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1
SINGLE CHANNEL REFORMATTER

FIELD OF THE INVENTION

The present invention relates to an article for handling
small volumes of liquid. More particularly, the present
invention relates to an article capable of transferring liquid,
on a well-to-well basis, from a source container having a
first format or configuration (e.g., a 96-well micro-titer plate,
avial, etc.) to a destination container having a second format
(e.g., a 1536-well micro-titer plate).

BACKGROUND OF THE INVENTION

Advances in the field of combinatorial chemistry, high
throughput screening and genomics research have pushed
liquid handling capabilities of conventional devices and
instrumentation to the limit with regard to high-speed han-
dling of micro-volumes of liquid (i.e., from 0 to about 2
microliters). Specifically, many of the techniques used in
such fields require aspirating liquid from and dispensing
liquid into micro-titer plates or other containers configured
to retain very small quantities of liquid.

Progress in the aforementioned fields is generating a need
to miniaturize assay format from, for example, the common
96-well micro-titer plate (6.5 mm well diameter) to 384-well
plates (3.5 mm square wells) and to state-of-the-art 1536-
well plates (1.3 mm well diameter). With these and other
assay formats in use, situations arise wherein liquid must be
transferred between plates having different formats. The
usual application is transferring liquid from a relatively
lower density format, such as a 96-well plate, to a relatively
higher density format, such as 384- or 1536-well plates. This
transfer of liquid between plates having different formats is
referred to as “reformatting.”

Tools are available for en masse reformatting. En masse
reformatting is when the contents of groups of wells or even
all the wells of a plate having a first format are transferred,
in a single operation, to the wells of a plate having a second
format. The devices for doing such en masse reformatting
typically use a plurality of syringes (e.g., 8 syringes or 96
syringes are common) that aspirate the contents of the wells
of, for example, a 96-well plate, and dispense the aspirated
liquid into the wells of higher density plates.

Of late, there has been interest in reformatting on a
well-by-well basis. In other words, rather than en masse
reformatting, a need has arisen to transfer the contents of a
particular well in a source plate to a particular well in a
destination plate. The prior art offers little in the way of
technology for this application.

One option, at least in theory, for well-to-well reformat-
ting is to reformat manually using a pipette. In practice, this
is impractical if not impossible. Aside from an inability to
achieve a sufficient throughput rate for commercial scale
operation, it is probably beyond the capabilities of a human
to accurately or repeatedly pipette liquid into the 1.3 mm
wells of a 1536 well plate.

Another solution in the prior art for well-to-well refor-
matting is to use a single pipette head that is attached to an
X-y-z-positioner, such as is described in U.S. Pat. No.
4,979,093 (“the *093 patent”) assigned to Cavro Scientific
Instruments. The “single channel” (i.e., one pipette) arrange-
ment for dispensing that is described in the *093 patent is
depicted herein in FIG. 1.

Arrangement 100 depicted in FIG. 1 includes two variable
length arms 102 and 104 that are connected to hinge 106 and
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to respective pivots 108 and 110. Stepper motors (not
shown) that are disposed within pivots 108 and 110 change
the length of arms 102 and 104 via friction drive wheels and
pinch rollers (not shown). Storage reels (not shown) that are
disposed in pivots 108 and 110 accommodate changes in the
length of arms 102 and 104. Changing the length of the arms
causes movement in the x-y plane.

Receiver 107, which is connected to arms 102 and 104,
engages pipette 124. Pipette 124 is operatively connected to
z-motion controller 116 via an “actuator/flow tube” (not
shown) that is disposed within guide tube 114. The actuator/
flow tube slides within actuation guide 114 when actuated by
z-motion controller 116. Such sliding movement of the
actuator/flow tube causes pipette 124 to move along the
z-axis (i.e., vertically).

The actuator/flow tube is also connected to fluid dispenser
118. Fluid dispenser 118 is operative to cause pressure
changes within the actuator/flow tube. Negative relative
pressure enables pipette 124 to aspirate fluid, such as from
wells 128 in source plate 126. Conversely, positive relative
pressure enables pipette 124 to dispense aspirated fluid, such
as into wells 132 in destination plate 130.

Source plate 126 and destination plate 130 are registered
in a known position on a stationary platform (not shown).
The x-y-z coordinates of any well 128 in source plate 126
and the x-y-z coordinates any well 132 in destination plate
130 can therefore be determined. To aspirate from well 128A
in source plate 126 and then dispense the aspirated liquid
into well 132-19 in destination plate 130, computer 120
transmits the corresponding X-y-z coordinates of the source
and destination wells to controller 122. Controller 122
converts the coordinates into motor control information that
drives the motors (not shown) that control the arms 102 and
104 and the z-motion controller 116.

There are a number of shortcomings or problems with the
apparatus described in the 093 patent. In particular, the
positioning operation is relatively slow and disadvanta-
geously exhibits characteristically low positioning and dis-
pensing accuracy since all major liquid dispensing functions
are operated on a moving, cantilevered liquid carrier (i.e.,
the pipette).

Moreover, this device introduces inefficiency (i.c., time
delays) as a result of the manner in which a series of
transfers are effected. That is, liquid transfers are typically
sequenced without regard to the relative positions, in suc-
cessive cycles, of the source and destination wells.

Furthermore, it will be appreciated that the syringe of a
reformatter must be washed between dispenses to avoid
possible cross contamination. Prior art reformatters and
liquid dispensers in general have very inefficient wash
cycles. In particular, in such devices, the working pipette is
typically transported to and from a wash station, increasing
the operating-washing-operating cycle time. Moreover,
wash operations require internal and external washing of the
working pipette, so that the washing operation creates a
substantial waste problem in view of the number of washes
involved and the relatively wasteful manner in which wash
solution is used.

A need therefore exists for an improved single channel
reformatter.

SUMMARY OF THE INVENTION

The present invention provides, in some embodiments, a
single channel reformatter that avoids the drawbacks of the
prior art. In particular, the present reformatter is fast and has
very high positioning and dispensing accuracy. Such speed
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and accuracy is achieved, in part, by disposing the source
and destination plates on a x-y stage. Rapid and precise
motion is more readily obtained by moving the plates on a
x-y stage than by moving a pipette at the end of a cantile-
vered arrangement as in the prior art.

Moreover, in some embodiments of the present invention,
the liquid transfer vehicle (i.e., pipette, syringe, etc.) is
limited to z-axis motion and, in fact, is mechanically
de-coupled from the x-y stage. A repeatable, accurate dis-
pensing operation is more readily obtained with a syringe,
etc., that is stationary in the x-y plane than with one that is
moving in three dimensions at the end of a cantilevered
arrangement as in the prior art.

In a further embodiment, the present invention provides
an efficient wash system that advantageously operates
between successive plate-to-plate transfer operations
(hereinafter “normal liquid transfer operations” or “working
cycle”). Since, in accordance with the present teachings, the
liquid transfer vehicle does not travel in the x-y plane during
the working cycle, it can be, and advantageously is, inte-
grated directly into such a wash system. In such an inte-
grated system, no time is lost, as with prior art dispensers,
in moving the liquid transfer vehicle to a wash station and
back again for the subsequent working cycle.

In some embodiments, the wash system comprises two
syringes—a wash syringe and a waste syringe—in addition
to the liquid transfer vehicle. In such embodiments, the
liquid transfer vehicle is advantageously configured as a
syringe (hereinafter the “working syringe”). The three
syringes are in fluidic communication with one another and
with supply and waste reservoirs. Further, the three syringes
and their plungers cooperate mechanically with a single
drive mechanism such that a “stroke” of the drive aspirates
(dispenses) the working syringe and the waste syringe while,
at the same time, the wash syringe is dispensed (aspirated).
Moreover, in some embodiments, the drive element that
actuates the plungers during the wash cycle is used during
normal liquid transfer operations.

The present invention also provides a method for con-
trolling the reformatting operation. The method advanta-
geously comprises: (1) specifying well-to-well links, (2)
determining a preferred execution order for executing the
specified links thereby enhancing reformatting efficiency,
and (3) executing the specified links in the preferred order.
In some embodiments, the preferred execution order
sequences links based on the relative locations of “destina-
tion wells” (i.e., wells that receive liquid from the source
plate) in successive cycles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an arrangement for single channel refor-
matting in the prior art.

FIG. 2 depicts a conceptual or figurative view of an
illustrative embodiment of a single channel reformatter in
accordance with the present invention.

FIG. 3 depicts a specific embodiment of the reformatter
depicted in FIG. 2.

FIG. 4 depicts the x-y positioner of the single channel
reformatter of FIG. 3.

FIG. § depicts a conceptual or figurative view of an
illustrative embodiment of a z-positioner for use in conjunc-
tion with the single channel reformatters of FIGS. 2 and 3.

FIG. 6 depicts the z-positioner of FIG. 5 as well as a
syringe drive for causing aspirating and dispensing action in
the working syringe.
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FIG. 7 depicts an illustrative embodiment of a wash
system in accordance with the present teachings.

FIGS. 8A-8C depict the position of the plunger and the
direction of its movement within each of the three syringes
comprising the illustrative wash system of FIG. 7.

FIG. 9 depicts a method for operating the present single
channel reformatter.

FIG. 10 depicts processing and control electronics for
controlling the various positioners and drives used in con-
junction with the present single channel reformatter.

FIG. 11 depicts an illustrative graphical user interface for
use in conjunction with the present single channel reformat-
ter.

FIGS. 12 and 13 depict an illustrative methodology for
tracking specified links using the graphical user interface of
FIG. 11

FIG. 14 depicts an illustrative data structure for organiz-
ing link data.

DETAILED DESCRIPTION

The illustrative embodiments of the present invention that
are described herein and depicted in the accompanying
drawings are directed to a single channel reformatter. This
Detailed Description begins with a description of the func-
tional elements of such a single channel reformatter. This
approach is useful for pedagogical purposes in that it pro-
vides increased clarity of presentation and generality of
description.

The description of functional elements is followed by a
description of several specific structural embodiments. It
should be understood that the specific structural embodi-
ments are provided by way of illustration, not limitation.
Moreover, the principles, apparatuses and methods
described in this Specification have applicability beyond the
illustrated reformatting application. For example, a wash
system and X-y-z positioning system disclosed herein may
suitably be used to improve the operation of a variety of
liquid-handling apparatuses. And, with modifications that
are within the capabilities of those skilled in the art, the
principles, apparatus and methods described herein are
readily extended to applications other than liquid handling.
Such variations and modifications are within the contem-
plated scope of the present invention.

FIG. 2 depicts an illustrative single channel reformatter
(“SCR”) 200 in accordance with the present teachings.
Ilustrative SCR 200 includes x-y positioner 201,
z-positioner 206, optional integrated wash station 208, lig-
uid transfer vehicle 210, fluid control device 212, and
processing and control electronics 214, interrelated as
shown.

Z-positioner 206 is operable to move liquid transfer
vehicle 210 upwardly and downwardly (i.e., along the
z-axis) as directed by processing and control electronics 214.
The term “liquid transfer vehicle,” as used herein, means
syringe, pipette, capillary tube, nozzle or like element suit-
able for delivering (possibly in conjunction with an element
for causing aspirating or dispensing flow) a desired amount
of liquid at a desired location. In the illustrated
embodiments, the liquid transfer vehicle is a syringe, and
will henceforth be referred to as “working syringe 210.”
Working syringe 210 is moved downwardly, for example, in
preparation for dispensing liquid into a container positioned
beneath it, and moved upwardly to allow that container to be
moved away to allow another container to take its place.

The x-y positioner 201 comprises x-y drive 204 that is
operable, when actuated, to precisely and accurately move



