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Apparatus and Method for Spotting a Substrate
FIELD OF THE INVENTION

The present invention relates to the dispensing of liquids. More particularly, the
invention provides an apparatus and method of use for spotting liquids, such as biological

samples or reagents, onto a substrate.

BACKGROUND OF THE INVENTION

Target compounds, or analytes, present within a sample can often be identified
through the controlled exposure of the sample to an appropriate probe, with subsequent
detection of a resulting reaction. Ina typical arrangement, a sample of a test solution
containing an analyte of interest is exposed to a probe carrying a detectable reporter.

The probe is chosen such that it can specifically bind the analyte, e.g., by hybridization
of complementary nucleotide sequences, or antibody-antigen interactions. After excess
probe material has been removed, e.g., washed away, specific binding of the probe to the
analyte can be detected. '

As the sensitivity of analytical techniques continues to improve, it is increasingly
desirable to carry out such analyses using very small volumes of samples/reagents. This
is especially true in situations involving expensive compounds. Accordingly, it is now
popular to utilize very small volumes of such liquids laid down as “spots” on the surface
of a substrate, such as a slide, mic}o-card, or chip.

Not only is it often desirable to provide ultra-small volumes of individual samples
and/or reagents in the form of spots, it is becoming increasingly popular to arrange
numerous such spots in close proximity to one another as an array on a substrate. For
example, a lab technician might need to evaluate a specimen for the presence of a wide
assortment of target biolggical and/or chemical compounds, or to determine the reaction
of many different specimens against one or more reagents, such as labeled probes. High-
density array formats permit many reactions to be carried out in a substantially
simultaneous fashion, saving space; time and money.

Both manual and automated devices for dispensing very small fluid volumes have
been devised, including, for example, micropipettes, pins, quills and ink-jetting devices.
While suitable for some purposes, each of these is associated with certain disadvantages.
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For example, micropipettes are generally incapable of accurately dispensing the
extremely small volumes of liquid called for by many preéem-day protocols. With
regard to pens and quilis. a number of problems need 1o be resolved relating to the

differences in size and shape of the spots which are placed (which can lead to differences

_ in resulting signal intensity or overlap of spots), "missed spots” (where little or 5o

sample is placed on the surface), and the overhead associated with cleaning and
reloading. Ink-jet devices dispense a controlled volume of Jiquid onto a substrate by use
of a pressure wéve created wilhi‘n the carridge. This approach is not acceptable for the
spotting of samples containing relatively ﬁagile macromolecules, as they can become

sheered or otherwise damaged. Further, ink-jerting devices are associated with a high

degree of splattering, thereby presenting a substantial risk of contamination, particularly

for closely spaced spots.

As an additional disadvantage, most of the known spotting devices require very
precise placement of the spotting head relative to the substraie surface. Variations in the
distance between the sportting head and the substrate surface can result in inconsistent
spot sizes and/or missed spots. With particular regard to contact-type devices, if placed
1o close to the substrate, the spotting tip can collide with the substrate surface with a
force sufficient to damage the spotting tip and/or the substraie. '

In view of the above, the need is apparent for a device and method useful for
delivering a micro-volume of liquid onto substrate in a quick and precise manner.
Preferably, the device should be relatively easy to use, cost effective and readily

adaptable for the production of micro-arrays having a great number of individual spots.

The discussion of the background to the invention herein is included to
explain the context of the invention. This is not to be taken as an admission

25 thatany of the material referred to was published, known or part of the common

general knowledge in Australia as at the priority date of any of the claims.

(3]
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SIMARY OF THE INVENTION

In one of its aspects, the present invention provides an apparatus for micro-
spotting a predetermined volume of a liguid at a plurality of spaced regions on a substrate
or subsirates. '

" In one embodiment, the apparatus includes a wbe adapted to contain a selected
liquid, such as a biological sample, reagent, or the like. The lower end bf the tube
defines an orifice having a diameter of less than about 1 mm. In an exemplary
construction, the diameter of the orifice is less than about 500 pm, and preferably less

than about 200 pm. An elongate fiber is disposed within the tube for axial movement

- 2A -
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therein between raised and lowered positions. The fiber; which has a free distal end, is
provided with a diameter that is less than the inner diameter of the tube's lower end. 'In
one exemplary arrangement, the diameter of the fiber is between about 10-100 pm
smaller than that of the orifice. Fof example, a fiber having a diameter of about 100 ym
can be disposed within a tube having an inner diameter of between about 110 to 200 um.

A workpiece holder can be employed to hold a selected substrate or substrates for

Sspotting. At its raised position, the fiber's free end is spaced from the surface of such a

substrate. At its lowered position, the fiber's free end contacts the surface of the
substrate. ‘

Shifting means are operatively connected to the fiber for shifting the same
between its raised and lowered positions. The shifting means can be, for example, an
actuator, such as a linear or vertical actuator, or the like. Positioning means are

provided for positioning the tube and associated fiber laterally with respect to the

-workpiece holder, at selected deposition positions with respect to the substrate. The

positioning means can be adapted to move the substrate and/or the tube, fiber and shifting
means. In one embodiment, for example, the positioning means is an x-y positioner
(e-g., a robotically controlled x-y movable arm) operatively connected to the tube and the
shifting means.

A control unit is operatively connected to the positioning means and shifting
means for use in successively (i) positioning the tube and associated fiber at a selected
deposition position with respect to a substrate, and (i) shifting the fiber to its lowered
position, to deposit a selected volume of liquid upon such substrate. Ina preferred
embodiment, the fiber is (i) laterally flexible and (ii) substantially incompreésible along
its longitudinal axis. Suitable fibers having such characteristics include, for example,
optical fibers. Advantageously, these characteristics permit efficient transfer of motion
from the shifting means to the fiber, and the accommodation of variations in the distance
befween the tube's lower end and the substrate by flexing, or bowing, of the fiber.

According to one embodiment. the apparatus is adapted for use in micro-spotting
a predetermined volume of a liquid at é preselected position on each of a plurality of
different substrates in the workpiece holder. The control unit, in this embodiment, is

operable to position the tube successively at such preselected position on each substrate.
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In one embodiment, the tube has a substantially uniform diameter, and includes a
larger-diameter upper reservoir for holding the selected licjuid. The tube and reservoir
can be separately formed and subsequently attached together, or they can be integrally
formed.

In another embodiment, the tube's inner diameter tapers on progressing
downwardly to a defined-volume tube end region having the diameter of the orifice. The
diameter of the tube end region, in this embodiment, is substantially the same as that of
the fiber. The fiber's end, with such in its raised position, is disposed above the tube end
region, such that shifting of the fiber from its raised to its lowered position is effective to
expel from the tube the volume of liquid contained in the tube end region.

One embodiment of the apparatus, particularly useful in micro-spotting a
predetermined volume of one or more selected liguids simultaneously at selected
deposition regions ona substrate, includes a plurality of tubes, and associated fibers, and
shifting means. The tubes can take the form, for example, of channels provided in a
manifold. Fiber flexing accommodates variations in the distance between the tubes’
lower ends and the associated positions at the substrate.

The present invention further provides an apparatus for micro-spotting a
predetermined volume of a selected liquid on a substrate, including a tube having an
inner diameter that tapers on progressing downwardly to a defined-volume tube end
region having a substantially uniform diameter of less than about 1 mm. According to
one embodiment, the diameter along the nibe end region is less than about 500 pm, and
preferably less than about 200 um. The tube is adapted to contain the selected liquid by
capillary or surface tension forces. An elongate fiber having a diameter substantially the
same as that of the tube end region is disposed within the tube fdr axial movement therein
between raised and lowered positions at which the fiber's free end is disposed above and
below the tube end region, respectively. Shifting means (e.g., an acwator, such as a
linear or vertical actuator, or the like) are operatively connected to the fiber for shifting
the same between its raised and lowered positions, whereby a defined volume of liquid
contained in the tube end region is expelled from the tube onto a selected substrate
disposed below the tube. ’

In a preferred embodiment, the fiber is (i) laterally flexible and (i) substantially

incompressible along its longitudinal axis. For example, the fiber can be an optical fiber.

4
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Advantageously, these characteristics permit efficient fransfer of motion from the shifting
means to the fiber, and the accommodation of variations in the distance between the
tube's lower end and the substrate by flexing, or bowing, of the fiber.

According to one embodiment, the fiber makes contact with the substrate when
shifted to its lowered position. In another embodiment, the fiber remains spaced apart
from the substrate when shifted to its lowered position.

The micro-spotting apparatus can be used to micro-spot a predetermined volume
of a liquid at a preselected position at each of a plurality of substrates. In one such
embodiment, the apparatus further includes positioning means for positioning the tube
and associated fiber Successively at the preselected position. Fiber flexing accommodates
variations in the distance between the tube's lower end and the différent substrate
positions.

In another embodiment, the apparatus is adapted for use in micro-spotting a
predetermined volume of one or more selected liquids simultaneously at multiple selected
deposition regions on a substrate. In this embodiment, the apparatus further includes a
plurality of tubes, and associated fibers and shifting means. Inan exemplary
arrangement, the tube end regions have diameters of less than about 200 um, the fibers
are flexible fibers, and the fibers in their lowered positions are adapted to make contact
with the substrate, Additionally, fiber flexing accommodates variations in the distance
between the tubes' lower ends and the associated positions on the substrate.

Another aspect of the present invention provides an apparatus for producing an
array of liquid-reagent spots on a substrate.

In one embodiment, the array-producing apparatus includes a manifold, or
channel assembly, having a plurality of capillary channels, each adapted to hold a
selected liquid. The channels have opposite upper-end and lower-end openings, and
inner diameters that decrease on progressing from the upper- to the lower-end openings.
The lower-end openings, in this embodiment, define the pattern and center-to-center
spacing, or pitch, of the spot array. A support is movable betWeen raised and lowered
positions with respect to the manifold. A plurality of fibers are suspended from the
support for movement therewith, Each fiber is adapted to move longitudinally within an
associated channel, as the support is moved between its raised and lowered positions.
Movement of the fibers from their raised to lowered positions is effective to deposit a

selected volume of liquid from each channel in the manifold. -
5
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One embodiment further provides shifting means operatively connected to the
support for shifting the same between its raised and lowered positions.
The spacing between adjacent upper-end openings of the manifold can be the

same as that between adjacent lower end openings, Or it can differ. Inone embodiment,

the spacing between adjacent upper-end openings is substantially greater than that
between adjacent lower-end openings. For example, the spacing between lOWer‘end
openings can be one half, one third, or one fourth that of the upper-end openings.

According to one embodiment, the fibers are adapted to contact an underlying
substrate, with the support in its lowered position, and variations in the length of fiber
extending between its associated channel end and its point of contact on the substrate is
accommodated by fibet flexing.

In one pamcular construction, the diameter of the channels at their lower ends is
less than about 200 um, and between about 10-100 pm larger than that of an associated
fiber.

In another exemplary construction, each channel has a substantially uniform
diameter extending along a lower end region that terminates at the channel's lower end.
Further, the diameter of each channel end region is substantially the same as$ that of the
associated fiber. The fiber's end. with such in its raised position, is disposed above the
channel end region, such that shifting of the fiber from its raised t0 its lowered position is
effective to expel from the channel the volume of liquid contained in the channel end ‘
region.

A further aspect of the present invention provides a valving apparatus for use in
metering a selected amount of liquid onto the surface of a substrate.

According to one embodimem the valving apparatus of the invention includes a

reservoir for holding 2 selected liquid. A tube extends from the reservoir and terminates

at a lower end orifice adjacent a plane adapted to be occupied by the surface of a selected

substrate. A fiber is disposed in the tube for axial oscillatory movement therein, with a
lower portion of the fiber extending through the orifice. The inner diameter of the wbe
and the diameter of the fiber are dimensioned t0 prevent fluid flow through the orifice in
the absence of fiber oscillation. QOscillating means (e.g.,an oscillating unit) operatively
connect to the fiber for oscillating the same, including a control unit for determining the
oscillation amplitude, frequency and time applied to the fiber, and thereby the amount of

liquid allowed to pass through the tube orifice.
6
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One embodiment of the valving apparatus further includes positioning means for
pesitioning the tube and fiber with respect to the substrate, from one selected lateral
position to another. In an exemplary arrangement, the positioning means is operatively
connected to the tube, fiber and oscillating means.

In one embodiment, the oscillation means is adapted to produce an oscillation
frequency of at least about 10 Hertz, and preferably at least about 100 Hertz. In another
embodiment, the oscillation means is adapted to produce an oscillation amplitude of at
least about 10 pm, and preferably at least about 100 pm.

In one exemplary construction, the tube of the valving apparatus has a lower-end
diameter of less than about 100 um, and the clearance between the fiber and tube at its
lower end is less than about 25 um.

The fiber of the valving apparatus can remain spaced apart from the selected
substrate during its oscillation cycle, or it can be adapted to conract the substrate during
at least a portion of its oscillation cycle. In one embodiment. for example. the fiber
remains in contact with the substrate throughout its oscillation cycle.

In another of its aspects, the present invention provides a method of forming a
reagent spot on a substrate. According to one embodiment, the method includes the steps
of: (i) reciprocally moving an elongate, flexible fiber longitudinally within a capillary

tube holding a selected liquid at a frequency and amplitude sufficient to pump a portion

of the liquid out through an orifice at a lower end of the tube, thereby forming a pendent .

drop; and (ii) placing the pendent drop at a selected region on the substrate.

According to ene general embodiment, the pendent drop is placed on the substrate
by contacting the drop and/or the tip of the fiber with the selected region of the substrate.
In another embodiment, the pendent drop is placed on the substrate by maintaining the
fiber in spaced relation over the selected region and enlarging the pendent drop until it
falls under the force of gravity.

These and other features and advantages of the present invention will become

clear from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
The structure and manner of operation of the invention, together with the further
objects and advantages thereof, may best be understood by reference to the following

description taken in conjunction with the accompanying drawings, in which:
7
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Figure 1 is partially schematic, side-elevational view. with portions shown in
séction, of a spotting device constructed in accordance with an embodiment of the present
invention;

Figure 2 is a partially schematic, top plan view showing components of an
automated apparatus for forming arrays in accordance with the invention;

Figures 3A to 3C illustrate a spotting device, and method of use, for delivering a
micro-volume of liguid onto the surface of a substrate, in accordance with one
embodiment of the present invention;

Fxgures 4A 10 4C illustrate a spotting dev1ce, and method of use, for delivering a
micro-volume of liquid onto the surface of a substrate, in accordance with a further
embodiment of the present invention;

Figure 5 illustrates a non-contact delivery method for transferring a micro-volume
of liquid from a tube to the surface of a substrate using a valving apparats as taught by
the present invention;

Figure 6 illustrates a contact delivery method for transferring a micro-volume of
liquid from a tube to the surface of a substrate using a valving apparatus as taught by the

present invention;

Figures 7A to 7E illustrate 2 spotting device, and method of use, for delivering a
micro-volume of liquid onto the surface of a substrate, according to an embodiment of
the present invention:

Figures 8 and 9 are partially schematic. side-clevational views of a spotting head
for laying down an array of liquid spots on the surface of a substrate, according to an
embodiment of the present invention;

Figures 10A to 10E illustrate an apparatus, and method of use, for delivering a
liquid reagent from a tube into the well of a microplate, as taught by the present

invention; and

Figure 11 is a partially schematic, side-elevational view of an automated system
for simultaneously delivering one or more liquid reagents into 2 plurality of wells ofa

microplate.

DETAILED DESCR[PT[ON OF THE INVENTION -

The following discussion of the preferred embodiments of the present invention is

merely exemplary in nature. Accordingly, this discussion is in no way intended to limit
8
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the scope of the invention.

- One aspect of the invention provides a device for dispensing a small volume of a'
liquid reagent on a substrate. Generally, the device includes a tube adapted to contain
the liquid. An elongate fiber is disposed within the tube for axial movement therein
between raised and lowered positions. Upon shifting or oscillating the fiber between its
raised and lowered positions, a liquid spot can be formed at a selected position on the
substrate.

In one exemplary arrangement of a spotting device, denoted generally as 8 in
Figure 1, a fiber, indicated as 12, extends longitdinally within a rbe, denoted as 14,
having an orifice 16 at its lower end. Tube 14 is adapted to contain a liquid reagent, such
as 18, for controlled deposition on a substrate, as discussed more fully below. Tube 14
can be formed. for example, from metal, plastic, glass, ceramic, or other material(s)
considered suitable by those skilled in the art. A reservoir 20, disposed in fluid
communication with tube 14, is adapted to receive and hold a supply of liquid reagent.
Reservoir 20 feeds liquid reagent to tube 14 as the tube's reagent content is depleted. In
an exemplary construction, a hypodermic needle (gauge 30, 1/4 in. long, 90 deg. blunt
end) is employed as the tube, and an associated plastic luer hub is used as the reservoir.

Normally, capillary or surface tension forces prevent free flow of the liquid
reagent out of the tube’s lower orifice. In this regard, the tube’s lower region can be of
capillary size, so that capillary forces prevent free flow of liquid reagent 18 out of orifice
16. For example, orifice 16, and a region of tube 14 extending upwardly therefrom, can
be formed with an inner diameter of less than about 2 mm, and preferably less than about
1 mm. In one particular construction, the inner diameter along the lower region of tube
14 is less than about 200 um. To further encourage the desired capillary action, the
capillary-size region of tube 14 can be provided with an interior surface that is
hydrophilic, i.e., wettable. For example, the interior surface of tube 14 can be formed
of a hydrophilic material and/or treated to exhibit hydrophilic characteristics. In one
embodiment, the interior surface has native, bound or covalently attached charged
groups. One suitable surface is a glass surface having an absorbed layer of a
polycationic polymer, such as poly-I-lysine.

Tube 14 can be provided with an exterior surface that is hydrophobic, i.e., one
that causes aqueous medium deposited on the surface to bead. For example, the exterior

surface of tube 14 can be formed of a hydrophobic material and/or treated to exhibit
9
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hydrophobic characteristics. This can be useful, for example, to prevent spreading of a
drop formed at the region of orifice 16, along the outer surface of the tube. It can also
be useful to maintain 2 drop of hquld in the form of 2 globule at the lowermost tip. A
variety of known hydrophobic polymcrs such as polystyrene, polypropylene, and/or
polyethylene, can pe utilized t0 obtain the desired hydrophobic properties. In addition,
or as an alternative, a variety of lubricants of other conventional hydrophobic films can
be applied to the be's exterior surface, particularly along the tube’s lower region
proximate outlet 16.

With continuing reference to the embodiment of Figure 1. the diameter of fiber 12
is between about 10 to 500 um smaller than the inner diameter of be 14. In this
regard, fibex 12 can have a diameter of between about 2510 1. 000 pm. According to
one embodiment. fiber 12 has a diameter: of less than about 200 pm and preferably less
than about 100 pm. In one particular arrangement, a fiber having a diameter of about 75
um extends longitudinally within a tube having an inner diameter of about 100 pm along
its lower region, and an outer diameter of about 200 pm. In another arrangement, 2
fiber having a diametet of about 50 pm extends longitudinally within a Tube having an
inner diameter of about 75 um along its lower region, and an outer diameter of about 200
pm.

For reasons that will become apparent, fiber 12 is preferably constructed to be
Jaterally flexible and longimdinally incom mpressible. Materials suitable for forming fiber

12 include those typically employed in the construction of opucal fibets, such as glass.

‘ plastic, silica, quartz, and the like. Suitable optical fibers are available from a number of

commercial sources. One particularly preferred fiber, having a diameter of about 0.002
inches (i.e., about 50.8 pm), is that supplied by Edmund Scientific Co. (Barrington,.
N.J.) under catalog # F54014.

As previously indicated, fiber 12 is disposed within tube 14 for axial movement
therein between raised and lowered positions. In the present embodiment, when in the
raised position, the fiber’s free end or tip 122 is spaced apart from the surface of a
selected substrate, such as slide 22. When shifted to the lowered position, tip 122
approaches the surface of substrate 22. -

Shifting means are operatively connected to fiber 12 for shifting the same between

its raised and lowered positions. The shifting means can include, for example, an

10
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acruator that is movable between two positions. such as a linear or vertical actuator, or
the like. In the embodiment of Figure 1, for example, a solenoid assembly 24 is
activatable to draw a solenoid piston 26 downwardly, then release the piston, e.g., under
spring bias, to a normal, raised position (shown in dashed lines). Many solenoids are
available from commercial sources, and suitable models can be readily chosen by those
skilled in the art. One particular solenoid, contemplated for use herein, is available from

Jameco Electronics Components (Belmont, California) under part # 145314 (12 VDC

~ Continuous Tubular Push/Pull Solenoid). In one embodiment, the solenoid is operable to

shift the fiber up and down over a stroke of about 1 mm.

Other actuators, useful for shifting the fiber, include, for example, pneumatic,
hydraulic, magnetostrictive, and piezoelectric actuators, as well as motor assemblies
(e.g., steppers) operable to generate a downward motive force followed by
reciprocation. Several particular assemblies which can be readily adapted for use
herein as the shifting means are disclosed, for example, in U.S. Patent Nos. 3,164,304
3,329,964; 3,334,354 5,443.791; 5.525,515: 5,551.487: 5,601,980; and 5,807,522;
each of which is expressly incorporated herein by reference.

Positioning means can be utilized to move the spotting device linearly or in an x-y
plane to position the spotting device at a selected deposition positioﬁ. In this regard,
certain embodiments provide for movement of the tube while the target substrate is held
stationary. According to other embodiments, the tube remains in a fixed position, while
the substrate is shuttled into position. Still further embodiments provide for movement of
both the tube and the target substrate, either sequentially or in parallel.

In one exemplary arrangement of the positioning means, the spotting device is
carried on an arm of an X-y positioner. The arm, in this arrangement, can be moved
either linearly or along an x-y plane to position the spotting device at a selected
deposition position. Such movement can be accomplished, for example, using a robotic
assembly, or the like. Exemplary robotic devices include, for example, robots with
electronically controlled linked or crossed movable arms, such as a SCARA, gantry and
Cartesian robots. It is understood, of course, that any other robotic mechanism could be
used in accordance with the present invention so long as it can accomplish subslantially
the same purposes and secure substantially the same result. In this regard, cylindrical
robots, polar robots, articulated robots, or the like can be utilized. In one embodiment,

the positioning means comprises a motorized x-y carriage or rail assembly. For
1
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example, an AUTOMOVE® 402, available from Asymtek (Carlsbad, CA), can be used
for x-y positioning and solenoid activation. v

The arm that supports the tube, in the above arrangement. can include a clamp
capable of releasably grasping the wbe. This arrangement permits swapping of the tube
with a different one, €.8-. loaded with a different liquid reagent, as desired.

One particular positioning means, contemplated for use herein, will now be
described in detail. The apparatus is shown in planar, and partially schematic view in
Figure 2. A spotting device 8 in the apparatus has the basic construction described above
with respect to Figure 1, and includes a tube 14 terminating at a lower orifice. A fiber
12, disposed axially within the tube 14 of the spotting device 8, is adapted for movement
toward and away from the surface of a substrate, to dispense a selected volume of liquid
sample or reagent. as described herein. A solenoid 24. or other silifting means. effects
this movement. Solenoid 24 is under the control of 2 control unit 52 whose operation
will be described below.

The spotting device is carried on an arm 54 that is threadedly mounted on a worm
screw 58 driven (rotated) in a desired direction by a stepper motor 62 also under the
control of unit 52. At its left end in the figure, screw 58 is carried in a sleeve 64 for
rotation about the screw axis. At its other end, the screw is mounted to the drive shaft of
the stepper motor, which in turn is carried on a sleeve 66. The spotting device, worm
screw, the two sleeves mounting the worm SCIEW, and the stepper motor used in moving
the device in the "X" (horizontal) direction in the figure form what is referred to here
collectively as a displacement assembly 66.

' The displacement assembly is constructed to produce precise. micro-range -
movement in the direction of the screw, i.e., along an X axis in the figure. In one mode,
the assembly functions to move the spotting device in x-axis increments having a selected
distance in the range 5-500 um. In another mode, the spotting device may be moved in
ﬁrecise x-axis increments of several microns or more, for positioning the spotting device
at associated positions on adjacent substrates, as will be described below.

The displacement assembly, in turn, is mounted for movement in the "y"
(vertical) axis of the figure, for positioning the spotting device at a selected y axis
position. The structure mounting the assembly includes a fixed rod 68 mounted rigidly

between a pair of frame bars 70, 72, and 2 worm SCTEW 74 mounted for rotation between
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a pair of frame bars 76, 78. The worm screw is driven (rotated) by a stepper motor 80
that operates under the control of unit 52. The motor is mounted on bar 76, as shown.

The structure just described, including worm screw 74 and motor 80, is
constructed to produce precise, micro-range movement in the direction of the screw, i.e.,
along a y axis in the figure. As above, the structure functions in one mode to move the
spotting head in y-axis increments having a selected distance in the range 5-500 pm, and
in a second mode, to move the spotting head in precise y-axis increments of several
microns or more, for positioning the spotting head at associated positions on adjacent
substrates.

A workpiece holder 82 in the apparatus functions to hold a plurality of substrates,
such as substrates 22 on which the microarrays of reagent regions are to be formed by
the apparatus. The holder provides a number of recessed slots, such as slot 86. which
receive the substrates, and position them at precise selected positions with respect to the
frame bars on which the spotting device positioning means is mounted.

As noted above, the control unit in the device functions to actuate the two stepper
motors and solenoid in a sequence designed for automated operation of the apparatus in
forming a selected microarray of reagent regions on each of a plurality of substrates.

The control unit is constructed, according to conventional microprocessor control
principles, to provide appropriate signals to the solenoid and each of the stepper motors,
in a given timed sequence and for an appropriate signaling time. The construction of the
unit, and the settings that are selected by the user to achieve a desired array pattern, will
be understood from the following description of a typical apparatus operation.

Initially, one or more substrates are placed in one -or more slots in the holder.
Motors 62, 80 are then actuated to position the spotting device at a selected array
position at the first of the substrates. Solenoid actuation of the spotting device is then
effected to dispense a selected-volume aliquot of that reagent at this location. This
operation is effective, for example to dispense a selected volume preferably less than
about 1 ul (e.g., between about 2 pl and 2 ni) of the liquid reagent.

The spotting device is now moved to the corresponding position at an adjacent
substrate and a similar volume of the liquid reagent is dispensed at this position. The
process is repeated until the reagent has been dispensed at this preselected corresponding

position on each of the substrates.

13



25

WO 00/54883 PCT/US00/06721

Where it is desired to dispense a single reagent at more than two array positions
on a substrate, the spotting device may be moved t0 different array positions at each
substrate, before moving the spotting device to a new substrate, or liquid reagent can be
dispensed at individual positions on each substrate, at one selected position, then the
cycle repeated for each new array position.

To dispense the next reagent, the spotting device is exchanged for another such
device containing a different selected reagent. The process of dispensing the reagent at
each of the corresponding second-array positions is then carried out as above. This
process is repeated until an entire microarray of liquid reagent-s on each of the substrates
has been formed.

Several other x-y positioning assemblies which can be readily adapted for use
herein as the positioning means are disclosed, for example. in U.S. Patent Nos.
5.443,791; 5.551.487; and 5.,587.522; each of which is expressly incorporated herein by
reference.

As previously mentioned, the positioning means can instead, or in addition; be
adapted to move the substrate to 2 spotting position. In this regard, the substrate can be
adapted for manipulation by a robotic assembly, or it can be supported on a conveyor, or
an X-y movable stage or platform.

Any desired substrate(s) can be used with the present invention, including slides,
cards, plates, chips, and the like. In one general embodiment, the substrate surface is
relatively hydrophilic, z e., wettable. For example, the surface can have native, bound
or covalently attached charged groups. One such surface is a glass surface having an
absorbed layer of a polycationic polymer, such as poly-l-lysine. In one embodiment, for
example, an aqueous or predominantly aqueous reagent solution or biological sample is
spotted onto a slide having a hydrophilic surface. In another embodiment, the substrate
surface has or is formed to have a relatively hydrophobic character, i.e., one that causes
aqueous medium deposited on the surface to bead. A variety of known hydrophobic
polymers, such as polystyrene, polypropylene, or polyethylene have desired hydrophobic
properties, as do a variety of lubricant or other hydrophobic films that may be applied to
the substrate surface.‘ »

In some cases, it is desired to spot out the reagents in a humid environment sO '

that the droplets do not dry until the arraying operation is complete.
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Several exemplary devices and methods for spotting a substrate are depicted in
Figures 3 t0 6. Generally, a spotting device of the invention is positioned over a selected
region of a substrate. In a typical operation, this is accomplished by aligning the selected
region of the substrate with the spotting device such that the selected region intersects a
line defined by an extrapolation of the spotting device's central longitudinal axis. An
elongated fiber adapted for movement axially within the spotting device is then shifted or
oscillated between its raised and lowered positions in a manner effective to transfer an
aliquot of liquid from the tube onto the selected region of the substrate. It should be
noted that any of the above shifting means and positioning means can be used in
connection with the following embodiments. Also., any suitable control unit, such as 52
in Figure 2, can be employed.

It should also be noted that, as the fiber reciprocates in a cycle from its raised
position to its lowered position and back, the fiber’s terminal end or tip will travel
through a path referred to herein as the "stroke. " Along its forward stroke, the tip
travels from a raised peak to a lowered peak. Along its back stroke, the tip travels from
its lowered peak back to its raised peak.

In one embodiment, shown in Figures 3A to 3C, at the beginning of its stroke,
ie., at its raised peak, the tip 12a of fiber 12 is situated outside of mbe 14, such that a
section of fiber 12 intersects a plane defined by the terminal rim of tube 14 at orifice 16.
From this beginning position, illustrated in Figure 3A, the fiber's tip 12a is moved
toward the surface of a selected substrate, such as slide 22, eventually reaching its
lowered peak whereat tip 12a contacts a selected substrate region 22a, as shown in Figure
3B. It should be noted that fiber 12 carries with it a layer of liquid reagent 18 on its

exterior surface, including at the surface of tip 12a. Upon contacting the substrate, a

'small and controlled portion of liquid reagent is delivered from tip 12a to the selected

region 22a of substrate 22. After contacting substrate 22, fiber 12 is shifted back to its
raised position, leaving behind a spot of liquid, as at 28, on the substrate's surface. The
spotting device can then be positioned over another selected region to lay down an
additional spot, if desired. The repetition rate employed can be a few strokes per second,
e.g., within the range of about 1-10 Hz. In one embodiment, the repetition rate is about
5 strokes per_ second. ‘

It should be appreciated that an exacting tolerance between the spotting device and

substrate is not critical to achieve successful results using the spotting device of the
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present invention. That is, the fiber can retreat back to its raised position after only

parely touching the substrate surface, oF the fiber can be lbwer_ed farther than what is

necessary toward the substrate surface in order to bring its tip into contact therewith.

Advantageously, the flexibility of the fiber permits the fiber to flex, or bow, once the tip
abuts the substrate surface. That is, flexing of the fiber can accommodate variations in
the distance between the Jower end of the spotting device and the surface of the substrate.
This is shown in exaggerated fashion in Figure 3B for convenience of illustration.

It should also be appreciated that the longitudinal incompressibility of the fiber
provides for the efficient transmission of motion from the shifting means 10 the fiber's
tip. Advantageously, this property permits the use of fibers of varying lengths. including
relatively long fibers (e-8- 10, 20, 30 cm, or more).

In another embodiment (not shown), similar to the embodiment just described, the
forward stroke can bring the fiber's tip very close t0 the selected surface region of the
substrate, without actually making contact. This permits liquid reagent on the fiber's
terminal end to touch and adhere to the substrate surface, while actual physical contact
between the tip itself and the substrate surface is avoided. While advantageous for
certain purposes, it will be appreciated that this embodiment will generally be less
desirable than the previously described embodiment, since an exacting tolerance between
the spotting device and the substrate surface is required in this case. '

Another spotting method is depicted in Figures 4A to 4C. Here, at the beginning
of its stroke, i.e.. at its raised peak, the tip 122 of fiber 12 is situated within tube 14,
above the plane defined by the terminal rim of tube 14 at 6riﬁce 16. From this beginning
position, illustrated in Figure 4A. the fiber tip 122 is moved toward the surface of a
selected substrate, such as slide 22. Plunger- of piston-like action of tip 12a acts to push
an aliquot of liquid reagent 18 from the: lower end region of tube 14. The amount of
Jiquid pushed out in this manner will depend, in part, on the volume of liquid occupying
the region under tip 12a at the time tip 12a is moved toward substrate 22. Thus, the
Jocation of the tip's raised peak within the tube, in this embodiment, will typically be
determined, at least in part, by the quantity of liquid that one desires to spot on a
substrate. Other variables that can be adjusted in order to control the amount of liquid
deposited in this embodiment include the surface area of tip 12a, and the distance of the

gap separating the fiber from the tube’s interior surface.
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As tip 12a is moved toward substrate through'its stroke, it eventually reacheg its
lowered peak, in contact with substrate 22. After contacting substrate 22, fiber 12 is

shifted back to its raised poéition,‘ leaving behind a spot of liquid, as at 28 in Figure 4C,
on the substrate's surface, The spotting device can then be positioned over another
selected region to lay down an additional spot, if desired. As with the previously
described embodiment, the repetition rate employed can be a few strokes per second,
€.g., within the range of about 1-10 Hz. In one embodiment, the repetition rate is about
5 strokes per second.

It should be appreciated that the piston-like action of fiber 12, as Just described,
causes a thicker layer of liquid to form at the fiber's lower end region, as compared to
the embodiment of Figures 3A to 3C. Thus, it is contemplated that this embodiment will
be used to create reagent spots having a greater volume.

In another embodiment (not shown), similar to the embodiment just described, the
fiber's tip can be moved toward the selected surface region of the substrate, without
making contact. For example, movement of the fiber tip toward the subsfrate can be
abruptly stopped. or reversed, so that liquid is thrown or ejected, e.g., as by inertia,
from the fiber onto the substrate. Or, the fiber tip can be moved into very close
proximity to the substrate surface, without physically contacting it, so that liquid reagent
carried on the fiber touches and adheres to the substrate.

A further aspect of the present invention provides a valving apparatus for use in
metering a selected amount of liquid onto the surface of a substrate. In one embodiment,
shown in Figures 5 and 6, a tube 14 communicates at its upper end with a reagent-supply
reservoir 20, and terminates at a lower end orifice 16, much like the previously described
spotting devices. A fiber 12 is disposed in tube 14 for axial oscillatory movement
therein, ' '

The inner diameter of tube 14 and the diameter of fiber 12 are dimensioned to
prevent fluid flow through orifice 16 in the absence of fiber oscillation. In one
embodiment, for example, tube 14 has a lower-end diameter of less than about 200 um,
and preferably less than »abo}ut 100 pm, and the clearance between the fiber and tube at its
lower end is less than about 50 um, and preferably less than about 25 um.

Oscillating means operatively connect to fiber 12 for oscillating it. The

oscillating means can comprise, or example, an oscillating unit having a control unit for
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determining the oscillation amplitude. frequency and time applied to the fiber, and
thereby the amount of liquid allowed to pass through orifice 16. The oscillating unit can
comprise any device capable of oscillating the fiber axially within the be in such a
controlled manner. Suitable oscillating units can include, for example, 2 solenoid or
motor assembly, Or & pneumatic, hydraulic. magnetostrictive, o piezoelectric actuator.
In one embodiment, the oscillating means is adapted to produce an oscillation frequency
of at least about 10 Hz, and preferably at least about 100 Hz. Preferably, the oscillating
means i_s adapted to produce an oscillation amplitude of at least about 10 pm, and
preferably at least about 100 pm.

The valving apparatus can farther include positioning means for positioning the
tube and fiber with respect t0 the substrate, from one selected lateral position (0 another.
In one embodiment, the positioning means is operatively connectéd to the tube, fiber and
oscillating means. The positioning means can comprise devices as set forth above with
regard to the spotting device.

In operation, fiber 12 can be moved axially within the liquid-holding fube in a
reciprocal fashion. Such oscillatory movement occurs at a frequency and amplitude. and
for a length of time, sufficient to pump a selected quantity of liquid reagent 18 out /
through orifice 16 at a lower end of tube 14, thereby forming a pendent drop, such as at
18a in Figure 5. The pendent drop can be placed at a selected region of a substrate by
contacting the drop 18a with the selected substrate region. Inone embodiment, the
fiber's tip 12a is moved into contact with the substrate. Such contact can be periodic,
e.g., once per oscillation of the fiber, or it can be continuous such that the fiber engages
the substrate throughout its oscillation cycle. It should be appreciated that formation of
such a "liquid bridge," as iltustrated in Figure 6, permits the creation of relatively large
reagent spots. Alternatively, the pendent drop can be placed on the substrate by

maintaining the fiber in spaced relation over the selected region and enlarging the

 pendent drop until it falls under the force of gravity.

Another exemplary spotting device of the present invention is depicted in Figures
7A to 7E. Similar to the previous embodiments. a flexible fiber 12 extends
longitudinally through a tube 14 having a lower orifice 16. In this embodiment,
however, the inner diameter of tube 14 tapers on progressing downwardly to a defined-

volume tube end region, indicated generally at 14a, having a substantially uniform
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diameter. Preferably, the tube end region 14a diameter is substantially the same as the
diameter at orifice 16. Further, the inner diameter along the lower end region 14a of
tube 14, proximate orifice 16, is very close to (e.g., within about 10 Hm), and preferably
Substantially the same as, the diameter of fiber 12. For example, in one embodiment,
both the fiber's diameter and the inner diameter of the tube, along region 14a, are less
than about 200 pm; and are preferably about 100 um. In another embodiment, both of
these values are about 50 um. The upper, larger diameter portion of the tube can act as a
supply reservoir 20 for feeding liquid reagent to the lower tube portion as spotting
operations are effected.

Shifting means are operatively connected to fiber 12 for shifting the fiber between
its raised and lowered positions. The apparatus can further include'positioning means for
positioning the tube and fiber with respect to the substrate, from one selected lateral
Position to another. In one embodiment, the positioning means operatively connect to the
tube, fiber and oscillating means. The shifting means and the positioning means can
comprise devices as previously set forth herein.

Steps of a typical operation are depicted sequentially in Figures 7A through 7E.
Initially, the shifting means (not shown) shifts fiber 12 from its raised position, of Figure
7A, towards a substrate, such as slide 22. Notably, when fiber 12 is in its raised
position, its tip 12a is disposed above the tube end region 14a. As fiber 12 is shifted _
from its raised to its lowered position, the volume of liquid reagent 18 occupying the tube
end region 14a is expelled from tube 14, as depicted in Figure 7B, When fiber 12

reaches its lowered position, as shown ix_1 Figure 7C, the expelled liquid reagent is

-transferred to a selected region 22a of substrate 22. As fiber (2 is shifted back to its

raised position, as shown in Figures 7D and 7E, a spot of liquid reagent 28 is left behind
on the surface of substrate 22. When the fiber is fully retracted back into the fluid
container (Figure 7E), another deposition cycle is ready to begin, if desired.

As with those previous embodiments involving contact between the fiber and the
substrate, it should be appreciated that an exacting tolerance between the spotting device
and substrate is not critical to achieve successful results using the just-described spotting
device. Advantageously, the flexibility of the fiber permits the fiber to flex, or bow,
once the tip abuts the substrate surface, as shown in exaggerated fashion in Figure 7C for

convenience of illustration. That is, flexing of the fiber can accommodate variations in
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the distance between the lower end of the spotting device and the surface of the substrate.
It should also be appreciated that the longitudinal incompfessibility of the fiber provides
for the efficient transmission of motion from the shifting means to the fiber's tip.

One embodiment provides an operation substantially like that of Figures 7A to
7E, except that the fiber's lower tip never makes contact with the substrate surface. For
example, movement of the fiber tip toward the substrate can be abruptly stopped, of
reversed, so that liquid is thrown or ejected, €.8., a8 by inertia, from the fiber onto the
substrate. Or, the fiber tip can be moved into very close proximity t0 the substrate
surface, without physically contacting it, so that liquid reagent expelled by the fiber
touches and adheres t0 the substrate.

Still a further aspect of the present invention provides a hand-operable spotting
device (not shown). The tube, in this embodiment, is dxmensnoned 1o fit comfortably in
the hand of an éperator. In this regard, the outer dimensions of the hand device are '
preferably similar to those of typical writing implements, such as ink pens. mechanical
pencils, and the like. For example, the tube can have an outer diameter of between about
0.75-1.50 cm and a length of between about 1020 cm. AR elongate, flexible fiber, e.8-»
an optical fiber, is disposed within the tube for axial movement therein between raised
and lowered positions. The tube is adapted 10 hold, e.g., by way of capillary forces, 2
selected liquid reagent for deposition. The interlor dimensions of the tube, and the
dimensions of the fiber, can be as set out for any of the foregoing embodiments.

The fiber of the hand device attaches at its upper end ©© 2 piston that i adapted
for reciprocal movement within the tube. Normally, the piston is urged away from a
lower orifice of the tbe, toward the top of the tube, by a coil spring or other biasing
mechanism. At this position, the fiber is shifted toward its raised position,-substantially
retracted into the tube. The shifting means, in this embodiment, includes a depressible
shaft having an end region that protrudes through an opening at the upper end of the
tube. The other end of the shaft, located within the tube, operatively engages the piston.
Upon depressing the rod, e.g., using the thumb of an operator's grasping hand, the
normat biasing force of the coil spring can be overcome so that the piston is pushed
downwardly through the tube. Such movement of the piston causes the fiber to move
axially within Lhe tube, so that the fiber's lower end protrudes from the tube's 1ower

orifice. At this posmon a liquid spot can be transferred from the fiber's tip to 2 selected
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position on a substrate. Upon releasing the depressible shaft, the coil spring returns the
fiber to its raised position. '

In another of its aspects, the present invention provides a spotting head for
producing an array of liquid-reagent spots on a substrate. As discussed more fully
below, the spotting head of the invention can be adapted to lay a great number, e.g.,
hundreds or thousands, of spots per second.

One embodiment of the spotting head is shown in Figure 8. In this embodiment,
a conduit or channe] assembly 101, also referred to herein as a manifold, includes a
plurality of channels, such as 114a-114b. Each channel 114a, 114b has opposite upper-
end and lower-end openings, as at 115a-115b and 116a-116b, respectively. The channels
are maintained in fixed, spaced relation to one another. In one emquiment, the channels
take the form of tubes, barrels or funnels that are secured (e.g., snap fit) into a frame or
rack body. In another embodiment, the channels are of a monolithic construction. For
example, the channel assembly can be integrally constructed of plastic using an injection
molding process; or each channel can be formed by boring through a block of material,
such as glass, plastic, metal, or the like.

The inner diameter of each channel decreases on progressing from the upper- to
the lower-end openings. For example, the channels can be generally cone-shaped or
horn-shaped channels. The longitudinal axis of each channel can be straight, angled,
curved, or other suitable shape. In this regard, attention is directed to the generally S-
shaped channels shown in Figure 8.

A region of each channel extending from a respective one of the lower-end i
openings is of capillary size, such that a liquid, e.g., a bioldgical sample or reagent
solution, pfaced in the channel will normally be maintained therein by way of capillary
forces. Any inner diameter that effects the desired capillary action can be utilized within
the scope of this invention. For example, the capillary-size regions can be formed with
an inner diameter of less than about lmm, and preferably less than about 200 pm. To
further encourage the desired capillary action, the capillary-size region of each conduit
can be provided with an interior surface that is hydrophilic.

While only six channels, arranged side-by-side in a linear fashion, are visible in
the view of Figure 8, it should be understood that any reasonable number of channels can
be disposed in any desired spatial configuration. For example, the manifold can include

24, 48, 96, 384, 1024, 1536 channels, or more. In such arrangements, the channel
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upper- and lower-end openings will typically be arranged in a regular array, e.g., an 8 X
12, 16 X 24, 32 X 32, or a 32 X 48 array, though other layouts are possible.

A support, denoted as 105, is adapted for movement between raised and lowered
positions with respect to manifold 101. In the embodiment of Figure 8, this is
accomplished by providing a frame, such as 107, having a track comprised of spaced-
apart, paralle! linear rail portions, denoted as 109a and 109b. along which support 105 is
guided. For example, support 105 can have a groove or slot (not shown) formed along
each of its side-end regions, proximate rails 109a, 109b, with each slot being slidably
mounted over a respective one of the rails.

Movement and positioning of support 105 along the track can be effected by way
of manual or automatic shifting means. In this regard, and with additional reference to
Figure 9, a motor assembly 121 communicates with a controller 123 and power supply
125. A flexible wire or line 127 extends between motor 121 and support 105. One end
of wire 127 is connected to an upper side of support 105. The other end of wire 127 is
secured to a spool (not shown) which, in turn, is adapted for rotation by motor assembly
121. In one mode, motor assembly 121 can rotate the spool so as to wind wire 127
therearound, thereby moving support 105 up along the track towards its raised position
(Figure 8). In another mode, motor assembly 121 can rotate the spool so as to unwind,
and thus extend, wire 127 therefrom, Lhefeby moving support 105 down the track
towards its lowered position (Figure 9). Rather than employing a wire to communicate
the motor with the support, other embodiments contemplate the' use of gear assemblies.
It should be noted that other automatic shifting means, suitable for use herein, include,
for example, hydraulic or pneumatic actuators. Alternatively, support 105 can be shifted
by hand.

A plurality of fibers, such as optical fibers 112a-112b, are carried on support 105
for movement therewith. The fibers can be secured to the support in any suitable
manner. For example, the upper end region of each fiber can be received within a
respective bore extending up from the lower side of support 105. Each fiber’s upper end
can be held in its bore, for example, by way of frictional forces and/or by using
conventional adhesives. The fibers are arranged such that the spacing between adjacent
fibers substantially matches the spacing between adjacent upper-end openings of manifold
101, allowing insertion of one fiber per channel as support 105 is moved towards its

lowered position. In a typical arrangement, the fibers will be disposed in a regular array.
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The diameter of the fibers, extending from support 105, as well as the interior
dimensions of the capillary-size regions of the channels, can be like that set out for any
of the previous embodiments. In an exemplary arrangemem; the diameter of each
channel is less than about 200 um, and each channel is between about 10-100 pum larger
than that of an associated fiber. In another arrangement, the interior diameter along the
lower end region of each channel is substantially the same as that of an associated fiber.

Upon moving support 105 to its lowered position, the lower tip of each fiber is
passed through a respective channel of manifold 101 and brought to a plane adapted to be
occupied by a substrate. As shown in Figure 9, when a substrate, such as plate 22,
occupies such plane, the fiber tips abut the substrate’s surface at this position. In this
way, each fiber can transfer an aliquot of a liquid reagent held in its_respective channel to
the surface of the substrate. It should be noted that the lower-end opening array of
manifold 101 defines the array of spots formed on substrate 22.

As best viewed in Figure 8, the fibers extending from support 105 are not all of
the same length. Rather, they are cut such that upon being lowered through their
respective channels they will contact an underlying substrate at roughly the same time, or
wﬁhin a short time of one another. Appropriate fiber lengths can be established by
passing the fibers through the channels, and then cutting each fiber at its region
intersecting the plane adapted to be occupied by the surface of a substrate. It is not
critical to the successful operation of the invention that the various fibers be cut with
exacting precision respective to the substrate plane, since variations in the length of fiber
extending between its associated channel end and its point of contact on the substrate cah
be accommodated by fiber flexing.

For applications requiring formation of an array of reagent spots having the same
center-to-center spacing, or pitch, between adjacent spots as between adjacent fibers of
the fiber array, the.pitch of both the upper- and lower-opening arrays can be made about‘
equal. For examéle, in one embodiment, each of (i) the fiber array, (ii) the upper-end
opening array, and (iii) the lower-end opening array all have substantially the same
center-to-center spacing. For applications requiring the formation of a reagent spot array
having a reduced pitch as compared to the fiber array, on the other hand, it will be
advantageous to utilize a channel assembly having upper- and lower-end opening arfays
that differ in pitch, as well. In one exemplary arrangement of this type, the channel

lower-end opening array is provided with a center-to-center pitch that is smaller than that
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of the upper-end opening array. Figures 8 and 9 show, for example, an embodiment
wherein the pitch of the lower-end opening array is substantially smaller than that of the
upper-end opening array. For example, the center-to-center pitch of the lower-end
opening array can be between about 1/2 to 1/4 that of the upper-end opening array. In
one particular embodiment, the center-to-center spacing of the lower-end opening array is
about 1/3 that of the upper-end opening array.

According to one embodiment, a plurality of substrates are sequentially shuttled
under the spotting head. For example, a conveyor can carry a number of tandemiy-
arranged substrates along a transport pathway passing under a manifold. The channels of
the manifold can hold a single type of liquid reagent, or multiple types of liquid reagents.
Upon positioning a selected substrate beneath the manifold, the conveyor can pause. At
this point, the fibers can be shifted between their raised and lowered.positions to lay
down an array of spots on the substrate. If desired, such shifting can be repeated one or
more times to transfer additional liquid to the substrate. Such additional liquid can be
placed at the already-laid spots, or, upon incrementally moving the substrate laterally
under the manifold, at previously unspotted regions of the substrate. The just-spotted
substrate can then be moved out from under the manifold and a new, upstream substrate
can be moved into position for spotting. If desired. several spotting heads can be situated
at respective positions along the transport pathway. In one embodiment, a conveyor
shuttles one or more substrates along a transport pathway extending under several
spotting heads that are disposed sequentially along the transport pathway, at positions that
are laterally offset from one another. This arrangement can provide a very compact
interleaving of spots on a given substrate, even though the spots laid by any one spotting
head have a wider spacing.

Changeover from one set of liquid reagents to a different set, or replacement of
an emptied manifold with a loaded one, can be accomplished in a quick and efficient
manner. For example, an 6perator or robot can simply remove the present manifold and
insert another in its place. In this regard, the manifold can be configured to removably
snap-lock into the frarﬁe. Where one manifold holding a first set of liquid reagents is
swapped for another manifold holding a second, different set of reagents, the fiber array
can be readily changed as well. To this end, the fiber support can also be constructed to

removably snap-fit into the frame.
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Refilling low or emptied channels of the manifold can also be readily
accomplished. In this regard, the upper-end openings of the channels can be
dimensioned large enough (e.g., > 3 mm diameter) to permit ready access to
conventional means of fluid loading, such as pipettes or syringes.

In one embodiment, both the manifold and the fiber support are constructed of
relatively inexpensive materials, e.g., plastics, metal or glass, using conventional tooling
and/or molding procedures. By keeping the component cost low, it can be cost-effective
to throw away the fiber support (with the fibers) and/or the manifold when a new liquid
reagent set is introduced. Disposing of one or both of these components, rather than
cleaning and re-usipg them, eliminates a potential source of contamination. Furthermore,
utilization of disposable components helps avoid the time, equipmenl:, and labor costs
associated with cleaning/drying efforts. In contrast, most conventional spotting systems,
such as quill, ink-jet, or pin, must be cleaned each time a new fluid is deposited.

The above-described spotting devices and methods provide a relatively low-
energy approach to liquid deposiﬁpn. For example, the spotting head can employ a
highly parallel approach to lay many spots (e.g., hundreds or thousands) per second.
Notably, the process of laying any single spot is a relatively slow process. For example,
each individual fiber might lay only one or a few spots per second. Consequently,
problems associated with very energetic spot deposition such as splattering and
misdirected ejection (satellites), and contamination resulting therefrom, are avoided by
the present invention.

The spotting devices described herein offer reduced reagent loss as compared to
most conventional deposition systems. According' to the present invention, liquids that
are deposited onto a substrate are directly transferred from a tube or channel onto the
surface of a substrate without the use intermediate containers. It should be appreciated
that intermediate containers typically waste fluid because of residues and films that are
unavoidably left behind. For applications requiring very small amounts of fluid (e.g., a
micro-liter or less), intermediate containers such as reservoirs in ink-jets or the split in a
quill can waste an unacceptable amount of fluid.

Still a further aspect of the present invention provides a method and apparatus for
dispensing a liquid reagent into a well or depression formed, for example, in a tray or
plate. With reference to Figures 10A to 10E, a protrusion, such as a spike 217, extends

upwardly from the bottom of a well 219 of a multi-well tray 222. A liquid container,
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such as an elongate tube 216, holds a liquid 218 for dispensing. Tube 216 is adapted to .
hold the liquid by capillary or surface tension forces. As shown in Figures 10A to 10B,
a meniscus 218a can form at the lower region of tbe 216. Liquid 218 is dlspensed by
shifting tube 216 toward well 219 until spike 217 pierces meniscus 218a. The spike,
which preferably has a wettable surface, draws liquid froﬁx the tube into the well.
Figure 11 shows an automated system for simultaneously delivering one or more
liquid reagents into a plurality of wells of a plate or tray. The system mcludes a
manifold or channel assembly 30i. similar to that described above with respect to
Figures 8 and 9, adapted for shifting between raised and lowered positions over a
substrate, such as multi-well ay 322. Manifold 30.1 includes a plurality of channels,
such as 314a and 314b, each having a lower-end region substantially like the interior of
tbe 216 of Figures 10A to 10E. Shifting means are opetable to shift manifold 301
between its raised and lowered positions. In the embodiment of Figure 11, for example,

a support 305 is configured to releasably engage an upper region of manifold 301.

- Support 305, in wrmn, is adapted to ride along a pair of parallel rails 309, 309b provided

ona frame assembly 307. A motor 321, controlier 323, and power supply 325 are

operable to move support 305, and thus manifold 301, up and down along rails 309a,
309b via wire 327. Although not visible in Figure 11, each well of tray 322 includes a
protrusion, such as a spike, extending upwardly from its floor. The spikes are adapted to
extract liquid reagent from respective channels when manifold 301 is shified towards its
jowered position in a fashion substantially as shown in Figures 10A-10E.

Those skilled in the art can now appreciate from the foregoing déscription that the
broad teachings of the present invention can be implemented in a variety of forms.
Therefore, while this invention has been described in connection with particular
embodiments and examples thereof, the true scope of the invention should not be so
limited. Various changes and modification may be made without departing from the

scope of the invention, as defined by the appended claims.

Throughout the description and claims of the specification the word
“comprise” and variations of the word, such as “comprising” and “comprises”, is

not intended to exclude other additives, components, integers or steps.
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It is claimed:

1. An apparatus for micro-spotting a predetermined volume of a liquid at a
plurality of spaced regions on a substrate or substrates, comprising:

a tube adapted to contain such liquid, and having a lower end defining an orifice
with an inner diameter less than about 200 um;

a workpiece holder for holding such substrate(s),

an elongate, flexible fiber having a diameter of less than about 100um and a distal
free end, said fiber being disposed within said tube for axial movement therein between
raised and lowered positions at which the fiber's free end is spaced from and in contact
with the surface of such a substrate(s), respectively, with the substrate(s) held in the
workpiece holder,

shifting means operatively connected to said fiber for shifting the same between
its raised and lowered positions,

positioning means for positioning said tube and associated fiber laterally with
respect to the holder, at selected deposition positions with respect to the substrate(s), and

a control unit operatively connected to the positioning means and shifting means
for use in successively (i) positioning the tube and associated fiber at a selected
deposition position with respect to a substrate, and (i) shifting the fiber to its lowered
position, to deposit a selected volume of liquid upon such substrate, with variations in the
distance between the tube's lower end an‘d‘ the substrate being accommodated by flexing

of the fiber.

2. The apparatus of claim 1, wherein said positioning means is operatively

connected to said tube and said shifting-means.

3. The apparatus of any of the preceding claims, for use in micro-spotting a

predetermined volume of a liquid at a preselected position on each-of a plurality of

 different substrates in the workpiece holder, wherein the control unit is operable to

position the tube successively at such preselected position on each substrate.

4. The apparatus of any of the preceding claims, wherein the diameter of the

orifice is between about 10-100 pm larger than that of the fiber.
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5. The apparatus of any of the preceding claims, wherein the tube has a
substantially uniform diameter, and further includes a ]argérdiameter upper reservoir for

holdipg such liquid.

6. The apparatus of any of the preceding claims, wherein the tube's inner
diameter tapers on progressing downwardly to a defined-volume tube end region having
the diameter of said orifice, the diameter of the tube end region is substantially the same
as that of the fiber, and the fiber's end, with such in its raised position, is disposed above
the tube end region, such that shifting of the fiber from its raised to its lowered position

is effective to expel from the tube a volume of liquid contained in said tube end region.

7. The apparatus of any of the preceding claims, for use in micro-spotting a
predetermined volume of such a liquid simultaneously at selected deposition regions on a
substrate, which further includes a plurality of such tubes, and associated fibers and

shifting means.

8. An apparatus for micro-spotting a predetermined volume of a liguid on a
substrate, comprising:

a tube adapted to contain such liquid, and having an inner diameter that tapers on
progressing downwardly to a defined-volume tube end region having a substantially
uniform diameter of less than about 500 um,

an elongate fiber having a diameter substantially the same as that of said tube end
region, said fiber being disposed within said tube for axial movement therein between
raised and lowered positions at which the fiber's free end is disposed above and below
said tube end region, respectively, and

shifting me'ans operatively connected to said fiber for shifting the same between

- its raised and lowered positions, whereby a defined volume of liquid contained in said

tube end region is expelled from the tube onto such a substrate disposed below the tube.

9. The apparatus of claim 8, wherein the tube end region has a diameter of less

than about 200 ym.
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10. The apparatus of any of claims 8 or 9, wherein said fiber is a flexible fiber,

and the fiber in its lowered position is adapted to make contact with such a substrate.

11. The apparatus of any of claims 8 through 10, for use in micro-spotting a
predetermined volume of a liquid at a preselected position at each of a plurality of
substrates, wherein said apparatus further includes positioning means for positioning said
tube and associated fiber successively at said preselected position, and variations in the
distance between the tube's lower end and the different substrate positions is

accommodated by fiber flexing.

12. The apparatus of any of claims 8 through 11, for use in micro-spotting a
predetermined volume of such a liquid simultaneously at multiple selected deposition

regions on a substrate, which further includes a plurality of such tubes, and associated

fibers and shifting means.

13. The apparatus of any of claims 8 through 12, wherein the tube end regions
have diameters of less than about 200 pm, said fibers are flexible fibers, and the fibers in
their lowered positions are adapted to make contact with such a substrate, with variations
in the distance between the tubes' lower ends and the associated positions on the substrate

being accomr'nodate(_l by fiber flexing.

14. An apparatus for producing an array of liquid-reagent spots on a substrate,
comprising:

a manifold having a plurality of capillary channels, each adapted to hold a
selected liquid, said channels having opposite upper-end and lower-end openings, and
inner diameters which decrease on progressing from the upper- to the lower-end
openings, with said lower openings forming said array,

a support movable between raised and lowered positions with respect to said
manifold, and

a plurality of fibers carried on said suppdn for movement therewith, each fiber
being adapted to move longitudinally within an associated channel, as the support is

moved between its raised and lowered positions,
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with movement of the fibers from their raised to lowered positions being effective

to deposit a selected volume of liquid from each channel in the manifold.

15. The apparatus of claim 14, wherein the spacing between adjacent upper-end

openings is greater than that between adjacent lower-end openings.

16. The apparaws of any of claims 14 or 15, which further includes shifting
means operatively connected to the support for shifting the same between its raised and

lowered positions.

17. The apparatus of any of claims 14 through 16, wherein the diameter of the

channels at their lower ends is less than about 200 pum, and from abc;ut 10 to about 100

um larger than that of the associated fiber. _

18. The apparatus of any of claims 14 through 17, wherein the fibers are adapted
to contact such a substrate, with the support in its lowered position, and variations in the
length of fiber extending between its associated channel end and its point of contact on

the substrate is accommodated by fiber flexing.

19. The apparatus of any of claims 14 through 18, wherein each channel has a
substantially uniform diameter extending along a lower end region that terminates at the
channel's lower end, the diameter of each channel end region is substantially the same as
that of the associated fiber, and the fiber's end, with such in its raised position, is
disposed above the channel end region, 'such that shifting of the fiber from its raised to its
lowered position is effective to expel from the channel the volume of liquid contained in

said channel end region.

20. Valving apparatus for use in metering a selected amount of liquid onto the
surface of a substrate, comprising

a reservoir for holding such liquid,

a tube extending from the reservoir and terminating at a lower end orifice

adjacent a plane adapted to be occupied by the surface of such a substrate,
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a fiber disposed in said tube for axial oscillatory movement therein, with a lower
portion of the fiber extending through the orifice, and the inner diameter of said tube and
the diameter of said fiber being dimensioned to prevent fluid flow through said orifice in
the absence of fiber oscillation,

oscillating means operatively connected to said fiber for oscillating the same,
including a control unit for determining the oscillation amplitude, frequency and time
applied to said fiber, and thereby the amount of liquid allowed to pass through the tube

orifice.

21. The apparatus of claim 20, wherein said oscillation means is adapted to

produce an oscillation frequency of at least about 10 Hertz.

22. The apparatus of any of claims 20 or 21, wherein said oscillation means is

adapted to produce an oscillation frequency of at least about 100 Hertz.

23. The apparatus of any of claims 20 through 22, wherein said oscillation means

is adapted to produce an oscillation amplitude of at least about 10 pm.

24, The apparatus of any of claims 20 through 23, wherein said oscillation means

is adapted to produce an oscillation amplitude of at least about 100 pm.

25. The apparatus of any of claims 20 through 24, wherein said tube has a lower-

end diameter of less than about 100 um, and the clearance between the fiber and tube at

its lower end is less than about 25 pm.

26. The apparatus of any of claims 20 through 25, wherein said fiber is adapted

to contact such a substrate during at least a portion of its oscillation cycle.

27. The apparatus of any of claims 20 through 26, wherein said fiber is adapted

to remain in contact with said substrate throughout its oscillation cycle.
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28. The apparatus of any of claims 20 through 27, -which further includes
positioning means for positioning said tube and fiber with respect to the substrate, from

one selected lateral position to another.

29. The apparatus of any of claims 20 throﬁgh 28, wherein said positioning

means is operatively connected to said tube, fiber and oscillating means.

30. A method of forming a reagent spot on a substrate, comprising:

reciprocally moving an elongate, flexible fiber longitudinally within a capillary
tube holding a selected liquid at a frequency and amplitude sufficient to pump a portion
of the liquid out through an orifice at a lower end of the tube, thereby forming a pendent
drop; and .

placing the pendent drop at a selected region on the substrate.

31. The method of claim 30, wherein the pendent drop is placed on the substrate

by contacting an end of the fiber with the selected region of the substrate.

32. The method of any of claims 30 or 31, wherein the pendent drop is placed on
the substrate by maintaining the fiber in spaced relation over the selected region and

enlarging the pendent drop until it falls under the force of gravity.

33. An apparatus for micro-spotting a predetermined volume of a liquid at a
plurality of spaced regions on a substrate or substrates, comprising:

a nibe adapted to contain such liquid, and having a lower end defining an orifice
with an inner diameter less' than about 200 pm;

a workpiece holder for holding such substrate(s),

an elongate, flexible fiber having a diameter of less than about 100pm and a distal
free end, said fiber being disposed within said tube for axial movement therein between
raised and lowered positions at which the fiber's free end is spaced from and in contact
with the surface of such a substrate(s), respectively, with the substrate(s)-hcld in the

workpiece holder,
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an actuator movable between two positions, said actuator operatively connected to
said fiber for shifting the same between its raised and lowered positions, and

an x-y positioner operatively connected to said tube for positioning said tube and
associated fiber laterally with respect to the holder, at selected deposition positions with
respect to the substrate(s), and

a control unit operatively connected to the x-y positioner and vertical actual for
use in successively (i) positioning the tube and associated fiber at a selected deposition
position with respect to a substrate, and (i) shifting the fiber to its lowered position, to
deposit a selected volume of liquid upon such substrate, with variations in the distance
between the tube's lower end and the substrate being accommodated by flexing of the
fiber.

34. An apparatus for micro-spotting a predetermined volume of a liquid on a
substrate, comprising:

a tube adapted to contain such liquid, and having an inner diameter that tapers on
progressing downwardly to a defined-volume tube end region having a substantially
uniform diameter of less than about 500 um,

an elongate fiber having a diameter substantially the same as that of said tube end
region, said fiber being disposed within said tube for axial movement therein between
raised and lowered positions at which the fiber's free end is disposed above and below
said tube end region, respectively, and

an actuator movable between two positions, said actuator operatively connected to
said fiber for shifting the same between its raised and lowered positions, whereby a
defined volume of liquid contained in said tube end region is expelled from the tube onto

such a substrate disposed below the tube.

35. Valving apparatus for use in metering a selected amount of liquid onto the
surface of a substrate, comprising

a reservoir for holding such liquid,

a tube extending from the reservoir and terminating th a lower end orifice
adjacent a plane adapted to be occupied by the surface of such a substrate,

a fiber disposed in said tube for axial oscillatory movement therein, with a lower

portion of the fiber extending through the orifice, and the inner diameter of said tube and
33
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the diameter of said fiber being dimcnsioned to prevent fluid flow through said orifice in
the absence of fiber oscillation, and ' |

- an oscillating unit operatively connected to said fiber for oscillating the same,
including a control unit for determining the oscillation amplimde, frequency and time
applied to séid fiber, and thereby the amount of liquid allowed to pass Lhrbugh the tube
orifice.

36. An apparatus according to any one of claims 1 to 29 or claims 33

to 35 substantially as hereinbefore described with reference to any of the

figures and/or examples.

37. A method according to any one of claims 30 to 32 substantially as

hereinbefore described with reference to any of the figures and/or examples.

DATED: 12 March, 2003

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:

PE CORPORATION (NY)
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