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& (57) Abstract: A method and apparatus for moving material in a multi-well plate includes applying positive and negative pressure
& 1o one or more wells in the plate, e.g., to enhance a flow rate of material from the well through a filter element. Wells requiring
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negative pressure applied.

application of positive pressure may be identified, e.g., by image analysis performed by a machine vision system. Those wells
determined to require enhanced throughput may have negative and positive pressure applied to the well, while other wells have only
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METHOD AND APPARATUS FOR APPLYING PRESSURE DIFFERENTIAL
TO MULTI-WELL PLATE

This application claims the benefit of U.S. Provisional Application No.
60/591,507, filed July 27, 2004.
The present application relates to the application of a pressure differential to
one or more wells of a multi-well plate.
BACKGROUND OF INVENTION

Handling of material samples is commonly done with multi-well plates, i.e.,

sample holders having multiple individual wells that each hold a discrete sample.
Such well plates may be handled using automated systems that subject the material
samples to various processes, such as pipetting operations, thermocycling, separation,
ete.

In one arrangement, such as that shown in U.S. Patent 6,491,873 and/or U.S.
Patent 6,159,368, the wells in a multi-well plate are subjected to a vacuum that causes
material in the sample wells to be drawn from the wells and through a filter. For
example, a vacuum block or collar may be arranged at a lower side of the multi-well
plate so that negative pressure may be applied to a lower end all of the wells in the
plate. This negative pressure may cause the material in the wells to be drawn
downwardly from the wells through an outlet at the lower end of the wells. The
material in the wells may be drawn through a filter element, e.g., positioned in each of
the wells, so that some of the material is trapped by the filter while liquid and/or
smaller components of the material pass through the filter. The space above the
multi-well plate is typically at atmospheric pressure during this process, and thus, the
differential pressure that can be created across the wells is typically not greater than
atmospheric pressure, e.g., typically less than 15 psi.

SUMMARY OF INVENTION

The inventors have appreciated several drawbacks to such filtering

arrangements. For example, when a uniform vacuum is simultaneously applied to
multiple wells, one or more leak paths into the vacuum space may be created once the
contents of wells have been emptied. This leak path may increase the pressure in the

vacuum space, and thus may reduce the differential pressure across the remaining
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wells of the plate. As the contents of additional wells are emptied, more leak paths
may be created that further reduce the differential pressure and thus lengthen the time
required to draw the contents from all wells in the plate. The inventors have also
appreciated that it may be desirable in many applications to draw or filter the contents
of the wells in a shorter time frame.

According to one aspect of the invention, a differential pressure, greater than
may be accomplished with a vacuum block alone, may be applied across one or more
wells in a multi-well plate. This greater pressure differential may reduce the amount
of time required to empty the contents of each well in a given plate, and/or
compensate for leak paths that are created during processing. The pressure
differential may be created in some embodiments by placing a multi-well pléte in
communication with a vacuum block, and also placing a pressure manifold over the
top of the plate to provide a pressure space over the wells. The pressure space above
the plate may be charged to a pressure greater than atmospheric to provide for a
greater differential pressure across the multi-well plate.

The pressure manifold may be equipped with a surface adapted to sealingly
mate with a corresponding portion of the multi-well plate. The pressure manifold
may also be attached to a pressure source, such as an air pump or compressed air
supply, to provide positive pressure to the pressure space. Some embodiments may
also include fasteners to secure the pressure manifold to the plate to prevent
separation when pressure is created in the pressure space.

In one aspect of the invention, an apparatus to move contents in wells of a
multi-well plate includes a multi-well plate having a plurality of wells, each of the
plurality of wells including an inlet and an outlet, a vacuum source adapted to provide
a negative pressure to an outlet of at least one of the plurality of wells, and a pressure
source adapted to provide a positive pressure to an inlet of the at least one of the
plurality of wells while the vacuum source provides the negative pressure to the outlet
of the at least one of the plurality of wells.

In another aspect, the vacuum source may be adapted to provide a negative
pressure to the outlets of a plurality of the wells, and the pressure source may be

adapted to provide a positive pressure to one or more selected wells. Thus, in one
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embodiment, although vacuum may be applied to the outlets of all or most of the
wells in the plate, positive pressure may be applied only to selected ones of the wells.
For example, a robotic system may be adapted to couple the inlet of the one or more
selected wells to the pressure source. This arrangement may allow the apparatus to
cause the withdrawal of contents of a “problem” well, e.g., a well whose contents are
not being drawn from the well because of a blockage or other reason.

In one embodiment, a machine vision system may provide information
regarding the location of one or more selected wells to which positive pressure is
applied. For example, the machine vision system may analyze wells to determine
which, if any, of the wells has the most material remaining in the well. Based on the
analysis, a determination may be made that positive pressure should be applied to the
inlet of the well, e.g., to increase the pressure differential across the well and speed
movement of material from the well. The machine vision system may determine the
location of the well(s) and identify the location to a robotic system, which may in turn
couple the well(s) to the pressure source.

In another aspect of the invention, a method for removing contents from wells
of a multi-well plate includes providing a multi-well plate having a plurality of wells
with each of the plurality of wells including a material contained in the well. A
negative pressure is applied to the outlet of at least one of the wells in the multi-well
plate, and a positive pressure is applied to the inlet of at least one of the wells while
the negative pressure is applied to the outlet of the well.

These and other aspects of the invention will be apparent from the following
description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the invention are described below with reference to the following
drawing in which like numerals reference like elements, and wherein:

FIG. 1 is a schematic block diagram of a sample handling apparatus in
accordance with aspects of the invention.

DETAILED DESCRIPTION
Aspects of the invention may be practiced using any suitable arrangement for

a material sample handling apparatus. Several different embodiments are described
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herein for purposes of illustration. However, these illustrative embodiments should
not be used to narrowly interpret the scope of the invention. In addition, various
aspects of the invention are described herein, and these various aspects may be used
in any suitable combination with each other, or alone.

FIG. 1 shows a schematic diagram of a sample handling apparatus in
accordance with aspects of the invention. In this illustrative embodiment, one or
more multi-well plates 1 may be operated on by the apparatus. Each of the multi-well
plates may include several sample holding wells, e.g., 96, 384 or more wells, that each
hold a sample material. The material may include a liquid component, e.g., that
includes dissolved substances, suspended particles and/or other materials. For
example, the sample material may include blood, DNA or other similar material, as
well as chemicals, reagents, markers, or other substances that are used to react with or
otherwise interact with the blood, DNA, etc.

The wells of the multi-well plate 1 may include an inlet, such as an opening at
a top of the plate 1 shown in FIG. 1, and an outlet, such as an opening at a bottom of
the plate. -Such plate 1 arrangements are known in the art. The wells may also
include a filter element, e.g., located in each well or at a lower end of the plate,
through which material in the well is drawn. The plate 1 may be mated with a
vacuum block 2 that may be arranged to seal with the plate 1 and create a negative
pressure, or vacuum, environment at a bottom side of the plate 1. Such a negative
pressure environment may urge material in the wells to be drawn toward the outlet of
the wells, and, for example, through a filter element in each well. The negative
pressure may be created by a pressure source 11, such as a vacuum pump, operating
under the control of a controller 10.

In one aspect of the invention, the apparatus may include a machine vision
system 14 or other arrangement to monitor the movement of material in the wells of
the plate 1, e.g., while subjected to the vacuum created by the vacuum block 2. For
example, the machine vision system 14 may analyze video images of the plate 1 while
sample material is being drawn from the wells by the vacuum block 2. This analysis
may determine whether one or more wells are progressing more slowly than other

wells, e.g., whether the material in one or more wells is being removed more slowly
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than others. Those of skill in the art will appreciate other ways of monitoring the
processing of wells in a plate, such as by optical, capacitive or other suitable sensors
located close to or at each well in the plate 1. Such sensors may directly measure the
amount of material in a corresponding well, and this information may be used by the
controller 10 to determine which well(s) is progressing more slowly than others.

In one aspect of the invention, a positive pressure may be applied to one or
more wells of a plate while the one or more wells are subjected to a negative pressure.
For example, if the controller 10 determines, based on information from the machine
vision system 14, that a particular well is having its material withdrawn too slowly,
the controller 10 may control a pressure source 12 (e.g., an air pump or compressed
air supply) to apply a positive pressure to an inlet side of the well, e.g., via a tube or
manifold 3. The tube or manifold 3 may be coupled to the well in any suitable way,
such as by a structure that fits over the entire top surface of the plate 1 and includes a
valving or other arrangement to apply pressure to the selected well(s). In another
embodiment, the tube or manifold 3 may couple with only one well rather than
multiple wells. For example, the tube or manifold 3 may have a sealing member that
engages with the plate near or in the well to create a pressure seal. Thereafter,
positive pressure may be applied to the well by the pressure source 12. In one
embodiment, a robotic system 13 may manipulate the tube or manifold 3 so as to
couple the well(s) to the pressure source 12. For example, the robotic system 13 may
include a sealing member and connection to the pressure source 12 so that the robotic
system 13 can couple the sealing member to the selected well and apply a suitable
positive pressure. Thus, the robotic system 13 may selectively couple one or more
wells discretely to the pressure source 12 so that some of the wells have a positive
pressure applied to their inlet, whereas other wells are subjected only to ambient
pressure. The robotic system 13 may couple the tube or manifold 3 to the selected
wells based on information from the machine vision system 14, e.g., information
regarding the location of the well on the plate. Thus, the machine vision system 14
may be used to control the movement of the robotic system 13 in an open or closed

loop manner, as is known in the art.
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In another embodiment, all of the wells of the plate 1 may be simultaneously
subjected to a positive pressure, e.g., where the manifold creates a common pressure
space over all of the wells. Thus, the system need not necessarily be capable of
applying positive pressure to selective ones of the wells.

According to aspects of the invention, the rate at which all wells in a sample
holder are processed, e.g., during a filtering operation, may be increased. In addition,
in some aspects of the invention, not necessarily all of the wells in a plate need be
subjected to a positive pressure at the inlet side, which may cause foaming or other
problems in some arrangements. Instead, only selected wells may be subjected to a
positive pressure at the inlet.

While the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art. Accordingly, embodiments of
the invention as set forth herein are intended to be illustrative, not limiting. Various

changes may be made without departing from the spirit and scope of the invention.
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CLAIMS

1. An apparatus to move contents in wells of a multi-well plate, the apparatus
comprising:

a multi-well plate having a plurality of wells, each of the plurality of wells
including an inlet and an outlet;

a vacuum source adapted to provide a negative pressure to an outlet of at least
one of the plurality of wells; and

a pressure source adapted to provide a positive pressure to an inlet of the at
least one of the plurality of wells while the vacuum source provides the negative
pressure to the outlet of the at least one of the plurality of wells, the negative and
positive pressures operating to urge a sample material in the at least one of the

plurality of wells to move toward the outlet.

2. The apparatus of claim 1, wherein the vacuum source is adapted to provide
a negative pressure to the outlets of a plurality of the wells, and the pressure source is

adapted to provide a positive pressure to one or more selected wells.

3. The apparatus of claim 2, further comprising a robotic system adapted to

couple the inlet of the one or more selected wells to the pressure source.

4. The apparatus of claim 3, further comprising a machine vision system that

provides information regarding the location of the one or more selected wells.

5. The apparatus of claim 4, wherein the machine vision system identifies the
one or more selected wells that require application of positive pressure to the inlet of
the well, and provides information to the robotic system to enable the robotic system

to couple the one or more selected wells to the pressure source.

6. The apparatus of claim 4, wherein the machine vision system is adapted to

identify a single well requiring application of positive pressure to the inlet of the well,
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and the robotic system is adapted to couple the inlet of the single well to the positive

pressure source.

7. The apparatus of claim 4, wherein the machine vision system is adapted to
identify a single well requiring application of positive pressure to the inlet of the well

based on an amount of material located in the well.

8. The apparatus of claim 1, wherein each of the wells in the multi-well plate
is associated with a filter element, and material in each of the wells is drawn through

the filter element when a negative pressure is applied to the outlet of the wells.

9. A method for removing contents from wells of a multi-well plate, the
method comprising:

providing a multi-well plate having a plurality of wells, each of the plurality of
wells including a material contained in the well;

applying a negative pressure to the outlet of at least one of the wells in the
multi-well plate; and

applying a positive pressure to the inlet of at least one of the wells while the
negative pressure is applied to the outlet of the well, the application of negative and
positive pressure to the at least one of the wells urging material in the at least one of

the wells to move toward the outlet of the well.

10. The method of claim 9, wherein the negative pressure is applied to the
outlets of a plurality of the wells, and the positive pressure is applied to one or more

selected wells.

11. The method of claim 10, further comprising selectively coupling the inlet

of at least one of the plurality of wells to a source of the positive pressure.
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12. The method of claim 11, further comprising using a machine vision
system to provide information regarding the location of the one or more selected

wells.

13. The method of claim 12, further comprising providing information to a
robotic system to enable the robotic system to couple the one or more selected wells

to the source of positive pressure.

14. The method of claim 12, wherein the machine vision system is adapted to

identify a single well requiring application of positive pressure to the inlet of the well.

15. The method of claim 12, wherein the machine vision system is adapted to
identify a single well requiring application of positive pressure to the inlet of the well

based on an amount of material located in the well.

16. The method of claim 9, wherein each of the wells in the multi-well plate is
associated with a filter element, and material in each of the wells is drawn through the

filter element when a negative pressure is applied to the outlet of the wells.
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