processing and preparing samples, and for transferring mul 
tiple sample aliquots on a sample plate to selected sample 
positions. 

FIG. 4 is a top vieW of a suitable system for automatically 
transferring sample plates betWeen a sample storage cham 
ber and an ion source chamber of a mass spectrometer. 

FIG. 5 is a front vieW of the system shoWn in FIG. 4. 
FIG. 6 is a top vieW of a simpli?ed vacuum lock assembly 

prior to loading a sample plate into the vacuum lock cham 
ber. 
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FIG. 7 is a top vieW of the simpli?ed vacuum lock 
assembly as shown in FIG. 6 after loading the sample plate 
into the analysis chamber. 

FIG. 8 is a schematic diagram of a fully automated system 
according to the present invention. 

FIG. 9 is a schematic illustration of a matrix-assisted laser 
desorption ion source combined With a simpli?ed represen 
tation of a mass spectrometer according to the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The system according to this invention typically involves 
many components integrated under computer control into a 
fully automated system. A typical system of ten primary 
components includes: (1) a sample plate or other sample 
receiving surface upon Which a large number of physically 
separated and distinguishable samples can be loaded in 
liquid solution then alloWed to dry; (2) identi?cation means 
for uniquely identifying each sample position and sample 
plate; (3) an automated system for processing and preparing 
samples and transferring aliquots to selected sample posi 
tions on a sample plate; (4) drying means for storing one or 
more sample plates in a controlled environment; (5) trans 
ferring means for automatically or manually transferring a 
plurality of sample plates from the controlled environment 
into the sample receiving chamber of the MALDI mass 
spectrometer; (6) an automated vacuum lock system for 
transferring sample plates betWeen the receiving chamber 
and the ioniZation source of the MALDI mass spectrometer 
Without signi?cantly increasing the pressure in the mass 
spectrometer vacuum system; (7) sequencing means for 
sequentially placing each sample on the sample receiving 
surface in the path of the laser beam, so that its MALDI 
spectrum is recorded and stored along With the sample 
identi?cation information; (8) means for automatically 
adjusting the laser intensity and sample position relative to 
the laser beam to obtain MALDI spectra Which meet or 
eXceed predetermined criteria; (9) means for automatically 
calibrating the mass aXis of the MALDI mass spectrometer; 
and (10) means for automatically interpreting the MALDI 
mass spectra obtained from one or more samples to deter 
mine and produce the ansWer to a speci?c question. A 
scientist may thus make inquiry as to the sequence of the 
bases in a particular DNA fragment, and the system of this 
invention Will rapidly provide the ansWer in a highly cost 
effective manner. 

In some applications manual operations may be substi 
tuted for the corresponding automated step, but the full 
poWer and speed of the invention is realiZed When operator 
intervention is required at most, once or tWice per day. Each 
of the ten primary components (and/or corresponding steps) 
Which may comprise an exemplary system is described in 
more detail beloW. 

1. Sample Receiving Surface 
Apreferred embodiment of a sample receiving surface is 

illustrated in FIG. 1. The depicted sample plate 10 consists 
of a thin, substantially square plate 12 of stainless steel or 
other suitable electrically conducting material approXi 
mately 1.5 mm thick and 50 mm Wide. The plate 10 may 
contain precisely located holes to alloW the position and 
orientation of the plate to be accurately determined relative 
to a moveable stage, Which is required both in the sample 
loading step and in the ion source of the mass spectrometer. 
The sample plate 10 also contains a plurality of precisely 
determinable sample positions 16 on the upper sample 
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4 
receiving surface 18 of the plate. These sample positions 
may be determined by a number of photoetched and num 
bered sample positions or Wells as illustrated in FIG. 1. 
Alternatively, a number of sample positions may be identi 
?ed by electroplated sample spots and numbers on the 
surface 18 of the sample plate, With the sample identi?cation 
providing the roW and column number of a respective 
adjoining sample, i.e., position identi?cation 34 being the 
sample in the third roW and the fourth column of the 
plurality of samples on the plate 10. 
A plate 10 may thus contain 100 sample positions each 

identi?ed by a sample spot Which is about 2.5 mm in 
diameter in a precisely knoWn location on the plate, With 
each sample support being suitable for accepting a feW 
microliters of sample solution. Each sample spot may be 
further identi?ed by a corresponding number similarly 
plated or etched on the surface 18. Alternatively, the plate 
may contain a larger number of spots in Which photoetched 
sample Wells or photoplated sample spots of appropriate 
diameter in precisely knoWn locations are prepared on the 
sample surface Without the corresponding sample numbers 
on the surface. The knoWn sample coordinates thus may be 
suf?cient to identify each sample Well or spot. In the case of 
a 400 sample array (20 roWs and 20 columns), 2 mm sample 
Wells or spots have been used successfully. For a 1024 array 
(32 roWs and 32 columns), a 50 mm square plate and 1 mm 
diameter sample positions have been successfully used. 
Another alterative is to use a smooth unmodi?ed sample 
plate in Which the X-y coordinates are sufficient to de?ne a 
unique sample position. The detailed description of the 
invention discussed beloW utiliZes 50 mm plates With square 
arrays of sample positions Which can accommodate up to 
1024 distinguishable sample positions. Any distribution of 
samples over a surface, either knoWn or unknoWn, can be 
accommodated. Sample plates of a variety of geometries 
could be used, including circular, rectangular, and regular 
and irregular polygons. The maXimum siZe of the sample 
plate is limited only by the siZe of the ion source vacuum 
chamber and travel limits of the X-y table on Which the 
sample receiving stage is mounted. It should be understood 
that smaller or larger numbers or distinguishable sample 
positions may thus be de?ned on sample receiving surfaces 
of other geometries. 

In a preferred embodiment as illustrated in FIG. 1, a 
ferromagnetic material handle 20 is attached along one edge 
of the plate on the bottom side, i.e., the side opposite the 
receiving surface for the samples. This handle 20 may have 
a rectilinear cross-sectional con?guration, and is used to 
engage an electromagnetic device for the purpose of trans 
porting the sample plate betWeen component systems. 

The sample plate 10 has beveled [comers] corners 22 yet 
provides a total square surface having 50 mm sides interior 
of the beveled [comers] corners on the top surface of the 
plate 10 for receiving multiple samples. Samples may be 
deposited on this plate in a variety of Ways, and for eXpla 
nation purposes it may be assumed that an array of circular 
spots 16 is photoetched into the plate 10 along With identi 
fying numbers. This arrangement easily accommodates up 
to 1024 sample spots each 1 mm in diameter in a 32x32 
array Without identifying numbers. Each of these 1024 
sample spots Will accommodate about 100 nanoliters of 
sample solution. 
As shoWn in FIG. 2, the samples alternatively may be 

deposited on the ends 24 of removable pins 26, and the pins 
locked into a tWo dimensional array using a sample holder 
positioned on a sample plate 10A. A suitable holder 28 may 
have a rectangular horiZontal cross-section, and may be 
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sized to receive a 5x5 array of vertical pins. Samples of 
interest are thus deposited in known locations or spots on the 
surface of the sample holder. In other cases, the locations of 
samples of interest may not be of particular signi?cance. For 
example, a system may be employed With samples deposited 
by blotting from a tWo-dimensional gel, in Which case 
samples of interest may be distributed in an unknoWn pattern 
over the sample surface. 
As shoWn in FIG. 1, the sample plate 10 has tWo or more 

precisely located holes 14A, 14B and 14C each located near 
an edge of the plate 10. These holes 14 locate the sample 
holder When installed in the sample receiving stage in the ion 
source of the mass spectrometer and in the sample transport 
trays. The magnetic material bar 20 may be engaged by an 
energiZed electromagnet (not shoWn) to assist in transport 
ing the sample holder into the sample receiving stage, as 
discussed subsequently. 

2. Identi?cation of Sample Position and Plate 
The x-y coordinate of each sample position on one side 

(typically the top side) of the sample plate may be used to 
determine a unique sample position on each sample plate. 
The diameter of a sample spot centered on each position may 
be used to further de?ne a sample position. The minimum 
data required to uniquely identify a sample position is the 
x-y coordinate and the diameter of the spot. As discussed 
above, the sample position may be further de?ned by a 
photoetched Well or photoplated spot centered at the corre 
sponding x-y coordinate on the sample plate, and may be 
even further de?ned by the corresponding number etched or 
plated near the corresponding sample spot. 

Each particular sample plate may be identi?ed by a serial 
number etched into the top surface of the plate or attached 
to or etched into the bottom surface of the plate. Acomputer 
readable bar code may be used With a suf?cient number of 
digits to uniquely identify the sample plate relative to any 
other Which might be encountered Within a series of similar 
runs. The system involved in applying the samples to the 
sample plates and those for loading the plates into the mass 
spectrometer as discussed beloW may also be equipped With 
bar code readers to provide the required identi?cation of the 
sample plates. 

3. Processing and Preparing Samples 
The details of this component Will depend on the 

application, the types of samples to be tested, and the degree 
to Which the samples are prepared and puri?ed prior to being 
input to the analysis system described beloW. The folloWing 
discussion sets forth the representative steps required to 
carry out an automated MALDI analysis. It should be 
appreciated that additional automated sample preparation 
and puri?cation steps could be added. Rate-determining 
steps may be used, for example, to determine the speed With 
Which the complete determination can be done. 

The invention is particularly suited for DNA sequencing. 
For this purpose, it is assumed that a set of sequencing 
mixtures has been prepared off-line using either the 
Maxxam-Gilbert or Sanger method. The mixtures may be 
presented to the system in the form of liquid solutions in 
small vials or tubes in a try Which may be accessed by an 
autosampler. Substantially the same samples in the same 
form may be presented for separation by electrophoresis in 
conventional DNA sequencing. 

With reference to FIG. 3, the sample processing compo 
nents include an autosampler 40, valve means 42 for con 
trollably adding an appropriate solution of matrix from 
containers 44 to each sample, and a pump or other How 
system 46 for transferring liquid samples from a selected 
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sample to a knoWn sample position on the sample plate. The 
sample plate is precisely located on a holder mounted on a 
computer-controlled x-y table 48. Each sample position may 
be computer recorded at the time the sample aliquot is 
transferred to the plate. The autosampler may be similar to 
autosamplers used With capillary electrophoresis. 

FIG. 3 illustrates one embodiment of a suitable system 30 
for preparing and processing samples. Samples are pre 
sented to the system in standard sample vials, such as small 
plastic Eppendorf Tubes 33. A large number of samples 
tubes may be accommodated Within a sample input tray 34. 
The person providing the samples enters sample ID infor 
mation in computer 36, selects the dilutions and matrixes 
required, and sets the internal standards and relative 
concentrations, if required, for each sample. The system 
prepares the requested sample dilutions and matrix and 
standard additions, and transfers each sample aliquot to a 
knoWn position on the sample plate 10 discussed above. The 
computer 36 generates a data ?le containing sample ID, 
dilution, matrix, and internal standard (if any) for each 
position on the sample plate. The sample plate from trans 
porter 50 is capable of automatically changing the sample 
plate When it is ?lled, and transporting the ?lled sample plate 
to a cassette 54 for sample drying and storage. Each plate is 
identi?ed With a bar code and both the sample preparation 
system and the MALDI instrument are equipped With bar 
code readers for automatic sample tracking. Individual 
sample plates or cassettes containing up to 20 sample plates 
may be transferred along With the sample data to the MALDI 
instrument for analysis. The computer controlling the 
sample preparation system is netWorked With the computer 
(shoWn in FIG. 8) controlling the mass spectrometer, so that 
both sample information and mass spectral data may be 
exchanged betWeen the tWo computers. The samples accord 
ingly may be prepared in one laboratory and the data 
processed there, even if the MALDI instrument is in a 
different location. This feature also alloWs multiple sample 
processing and loading stations to be used With a single mass 
spectrometer. 

4. Drying and Storing Sample Plates 
When each sample location on a plate has been loaded 

With a sample, the samples are alloWed to dry before the 
plate is transferred into the vacuum chamber of the mass 
spectrometer. In the simplest case, the plates may be trans 
ferred from the sample loading system to a rack or cassette 
Where they are alloWed to dry in laboratory air. In the 
preferred embodiment, hoWever, this rack or cassette 54 is 
located inside a sealed chamber 52 equipped With a 
computer-controlled door 56 Which alloWs the samples to be 
dried in an environment in Which the pressure, temperature, 
and composition of the surrounding atmosphere is con 
trolled. In the fully automated mode, each of the loaded and 
dried sample plates may be transferred from the sample plate 
storage chamber 52 to an adjacent mass spectrometer. 
Alternatively, the samples may be prepared and loaded 
off-line onto the sample plates. When a suf?cient number of 
sample plates has been loaded With samples, the plurality of 
sample plates may be transferred manually to the mass 
spectrometer and loaded as a complete cassette using the 
manually operated sample loading door. 

5. Transferring Sample Plates into the Mass Spectrometer 
Sample Receiving Chamber 
The manual step involved in loading the sample plates 

may be eliminated by adding a sample storage region to the 
vacuum lock chamber of a mass spectrometer, as shoWn 
schematically in FIGS. 4 and 5. This provision, When 
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coupled With on-line sample loading, allows the system to be 
operated in a fully automatic, unattended mode. In this 
con?guration, an input door 58 is located betWeen the 
vacuum lock chamber 68 and the storage chamber 60. An air 
cylinder transporter 89 equipped With electromagnets is 
provided for transporting sample plates 10 from the trans 
port tray 80 Within the storage chamber 60 to the vacuum 
lock chamber 68. The tray or cassette 80 contains multiple 
shelves and corresponding slots each for storing a sample 
plate. A cassette transport device mechanism including a 
lead screW 64 driven by a stepper motor 66 is provided to 
alloW any selected one of these slots and a corresponding 
plate 10 in the cassette 80 to be brought into line With 
transporter 89. 

The system as shoWn in FIGS. 4 and 5 alloWs sample 
plates 10 to be loaded into the storage region of the vacuum 
lock chamber 68, While another sample plate 10 is being 
analyZed in the ion source chamber 74 of a mass spectrom 
eter. In fully automatic operation, Whenever a neW sample 
plate 10 may be loaded, the storage chamber 60 is evacuated, 
the input door 58 betWeen the storage chamber 60 and the 
vacuum lock chamber 68 is opened, and the neW sample 
plate is automatically moved by transporter 89 to a sample 
transport tray 87 provided in the vacuum lock chamber 68. 
The input door 58 is then closed and the vacuum lock 
chamber 68 remains evacuated. The plate 10 positioned by 
sample transport tray 87 is moved Within chamber 68 by an 
air cylinder transport mechanism 78. 
When analysis of the samples on one plate 10 Within the 

ion source is completed, the plate 10 is ejected and placed 
in a vacant slot in the sample storage cassette 80. This 
cassette 80 is then moved by stepper motor 66 and lead 
screW 64 to bring a neW sample plate in the transport tray 80 
in line With the transporter 89, and the neW sample plate is 
loaded. The eXchange of samples may thus be accomplished 
Without venting of the vacuum lock chamber 68, Which Was 
evacuated during the time that the samples on the previous 
plate Were being analyZed. This alloWs sample plates to be 
changed very quickly (at most a feW seconds) While main 
taining the ion source at high vacuum. 

The sample storage chamber 60 is equipped With a 
manually operated door 70 through Which a number of 
sample plates loaded With samples that are off-line can be 
introduced simultaneously. To load a set of samples, a 
“manual load” setting is selected on the computer 36. This 
causes the sample storage chamber 60 to be vented to 
atmosphere via vent valve 72, and alloWs the manual load 
door 70 to be opened. The samples are then loaded and the 
chamber evacuated. The entire set of sample plates can noW 
be analyZed automatically Without further operator interven 
tion. 

6. Automated Vacuum Lock System 
The vacuum lock chamber 68 is equipped With computer 

controlled valves and mechanical transport devices Which 
alloW the sample plates 10 to be transported under computer 
control from the sample storage chamber 60 (Which may be 
at atmospheric pressure) to the sample receiving stage 
Within the evacuated ion source chamber 74 of a mass 
spectrometer, Without venting the evacuated chamber 74. 
The vacuum lock chamber 68 has an input port Which may 
be opened or closed by door 58 and through Which sample 
plates are loaded from the sample storage chamber 60 into 
the vacuum lock chamber 68. An output port through Which 
a sample plate is transported from the vacuum lock chamber 
68 to the ion source vacuum chamber 74 is similarly opened 
and closed by output door 76. Each door includes an “O” 
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ring seal and may be opened and closed by a respective air 
cylinder 75 controlled from the computer 107. 
A preferred embodiment of the vacuum lock chamber 68 

is depicted in FIG. 5 With its associated valves and trans 
porters suitable for fully automated operation. A cassette 80 
containing a number (typically 20) loaded sample plates 10 
may be transferred from either an off-line sample storage 
chamber or a sample storage chamber 60 attached to the 
vacuum lock chamber and thus the mass spectrometer. 
Before loading a sample plate 10 into the storage chamber 
60 for subsequent analysis by the mass spectrometer, it may 
be assumed that the sample loading doors 58 and 76 are 
closed, the vent valve 72 is closed, and the pumpout valve 
82 connecting the mechanical vacuum pump 85 With the 
vacuum lock chamber 68 is closed. The pumpout valve 86 
connecting the mechanical vacuum pump 85 With the stor 
age chamber 60 is ?rst opened, thus evacuating the sample 
storage chamber. When the residual pressure in this chamber 
60 has reached a predetermined acceptable vacuum level 
(e.g., 20 millitorr), the valve 82 is opened, and the input and 
output doors 58 and 76 are opened, alloWing sample plates 
to be transported betWeen the sample storage chamber 60 
and the ion source chamber 74 of the mass spectrometer 
Without signi?cantly degrading the vacuum of the mass 
spectrometer. A conventional vacuum pump 96 is provided 
for maintaining the chamber 74 at a desired pressure. Once 
transport of a plate 10 is complete, the doors 58 and 76 may 
be closed by computer control. The fully automatic opera 
tion of the vacuum lock involves the cycle steps Which begin 
With completing the measurements on the previous sample 
plate, and end With beginning the measurements on the neXt 
sample. 
A simpli?ed version of the vacuum lock designed for use 

With remote sample storage chamber is shoWn schematically 
in FIGS. 6 and 7. This system is suitable for manually 
loading individual sample plates into the mass spectrometer 
Without venting the mass spectrometer vacuum system. 
Prior to loading a sample plate, it may be assumed that the 
output door 76A is closed, and the pumpout valve 82A is 
closed. The vent valve 72A is opened alloWing the pressure 
in vacuum lock chamber 92 to be raised to that of the 
surrounding atmosphere While the vacuum pump 96A 
attached to the ion source chamber 97 maintains the ion 
source chamber under high vacuum. The input door 98 is 
then opened and the sample transport tray 99 is transported 
by its air cylinder 78B through the input door 98 to a point 
Where it is accessible for loading. The sample plates 10 may 
be manually loaded into the sample transport tray 99. Under 
computer control folloWing a command from the operator, 
the tray 99 containing a sample plate is retracted into the 
vacuum lock chamber 92 by air cylinder 78B, and the input 
door 98 is then closed. The vent valve 72A is then closed, 
and the pumpout valve 82A is opened and the pump 84A 
activated until the vacuum lock chamber 92 is suf?ciently 
evacuated. When a satisfactory pressure has been reached 
(typically 50 milliliter), the output door 76A is opened. 
With reference noW to FIG. 7, the sample plate 10 is then 

transported from the transport tray 99 to the sample receiv 
ing stage, i.e., the ion source chamber 97, of the mass 
spectrometer. This transport is accomplished by energiZing 
a small electromagnet 102 attached to the actuator rod 104 
of the air cylinder 89A. When energiZed, this electromagnet 
102 engages the strip of magnetic material 20 attached to the 
sample plate 10 and ?rmly holds the plate 10 until the 
magnet is de-energiZed. After the sample is in place in the 
sample receiving stage 94 of the mass spectrometer, the 
magnet 102 is de-energiZed and the transporter cylinder 89A 
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is retracted, leaving the sample plate 10 in the chamber 97. 
The output door 76A is then closed and the mass spectrom 
eter is ready for testing the neW samples on plate 10. The 
complete loading operation takes less than one minute, and 
very little gas is introduced into the ion source vacuum 
chamber during this operation. 

To eject the sample plate and load a neW one the process 
is reversed. First the output door 76A is opened, and the 
transport cylinder 89A equipped With the electromagnet 102 
is extended so that the electromagnet makes contact With the 
magnetic strip on the sample plate 10. The electromagnet is 
energiZed and the cylinder 89A retracted to move the sample 
plate from the ion source chamber 97 to the transport tray 99 
in the vacuum lock chamber 92. The output door 76A is 
closed, the magnet 102 is de-energiZed, the input door 98 is 
opened, and the sample tray 99 extended so that the old 
sample plate can be removed by the operator and replaced 
With a neW sample plate. Except for this ?nal step, the entire 
operation is accomplished entirely under control of com 
puter 107 With no intervention from the operator except for 
selecting [a] an “eject” setting on the computer to remove a 
sample, and an “operate” setting to load a neW sample and 
begin the test. 

Operation of the fully automated system shoWn in FIGS. 
4 and 5 is thus similar to the system shoWn in FIGS. 6 and 
7 except that operator intervention is minimiZed in the FIG. 
4 system. A preferred system according to this invention 
combines the features of the systems discussed above. FIG. 
8 discloses a system 108 for analyZing a plurality of samples 
and includes an additional electromagnetic transporter 89B 
Which transports sample plates from cassette 80A containing 
vacant sample plates 10 to the sample loading system 30. 
After loading, the sample plates 10 are transported by 
transporter 89B to the sample storage chamber 60. The 
cassettes discussed above may each hold up to 20 sample 
plates in a vertical stack. The cassette 80 Which supplies 
plates 10 to the ion source chamber has at least one empty 
slot When a sample plate is being tested in the ion source 
chamber 74. The position of this cassette in the storage 
chamber may be controlled by a computer driven stepper 
motor as described above so that any selected slot in the 
storage cassette can be brought into the plane de?ned by the 
respective sample plate transporter 89. Atested sample plate 
may be transported from the ion source chamber to a vacant 
slot in the cassette Within the vacuum lock chamber, and the 
sample cassette indexed to position another sample plate for 
transport from the vacuum lock chamber to the ion source 
chamber, then the sample door closed and the neW samples 
on the neW plate tested. While the mass spectrometer is 
testing one sample plate, neW samples may be manually or 
automatically loaded and/or tested using sample plates 
removed Without interfering With the mass spectrometer or 
it vacuum system. Computer 107 controls the mass spec 
trometer and the position of the system components 
described above. 

7. Sequentially Testing Loaded Sample Plates 
A preferred embodiment of the ion source 110 and a 

MALDI mass spectrometer 112 is depicted in FIG. 9. A 
stainless steel block 118 is rigidly mounted to an x-y table 
114 via electrically insulating posts 116 made of ceramic or 
polyamide. The block 118 and table 114 may be positioned 
Within the ion source chamber 74 (or 97) discussed above. 
An electrical potential of up to approximately 30 kV, posi 
tive or negative, may be applied to block 118 by a connec 
tion to an external poWer supply 115. The x-y position of the 
block 118 is controlled by one or more stepper motor driven 
mircometer screWs (not shoWn) conventionally used With 
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x-y tables. The block 118 is equipped With standard lip-type 
guide plates 121 to assist in transporting the sample plate 10 
into position on the face 117 of block 118. Conventional 
securing members, such as spring loaded balls 119 may be 
used to cooperate With the holes 14 in the plate 10 to lock 
the sample plate into position With respect to the block 118. 
With computer control of the stepper motors, this system 

alloWs any selected point on the sample plate to be posi 
tioned precisely (typically Within one thousandth of an inch) 
on the optic axis of the mass spectrometer Where it is 
irradiated by the laser beam 136. Beam 136 strikes a sample 
on plate 10 at point 120 Within plane 117, resulting in ion 
beam 134. Accordingly ions may be produced from each 
sample on the plate 10, Which is moved automatically by the 
x-y table 114 betWeen sample positions With respect to the 
laser beam. 

The remaining components of a suitable time-of-?ight 
mass spectrometer 112 as shoWn in FIG. 9 include a metal 
plate 124 having a grid hole 122 therein, and a metal plate 
128 having a grid hole therein. The metal plate 128 may be 
maintained at ground potential and voltages applied to block 
118 and plate 124 may be varied to set the accelerating 
electrical potential desired, Which is typically in the range 
from 15,000 to 50,000 volts. A suitable voltage potential 
betWeen block 118 and plate 124 is 10,000 volts, and a 
suitable voltage potential betWeen plate 124 and plate 128 is 
from 10,000 to 40,000 volts. 
Most of the loW Weight ions are prevented from reaching 

the detector 140 by de?ection plates 130 and 132, Which 
may be spaced 1 cm. apart. Plate 130 may be a ground 
potential. Plate 132 receives a square Wave pulse timed as a 
function of the laser beam striking a particular sample. Each 
pulse thus suppresses loW mass ions, so that substantially 
only desired ions reach the detector 140. Other details With 
respect to a suitable spectrometer are disclosed in US. Pat. 
Nos. 5,045,694 and 5,160,840. 

8. Automatically Adjusting Laser Intensity and Sample 
Position 

In MALDI, the intensity and quality of the mass spectra 
generated is strongly dependent on the intensity of the plume 
of ioniZed and neutral material that is produced by the 
incident laser pulse impinging on the sample and matrix. 
This intensity depends on the laser intensity, the composition 
of the matrix used, and details of the crystalline structure of 
the matrix and sample on the surface. While it is possible to 
establish a narroW range of laser intensities Which produce 
acceptable spectra, one typically cannot preduct With the 
desired precision the laser intensity Which Will yield the best 
results on a particular sample. In general, if the laser 
intensity is too high, the signal-to-noise ratio may be 
excellent, but the mass resolution and mass accuracy is 
degraded. Conversely, if the laser intensity is too loW, the 
mass resolution and accuracy are satisfactory, but the signal 
level is loW and signal-to-noise ratio is poor. Also, the 
surfaces of multiple samples on a plate tend to be non 
uniform, so that some locations yield excellent results and 
others do not. Under normal control of the laser beam and 
sample position, it is possible through a process of trial and 
error to ?nd a combination of laser intensity and sample 
position Which provides excellent results. 
An automatic control used according to this invention 

closely mirrors What is generally the most successful strat 
egy When operating manually. The intensity of the beam 
output 136 from the laser source 148 is increased until the 
ion signal suddenly appears at a relatively high setting. At 
this point, signal-to-noise is excellent, but resolution is poor. 
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As the laser intensity is decreased, the signal may actually 
increase at ?rst (sometimes going into saturation), but at 
some loWer intensity the signal is decreased, and the reso 
lution is dramatically increased. With an improved attenu 
ator 138, this hysteresis appears to be entirely related to 
changes in the sample properties, and is not due to hysteresis 
in the attenuator. The upper and loWer values for these 
events are very reasonably reproducible and appear to 
depend primarily on the particular matrix used, and only 
Weakly on the sample preparation, source voltage, or other 
parameters. 

The strategy for exploiting these observations in the 
automatic mode folloWs. The upper and loWer limits in the 
acquisition set-up menu and the laser step siZe are estab 
lished. TWo choices are provided for the number of spectra 
to be average: an upper number and a loWer number. The 
upper number of spectra are averaged When the laser beam 
136 is at its maximum intensity, and the loWer number is 
used at all other laser intensities. 

When a neW sample is selected by the autosampler menu, 
the acquisition starts With the laser beam 136 set at the upper 
limit. The number of spectra requested is averaged. If a 
spectrum acquired contains intensity Within the desired mass 
and intensity limits set, the spectrum is saved and calibrated 
using the upper calibration ?le associated With this set-up 
?le. If the spectrum acquired is too intense, i.e., the maxi 
mum intensity Within the mass WindoW is greater than the 
upper intensity level (typically set just beloW saturation), the 
laser intensity is decreased by one increment and the process 
repeated until a spectrum meeting the selection criteria is 
obtained or the loWer limit is reached. If the spectrum is too 
Weak, i.e., the maximum intensity Within the mass WindoW 
is too Weak, the sample is incremented to a neW spot and the 
process is repeated. If a spectrum is obtained Which has 
intensity Within the chosen limits at any laser intensity other 
than the loWer limit, that spectrum is saved as an upper 
intensity spectrum and the upper calibration ?le associated 
With the acquisition set-up ?le is used. If an acceptable 
spectrum is obtained at the loWer limit of laser intensity, that 
spectrum is saved as a loWer intensity spectrum and the 
loWer calibration ?le associated With the acquisition set-up 
?le is used. If both an upper and a loWer intensity spectrum 
are obtained on the selected sample spot, the acquisition 
proceeds to the next sample. If only one of these is obtained, 
or neither one, the sample is incremented to a neW spot until 
both an upper and a loWer spectrum have been saved, or until 
the range of possible sample spots has been exhausted. 

9. Automatically Calibrating the Mass Axis 
During automatic operation of the MALDI instrument, an 

automatic procedure may be used for checking the calibra 
tion of and recalibrating the mass scale to maintain the 
desired mass accuracy. This can be accomplished by loading 
a sample plate containing one or more knoWn samples so 
that the knoWn mass spectrum can be used to automatically 
check and correct the mass scale as necessary. 

The procedure for calibrating the mass axis is described 
beloW. Each acquisition set-up ?le must have both an upper 
and a loWer calibration ?le associated With it. These ?les 
may be chosen from a list of ?les already in existence by the 
operator preparing the set-up ?le, or may be generated using 
the “calibrate” selection in the set-up ?le for calibration 
based on a selected knoWn sample. Each calibration ?le 
Which is saved may have all of the parameters associated 
With its generation saved, so that in the event the operator 
chooses a calibration ?le Which employs different parameter 
values, a Warning is given and the acquisition set-up ?le 
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corresponding to the one that Was used may be displayed 
With the parameters highlighted that are different from those 
Which have been selected in the neW acquisition set-up. The 
operator has the option of approving the chosen calibration 
?le Which is then associated With the neW set-up ?le, even 
if some parameters are different. Alternatively, the operator 
may reject the chosen calibration ?le, return to the set-up 
?le, and either choose a different calibration ?le or generate 
a neW one. If a neW calibration ?le is generated using a 
particular set-up ?le, a “check replace” selection may be 
employed to determine if the ?le is to replace a pre-existing 
calibration ?le. A neW designation for upper or loWer 
calibration numbers is also an option. 

In addition to the above changes in the manual calibration 
procedure, an automatic calibration mode may be used. 
Particular samples on the sample plate may be identi?ed as 
calibration samples, and the calibration compound selected 
from a list. For each sample or calibration compound, the 
matrix from a list may be selected. For each calibration 
compound and matrix combination chosen, a list of masses 
and laser intensities may be stored. The normally used mass 
and intensity [valves] values may be entered as an initial 
equipment set-up. A service technician Will be able to alter 
initial factory data at the location of the customer. 

During automatic calibration, the procedure for acquiring 
the calibration spectrum is the same as for acquiring data 
from a sample. If the calibration designation is selected in 
the autosampler set-up, that sample is treated as a calibration 
sample and the spectrum obtained is compared to that 
expected from the reference ?le. If peaks are found Within 
the default values of mass and intensity (typically set by the 
service technician), the calibration ?le for the particular 
acquisition set-up and laser intensity being used is 
re-computed, and the old ?le replaced by the neW ?le. If the 
observed spectrum falls outside the default limits, a Warning 
message is momentarily displayed and then stored for later 
display When the data are processed. If the attempted cali 
bration does not succeed, the old value is retained, and 
automatic acquisition proceeds. For instrument service 
purposes, it may be desirable to retain the old calibration 
?les in a directory accessible to the service technician. 

To implement the above, columns may be added to the 
autosampler set-up menu. These columns might include a 
choice of sample or calibrant, a choice of matrices from a 
pull-doWn list, and a pull-doWn menu shoWing the list of 
knoWn calibrants. The operator may also enter neW param 
eters characteriZing a neW calibrant Within another column. 
The operator may also have the option of designating a 
matrix choice in the acquisition set-up ?le. 

10. Automatically Interpreting the MALDI Mass Spectra 
Mass spectra interpretation depend on the type of samples 

analyZed and the information required. The ?rst step is to 
convert the observed time-of-?ight spectrum into a mass 
spectrum, i.e., a table of masses and intensities for all of the 
peaks observed in the time-of-?ight spectra. Peaks that are 
knoWn to be due to the matrix or other extraneous material 
Will normally be deleted from this list. This mass spectrum 
is obtained by calculating the centoid and integral intensity 
of each peak. The peak Width may also be included (e. g., full 
Width at half maximum) to provide a measure of the maxi 
mum uncertainty in the mass determination. 

In the application to DNA sequencing, each set of four 
samples consists of one sample ending, so that all possible 
fragments ending in a speci?c base are included in each 
sample set. Accordingly, for each DNA fragment to be 
sequenced, there is a sample With all possible fragments 
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terminating in C, T, A, and G, respectively. Each of these 
fragments is observed as a peak in the time-of-?ight spec 
trum of that sample. By superimposing the four spectra, the 
sequence of bases can be read directly. Furthermore, the 
mass difference betWeen any pair of peaks in these four 
spectra must correspond to the total mass associated With the 
nucleotides in that portion of the sequence. This provides a 
signi?cant redundancy in the results, Which may be useful 
for analysis other than that involving the simple ordering of 
the peaks, a feature Which is not available in electrophoresis. 
If a peak is very Weak and is missed, or if tWo peaks are 
insuf?ciently resolved, a base may be missed by simple 
ordering. The mass difference observed betWeen the next 
pair of adjacent peaks Will thus shoW the error and alloW 
correction. The computer may thus interpret the spectra and 
directly produce the sequence of bases in the DNA fragment. 
If there are any regions of the spectrum Where the results 
may be [consider] considered ambiguous or unreliable, e.g., 
because the observed mass differences are inconsistent, 
those regions may be ?agged so that the operator may 
perform either manual study or further automated analysis 
on those regions. 

According to the technique of this invention a MALDI 
mass spectrometer is used rather than electrophoresis sepa 
ration for DNA sequencing. Until recently, the MALDI 
technique Was limited to single-stranded DNA fragments up 
to about 50 bases in length, but the range has noW been 
extended to fragments as large as 500 bases in length. 

Conventional large-scale sequencing is currently being 
done at a rate approaching 1 Mb per year of ?nished 
sequence. The cost of sequencing is in the vicinity of one 
US. dollar per base. A rate of 500 Mb per year is required 
for the Human Genome Project. A price of 20 cents per 
?nished base is commensurate With the budget and goals of 
this project. 

At the present stage of development, MALDI analysis of 
DNA fragments can be done readily on mixtures containing 
components less than 50 bases in length. Recent Work 
suggests that this fragment length can be extended, perhaps 
as much as one order of magnitude to fragments 500 bases 
in length. Large scale sequencing Would proceed much more 
rapidly by this technique if the fragments analyZed could be 
extended signi?cantly. A reasonable goal is to be able to 
accurately analyZe mixtures containing oligimers up to 300 
bases in length. The resolution and sensitivity of presently 
available instruments is satisfactory. Even With the limita 
tions imposed by the short segments, the MALDI technique 
With application of the present invention could be competi 
tive With conventional approaches. 

The present invention can readily handle at least 4 
samples per minute, Which corresponds With 50 base frag 
ments to 50 bases of raW data per minute, since 4 separate 
samples are required to sequence each segment. A single 
instrument can run at least 1200 minutes per day to provide 
60,000 bases per day of raW sequence. This is about 22 
Mb/year from a single instrument. This is raW data, hoWever, 
and the piercing together of fragments from short sequence 
generated data is likely to require considerable redundancy. 
Nevertheless, a single instrument, even With the limitations 
imposed by short segments, can surpass the total output of 
present conventional sequencing. The price for this instru 
ment is about $200,000, and it should have a useful life of 
at least 5 years. Total cost for operating and maintaining the 
instrument (including amortiZation) should be less than 
$100,000/year. If the instrument produces 2 Mb of ?nished 
sequence/year, this corresponds to 5 cents/base. 250 such 
instruments Would be required to provide sequences at the 
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rate required by the Human Genome Project. If the length of 
the fragments analyZed can be extended, the speed Will 
increase and the cost Will rapidly decrease since less redun 
dancy Will be required. If the fragment length Was increased 
to 300 bases, the raW data rate increases proportionally to 
about 120 Mb/year. The ratio of this raW rate to ?nished data 
rate should improve dramatically and may approach 50 
Mb/year for a single instrument. In this case, ten instruments 
could provide the rate required by the Human Genome 
Project at a cost of 0.2 cent per base. Although this rate 
Would not include the cost of sample preparation and data 
analysis, the rate and cost of raW sequence determination 
Would no longer be the limiting feature. 

It should be understood that this invention has been 
disclosed so that one skilled in the art may appreciate its 
features and advantages, and that a detailed description of 
speci?c components and the spacing and siZe of the com 
ponents is not necessary to obtain that understanding. Many 
of the individual components of the mass spectrometer are 
conventional in the industry, and accordingly are only sche 
matically depicted. The foregoing disclosure and description 
of the invention are thus explanatory, and various details in 
the construction of the equipment are not included. Alter 
native embodiments and operating techniques Will become 
apparent to those skilled in the art in vieW of this disclosure, 
and such modi?cations should be considered Within the 
scope of the invention, Which is de?ned by the folloWing 
claims. 
What is claimed is: 
[1. A system for analyZing a plurality of samples, com 

prising: 
a plurality of portable sample supports each having a 

sample receiving surface thereon for accommodating a 
plurality of samples each at a ?xed location on each 
sample support; 

identi?cation means for identifying each sample location 
of each of the plurality of samples on each of the 
plurality of sample supports; 

a mass spectrometer for analyZing each of the plurality of 
samples on each sample support, the mass spectrometer 
having a sample receiving chamber therein for receiv 
ing each sample support; 

a laser source for striking each sample on each sample 
support While Within the receiving chamber With a laser 
pulse to desorb and ioniZe sample molecules; 

support transfer mechanism for automatically inputting 
and outputting each of the sample supports from the 
sample receiving chamber of the mass spectrometer; 

a poWered mechanism movable in both an x direction and 
a y direction perpendicular to the x direction Within the 
sample receiving chamber for supporting a respective 
sample support thereon; 

a vacuum lock chamber connected to the sample receiving 
chamber of the mass spectrometer for receiving the 
sample supports and for maintaining one or more of the 
sample supports Within a vacuum controlled environ 
ment While the plurality of samples on another of the 
sample supports are struck by laser pulses; and 

computer means for recording test data from the mass 
spectrometer for each of the plurality of samples on the 
sample supports as a function of the identi?cation 

means.] 
[2. The system as de?ned in claim 1, further comprising; 
a sample loading mechanism for positioning each of a 

plurality of liquid samples on the sample receiving 
surface of each of the plurality of sample supports; and 
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a curing chamber for drying each of the plurality of liquid 
samples on each of the sample supports to form a 
plurality of solid samples each positioned on a respec 
tive sample support.] 

[3. The system as de?ned in claim 2, further comprising: 
sample support positioning means for positioning each 

liquid sample on the sample receiving surface of a 
respective sample support.] 

[4. The system as de?ned in claim 2, further comprising: 
a sample preparation mechanism for automatically pre 

paring each of the plurality of liquid samples for a 
deposit on a respective sample support.] 

[5. The system as de?ned in claim 4, Wherein the sample 
preparation mechanism includes a ?rst plurality of contain 
ers for receiving respective dilutions and a second plurality 
of containers for receiving respective matriXes for preparing 
each of the plurality of liquid samples each containing a 
selected dilution.] 

[6. The system as de?ned in claim 5, further comprising: 
valve means responsive to the computer means for auto 

matically controlling the How of ?uids from the ?rst 
and second plurality of containers.] 

[7. The system as de?ned in claim 1, further comprising: 
a pump responsive to the computer means for pumping 

liquid samples to a respective one of the sample sup 
ports.] 

[8. The system as de?ned in claim 7, further comprising: 
a drying chamber for drying liquid samples on each of the 

sample supports to form dried samples.] 
[9. The system as de?ned in claim 8, further comprising: 
vacuum means for controlling a vacuum Within the drying 

chamber in response to the computer means.] 
[10. The system as de?ned in claim 1, Wherein each of the 

plurality of portable sample supports comprises an electri 
cally conductive sample plate having a plurality of prede 
termined sample positions on the sample receiving surface.] 

[11. The systems as de?ned in claim 10, Wherein each of 
the plurality of predetermined positions on the sample plate 
includes a Well for receiving a respective sample.] 

[12. The system as de?ned in claim 11, Wherein each of 
the plurality of Wells on the sample plate are arranged in one 
of a plurality of roWs and in one of a plurality of columns.] 

[13. The system as de?ned in claim 1, Wherein: 
the identi?cation means includes a marking on each 

sample support for identifying each of the plurality of 
samples on the sample receiving surface.] 

[14. The system as de?ned in claim 1, Wherein a sample 
support includes a magnetic handle for cooperating With the 
support transfer mechanism to position the sample support.] 

[15. The system as de?ned in claim 1, Wherein each of the 
plurality of sample supports includes a sample holder and a 
plurality of pins each removably positionable With respect to 
the sample holder, each of the plurality of pins having a 
sample receiving surface thereon for receiving a respective 
one of the plurality of samples.] 

[16. The system as de?ned in claim 1, Wherein each of the 
plurality of sample supports has one or more locating 
members for precisely positioning the sample support.] 

[17. The system as de?ned in claim 1, Wherein each of the 
sample supports comprises in eXcess of 80 determined 
sample positions on the sample receiving surface.] 

[18. The system as de?ned in claim 1, further comprising; 
sample support identi?cation means for identifying each 

of the plurality of sample supports and for inputting 
sample support identi?cation information to the com 
puter means.] 
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[19. The system as de?ned in claim 1, further comprising: 
a sample storage chamber for storing one or more of the 

plurality of sample supports; and 
a poWered transporter for transporting each of the plural 

ity of sample supports from the sample storage cham 
ber to the vacuum lock chamber.] 

[20. The system as de?ned in claim 19, Wherein the 
poWered transporter is automatically responsive to the com 
puter means.] 

[21. The system as de?ned in claim 19, further compris 
ing: 

a transport cassette for supporting a plurality of sample 
supports each in a preselected position Within the 
sample storage chamber.] 

[22. The system as de?ned in claim 21, further compris 
ing: 

a transport drive mechanism for selectively positioning 
the transport cassette Within the sample storage cham 
ber.] 

[23. The system as de?ned in claim 22, Wherein the 
transport drive mechanism is poWered in response to the 
computer means.] 

[24. The system as de?ned in claim 23, Wherein the 
transport drive mechanism comprises a lead screW and a 

stepper motor.] 
[25. The system as de?ned in claim 1, further comprising: 
a door member for selectively controlling communication 

betWeen the vacuum lock chamber and the sample 
receiving chamber of the mass spectrometer.] 

[26. The system as de?ned in claim 25, further compris 
ing: 

a sample storage chamber for storing one or more of the 
plurality of sample supports; and 

another door member for controlling communication 
betWeen vacuum lock chamber and the sample storage 

chamber.] 
[27. The system as de?ned in claim 1, further comprising: 
a pump for selectively evacuating the vacuum lock cham 

ber.] 
[28. The system as de?ned in claim 1, Wherein: 
each of the plurality of sample supports is moveable 

betWeen the vacuum lock chamber and the receiving 
chamber of the mass spectrometer; and 

a transporter for moving one of the plurality of samples 
supports Within the vacuum lock chamber While the 
plurality of samples on another of the sample supports 
are being struck With laser pulses.] 

[29. The system as de?ned in claim 1, further comprising: 
a poWered sample support transporter for moving one or 

more of the plurality of sample supports Within the 
vacuum lock chamber.] 

[30. The system as de?ned in claim 1, further comprising: 
a vent valve for selectively venting the vacuum lock 

chamber to atmospheric pressure.] 
[31. The system as de?ned in claim 1, Wherein the support 

transfer mechanism is responsive to the computer means.] 
[32. The system as de?ned in claim 1, Wherein the support 

transfer mechanism includes a ?uid cylinder and an actuator 
rod extending betWeen the ?uid cylinder and a respective 
sample support.] 

[33. The system as de?ned in claim 1, Wherein: 
each of the plurality of sample supports includes an 

electromagnet secured thereto; and 
poWer to each electromagnet is controlled in response to 

the computing means.] 
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[34. The system as de?ned in claim 1, Wherein the X-y 
mechanism is an X-y table responsive to the computer 
means.] 

[35. The system as de?ned in claim 1, further comprising: 
an electrically conductive block Within the sample receiv 

ing chamber for receiving a respective sample support; 
and 

one or more insulating members electrically insulating the 
poWered positioning mechanism from the electrically 
conductive block.] 

[36. The system as de?ned in claim 35, further compris 
ing: 

a securing mechanism for temporarily af?Xing the posi 
tion of a respective sample support With respect to the 
electrically conductive block.] 

[37. The system as de?ned in claim 1, further comprising: 
an attenuator for adjusting the intensity of a laser beam 

output from the laser source.] 
[38. The system as de?ned in claim 37, Wherein the 

attenuator is responsive to the computer means.] 
[39. The system as de?ned in claim 1, Wherein the 

computer means interprets test data from the mass spec 

trometer.] 
[40. A system for analyZing a plurality of samples, com 

prising: 
a plurality of portable sample supports each having a 

sample receiving surface thereon for accommodating a 
plurality of samples each at a ?Xed location on each 
sample support; 

sample identi?cation means for identifying each sample 
location of each of the plurality of samples on each of 
the plurality of sample supports; 

support identi?cation means for identifying each of the 
plurality of sample supports; and 

a mass spectrometer for analyZing each of the plurality of 
samples on a respective one of the sample supports, the 
mass spectrometer having a sample receiving chamber 
therein for receiving a respective sample support; 

a laser source for striking each sample on each sample 
support While Within the receiving chamber With a laser 
pulse to desorb and ioniZe sample molecules; 

support transfer mechanism for automatically inputting 
and outputting each of the sample supports from the 
sample receiving chamber of the mass spectrometer; 

a vacuum lock chamber connected With the sample 
receiving chamber of the mass spectrometer for receiv 
ing each of the sample supports and for maintaining 
one or more of the sample supports Within a vacuum 
controlled environment While the plurality of samples 
on another of the sample supports are struck by laser 
pulses; 

a sample storage chamber for storing one or more of the 
plurality of sample supports; 

a poWered transporter for transporting each of the plural 
ity of sample supports from the sample storage cham 
ber to the vacuum lock chamber; and 

computer means for controlling the support transfer 
mechanism and for receiving information from the 
sample identi?cation means and the support identi?ca 
tion means for recording test data from the mass 
spectrometer for each of the plurality of samples on 
each of the sample supports.] 

[41. The system as de?ned in claim 40 further comprising; 
a sample loading mechanism for positioning each of a 

plurality of liquid samples on the sample receiving 
surface of each of the plurality of sample supports; and 
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a curing chamber for drying each of the plurality of liquid 

samples on each of the sample supports to form a 
plurality of solid samples each positioned on a respec 
tive sample support.] 

[42. The system as de?ned in claim 40, further compris 
ing: 

a pump responsive to the computer means for pumping 
liquid samples to a respective one of the sample sup 
ports.] 

[43. The system as de?ned in claim 40, Wherein each of 
the plurality of portable sample supports comprises an 
electrically conductive sample plate having a plurality of 
predetermined sample positions on the sample receiving 
surface.] 

[44. The system as de?ned in claim 40, Wherein: 
the sample identi?cation means includes a marking on 

each sample support for identifying each of the plural 
ity of samples on the sample receiving surface.] 

[45. The system as de?ned in claim 40, Wherein a sample 
support includes a magnetic handle for cooperating With the 
support transfer mechanism to position the sample support.] 

[46. The system as de?ned in claim 40, Wherein each of 
the plurality of sample supports includes a sample holder 
and a plurality of pins each removably positionable With 
respect to the sample holder, each of the plurality of pins 
having a sample receiving surface thereon for receiving a 
respective one of the plurality of samples.] 

[47. The system as de?ned in claim 40, Wherein each of 
the plurality of sample supports has one or more locating 
members for precisely positioning the sample support.] 

[48. The system as de?ned in claim 40, Wherein each of 
the sample supports comprises in eXcess of 80 determined 
sample positions on the sample receiving surface] 

[49. The system as de?ned in claim 40, Wherein the 
poWered transporter is automatically responsive to the com 
puter means.] 

[50. The system as de?ned in claim 40, further compris 
ing: 

a transport cassette for supporting a plurality of sample 
supports each a preselected position.] 

[51. The system as de?ned in claim 50, further compris 
ing: 

a transport drive mechanism for selectively positioning 
the transport cassette Within the storage chamber; and 

the transport drive mechanism being poWered in response 
to the computer means.] 

[52. The system as de?ned in claim 40, further compris 
ing: 

a door member for selectively controlling communication 
betWeen the vacuum lock chamber and the sample 
receiving chamber of the mass spectrometer.] 

[53. The system as de?ned in claim 52, further compris 
ing: 

another door member for controlling communication 
betWeen the vacuum lock chamber and the sample 
storage chamber.] 

[54. The system as de?ned in claim 40, further compris 
ing: 

a poWered sample support transporter for moving one or 
more of the plurality of sample supports Within the 
vacuum lock chamber.] 

[55. The system as de?ned in claim 40, Wherein the 
support transfer mechanism includes a ?uid cylinder and an 
actuator rod extending betWeen the ?uid cylinder and a 
respective sample support.] 

[56. The system as de?ned in claim 40, Wherein: 
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each of the plurality of sample supports includes an 
electromagnet secured thereto; and 

poWer to each electromagnet is controlled in response to 
the computing means.] 

[57. The system as de?ned in claim 40, further compris 
ing: 

poWered positioning mechanism for selectively position 
ing each of the plurality of sample supports Within the 
sample receiving chamber.] 

[58. The system as de?ned in claim 57, further compris 
ing: 

the poWered positioning mechanism is an X-y table 
responsive to the computing means; 

an electrically conductive block Within the sample receiv 
ing chamber for receiving a respective sample support; 
and 

one or more insulating members electrically insulating the 
poWered positioning mechanism from the electrically 
conductive block.] 

[59. The system as de?ned in claim 40, further compris 
ing: 

an attenuator responsive to the computer means for 
adjusting the intensity of a laser beam output from the 
laser source.] 

[60. A method of analyZing a plurality of samples Within 
a sample receiving chamber of a mass spectrometer, the 
method comprising: 

supporting each of a plurality of samples at a ?Xed 
location on one of a plurality of sample supports; 

identifying each sample location of each of the plurality 
of samples on each of the plurality of sample supports; 

providing a vacuum lock chamber for receiving the 
sample supports and for maintaining one or more of the 
sample supports Within a vacuum controlled environ 
ment While the plurality of samples on another of the 
sample supports are struck by laser pulses; 

automatically inputting and outputting each of the sample 
supports from the sample receiving chamber of the 
mass spectrometer to the vacuum lock chamber; 

moving each sample support Within the sample receiving 
chamber in both an X direction and a y direction 

perpendicular to the X direction; 
striking each sample on each sample support While Within 

the receiving chamber With a laser pulse to desorb and 
ioniZe sample molecules; and 

recording test data in a computer from the mass spec 
trometer for each of the plurality of samples on the 
sample support.] 

[61. The method as de?ned in claim 60, further compris 
ing; 

positioning each of a plurality of liquid samples on the 
sample receiving surface of each of the plurality of 
sample supports; and 

drying each of the plurality of liquid samples on each of 
the sample supports to form a plurality of solid samples 
each positioned on a respective sample support.] 

[62. The method as de?ned in claim 61, further compris 
mg: 

automatically preparing each of the plurality of liquid 
samples for deposit on a respective sample support.] 

[63. The method as de?ned in claim 60, further compris 
ing: 

arranging each of the plurality of samples in each sample 
support in a plurality of roWs and in a plurality of 

columns.] 
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[64. The method as de?ned in claim 60, Wherein the step 

of identifying includes: 
marking each sample support for identifying each of the 

plurality of samples.] 
[65. The method as de?ned in claim 60, further compris 

mg: 
forming in eXcess of 80 predetermined sample positions 

on each of the respective sample supports.] 
[66. The method as de?ned in claim 60, further compris 

mg: 
storing one or more of the plurality of sample supports 

Within a sample storage chamber; and 
automatically transporting each of the plurality of sample 

supports from the sample storage chamber to the 
vacuum lock chamber in response to the computer.] 

[67. The method as de?ned in claim 60, further compris 
mg: 

supporting each of the plurality of sample supports at a 
preselected position Within a transport cassette.] 

[68. The method as de?ned in claim 60, further compris 
mg: 

selectively positioning the transport cassette in response 
to the computer.] 

[69. The method as de?ned in claim 60, further compris 
mg: 

controlling communication from Within the vacuum lock 
chamber to the environment exterior of the vacuum 
lock chamber in response to the computer.] 

[70. The method as de?ned in claim 60, further compris 
mg: 
moving a sample support With the vacuum lock chamber 

While the plurality of samples on another of the sample 
supports are being struck With laser pulses.] 

[71. The method as de?ned in claim 60, further compris 
ing: 

controlling an X-y table in response to the computer for 
positioning the plurality of samples Within the sample 
receiving chamber of the mass spectrometer.] 

[72. The method as de?ned in claim 71, further compris 
ing: 

supporting each of the plurality of sample supports on an 
electrically conductive block Within the sample receiv 
ing chamber; and 

electrically insulating the X-y table from the electrically 
conductive block.] 

[73. The method as de?ned in claim 72, further compris 
ing: 

temporarily af?Xing the position of a respective sample 
support With respect to the electrically conductive 
block.] 

[74. The method as de?ned in claim 60, further compris 
mg: 

adjusting the intensity of a laser beam output from the 
laser source in response to the computer.] 

75. A system for obtaining mass data comprising: 
a mass spectrometer comprising an ion source chamber; 

wherein the ion source chamber comprises: 
a sample receiving stage adapted to support a sample 

support, and 
a mechanism to move the sample receiving stage in an 
x direction and in a y direction perpendicular to the 
x direction, wherein the x direction and the y direc 
tion lie substantially in the same plane; 

a laser source in communication with the ion source 

chamber; wherein the laser source is adapted to provide 
a laser pulse to a sample support in the ion source 

chamber; 
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a vacuum lock chamber connected with the ion source 
chamber; wherein the vacuum lock chamber comprises 
a sample support holder adapted to support more than 
one sample support; and 

a sample support transfer mechanism adapted to intro 
duce a sample support from the vacuum lock chamber 
into the ion source chamber and to associate a sample 
support with the sample receiving stage; 
wherein the sample support transfer mechanism com 

prises a ?rst transfer mechanism adapted to disas 
sociate a sample support from the sample support 
holder; and a second transfer mechanism adapted to 
introduce a sample support into association with the 
sample receiving stage. 

76. The system of claim 75 further comprising an elec 
tronic control mechanism to control at least the mechanism 
to move the sample receiving stage. 

77. The system of claim 76 wherein the electronic control 
mechanism comprises a computer 

78. The system of claim 75 wherein the laser source is 
adapted to provide a laser pulse to irradiate a sample on a 
sample support. 

79. The system of claim 75 wherein the sample support 
transfer mechanism is further adapted to move a sample 
support from the ion source chamber to the vacuum lock 
chamber and into association with the sample support 
holder. 

80. The system of claim 75 wherein the sample support 
holder comprises a cassette. 

8]. The system of claim 80 wherein the cassette is adapted 
to contain up to 20 sample supports. 

82. The system of claim 75 further comprising more than 
one sample support adapted to support a plurality of 
samples each disposed at ?xed locations on the sample 
support. 

83. The system of claim 82 wherein at least one sample 
support further comprises a location identi?er associated 
with at least one of the ?xed locations. 

84. The system of claim 83 wherein the location identi?er 
comprises a reference marking positioned on the sample 
support. 

85. The system of claim 82 wherein at least one sample 
support comprises a support identi?er 

86. The system of claim 85 wherein the support identi?er 
comprises a bar code disposed on the sample support. 

87. The system of claim 82 wherein at least one sample 
support remains in the vacuum lock chamber while another 
sample support is in the ion source chamber 

88. The system of claim 87 wherein the at least one sample 
support in the vacuum lock chamber is supported in the 
sample support holder. 

89. The system of claim 82 wherein each of the sample 
supports comprises a magnetic material. 

90. The system of claim 75 further comprising a door 
member positioned between the ion source chamber and the 
vacuum lock chamber 

91. The system of claim 90 further comprising a vacuum 
pump independently associated with the vacuum lock cham 
ber. 

92. The system of claim 75 further comprising a sample 
preparation system associated with the vacuum lock 
chamber; wherein the sample preparation system is adapted 
to deliver a plurality of samples to a sample plate prior to 
introduction to the vacuum lock chamber 

93. The system of claim 92 wherein the sample prepara 
tion system comprises a sample loading mechanism adapted 
to position each of a plurality of liquid samples on a sample 
support. 
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94. The system of claim 93 wherein the sample prepara 

tion system further comprises a sample curing chamber to 
dry each of the plurality of liquid samples on a sample 
support. 

95. A system for obtaining mass data comprising: 
a mass spectrometer comprising an ion source chamber; 

wherein the ion source chamber comprises: 
a sample receiving stage adapted to support a sample 

support; and 
a mechanism to move the sample receiving stage in an 
x direction and in a y direction perpendicular to the 
x direction; wherein the x direction and the y direc 
tion lie substantially in the same plane; 

a laser source in communication with the ion source 
chamber; wherein the laser source is adapted to provide 
a laser pulse to a sample support in the ion source 
chamber; 

a vacuum lock chamber connected with the ion source 
chamber; wherein the vacuum lock chamber comprises 
a sample support holder adapted to support more than 
one sample support; 

a sample support transfer mechanism adapted to intro 
duce a sample support from the vacuum lock chamber 
into the ion source chamber and to associate a sample 
support with the sample receiving stage; and to disso 
ciate a sample support from the sample receiving stage 
and to move a sample support from the ion source 
chamber to the vacuum lock chamber; 
wherein the sample support transfer mechanism com 

prises a ?rst transfer mechanism adapted to disas 
sociate a sample support from the sample support 
holder; and a second transfer mechanism adapted to 
introduce a sample support into association with the 
sample receiving stage; and 

an electronic control mechanism to control at least the 
mass spectrometer; the mechanism to move the sample 
receiving stage; and the sample support transfer 
mechanism. 

96. The system of claim 95 wherein the electronic control 
mechanism comprises a computer 

97. The system of claim 95 wherein the electronic control 
mechanism is adapted to control independently the mass 
spectrometer; the mechanism to move the sample receiving 
stage; and the sample support transfer mechanism. 

98. The system of claim 95 wherein the sample support 
holder comprises a cassette. 

99. The system of claim 98 wherein the cassette is adapted 
to contain up to 20 sample supports. 

100. The system of claim 95 further comprising more than 
one sample support adapted to support a plurality of 
samples each disposed at ?xed locations on the sample 
support. 

101. The system of claim 100 wherein at least one sample 
further comprises a location identi?er associated with at 
least one of the ?xed locations. 

102. The system of claim 10] wherein the location iden 
ti?er comprises a reference marking positioned on the 
sample support. 

103. The system of claim 100 wherein at least one sample 
support comprises a support identi?er. 

104. The system of claim 103 wherein the support iden 
ti?er comprises a bar code disposed on the sample support. 

105. The system of claim 100 wherein at least one sample 
support remains in the vacuum lock chamber while another 
sample support is in the ion source chamber 

106. The system of claim 105 wherein the at least one 
sample support in the vacuum lock chamber is supported in 
the sample support holder 
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107. The system of claim 100 wherein each of the sample 
supports comprises a magnetic material. 

108. The system of claim 95 further comprising a door 
member positioned between the ion source chamber and the 
vacuum lock chamber 

109. The system of claim 108 further comprising a 
vacuum pump independently associated with the vacuum 
lock chamber. 

110. The system of claim 95 further comprising a sample 
preparation system associated with the vacuum lock 
chamber; wherein the sample preparation system is adapted 
to deliver a plurality of samples to a sample plate prior to 
introduction to the vacuum lock chamber 

111. The system of claim 110 wherein the sample prepa 
ration system comprises a sample loading mechanism 
adapted to position each of a plurality of liquid samples on 
a sample support. 

112. The system of claim 11] wherein the sample prepa 
ration system further comprises a sample curing chamber to 
dry each of the plurality of liquid samples on a sample 
support. 

113. A system for obtaining mass data comprising: 
a mass spectrometer comprising an ion source chamber; 

wherein the ion source chamber comprises 
a sample receiving stage adapted to support a sample 

support; and 
a mechanism to move the sample receiving stage; 

a laser source in communication with the ion source 
chamber; wherein the laser source is adapted to provide 
a laser pulse to a sample support in the ion source 

chamber; 
a vacuum lock chamber connected with the ion source 

chamber; 
a sample storage chamber connected to the vacuum lock 

chamber; wherein the sample storage chamber com 
prises a sample support holder adapted to support at 
least one sample support; and 

a sample support transfer mechanism adapted to move a 
sample support from the sample storage chamber to the 
vacuum lock chamber and into the ion source chamber; 
and to associate a sample support with the sample 
receiving stage; 
wherein the sample support transfer mechanism com 

prises a ?rst transfer mechanism adapted to move a 
sample support from the sample storage chamber to 
the vacuum lock chamber; and a second transfer 
mechanism adapted to introduce a sample support 
from the vacuum lock chamber into the ion source 
chamber 

114. The system of claim 113 wherein the mechanism to 
move the sample receiving stage is adapted to move the 
sample receiving stage in an x direction and in a y direction 
perpendicular to the x direction; wherein the x direction and 
the y direction lie substantially in the same plane. 

115. The system of claim 113 wherein the sample support 
transfer mechanism is further adapted to move a sample 
support from the ion source chamber to the vacuum lock 
chamber and from the vacuum lock chamber to the sample 
storage chamber. 

116. The system of claim 113 further comprising an 
electronic control mechanism to control at least the mecha 
nism to move the sample receiving stage. 

117. The system of claim 116 wherein the electronic 
control mechanism comprises a computer. 

118. The system of claim 113 wherein the laser source is 
adapted to provide a laser pulse to irradiate a sample on a 
sample support. 
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119. The system of claim 113 wherein the sample support 

holder comprises a cassette. 
120. The system of claim 119 wherein the cassette is 

adapted to contain up to 20 sample supports. 
12]. The system of claim 113 further comprising more 

than one sample support adapted to support a plurality of 
samples each disposed at ?xed locations on the sample 
support. 

122. The system of claim 12] wherein at least one sample 
further comprises a location identi?er associated with at 
least one of the ?xed locations. 

123. The system of claim 122 wherein the location iden 
ti?er comprises a reference marking positioned on the 
sample support. 

124. The system of claim 122 further comprising a ?rst 
door member positioned between the ion source chamber 
and the vacuum lock chamber 

125. The system of claim 124 further comprising a second 
door member positioned between the vacuum chamber and 
the sample storage chamber 

126. The system of claim 125 further comprising a ?rst 
vacuum pump independently associated with the vacuum 
lock chamber. 

127. The system of claim 126 further comprising a second 
vacuum pump independently associated with the sample 
storage chamber 

128. The system of claim 12] wherein at least one sample 
support comprises a support identi?er. 

129. The system of claim 128 wherein the support iden 
ti?er comprises a bar code disposed on the sample support. 

130. The system of claim 12] wherein at least one sample 
support remains in the sample support chamber while 
another sample support is in the ion source chamber 

131. The system of claim 12] wherein the at least one 
sample support in the vacuum lock chamber is supported in 
the sample support holder 

132. The system of claim 12] wherein each of the sample 
supports comprises a magnetic material. 

133. The system of claim 113 further comprising a sample 
preparation system associated with the sample storage 
chamber; wherein the sample preparation system is adapted 
to deliver a plurality of samples to a sample plate prior to 
introduction to the sample storage chamber. 

134. The system of claim 133 wherein the sample prepa 
ration system comprises a sample loading mechanism 
adapted to position each of a plurality of liquid samples on 
a sample support. 

135. The system of claim 134 wherein the sample prepa 
ration system further comprises a sample curing chamber to 
dry each of the plurality of liquid samples on a sample 
support. 

136. A system for obtaining mass data comprising: 
a mass spectrometer comprising an ion source chamber; 

wherein the ion source chamber comprises: 
a sample receiving stage adapted to support a sample 

support; and 
a mechanism to move the sample receiving stage; 
a laser source in communication with the ion source 

chamber; wherein the laser source is adapted to 
provide a laser pulse to a sample support in the ion 
source chamber; 

a vacuum lock chamber connected with the ion source 

chamber; 
a sample storage chamber connected to the vacuum 

lock chamber; wherein the sample storage chamber 
comprises a sample support holder adapted to sup 
port at least one sample support; 
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a ?rst sample support transfer mechanism adapted to 
move a sample support from the sample storage 
chamber to the vacuum lock chamber; 

a second sample support transfer mechanism adapted 
to move a sample support from the vacuum lock 
chamber and into the ion source chamber; and to 
associate a sample support with the sample receiving 
stage; and 

an electronic control mechanism to control at least the 
mechanism to move the sample receiving stage, the 
?rst sample support transfer mechanism, and the 
second sample support transfer mechanism. 

137. The system of claim 136 wherein the mechanism to 
move the sample receiving stage is adapted to move the 
sample receiving stage in an x direction and in a y direction 
perpendicular to the x direction, wherein the x direction and 
the y direction lie substantially in the same plane. 

138. The system of claim 136 wherein the second sample 
support transfer mechanism is further adapted to move a 
sample support from the ion source chamber to the vacuum 
lock chamber and the ?rst sample support transfer mecha 
nism is further adapted to move a sample support from the 
vacuum lock chamber to the sample storage chamber. 

139. The system of claim 136 wherein the electronic 
control mechanism comprises a computer. 

140. The system of claim 136 wherein the electronic 
control mechanism is adapted to control independently the 
mechanism to move the sample receiving stage, the ?rst 
sample support transfer mechanism, and the second sample 
support transfer mechanism. 

141. The system of claim 136 wherein the laser source is 
adapted to provide a laser pulse to irradiate a sample on a 
sample support. 

142. The system of claim 136 wherein the sample support 
holder comprises a cassette. 

143. The system of claim 142 wherein the cassette is 
adapted to contain up to 20 sample supports. 

144. The system of claim 136 further comprising more 
than one sample support adapted to support a plurality of 
samples each disposed at ?xed locations on the sample 
support. 

145. The system of claim 144 wherein at least one sample 
support further comprises a location identi?er associated 
with at least one of the ?xed locations. 

146. The system of claim 145 wherein the location iden 
ti?er comprises a reference marking positioned on the 
sample support. 

147. The system of claim 144 wherein at least one sample 
support comprises a support identi?er 

148. The system of claim 147 wherein the support iden 
ti?er comprises a bar code disposed on the sample support. 

149. The system of claim 144 wherein at least one sample 
support remains in the sample storage chamber while 
another sample support is in the ion source chamber 

150. The system of claim 144 wherein the at least one 
sample support in the vacuum lock chamber is supported in 
the sample support holder 

15]. The system of claim 144 wherein each of the sample 
supports comprises a magnetic material. 

152. The system of claim 136 further comprising a ?rst 
door member positioned between the ion source chamber 
and the vacuum lock chamber 
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153. The system of claim 152 further comprising a second 

door member positioned between the vacuum chamber and 
the sample storage chamber 

154. The system of claim 153 further comprising a ?rst 
vacuum pump independently associated with the vacuum 
lock chamber. 

155. The system of claim 154 further comprising a second 
vacuum pump independently associated with the sample 
storage chamber 

1 5 6. The system of claim 136 further comprising a sample 
preparation system associated with the sample storage 
chamber; wherein the sample preparation system is adapted 
to deliver a plurality of samples to a sample plate prior to 
introduction to the sample storage chamber. 

1 5 7. The system of claim 156 wherein the sample prepa 
ration system comprises a sample loading mechanism 
adapted to position each of a plurality of liquid samples on 
a sample support. 

158. The system of claim 157 wherein the sample prepa 
ration system further comprises a sample curing chamber to 
dry each of the plurality of liquid samples on a sample 
support. 

159. A method of obtaining mass data comprising the 
steps of" 

supporting each of a plurality of samples at a ?xed 
location on one of a plurality of sample supports,~ 

providing a vacuum lock chamber to receive the plurality 
of sample supports and to maintain one or more of the 
sample supports within a vacuum controlled environ 
ment while the plurality of samples on another of the 
sample supports are struck by laser pulses,' 

inputting and outputting individually a desired number of 
the plurality of sample supports between a sample 
support holder and the vacuum lock chamber with a 

?rst transfer mechanism,' 
inputting and outputting individually a desired number of 

the plurality of sample supports between the vacuum 
lock chamber and an ion source chamber of a mass 

spectrometer with a second transfer mechanism,' 
moving each sample support within the ion source cham 

ber in an x direction and a y direction perpendicular to 
the x direction,' and 

striking with a laser pulse a desired number of the 
plurality of samples on each sample support within the 
ion source chamber to desorb and ionize sample mol 
ecules. 

160. The method of claim 159 further comprising the step 
of" 

recording in a computer mass data corresponding to each 
of the plurality of samples struck with a laser pulse. 

161. The method of claim 159 further comprising the step 
of" 

introducing the plurality of sample supports into a sample 
storage chamber connected with the vacuum lock 
chamber; wherein a desired number of the plurality of 
sample supports are moved from the sample support 
chamber to the vacuum lock chamber 




