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GEL SPOT PICKER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/275,371 filed Mar. 3, 2003, which is 
a filing under 35 U.S.C. S. 371 and claims priority to 
international patent application number PCT/EP2001/ 
005425 filed May 11, 2001, published on Nov. 15, 2001, as 
WO 01/86278, which claims priority to application number 
0002041-2 filed in Sweden on Jun. 13, 2000 and to appli 
cation number 0001778-0 filed in Sweden on May 12, 2000; 
the disclosures of which are incorporated herein by refer 
ence in their entireties. 

FIELD OF THE INVENTION 

0002 The present invention relates to sheets of gels and 
methods for picking up gel plugs from sheets of gel. 

BACKGROUND OF THE INVENTION 

0003. Many biochemical analytical methods, such as 2 
dimensional electrophoresis, produce results in the form of 
sheets of gel upon which the analysed Substances are 
grouped in spots. Further analyse of the Substances can be 
made by cutting out and picking up the cylindrical plugs of 
gel containing the spots of Substances of interest and trans 
ferring the plugs to other devices such as microtitre plates or 
test tubes for further analysis. 
0004. In an automated system for picking spots of interest 
the gel can be treated with a coloured dye which can be 
absorbed by the substances of interest in order to make then 
visible. The sheet of gel can then be scanned and the results 
of the Scanning analysed by a computer program, which 
calculates the co-ordinates of the spots. The gel can then be 
moved to a spot picking device called a spot picker and the 
co-ordinates of the spots of interest can be loaded into the 
computer which controls the spot picker. The computer 
controls the movement of the spot-picker's spot-picking 
head and directs it to move to the co-ordinates of each spot 
that is to be picked up. The plugs of gel containing the spots 
are extracted from the sheet of gel by lowering a cylindrical 
hollow needle on the spot-picker head through the liquid 
covering the gel and the gel until it reaches the Supporting 
base plate, applying a Suction to the upper end of the needle 
in order to lift the plug off the base plate and into the needle 
where it is caught by a pieced bulkhead near the tip of the 
needle. The plug can then be transported by the spot picker 
head to a position above a well in a micro-titre plate or a test 
tube and then ejected out of the needle by pressurised liquid 
applied to the upper part of the needle. The spot can then be 
destained. In order to be sure that the correct material is 
extracted from the sheet of gel the spot picker head should 
be positioned to an accuracy of 0.1 mm or better. 
0005. A problem with this method is that it requires 
complex and expensive mechanical high precision guides 
for both the scanner and spot picker. Furthermore the 
geometry of the gel can change during transport between the 
scanner and the spot picker. This means that the spots move 
to new co-ordinates and leads to incorrect plugs of gel being 
picked. Additionally the individual destaining of the spots 
after they have been lifted out of the gel is time-consuming. 
The present invention aims to overcome these problems. 

SUMMARY OF THE INVENTION 

0006 The present invention solves the problems of prior 
art devices by means of a gel sheet having the features in the 
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characterising part of claim 1. A method in accordance with 
the present invention has the features presented in the 
characterising part of claim 6. Reference marks for use with 
the gel and method have the features presented in the 
characterising part of claim 7. A system for performing the 
method has the features mentioned in claim 10. 

0007. By means of the present invention, simplified 
guides for the scanner and spot picker may be used, or the 
use of guides and mounting fixtures can be eliminated, thus 
reducing the cost of the equipment and speeding up handling 
of gels. Additionally, spots can be extracted even if the 
geometry of the gel changes between being Scanned and spot 
picking. Furthermore in embodiments of devices in accor 
dance with the present invention it is possible to extract 
spots even after they have been destained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 shows schematically a view from above of 
an embodiment of a sheet of gel in accordance with the 
present invention; 
0009 FIG. 2 shows the sheet of gel of FIG. 1 after it has 
been deformed; 
0010 FIG. 3 shows an embodiment of a gel scanner in 
accordance with the present invention; and 
0011 FIG. 4 shows an embodiment of a gel picker in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0012 FIG. 1 shows a view from above of a sheet of gel 
1 in accordance with the present invention. Gel sheet 1 can, 
for example, be a sheet of gel in a frame 2 which has been 
to used in 2D electrophoresis and which has been subse 
quently stained in order to make the electrophoresed con 
stituents of Samples visible to a scanner, or a sheet of gel 
containing proteins that have been labelled with a dye prior 
to electrophoresis. These constituents of samples appear as 
spots 3 and in order to analysis them it is necessary to 
remove the plugs of gel containing the spots 3 from the sheet 
of gel. This is done by Scanning the gel sheet 1 on the bed 
7 of a scanner 9 as shown in FIG. 3 and recording in a 
storage means such as a computer memory in a control 
device 10 the positions of the spots 3 identified by the 
scanner 9. These stored positions can then be used later by 
the control device of a spot picker device. In the present 
invention, before the Scanning is performed, the sheet of gel 
1 is provided with reference marks 5'-5" which are printed 
or painted or stuck or applied in any other Suitable way onto 
the Surface of the gel or into the gel or onto a Surface under 
the gel, so that they are visible and detectable by the scanner. 
These reference marks 5'-5" follow any deformation of the 
sheet of gel. When the gel is scanned the imaging software 
associated with control device 10 of the scanner 9 relates the 
co-ordinates of the spots to the reference marks and the 
distances (d1,d2, d3) between the reference marks is also 
measured. In other words, the position of each spot can be 
correlated to the position of the reference marks 5'-5". For 
example, the imaging Software can consider that an imagi 
nary line joining reference mark 5' to reference mark 5" 
represents a base line in the Y-axis (shown by a dotted line) 
and a line joining reference mark 5" to reference mark 5" 
represents a base line in the X-axis (shown by a dashed line). 
Thus the position of each spot 3 can be related to each base 
line and stored in memory. If desired the entire gel can now 
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be destained. The gel and the information relating to the 
positions of the spots stored in the control device 10 can then 
be transferred to a spot picker device 11 (see FIG. 4) that is 
provided with a camera 13. The camera 13 is used with 
imaging software in the spot picker control device 10' to 
identify the reference marks 5'-5" and to measure the 
distances (d1,d2, d3") between them. If the distances (d1'. 
d2", d3") between them are the same as those distances (d1, 
d2, d3) measured by the scanner and stored in its memory 
then it can be assumed that the gel sheet 1 has not been 
deformed and a movable spot picker head 15 can be used to 
pick up the spots at the positions stored in the memory in the 
spot picker control device 10'. In order to provide an 
integrated system control device 10 and control device 10' 
preferably are the same device. If however, as shown in FIG. 
2, the gel sheet has been deformed then some or all of the 
distances (d.1", d2", d3') will be different from the stored 
distances (d1,d2, d3). This means that the spots 3 will no 
longer be at the positions stored in the memory. The spot 
picker device is provided with software that can make a 
correlation between the old and new positions of the refer 
ence markers 5'-5" and then calculate a new position for 
each spot. For example, if the Software calculates that the gel 
has been skewed 5% in both the X- and Y-directions then it 
can recalculate new positions for each spot 3 that are also 
skewed 5%. These new positions can then be used to guide 
the spot picker head to the spots even if the spots have been 
destained and are no longer visible. Additionally if after 
being transferred from the scanner 9 to the spot picker 11 the 
orientation of frame 2 with respect to the X-axis and Y-axis 
of the spot picker 11 is different to its orientation with 
respect to the X-axis and Y-axis of the scanner, it is possible 
for the spot picker software to identify the reference markers 
5'-5" in the images from the camera 13 and to calculate the 
positions of the spots in relation to these reference marks 
5'-5". This means that no time or fixtures are required to 
align the frames 2 with the axes of the scanner or spot picker 
as the Software can compensate for any misalignment. 
0013 While the invention has been illustrated by an 
embodiment using three reference marks it is of course 
possible to use more reference marks in order to more 
accurately identify how the gel has been deformed. In order 
to obtain the best results, at least one of the reference marks 
must be situated to one side of a straight line joining two of 
the other reference marks in order to provide a two-dimen 
sional frame of reference. 

0014) However, if the gel is in the form of a long thin strip 
then it is possible to use only two longitudinally separated 
reference marks if it can be assumed that any deformations 
in the narrow transverse axis of the gel are negligible. 
Similarly, if the gel is stuck to a backing so that it is 
substantially fixed, then only two reference marks are 
needed to establish a frame of reference. 

0.015 Furthermore the reference marks are not limited to 
the shape shown in the figures but may be of any suitable 
shape e.g. squares, crosses, triangles, alphanumeric symbols 
etc. 

0016 Depending on the type of scanner and camera used, 
the reference marks may be coloured or made of fluorescent 
material which must still be visible after the gel has been 
treated with a destaining process. The reference marks may 
be in the form of labels that have been printed or painted on 
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one side and have an adhesive on the other side to allow 
them to adhere to the gel or, if the gel is sufficiently 
transparent, to an underlying Support. The reference may be 
coated with different dyes or colours depending on the 
wavelength(s) of light used to scan the gel and the scanning 
method. If visible light is used then the reference mark could 
comprise one or more pigment of contrasting colour e.g. 
white or black. If excitation UV light of a certain wavelength 
(e.g. 480 nm, 530 nm, 620 mm, etc.) is used to cause dyed 
spots of interest in the gel to fluoresce at another wavelength 
(e.g. 530 nm, 590 nm, 680 nm, etc.), then the reference mark 
can comprise a dye or the same dye used to dye the samples 
(e.g. Cy2, Cy3, Cy5, etc.) that fluoresces at the same 
wavelength. It is also conceivable that the reference mark 
can contain more than one dye or pigment. For example, a 
reference mark could be printed or painted with a mixture 
containing one or more of the following dyes or pigments: 
Cy2 dye, Cy3 dye, Cy5 dye, Sypro ruby/red dye, Sypro 
orange?tangerine dye, magenta pigment (e.g. SPL 21 N/JST 
18 from Radiant Colors), chartreuse pigment (e.g. SPL 
17N/JST 10 from Radiant Colors) or the like. The pigments 
and dyes can be dissolved in a vanish (e.g. UVF00106 from 
Akzo Nobel) and then painted or printed onto labels to form 
reference marks. Some dyes are almost insoluble in varnish 
and in that case it is necessary to first dissolve them in 
another solvent, such as dimethylsupoxide (DMSO), which 
mixes very well with the varnish. Alternatively the dyes and 
pigments may be dissolved in different solvents and applied 
in sequence to form different layers on the labels. The 
relative proportions of the different dyes and pigments are 
preferably chosen so that during scanning the reference 
mark has substantially the same pixel intensity irrespective 
of which of the normal excitation light wavelengths is used. 
This would simplify the use of the same labels for any 
scanning wavelength and permit multiple scans on the same 
sample using different excitation wavelengths and using the 
same camera to record the results. 

0017. The above examples illustrate specific aspects of 
the present invention and are not intended to limit the scope 
thereof in any respect and should not be so construed. Those 
skilled in the art having the benefit of the teachings of the 
present invention as set forth above, can effect numerous 
modifications thereto. These modifications are to be con 
Strued as being encompassed within the scope of the present 
invention as set forth in the appended claims. 

1: In a deformable gel sheet for use in an analysis device 
for the analysis of a sample, the improvement comprising 
including at least two reference marks (5'-5") on or in the 
gel sheet (1), wherein said reference marks (5'-5") are labels 
which are printed or painted or stuck onto or into the gel 
sheet. 

2: The gel sheet of claim 1, wherein said gel sheet (1) has 
at least three reference marks (5'-5"). 

3: The gel sheet of claim 2, wherein at least one of said 
reference marks (5") is situated to one side of a straight line 
joining the other two of said reference marks (5' 5"). 

4: The gel sheet of claim 1, wherein said reference marks 
(5'-5") are visible after said gel sheet (1) has been treated 
with a destaining process. 

5-10. (canceled) 


