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(57) ABSTRACT

A column tube holder includes: a first side rail extending
vertically; a second side rail extending vertically; a first shelf
extending horizontally between the first side rail and the
second side rail; a second shelf extending horizontally
between the first side rail and the second side rail, the second
shelf disposed below the first shelf; and a third shelf extend-
ing horizontally between the first side rail and the second
side rail, the third shelf disposed below the second shelf. The
column tube holder is composed of a conductive material, an
anti-static material, and/or a static dissipative material.
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COLUMN TUBE HOLDER FOR
IMPROVED-ACCURACY ASSAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of U.S. Provisional Patent Application Ser. No. 63/116,817,
filed Nov. 21, 2020, entitled “COLUMN TUBE HOLDER
FOR IMPROVED-ACCURACY ASSAYS,” the disclosure
of which is incorporated herein by reference in its entirety.

FIELD

[0002] The subject matter described herein relates to appa-
ratuses and systems for early detection of cancer and other
diseases and more specifically to a column tube holder for
improved-accuracy assays.

BACKGROUND

[0003] Early detection of cancer greatly increases the
chance of successful treatment. However, many cancers still
lack effective screening recommendations. Typical chal-
lenges for cancer-screening tests include limited sensitivity
and specificity. A high rate of false-positive results can be of
particular concern, as it can create difficult management
decisions for clinicians and patients who would not want to
unnecessarily administer (or receive) anti-cancer therapy
that may potentially have undesirable side effects. Con-
versely, a high rate of false-negative results fails to satisfy
the purpose of the screening test, as patients who need
therapy are missed, resulting in a treatment delay and
consequently a reduced probability of success.

[0004] Assays are often developed and utilized in early
attempts to detect cancer. Assays themselves can introduce
inaccuracies and sources of variation into the detection
process. Column tube holders (for example, those used in
connection with size-exclusion columns to purify extracel-
Iular vesicles from plasma) are often constructed of a
polymer material or other material that allows for the
build-up of localized electrical charges, which in turn can
cause assay liquids such as samples, droplets, and analytes
to adhere to the sidewalls of column tubes, receiving tubes,
and/or reservoirs, due to the droplets of analytes being
attracted to the localized electrical charges. The localized
electrical charges attract or repel droplets of analyte as they
fall from the column tubes, thereby causing the droplets to
land on the sidewall or edges of the receiving tube, or in
some cases causing the droplets to miss the receiving tube
entirely.

SUMMARY

[0005] The present disclosed embodiments include assay
equipment and systems for holding column tubes (for
example size-exclusion columns used to purify extracellular
vesicles from plasma, among others) that equalize the elec-
trical forces acting on molecules and droplets, thereby
enhancing the accuracy of assays and tests.

[0006] In one aspect, the present embodiments are
directed to a column tube holder including: a first side rail
extending vertically; a second side rail extending vertically;
a first shelf extending horizontally between the first side rail
and the second side rail; a second shelf extending horizon-
tally between the first side rail and the second side rail, the
second shelf disposed below the first shelf; and a third shelf

Dec. 28, 2023

extending horizontally between the first side rail and the
second side rail, the third shelf disposed below the second
shelf. The column tube holder includes a conductive mate-
rial, an anti-static material, and/or a static dissipative mate-
rial.

[0007] In some embodiments, the column tube holder is
composed of copper, aluminum, nickel, graphene, brass,
stainless steel, carbon steel, and/or titanium.

[0008] In some embodiments, the column tube holder
includes a surface resistivity from about 1x10°-6 ohm/sq to
about 1x10"9 ohm/sq.

[0009] In some embodiments, the column tube holder
includes a conductivity from about 1.01x10"-8 (ohm-me-
ters)'—1 to about 1.01x10"—4 (ohm-meters)"-1.

[0010] Insome embodiments, the first shelf includes a first
plurality of holes. The second shelf includes a second
plurality of holes. The number of holes in the second
plurality equals the number of holes in the first plurality. The
third shelf includes a third plurality of holes. The number of
holes in the third plurality of holes equals the number of
holes in the second plurality of holes. The first plurality of
holes, the second plurality of holes, and the third plurality of
holes are vertically aligned.

[0011] In some embodiments, the column tube holder
includes at least one pair of sidewalls extending vertically
between the second shelf and the third shelf. A first sidewall
of the at least one pair of sidewalls is disposed on the
opposite side of a hole of the third plurality of holes from a
second sidewall of the at least one pair of sidewalls.
[0012] In another aspect, the present embodiments are
directed to a column tube holder including: a first side rail
extending vertically; a second side rail extending vertically;
a first shelf extending horizontally between the first side rail
and the second side rail; a second shelf extending horizon-
tally between the first side rail and the second side rail, the
second shelf being disposed below the first shelf; a third
shelf extending horizontally between the first side rail and
the second side rail, the third shelf being disposed below the
second shelf, the third shelf including at least one hole
disposed therethrough; and at least two sidewalls extending
vertically between the second shelf and the third shelf, each
sidewall of the at least two sidewalls being disposed on
opposing sides of the at least one hole.

[0013] In some embodiments, the column tube holder
includes a base beneath the third shelf. Each of the first and
second side rails are anchored into the base.

[0014] In some embodiments, the column tube holder is
composed of a conductive material, an anti-static material,
and/or a conductive material.

[0015] In some embodiments, each sidewall is equidistant
from the hole.

[0016] In some embodiments, each sidewall is substan-
tially planar.

[0017] In some embodiments, each sidewall includes a
shape that is convex, concave, circular, and/or oval-shaped.
[0018] In some embodiments, the column tube holder
includes at least one partial bottom wall extending adjacent
to the third shelf. The partial bottom wall is aligned in the
vertical plane.

[0019] In some embodiments, the column tube holder
includes at least one partial top wall extending adjacent to
the second shelf. The partial top wall is aligned in the
vertical plane.
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[0020] In another aspect, the present embodiments are
directed to a system for holding column tubes including: a
column tube holder including: a first side rail extending
vertically; a second side rail extending vertically; a first shelf
extending horizontally between the first side rail and the
second side rail, the first shelf comprising a first plurality of
holes disposed therethrough; a second shelf extending hori-
zontally between the first side rail and the second side rail,
the second shelf being disposed below the first shelf, the
second shelf including a second plurality of holes disposed
therethrough; and a third shelf extending horizontally
between the first side rail and the second side rail, the third
shelf being disposed below the second shelf, the third shelf
including a third plurality of holes disposed therethrough;
and at least one column tube disposed within at least one
hole of the first plurality of holes and at least one hole of the
second plurality of holes.

[0021] In some embodiments, the first plurality of holes,
the second plurality of holes, and the third plurality of holes
are vertically aligned.

[0022] Insome embodiments, the system includes: at least
one receiving container disposed beneath the third shelf; and
at least two sidewalls extending vertically between the
second shelf and the third shelf, each sidewall being dis-
posed on opposing sides of at least one hole of the third
plurality of holes. The liquid droplets from the column tube
drop between the sidewalls into the receiving container.

[0023] In some embodiments, the receiving container
includes a collector tube and/or a polystyrene liquid reser-
VOIr.

[0024] In some embodiments, the system includes a first
section; a second section coupled via a first hinge to the first
section; and a third section coupled via a second hinge to the
second section.

[0025] In some embodiments, the column tube holder is
composed of a conductive material, an anti-static material,
and/or a conductive material.

[0026] In another aspect, the present embodiments are
directed to a column tube holder for performing size-
exclusion chromatography including: two vertical support
members, and at least three horizontal shelves extending
between the two vertical support members. The column tube
holder is composed of conductive material.

[0027] In some embodiments, the column tube holder
includes at least one hole disposed through each of the three
horizontal shelves; and at least two sidewalls extending
vertically between two of the horizontal shelves. The side-
walls are equidistant from the hole.

[0028] It should be understood that the order of steps or
order for performing certain actions is immaterial as long as
the present embodiments remains operable. Moreover, two
or more steps or actions may be conducted simultaneously.

[0029] The following description is for illustration and
exemplification of the disclosure only, and is not intended to
limit the present disclosure to the specific embodiments
described.

[0030] The mention herein of any publication, for
example, in the Background section, is not an admission that
the publication serves as prior art with respect to any of the
present claims. The Background section is presented for
purposes of clarity and is not meant as a description of prior
art with respect to any claim.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A full and enabling disclosure of the present dis-
closed embodiments, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended fig-
ures, in which:

[0032] FIG. 1 illustrates a perspective view of a column
tube holder, according to aspects of the present embodi-
ments;

[0033] FIG. 2 illustrates a top view of a column tube
holder, according to aspects of the present embodiments;

[0034] FIG. 3 illustrates a front view of a column tube
holder, according to aspects of the present embodiments;

[0035] FIG. 4 illustrates a side view of a column tube
holder, according to aspects of the present embodiments;

[0036] FIG. 5 illustrates a front view of the column tube
holder holding column tubes and collector tubes, according
to aspects of the present embodiments;

[0037] FIG. 6 illustrates a perspective view of the column
tube holder holding column tubes and collector tubes,
according to aspects of the present embodiments;

[0038] FIG. 7 illustrates a front view of the column tube
holder with polystyrene liquid reservoirs, according to
aspects of the present embodiments;

[0039] FIG. 8 illustrates a perspective view of the column
tube holder with polystyrene liquid reservoirs, according to
aspects of the present embodiments;

[0040] FIG. 9 illustrates an embodiment of the column
tube holder including a first section, a second section, and a
third section, according to aspects of the present embodi-
ments;

[0041] FIG. 10 illustrates a perspective view of a column
tube holder including a partial bottom wall, according to
aspects of the present embodiments;

[0042] FIG. 11 illustrates a perspective view of a column
tube holder including a partial top wall, according to aspects
of the present embodiments;

[0043] FIG. 12 illustrates a perspective view of a column
tube holder with convex sidewalls, according to aspects of
the present embodiments;

[0044] FIG. 13 illustrates a perspective view of a column
tube holder with concave sidewalls, according to aspects of
the present embodiments;

[0045] FIG. 14 illustrates a front view of a column tube
holder with concave sidewalls, according to aspects of the
present embodiments;

[0046] FIG. 15 illustrates a perspective view of a column
tube holder including circular sidewalls, according to
aspects of the present embodiments;

[0047] FIG. 16 illustrates a perspective view of a column
tube holder including oval-shaped sidewalls, according to
aspects of the present embodiments;

[0048] FIG. 17 illustrates a perspective view of the col-
umn tube holder including circular sidewalls and a partial
bottom wall, according to aspects of the present embodi-
ments; and

[0049] FIG. 18 illustrates a perspective view of the col-
umn tube holder including circular sidewalls and a partial
top wall, according to aspects of the present embodiments.
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DESCRIPTION OF CERTAIN ASPECT OF THE
DISCLOSED EMBODIMENTS

[0050] Reference will now be made in detail to the present
disclosed embodiments, one or more examples of which are
illustrated in the accompanying drawings. The detailed
description uses numerical and/or letter designations to refer
to features in the drawings. Like or similar designations in
the drawings and description have been used to refer to like
or similar parts of the present embodiments.

[0051] The present disclosed embodiments include appa-
ratuses and systems for preventing assay analytes from
accumulating on the sidewalls of column tubes and/or
receiving tubes (or collector tubes), due to the localized
accumulation of electrical charges. The present embodi-
ments may include a column tube holder constructed of
materials that are at least partially conductive to eliminate or
minimize the build-up of localized charges. In addition, the
column tube holder of the present embodiments may include
structural elements such as sidewalls surrounding the vessels
and tubes to help balance out the distribution of charges
equally. The present embodiments may be used in connec-
tion with size-exclusion assays in which components of a
particular size are separated from a mixture via the column
tubes.

[0052] In some embodiments in which size exclusion of
the sample or analyte is desired, such a sample may be
subjected to size-exclusion-based purification or filtration.
Various size-exclusion-based purification or filtration tech-
niques are known in the art, and those skilled in the art will
appreciate that in some cases, a sample may be subjected to
size-exclusion purification based on specific particle size
cutoff. Those skilled in the art will also appreciate that
appropriate particle size cutoff for purification purposes can
be selected, e.g., based on the size of the entity of interest
(e.g., a biological entity such as extracellular vesicle). For
example, in some embodiments, size-exclusion separation
methods may be applied to samples comprising extracellular
vesicles to isolate a fraction of extracellular vesicles that are
of a certain size (e.g., 30 nm-1000 nm). In some embodi-
ments, size-exclusion separation methods may be applied to
samples comprising extracellular vesicles to isolate a frac-
tion of extracellular vesicles that are greater than 70 nm and
no more than 200 nm. In other embodiments, other sized
extracellular vesicles may be separated. The column tube
holder of the present embodiments may be used in connec-
tion with assays that include size exclusion via column-tube
filtration, as disclosed herein. The present embodiments may
also be utilized in other applications other than size-exclu-
sion-based filtration (for example, in any application in
which minimizing or eliminating localized charges is
desired).

[0053] FIG. 1 illustrates a column tube holder 10, accord-
ing to aspects of the present embodiments. The column tube
holder 10 may include a base 12, a first side rail 14 extending
vertically from the base 12, and a second side rail 16 also
extending vertically from the base 12. The first and second
side rails 14, 16 (i.e., “vertical support members”) support a
first shelf 18, a second shelf 20, and a third shelf 22. Each
of the first, second, and third shelves 18, 20, 22 extends
horizontally between the first and second side rails 14, 16,
and contains a plurality of holes disposed therethrough for
holding column tubes and regular tubes and/or for allowing
droplets of analyte and/or other liquids to drip therethrough.
For example, each of the first, second, and third shelves 18,
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20, 22 may include 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or some
other number of holes disposed therethrough. In the embodi-
ment of FIG. 1, each of the first, second, and third shelves
18, 20, 22 includes 6 holes (i.e., six (6) first holes 24
disposed within the first shelf 18, six (6) second holes 26
disposed within the second shelf 20, and six (6) third holes
28 disposed within the third shelf 22). The first shelf 18 (for
example, the “top shelf”) may be disposed vertically above
the second shelf 20 (for example, the “middle shelf”), which
may be disposed vertically above the third shelf 22 (for
example, the “bottom shelf”), which itself may be disposed
vertically above the base 12. The first holes 24 (for example,
the first plurality of holes) disposed within the first shelf 18,
the second holes 26 (for example, the second plurality of
holes) disposed within the second shelf 20, and the third
holes 20 (for example, the third plurality of holes) disposed
within the third shelf 22 may all be vertically aligned with
one another to allow column tubes and/or collector tubes to
be disposed therethrough. In some embodiments, each of the
third holes 28 may include a larger diameter than the second
holes 26 to minimize the likelihood that droplets will contact
a surface (for example, the third shelf 22) as they fall. In
some embodiments, the third holes 28 may also be a smaller
diameter than the second holes 26. Embodiments that
include third holes 28 with a larger or smaller diameter than
that of the second holes 26 may also be used to accommo-
date different collector tube diameters. In the embodiment of
FIG. 1, the column tube holder 10 may include a gap 25
between a first group of the first holes 24 and a second group
of first holes 24. In this embodiment, the column tube holder
10 includes similar gaps between first and second groups of
second holes 26 and third holes 28. In other embodiments,
each of the groups of first, second, and third holes 24, 26, 28
may be equally spaced from each other.

[0054] Referring still to FIG. 1, the column tube holder 10
may include a plurality of sidewalls extending vertically
between the second shelf 20 and the third shelf 22. The
column tube holder may hold a plurality of column tubes 80
(shown in FIGS. 5-9) within the first holes 24 in the first
shelf 18 and the second holes 26 in the second shelf 20.
(FIGS. 5 and 6 illustrate a column tube holder 10 holding
column tubes 80 and collecting tubes 86). The column tube
holder 10 may also include a plurality of receiving tubes (or
collector tubes) or receptacles between the base 12 and the
third shelf 22 for receiving droplets from the column tubes
above. As droplets are filtered from the column tubes, they
drop between the second shelf 20 and the third shelf 22
between the sidewalls 30, which help to balance out the
electrical charge acting on the droplets, thereby allowing
them to fall through the third holes 28 and into the receiving
container, assuming that 1) the sidewalls 30 are equidistant
from the holes 26, 28, and 2) the column tube holder 10 is
composed of conductive, static dissipative, and/or anti-static
material. The column tube holder 10 may also include a
middle support wall 32 vertically extending between the
second shelf 20 and the first shelf 18, thereby providing
enhanced support and rigidity to the first shelf 18.

[0055] Still referring to FIG. 1, the column tube holder 10
may be composed of conductive, static dissipative, and/or
anti-static material. As defined herein, conductive materials
are those with a surface resistivity of from about 1x10"-6
ohm/sq to about 1x10°4 ohm/sq; static dissipative materials
are those with a surface resistivity of from about 1x10"4
ohm/sq to about 1x10°9 ohm/sq; and anti-static materials are
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those with a surface resistivity from about 1x10"9 ohnv/sq to
about 1x10"11 ohm/sq. By contrast, insulators may be
defined as materials with a surface resistivity of about 10°12
ohm/sq and higher. As such, the column tube holder 10 may
be composed of materials with a surface resistive of from
about 10"-6 (and lower) ohn/sq to about 10°11 ohm/sq. In
some embodiments, the surface resistivity of the column
tube holder 10 may be less than about 10”8 ohm/sq, less than
about 10"7 ohm/sq, less than about 10”6 ohm/sq, less than
about 105 ohm/sq, and/or less than about 10"4 ohm/sq. At
surface resistivities greater than about 1x10°4 ohm/sq, local-
ized charge can build-up. However, as long as the surface
resistivity is less than or equal to about 1x10711 ohm/sq, the
localized charge build-up will be relatively small. With
anti-static and/or static dissipative materials, once localized
charge reaches a high enough threshold, the charge will
begin to distribute itself across the surface, due to the
inherent material properties of the column tube holder 10. As
such, due to the geometry of the column tube holder 10, the
effects of localized charges acting on the droplets can be
minimized, even with anti-static and/or static dissipative
materials. However, in many embodiments, conductive
materials are likely to be preferred to both anti-static and
static dissipative materials.

[0056] Referring still to FIG. 1, the column tube holder 10
may be composed of materials such as metals (including, for
example, aluminum, copper, nickel, brass, stainless steel,
carbon steel, titanium, and alloys thereof such as aluminum
oxide), graphene, carbons, some polymer materials, and
some composite materials. In some embodiments, the col-
umn tube holder 10 may be composed of or include alumi-
num 6061-T6 and/or other aluminum varieties such as alloy
1100 (A91100), alloy 2024, alloy 7075, and alloy 3560. In
other embodiments, the column tube holder may be com-
posed or include stainless steel varieties such as stainless-
steel alloy 304, stainless-steel alloy 316, stainless-steel alloy
405, stainless-steel alloy 440A, and/or stainless-steel alloy
17-7PH. In other embodiments, the column tube holder may
be composed of or include copper alloys such as C11000,
C17200, C26000, C36000, and/or C71500. Other suitable
non-insulator materials may also be used. In some embodi-
ments, the column tube holder 10 may include an insulator
material coated with a continuous conductive or anti-static
coating covering the entire periphery of the column tube
holder 10. As such, the column tube holder 10 may be
composed of materials that help to evenly distribute any
electrical charges that accumulate on the column tube holder
10, thereby avoiding large variation in localized built-up
electrical charges. In embodiments that include a coating,
the coating may include a surface resistivity less than about
10”8 ohm/sq, less than about 10”7 ohm/sq, less than about
1076 ohm/sq, less than about 10”5 ohm/sq, and/or less than
about 10"4 ohm/sq. Expressed in terms of conductivity, in
some embodiments the coating and/or the material of the
column tube holder 10 may have a conductivity of about
1.01x10°4 (ohm-meters)™-1, or from about 1.01x10°-8
(ohm-meters)™-1 to about 1.01x10"-4 (ohm-meters) -1, or
from about 1.01x10°-7 (ohm-meters)"1 to about 1.01x10"4
(ohm-meters)"1, or from about 1.01x10"-6 (ochm-meters)"1
to about 1.01x10°4 (ohm-meters)"1, or from about 1.01x
10"-4 (ohm-meters)"1 to about 1.01x10°4 (ohm-meters)"1,
or from about 1.01x10"-4 (ohm-meters)"1 to about 1.01x
104 (ohm-meters)"1, or from about 1.01x10"-2 (ohm-
meters)"1 to about 1.01x10"3 (chm-meters)"1, or from about
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1.01x10"-1 (ohm-meters)"1 to about 1.01x10°4 (ohm-me-
ters)"1, or from about 1.01x10"-1 (ohm-meters)"1 to about
1.01x(ohm-meters)"-1, as well as other subranges therebe-
tween.

[0057] With no localized charges accumulating on the
column tube holder 10, droplets may fall from the column
tubes into the receiving containers, without being attracted
to one side or the other, and without adhering to the
sidewalls of any tube or the holder itself. The column tube
holder 10 may include a homogenous composition such that
there is little spatial variation in material properties through-
out the column tube holder 10. For example, in some
embodiments, both the conductivity and the surface resis-
tivity vary spatially by less than 5%, while in other embodi-
ment, both the conductivity and the surface resistivity vary
spatially by less than 1%.

[0058] Referring still to FIG. 1, in an exemplary demon-
stration using a column tube holder composed of insulator
material, a permanent conductor metallic wire was grounded
at one end, and then brought into contact with the localized
charge area on the column tube holder composed of insulator
material. Although the grounded metallic wire was effective
in temporarily eliminating localized charge from the column
tube holder composed of insulator material, the localized
charge(s) built back up again within about one (1) minute of
removing the metallic wire from the column tube holder
(i.e., within about one (1) minute of “ungrounding” the
column tube holder). Therefore, by avoiding insulator mate-
rials in the composition of the column tube holder localized
electrical charge build-ups can be avoided and/or mini-
mized.

[0059] Still referring to FIG. 1, the sidewalls 30 of the
column tube holder 10 help to balance out any electromag-
netic or electrostatic forces acting on droplets of analyte or
sample as they fall vertically from the second shelf 20 to the
third shelf 22. The sidewalls 30 also help to prevent splash-
ing from one receiving tube 84 to another receiving tube 84.
The amplitude of the force acting on each droplet may be
approximated via Coulomb’s Law: F=(q1*q2)/(r"2), where
F is the force; ql is representative of the accumulated charge
within each droplet; q2 is representative of the localized
charge or charges accumulated within column tube holder
10, and r is the radius or distance between the droplet and the
accumulated charge within the column tube holder 10. As
such, the force acting on the droplets is inversely propor-
tional to the square of the distance between the droplet and
the accumulated charge within the column tube holder 10.
By placing the sidewalls approximately equidistance on
either side of the desired vertical path through which the
droplets are expected to fall, the force can be balanced out.
Stated otherwise, because the electrical charge is expected to
be substantially evenly distributed throughout the surface of
the column tube holder and because the sidewalls are
approximately equally-sized and equally spaced on oppos-
ing sides of the vertical path through which each droplet
falls, the force acting on each droplet from one wall is
balanced by the force acting on the droplet from the oppos-
ing wall. As a result, the net force acting on the droplet
causes the droplet to be attracted to neither of the walls, and
the droplet simply falls vertically downward into the receiv-
ing container. Because Coulomb’s Law illustrates that the
force acting on each droplet is inversely proportional to the
square of the distance, the two walls on either side of the
droplet are likely to have the greatest effect on the net force
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acting on the particle since they are the closest structures to
the droplets as they fall, with the charges from other side-
walls and structures of the column tube holder 10 having a
much smaller effect. The geometric layout of the column
tube holder 10 including sidewalls 30 on either side of the
droplet path, as well as the conductive, static dissipative,
and/or anti-static material from which the column tube
holder 10 is composed, both help to ensure that the net force
acting on the droplets is minimized, thereby increasing the
accuracy of the assay.

[0060] FIG. 2 illustrates a top view of the column tube
holder 10, according to aspects of the present disclosed
embodiments. The column tube holder 10 includes the base
12, the first and second side rails 14, 16, the first shelf 18,
and the plurality of first holes 24. The column tube holder 10
also includes the additional features of FIG. 1, though they
are not visible in FIG. 2. The column tube holder 10 may
include a first transition 34 that forms a gradual transition
between the first side rail 14 and the base 12, as well as a
second transition 36 that forms a gradual transition between
the second side rail 16 and the base 12. Each of the first and
second transitions 34, 36 may include a local thickening to
enhance the robustness of the joint between the respective
first and second side rails 14, 16 and the base 12, thereby
anchoring each of the first and second side rails 14, 16 to the
base 12. The column tube holder 10 may also include
chamfers and/or fillets 40 around the corners of the base 12,
which may be substantially rectangular with a length that is
from about 1.5 to about 3.5 times the width, or from about
2 to about 3 times the width, or from about 2.2 to about 2.8
times the width, or about 2.5 times the width. The column
tube holder may be fabricated or formed via additive manu-
facturing (for example via 3D printing methods such as
selective laser sintering (SLS), selective laser melting
(SLM), direct metal laser sintering (DMLS), direct metal
laser melting (DMLM), and other 3D printing modalities),
investment casting, CNC machining, or formed in segments
(for example, sheet metal, lathed, and/or milled parts) that
are then joined together via welding (such a MIG welding,
tack welding, arc welding, and/or friction-stir welding),
soldering, fusing, brazing, and/or other joining processes
that include a conductive, antistatic, and/or static dissipative
joining material.

[0061] A column tube holder 10 formed via additive
manufacturing, CNC machining, and/or investment casting
will likely result in the column tube holder being monolithic,
(that is having continuous and/or homogenous material
properties throughout its entire structure). A column tube
holder 10 formed in segments that are then joined together
may not be monolithic, but may nevertheless include suffi-
cient strength throughout, as well as sufficient surface con-
ductivity and/or static dissipation such that it may function
according to the present disclosure.

[0062] FIG. 3 illustrates a front view of the column tube
holder 10, according to aspects of the present disclosed
embodiments. The column tube holder 10 as illustrated in
FIG. 3 includes the first, second, and third shelves 18, 20, 22,
the base 12, the side rails 14, 16, and the middle support wall
32. The first, second, and third pluralities of holes 24, 26, 28
are also present in the column tube holder 10 of FIG. 3,
despite not being visible in the front view of FIG. 3. The
plurality of sidewalls 30 includes eight (8) individual side-
walls 30A, 30B, 30C, 30D, 30E, 30F, 30G, and 30H, as
shown in FIG. 3. The eight (8) individual sidewalls 30A-
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30H define six (6) individual spaces 66, 68, 70, 72, 74, 76
through which the assay droplets may fall. For example,
sidewalls 30A and define space 66 while sidewalls 30G and
30H define space 76 (and similarly for the other sidewalls
and spaces). In other embodiments, the column tube holder
10 may include other numbers of first, second, and third
pluralities of holes 24, 26, 28, and as a result, other numbers
of sidewalls 30A-30H and spaces 66, 68, 70, 72, 74, 76. A
centerline 54 of each of the second holes 26 also acts as the
centerline for each of the corresponding third holes 28 (since
they are vertically aligned), as illustrated in the second,
third, fourth, and fifth spaces 68, 70, 72, 72. The column
tube holder 10 would also include a similar centerline 54 in
the first and sixth spaces 66, 76, though it is not illustrated
in FIG. 3. Each of the centerlines 54 also represent the
desired path through which the analyte droplets will fall
such that they travel though the third plurality of holes 28.
In some embodiments, the base 12 may be thicker than the
sidewalls 30, side rails 14, 16, and first, second, and third
shelves 18, 20, 22 in order to make the base 12 heavier,
thereby reducing the likelihood that the column tube holder
10 will be inadvertently knocked over. In other embodi-
ments, the base 12 may include a thickness that is approxi-
mately the same as the other structures of the column tube
holder 10.

[0063] Referring still to FIG. 3, a first spacing 56 is
defined as the distance between sidewall and centerline 54.
The first spacing 56 may also be defined as the distance
between sidewall and center 54. Similarly, a second spacing
58 is defined as the distance between sidewall and centerline
54 (in the second space 68). The second spacing 58 may also
be defined as the distance between sidewall 30F and cen-
terline 54 (in the fifth space 74). Similarly, a third spacing 60
is defined as the distance between sidewall 30C and center-
line 54 (in the third space 70). The third spacing 60 may also
be defined as the distance between sidewall 30F and cen-
terline 54 (in the fourth space 72). Similarly, a fourth spacing
62 is defined as the distance between sidewall and centerline
54 (in the third space 70). The fourth spacing 62 may also
be defined as the distance between sidewall 30E and cen-
terline 54 (in the fourth space 72). In order to keep the
sidewalls surrounding each space (and each droplet path)
equidistant from the centerline 54, the first and second
spacings 56, 58 should be approximately equal while the
third and fourth spacings should also be approximately
equal. As such, any electrical charge accumulated in a
sidewall that is acting on the droplets will be cancelled out
by an equal and opposite force from charges that have
accumulated in the opposing sidewalls (since, in the case
that conductive materials are used for the column tube
holder 10, the sidewalls and structures thereof will act to
evenly distribute any charges across the entire surface of the
column tube holder 10; in the case of static dissipative
and/or anti-static materials, there may be some localized
charge buildup before the charge overflows and spreads to
other areas of the surface, though not as evenly as it does in
the case of conductive materials).

[0064] Still referring to FIG. 3, in some embodiments the
column tube holder 10 may be “calibrated” by positioning
the sidewalls slightly closer or further away from the cen-
terline 54 as necessary to account for electrical charges on
structures other than the 2 sidewalls immediately surround-
ing each centerline 54 (i.e., to balance out chargers on those
other structures). For example, because the centerline 54 in
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space 70 is not exactly in the center of the entire column tube
holder 10 (i.e., space 70 is slightly to the left of the center
of the column tube holder 10), there are more structures to
the right of space 70 than to the left of space 70. As such, in
some embodiments, sidewall 30C may be located slightly
closer to center line 54 than sidewall 30D to balance the
overall forces and charges acting on droplets falling through
space 70 (i.e., third spacing 60 is smaller than fourth spacing
62). Similarly, space 74 is located toward the right side of
the column tube holder 10 and therefore in some embodi-
ments, sidewall 30G may be slightly closer to the centerline
54 in space 74 than sidewall 30F is (i.e., first spacing 56 is
smaller than second spacing 58). In embodiments in which
one sidewall is closer to the centerline 54 within a given
space than the opposing sidewall, the closer sidewall may be
from about 0.1% to about 1% closer, from about 1% to about
5% closer, from about 5% to about 10% closer, from about
10% to about 20% closer, from about 15% to about 25%
closer, from about 0.5% to about 25% closer, from about 1%
to about 20% closer, from 2% to about 15% closer, and/or
from about 5% to about 10% closer. Each centerline 54 is
defined as intersecting the respective centers of each of the
second holes 26 and each of the third holes 28. Each of the
centerlines 54 may be oriented such that they are within
about 5 degrees, within about 2 degrees, within about 1
degree, and/or within about half of a degree from a vertical
direction.

[0065] Referring still to FIG. 3, the column tube holder 10
may include first and second side spaces 42, 44, in order to
adjust an overall width of the column tube holder 10 (for
example, in order to accommodate fluid receptacles and/or
reservoirs within bottom space 64, which is defined above
the base 12, below the third shelf 22, and between the first
and second side rails 14, 16). The column tube holder 10
may also include a center space 46 to allow space for the
middle support wall 32 in the center of the column tube
holder 10 such that the middle support wall 32 does not
interfere with any of the column tubes. A center space width
52 may be approximately the same size as the first and
second side space widths 48, 50. In other embodiments, the
center space width 52 may be within about 1%, about 2%,
about 5%, about 10%, about 20%, about 50%, and/or more
than 50% of the first and second side space widths 48, 50.

[0066] FIG. 4 illustrates a side view of the column tube
holder 10 including the first and second side rails, 14, 16 the
base 12, and the first and second transitions 34, 36 from the
base 12 to the respective first and second side rails 14, 16.

[0067] FIG. 5 illustrates a front view of the column tube
holder 10, according to aspects of the present embodiments.
In the embodiment of FIG. 5, the column tube holder 10 is
holding a plurality of column tubes 80, as well as a plurality
of collector tubes 86 for receiving droplets from the each of
the column tubes 80. Each of the column tubes 80 may
include various size exclusion column tubes (for example,
size-exclusion chromatography columns) and may extend
between the first shelf 18 and the second shelf 20 within the
respective first and second holes 24, 26 (shown in FIG. 1).
Each of the column tubes 80 may include a cap 78 located
at the top of the column tube 80 to hold the column tube 80
in place and to prevent the column tube 80 from falling
through the respective first hole 24 into which it is placed.
Each column tube 80 may also include a stopper 82 disposed
at the bottom of the column tube 80 to temporarily or
permanently prevent liquid from flowing through. Each
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column tube 80 may also include a size-exclusion resin
contained therewithin, which prevents molecules and/or
droplets of a certain size from passing through the column
tube 80. As the droplets fall from the column tubes 80 to the
collector tubes 86, the sidewalls 30 (in connection with the
conductive, antistatic, and/or charge dissipative material of
the column tube holder, which helps to evenly distribute any
charges across the entire surface) help to ensure that the
droplets are not attracted to the sidewalls 30, and/or any
other charged surface. Each of the collector tubes 86 may
hang from the third shelf 22 down into the bottom space 64.
In addition, each of the collector tubes 86 may also include
a flange 84 to prevent the collector tubes 86 from falling
through the respective third holes 28 (shown in FIG. 1). The
collector tubes 86 may include a capacity of about 5 mL, or
from about 3 mL to about 7 mL, or from about 1 mL to about
10 mL, or from about 600 microliters (ul.) to about 10 mL,
or from about 300 uL to about 10 mL, or from about 100 uL.
to about 10 mL, or from about 100 pl to about 1 mL, and
various other subranges therebetween.

[0068] FIG. 6 illustrates a perspective view of the column
tube holder 10 holding column tubes and collector tubes 86,
according to aspects of the present embodiments.

[0069] FIGS. 7 and 8 illustrate front and perspective views
of the column tube holder 10 with polystyrene liquid reser-
voirs 96 rather than collector tubes 86, according to aspects
of the present embodiments. The embodiments of FIGS. 7
and 8 include 2 polystyrene liquid reservoirs 96. However,
in other embodiments, other numbers of polystyrene liquid
reservoirs 96 are possible including 1, 3, 4, 5, 6, and/or more
than 6 polystyrene liquid reservoirs 96, according to aspects
of the present embodiments. The polystyrene liquid reser-
voirs 96 may be composed of any suitable materials includ-
ing but not limited to polystyrene, polymer materials, com-
posite materials, thermoplastic materials, ceramics, metallic
materials, and/or other suitable materials. The bottom space
64 (and the column tube generally) may be sized such that
standard 100 mL polystyrene liquid reservoirs 96 fit there-
within.

[0070] FIG. 9 illustrates an embodiment of the column
tube holder 10 including a first section 100, a second section
102, and a third section 104, according to aspects of the
present embodiments. The first and second sections 100, 102
may be hingedly coupled via a first hinge 106, while the
second and third sections 102, 104 may be hingedly coupled
via a second hinge 108. Each of the first, second, and third
sections 100, 102, 104 may include an embodiment of the
column tube holder 10 according to any aspect described
herein (i.e., any of FIGS. 1-8 and/or 10-18). FIG. 9 also
illustrates one or more funnels 98 that may interface and
couple to each of the column tubes 80 to allow analyte to
more easily be poured or otherwise transferred into the
column tubes 80. The column tube holder 10 of FIG. 9,
including the first, second, and third sections 100, 102, 104
may be dimensioned such that it is able to fit in a standard
biological safety cabinet.

[0071] FIG. 10 illustrates a column tube holder 10 includ-
ing a partial bottom wall 108 extending from the first side
rail 14 to the second side rail 16 adjacent the third shelf 22
(shown in FIG. 1) and oriented in the vertical plane, accord-
ing to aspects of the present embodiments. The partial
bottom wall 108 may include a first partial bottom wall
108A extending along the front side of the column tube
holder 10, as well as a second partial bottom wall 108B
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extending along the back side of the column tube holder 10,
such that the first and second partial bottom walls 108A,
108B even out the electrical forces acting on droplets falling
from the column tubes 80 to the polystyrene liquid reser-
voirs 96 and/or collector tubes 86 (shown in FIGS. 5, 6, 7,
8, and/or 9).

[0072] FIG. 11 illustrates a column tube holder 10 includ-
ing a partial top wall 110 extending from the first side rail 14
to the second side rail 16 adjacent the third shelf 20 and
oriented in the vertical plane, according to aspects of the
present embodiments. The partial top wall 110 may include
a first partial top wall 110A extending along the front side of
the column tube holder 10, as well as a second partial top
wall 110B (not shown) extending along the back side of the
column tube holder 10, such that the first and second partial
top walls 110A, 110B even out the electrical forces acting on
droplets falling from the column tubes 80 to the polystyrene
liquid reservoirs 96 and/or collector tubes 86 (shown in
FIGS. 5, 6, 7, 8, and/or 9). The embodiments of FIGS. 10
and 11 include the partial bottom wall 108 and the partial top
wall 110, which can help to even out forces in a longitudinal
direction (i.e., a direction oriented from the front of the
column tube holder to the back of the column tube holder
10) to aid the sidewalls 30 (shown in FIGS. 1, 3, and 5),
which help to balance out the electrical forces acting on the
droplets in a lateral direction (i.e., from the left side to the
right of the column tube holder 10).

[0073] FIG. 12 illustrates a column tube holder 10 with
convex sidewalls 112, according to aspects of the present
embodiments. The convex sidewalls 112 are convex from
the perspective of the centerline 54 and/or holes 26, 28.
Although each of the convex sidewall 112 of the embodi-
ment of FIG. 12 include a varying distance to a centerline 54
(shown in FIGS. 3 and 5), they are equally spaced (or
approximately equally spaced (for example, within about
1%, 5%, 10%, etc.)) from the centerline 54 with the oppos-
ing convex sidewall 112, for a given height. Stated other-
wise, at a given height, the centerline 54 is approximately
equally spaced from each of the two opposing convex
sidewalls 112. Thus, even with embodiments of the column
tube holder 10 that include opposing convex sidewalls 112,
the electrical forces acting on the droplets will be balanced
out.

[0074] FIGS. 13 and 14 illustrate perspective and front
views of a column tube holder 10 with concave sidewalls
114 respectively, according to aspects of the present embodi-
ments. The concave sidewalls 114 are concave from the
perspective of the centerline 54 and/or holes 26, 28. Similar
to the convex sidewalls 112 of FIG. 12, for a given height,
the centerline 54 is approximately equally spaced from each
of the two opposing concave sidewalls 114, in the embodi-
ments of FIGS. 13 and 14. In each of the embodiments of
FIGS. 12-14, the convex and/or concave sidewalls 112, 114
may be desired in situations where the ratio ofviscous forces
(for example, due to fluid properties of the analyte) to
electrical forces (for example, due to environmental electri-
cal charges and/or the ability of the analyte or droplets to
carry a charge) may result in convex and/or concave side-
walls 112, 114 providing an enhanced ability to keep the
droplets on or near the centerline 54 as they fall from the
column tubes 80 to the receiving tubes 86 and/or polystyrene
fluid reservoirs 96.

[0075] FIG. 15 illustrates a perspective view of the col-
umn tube holder 10 including circular sidewalls 116, accord-
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ing to aspects of the present embodiments. The circular
sidewalls 116 may help to balance electrical forces acting on
the droplets in both the lateral and longitudinal directions. In
some embodiments, the circular sidewalls 116 may be
concentric about the second holes 26 and/or the third holes
(for example, in the plane defined by the second shelf 20
and/or the plane defined by the third shelf 22, respectively).
[0076] FIG. 16 illustrates a perspective view of the col-
umn tube holder 10 including oval-shaped (i.e., oval-
shaped) sidewalls 118, according to aspects of the present
embodiments. Similar to the circular sidewalls 116 of FIG.
15, the oval-shaped sidewalls 118 may help to balance
electrical forces acting on the droplets in both the lateral and
longitudinal directions. Whereas the circular sidewalls 116
of FIG. 15 may be located a constant distance from the
respective second and/or third holes 26, 28, the distance
from the ocular sidewalls 118 of FIG. 16 to the second
and/or third holes 26, 28 may vary. Although both the
circular sidewalls 116 and oval-shaped sidewalls 118 may
include a constant radius of curvature, in some embodi-
ments, the radius of curvature of the oval-shaped sidewalls
118 may be larger than that of the circular sidewalls 116.
[0077] FIG. 17 illustrates a perspective view of the col-
umn tube holder 10 including circular sidewalls 116 and a
partial bottom wall 108, according to aspects of the present
embodiments.

[0078] FIG. 18 illustrates a perspective view of the col-
umn tube holder 10 including circular sidewalls 116 and a
partial top wall 110, according to aspects of the present
embodiments.

[0079] The dimensions of the column tube holder 10 may
be adjusted to fit column tubes 80 (such as size exclusion
columns) of almost any dimension. The column tube holder
10 be sized to hold column tubes 80 that include a total
length in a range from about 30 mm to about 1000 mm, an
inner width (or diameter) in a range from about 2.5 mm to
about 250 mm, and/or an outer width (or diameter) in a range
from about 3 mm to about 300 mm. The column tube holder
10 may include an overall height from about 100 mm to
about 500 mm, or from about 150 mm to about 400 mm, or
from about 200 mm to about 300 mm, or from about 200 mm
to about 250 mm, or from about 175 mm to about 235 mm.
The column tube holder 10 may include an overall width
(i.e., in a lateral direction) from about 150 mm to about 2000
mm, or from about 150 mm to about 1000 mm, or from
about 150 mm to about 800 mm, or from about 200 mm to
about 600 mm, or from about 250 mm to about 500 mm, or
from about 300 mm to about 400 mm, or from about 300 mm
to about 350 mm, or from about 275 mm to about 375 mm.
The column tube holder 10 may include a length (i.e., in a
longitudinal direction) of from about 50 mm to about 400
mm, or from about 70 mm to about 350 mm, or from about
100 mm to about 300 mm, or from about 120 mm to about
200 mm, or from about 130 mm to about 180 mm, or from
about 135 mm to about 175 mm. The column tube holder 10
may also include dimensions outside of and/or overlapping
with the ranges disclosed herein, according to aspects of the
present embodiments.

[0080] In each of the embodiments disclosed herein, the
sidewalls 30, 108, 110, 114, 116, 118, in connection with the
material of the column tube holder 10 (for example, con-
ductive, anti-static, and/or static dissipative materials) act to
balance out the electrical forces acting on the droplets of
analyte such that the droplets may fall from the column tubes
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80 into the collector tubes 86 or polystyrene liquid reservoirs
without being attracted to, or adhering to, the sidewalls or
any other structures of the column tube holder 10. By using
conductive, anti-static, and/or static dissipative materials,
any static charges may evenly spread (or in some embodi-
ments, unevenly spread-out) across the surface of the col-
umn tube holder 10, rather than accumulating locally. The
reduction in static charge buildup reduces the likelihood that
droplets will move laterally during the fall into the collector
tubes (or receiving tubes) 86 or polystyrene liquid reservoirs
96. As static electricity buildup decreases, the electric force
field strength decreases. The reduction in electric field force,
ultimately, decreases potential lateral movement from occur-
ring as the droplet falls.

[0081] The use of conductive, anti-static, and/or static
dissipative materials also makes it easier to ground the entire
column tube holder 10 by simply electrically coupling a
single location of the column tube holder 10 to ground. In
addition, by placing equally-space sidewalls 30, 108, 110,
114, 116, 118 (or approximately evenly spaced sidewalls) on
opposing sides of the respective centerlines, the net electri-
cal force acting on the droplets can be substantially bal-
anced, thereby allowing the droplets to fall vertically down-
ward. The equidistant sidewalls 30, 108, 110, 114, 116, 118
also help to prevent potential splashing of sample into other
containers (for example, adjacent collector tubes 86) caused
by the droplets during the droplet-landing process.

[0082] The column tube holder 10 of the present embodi-
ments may be used in many potential applications including
but not limited to molecular and/or droplet size exclusion,
any gravity-based chromatographic separation, affinity chro-
matography, ion-exchange chromatography, hydrophobic
interaction chromatography, immobilized metal affinity
chromatography, as well as other potential applications.

Experimental Results

[0083] A column tube holder 10 was constructed of alu-
minum, according to aspects of the present embodiments.
Each of sidewalls 30 were equidistant from each of the
respective centerlines 54. The diverted or blocked electrical
fields acting laterally on the droplets were “confirmed”
experimentally. A 12-volt charge and a 0-volt charge were
applied to the aluminum column tube holder 10. The rela-
tively large amount of voltage (i.e., 12 volts) was intended
to generate an electric field that would be much greater than
what would occur naturally in a lab environment. For both
the 12-vote and O-volt cases, zero or almost zero lateral
movements were observed while the droplets were falling
from the column tubes 80 to the receiving tubes 86. The lack
of lateral movement suggests that using an aluminum mate-
rial with sidewalls 30 that are equidistant to each respective
centerline 54 sufficiently prevents lateral movement of the
droplets caused from electric force fields generated from
very high environmental voltages (which were distributed
across the column tube holder). None of the sidewalls 30
needed to be offset to account for a potential electric field
generated by the side rails 14, 16, or other structures.
However, when other materials are used for the column tube
holder 10, and/or when the droplets include other compo-
sitions, offsetting the sidewalls 30 may be desired. A 12-volt
charge was also applied to phosphate-buffered saline (PBS)
in the column tubes 80, thereby ensuring there was a charge
applied to the falling droplets. Even with the relatively high
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voltage applied to the liquid solution, no lateral movement
was observed as the droplets fell between the parallel
sidewalls.

[0084] Elements of different implementations described
may be combined to form other implementations not spe-
cifically set forth previously. Elements may be left out of the
processes described without adversely affecting their opera-
tion or the operation of the system in general. Furthermore,
various separate elements may be combined into one or
more individual elements to perform the functions described
in this specification.

[0085] Other implementations not specifically described
in this specification are also within the scope of the follow-
ing claims.

[0086] These and other features, aspects and advantages of
the present embodiments will become better understood
with reference to the following description and appended
claims. The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the present disclosure and, together with the
description, serve to explain the principles of the present
embodiments.

Certain Definitions

[0087] In order for the present disclosure to be more
readily understood, certain terms are first defined below.
Additional definitions for the following terms and other
terms are set forth throughout the specification.

[0088] An apparatus, system, or method described herein
as “comprising” one or more named elements or steps is
open-ended, meaning that the named elements or steps are
essential, but other elements or steps may be added within
the scope of the apparatus, system, or method. To avoid
prolixity, it is also understood that any apparatus, system, or
method described as “comprising” (or which “comprises™)
one or more named elements or steps also describes the
corresponding, more limited apparatus system, or method
“consisting essentially of” (or which “consists essentially
of”) the same named elements or steps, meaning that the
apparatus, system, or method includes the named essential
elements or steps and may also include additional elements
or steps that do not materially affect the basic and novel
characteristic(s) of the system, apparatus, or method. It is
also understood that any apparatus, system, or method
described herein as “comprising” or “consisting essentially
of” one or more named elements or steps also describes the
corresponding, more limited, and closed-ended apparatus,
system, or method “consisting of” (or “consists of”) the
named elements or steps to the exclusion of any other
unnamed element or step. In any apparatus, system, or
method disclosed herein, known or disclosed equivalents of
any named essential element or step may be substituted for
that element or step.

[0089] As used herein, the term “longitudinally” generally
refers to the direction oriented from the front of the column
tube holder to the back of the column tube holder, and/or
from the back of the column tube holder to the front of the
column tube holder.

[0090] As used herein, the term “laterally” generally refers
to the direction oriented from the left side of the column tube
holder to the right side of the column tube holder, and/or
from the right side of the column tube holder to the left side
of the column tube holder.
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[0091] As used herein, the terms “collector tube” and
“receiving tubes” may be used synonymously.

[0092] As used herein, the terms “equidistant” and
“equally spaced” in the context of the distances between a
centerline and the surrounding opposing sidewalls can mean
that the respective distances between each sidewall and the
centerline differ by no more than 1%.

[0093] As used herein, the term “about” used in the
context of a number, dimension, variable, or parameter
generally refers to +/-1% and/or within the measurement
uncertainty, whichever is larger.

[0094] As used herein, “a” or “an” with reference to a
claim feature means “one or more,” or “at least one.”
[0095] As used herein, the term “substantially” refers to
the qualitative condition of exhibiting total or near-total
extent or degree of a characteristic or property of interest.

EQUIVALENTS

[0096] It is to be understood that while the disclosure has
been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate
and not limit the scope of the disclosed embodiments. Other
aspects, advantages, and modifications are within the scope
of the claims.
[0097] This written description uses examples to disclose
the present embodiment, including the best mode, and also
to enable any person skilled in the art to practice the present
embodiments, including making and using any devices or
systems and performing any incorporated methods. The
patentable scope of the present embodiments is defined by
the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to
be within the scope of the claims if they include structural
elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with
insubstantial differences from the literal languages of the
claims.

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

7. A column tube holder comprising:

a first side rail extending vertically;

a second side rail extending vertically;

a first rack extending horizontally between the first side
rail and the second side rail;

a second rack extending horizontally between the first
side rail and the second side rail, the second rack
disposed below the first rack;

a third rack extending horizontally between the first side
rail and the second side rail, the third rack disposed
below the second rack, the third rack comprising at
least one hole disposed therethrough;
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at least two sidewalls extending vertically between the

second rack and the third rack, each sidewall of the at

least two sidewalls disposed on opposing sides of the at
least one hole.

8. (canceled)

9. (canceled)

10. (canceled)

11. The column tube holder of claim 7, wherein each
sidewall of the at least two sidewalls are substantially planar.

12. (canceled)

13. (canceled)

14. (canceled)

15. A system for holding column tubes comprising:

a column tube holder comprising:

a first side rail extending vertically;

a second side rail extending vertically;

a first rack extending horizontally between the first side
rail and the second side rail, the first rack comprising
a first plurality of holes disposed therethrough;

a second rack extending horizontally between the first
side rail and the second side rail, the second rack
disposed below the first rack, the second rack com-
prising a second plurality of holes disposed there-
through; and

a third rack extending horizontally between the first
side rail and the second side rail, the third rack
disposed below the second rack, the third rack com-
prising a third plurality of holes disposed there-
through; and

at least one column tube disposed within at least one hole

of the first plurality of holes and at least one hole of the

second plurality of holes.

16. (canceled)

17. The system of claim 15, further comprising:

at least one receiving container disposed beneath the third

rack; and

at least two sidewalls extending vertically between the

second rack and the third rack,

each sidewall of the at least two sidewalls disposed on

opposing sides of at least one hole of the third plurality

of holes,

wherein liquid droplets from the at least one column
tube drop between the at least two sidewalls into the
at least one receiving container.

18. The system of claim 17, wherein the at least one
receiving container comprises at least one of a collector tube
and a polystyrene liquid reservoir.

19. The system of claim 15, further comprising:

a first section;

a second section hingedly coupled to the first section; and

a third section hingedly coupled to the second section.

20. (canceled)

21. (canceled)

22. (canceled)



