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(57) Abstract: The present invention describes a method for constructing a spiral tube support apparatus used in counter current
chromatography, improvements to counter current chromatography tube support design, and methods of using the improved coun-
tercurrent chromatography apparatus. The spiral tube support apparatus may be constructed by a shape forming process such as a
three dimensional printing process that in turn uses a laser sintering technique, and can be made out of any easily formed material.
Shape changes on both the tube support and the top improve the performance of the tube support and ease of manufacturing. The
improved tube support and new method of creation permit use in both micro or macro scale preparations and use in small or large
molecule preparations. In particular, specific solvent systems are described that permit purification of proteins.
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COUNTERCURRENT CHROMATOGRAPHY ROTOR

FIELD OF THE INVENTION
{00017 The invention coumsists of a4 method for constracting, a method for
using, and an improved design of a spiral tube support apparatus for use in

countercurrent chromatography (CCC).

BACKGROUND OF THE INVENTION

(00027 Chromatography is a technique whereby a substance dissolved in a
mobile phase is passed through a stationary phase to separate the substance so that it
may be purified or identified, often from a complex mixture of substances. A
substance includes, but is not hmited to: (1} gases, (23 chemicals, {3} biological
ntaterials such as DNAs, carbohydrates, hpids, peptides, proteins or combinations
thereof, (4) molecules, or {5) any combination of the aforementioned substances. A
substance separated using chromatography may be analyzed by various means of
detection which may be attached to the apparatus. Many variations in both the type of
chromatography and the mechanism of separation presently exist and are actively
nsed m research.

[0003] Countercurrent chromatography 1s based on hqud-lignid partitioning
where both the mobile and stationary phases are in a liguid state. The technique
separates compounds in a moving liquid phase from a stationary liquid phase held in
coiled tubing and exposed 1o forces ansing by rotation, for example, in a planetary
centrifuge. Coumercurrent chromatography has existed since the early 1970's and has
been successtully employed to separate chemical compounds or small molecule
substances. ULS. Pat. Nos. 3,784,467, 3,775,309, 6,503,398, 5,770,083, 5,354,473,
5,332,504 and 5,215,664, Sample substances are separated according to the solubility
of the substances between the phases. Solvents may be mixed in varving volume
ratios to form two stable immiscible phases that comprise the solvent system for the
chromatography.  Countercurrent chromatography provides a versatile method of
separating or purifving small molecule substances; indeed, the prior art has been

largely linuted to small molecule separation, wWdentification, or purification. While a
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ues that are

ot

few prior disclosures relate to coontercurrent chromatography centrifu
alleged to separate large molecule substances, those lacked the ability to do so as
effictently and well as the instant tnvention. U8, Pat. Nos, 4,714, 554 and 5,104,533 1.

{0004} The earliest embodiment of countercurrent chromatography involved a
series of columns fixed vertically and connected to one another by wransfer tubing
with a pump at ene end. U.S. Pat. No. 3,784,467, The sample substance was
dissolved m a mixture of the solid and stationary phases in another column that was
then connected to the pump by transfer tubing and placed before the other columns in
the sertes.

100051 A subsequent tmvention showed bow to configure continuous tubing
for solvent entry and exit, without a rotating seal, m helical coils that votate around a
central axis. U.S. Pat. No. 3,775,309, In one revolution, the gpparatus accomplished
a twisting and unfwisting action in a planetary motion that mixed the phases. Duaring
a single revolution in that svsteny, inside a tubing coil filled with a dual phase solvent,
the lighter phase migrates to one end {(head) and the beavier phase migrates to the
other end (tail) depending on (1) the rotational direction of the coil (clockwise or
counterclockwise) and (2) the rotational direction of the rotor {clockwise or
counterclockwise). The mobile phase is pumped into the end against the direction in
which the stationary phase prefers to move; thus, the stattonary phase at equulibriom is
retained at 40-80% of the total volume of the coil. Excess of the mobile phase elutes
aut the other end. Current embaodiments or applications of planetary CCC centrifuges
involve different orientations of the helical twbing. 118, Pat. Nos. 3,994 805,
4,430,216, 4,532,039 gnd 4,714,554,

[0006] In recent years, the helical tubing or spool has been replaced by
spirally-organized tubing held in place by a frame called a spiral tubing support. U.S.
Pat. Pub. No. US 2005/0242040. Presently, construction of the spiral tubing suppeort
is slow and laborious. The first type of that apparatus was built by crafting spiral
channels ground two inches deep into light aluminum and radial channels to hold
Teflon™ tubing wound in four spirals in one plane. The advantages of the spiral
tubing support are {1} lack of leakage through sandwiched plates with flow chamnels

and (2} higher resolution of substances due to the smaller diameter of the tubing.
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SUMMARY OF THE INVENTION

(0007} In one ewmbodiment, the invention comprises a countercurrent
chromatography apparatus comprising one or more first surfaces, wherew said first
surface comprises a plorality of spiral channels or grooves to house a tubing. The first
surface optionally contains one or more radial channels. The first surface contains an
inlet or outlet, or access port for tubing, The apparatus may additionally comprise one
or more of the following improvements: (1) one or more curved radial channels, (2)
one or more protrusions in a channel or groove to hold tubing in place, (3) one or
more spaces i which weights may be placed, {4} one or more compression screw
unions that may be held on by snap locks, (5) one or more retainer supports, and (6}
one or more loop structures on the outside of a surface to help gude flow wibmg. The
term “loop” includes other shapes which may be capable of holding tabing on the
outside of the first surface, for example hooks. Radigl channels may be curved at one
or both ends and in any direction. The first surface may also receive an application or
coating of a lubricant, Teflon”™, Parylene or liquid polvethylated glycol, on the top to
protect tbing from abrasion.

(0008} A method for manufacturng a  countercurrent chromatography
apparatus s also provided. In one embodiment the method comprises one or more
first surfaces, wherein said first surface comprises a plurality of spiral channels or
grooves.  The fust surface may be formed using a shape-forming process.  The
preferred method uses a three-dimensional prototyping machine and a matenial that
can be casily molded. Other possible shape-forming processes that could be used
include any type of molding, drilling, machining prototyping, or any combination of
the aforementioned processes. A material that can be easily molded includes, but is
not Himited to one or more of the following: (1) nylon polymer, (2) plastic, (3)
polytetrattuorcethylene (Teflon™y. (4) polyvinyl chloride, (5} polvstyrene, (6)
polyamide PA-220 (7) photopelyvmer, {(8) F ullCare®™ material, {9} Polyjet 3D Printer™
material, (10} monomeric powder, and {11} a particulate or powder comprising a
metal or a metal composite. The three-dimensional prototyping machine may make
use of one or more processes to form a layer comyprising the first surface such as taser

sintering, ultraviolet irradiation, drilling, machining, or prototyping.
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{0009] The method of manufacturing may forther be used to create a first
surface comprising one or more of the followmg improvements: (1) one or more
straight radial channels, (2} one or more curved radial channels, where curved
includes a simuseidal configuration, an S” configuration, a reversed 87
configuration and so on, for example, to facilitate tubing placement and seating, for
example, to avoid bends and crimps in the tubing, {3} one or more inlets or outlets, or
access ports for tubing, (4) one or more spaces or storing means in which weights may
be placed, (§) one or more spaces through which a second surface may be attached,
(0) one or more threads which may be used to attach an opposing surface, (7) one or
more loops to hold tobing, (8) one or more compression screw unions attached by a
snap locks for holding a compression screw union, {9) one or more retainer supports,
and {10} one or more gears, as well as combinations thereof. By combination is
meant having move than one of the 10 types of improvements or having a structure
carrying at legst two of the functions of the mdividual improvement tvpes. The term
“gears” as used herein includes embodiments where one or more gears are {1} divectly
or indirectly attached to one or more surfaces, (2) attached to a ceniral shaft, (3)
included within the bearing block, or {4) any or all combinations of the
aforementioned gear positions. The radial channels miay be curved at one or both
ends and in any divection. Additionally, the method of manufacturing may be used 10
create a first surface contatning a central space through which a shaft may be placed.
The first surface can coraprise walls at the periphery to form a space for accepting
tubing.

(0010} The method of manufacturing, in another embodiment, may be used 1o
create a plurality of lavers which form a second surface which is the top to the first
surface. “Top” includes any surface that acts as a cover, a lid, or any other attachment
to the first surface. The second surface may be formed from the same materials as the
first surface and using a shape-forming process, such as, a three-dimensional
prototyping machine. The three~dimensional prototvping machine may make use of
one or more processes to form the layers comprising the second surface meluding
faser sintering, ultraviolet irradiation, dnilling, machining, injection molding or
prototvping. The method of manufacturing may further be used to create a second

surface comprising one or more of the following: (1) an inlet or an outlet, or an
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access port for tubing, (2) one or more spaces in which weights may be placed, (3)
one or more spaces or means through which said first surface may attach, {4) one or
more threads which may be used to attach to an opposing surface, {8) one or more
toops or hooks to hold tubing, (6} one or more compression screw unions attached by
snap locks, and (7) one or more retainer supports, as well as a combination thereof,
By combination s meant having more than one of the 7 tvpes of items or having a
structure carrving at least two of the functions of the individual types of ftems.
Additionally, the method may be used to create a second surface that attaches to the
first surface by one or more of the following: (1) one or more latches, {2) one or more
bolts, (3} one or more snaps, (4) one or more chips, {5) one or more notches, {(6) one or
mere central spaces through which a shaft may be placed, (7} one or more threads
which may be used to attach an opposing surface, or {8) any known locking
mechantsms. For example, threads enable use of screws to affix the second sarface to
the first surface. The second surface alse can include g means to orient or to affix the
second surface to or on the first surface. An example s a shaped protrusion on one of
said first or second surface, with a void on the other surface into which said shaped
protrosion fits.  Geperally, the planetary gearing means 18 attached directly or
indirectly to an external surface, such as at the second surface, to enable mtegration of
the rotor of imerest imo a CCC device as a design choice.

0011} In another embodiment, a method of performing countercurrent
chromatography to separate substances s provided that employs an apparatus
manufactared by or containing one or more of the aforementioned improvements.
“Substances” as used heretn includes chemical substances, small organic molecules
and biological materials sach asz DNA| polynuclteotides, ohigomicleotides, protem,
polvpeptides, polysaccharides, oligosaccharides, lipids, combinations thereof and so
on.  The method of performing the countercurrent chromatography comprises (1)
providing a test sample and solvent system, {2} routing tubing through an inlet, spiral
and radial channels and an outlet, (3} loading said test sample into said solvent
system, {4} placing said combined test sample and solvent system into the apparatus,
and {3) rotating the apparatus in a centrifoge for a period of time and at a specified
speed.  Any type of flexible tubing may be used mcluding, but not limited to: (1)

Teflon™, (2} fluorinated ethylene propylene, (3) silicone, (4) stainless steel, (5)
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Tygon®, (6) crenetlated, (7) convoluted, {8) any commonty used fexible tubing, or (9)
any tubing that includes a combination of any of the aforementioned materials. The
tubing also can be one which has an irregular or non-uniform tner surface. The
rregulartties can be obtained by using a commercial tubing manufactured in that
manner or by manually manipulating the tubing, such as by crimping the tubing,
bending the tubing, folding the tubing and so on, to form an Introduced imperfection
in the tubing, and particularly by distupting the smooth inner surface of the tubing to
form a pon-untform or uregular inner surface in the tubimng.  The method of
performing the countercurrent chromatography may be done with a second surface to
cover or 1o attach to the first serface. The second surface may have a hole for tubmg
that exits to a central shaft. The method may further include the application or
coating of Teflon™, Hquid polvethylated glycol, or similar material on either the first
or second sarface wherever tubing is likely to encounter any type of fnction or
abragion. The manufactured apparatus may be used i any type of centrifuge, A
preferred type of centrifuge provides for a planetary rotation. In another embodiment,
the countercurrent chromatography may be performed with an apparatus containing
one or more of the following improvements: (1) one or more curved radial channels,
(2) one or more protrusions in the spiral channels of said apparatus to help guide and
seat tubing, {3) one or more retamer supports, and (4) one or more loops on either the
spiral tube support surface or the top to guide and seat tubing. The spiral tube support
nay also reguire one or more weights for balance; the weights can be placed i one or
more spaces m either the first surface, second surface, or both the first and second
surface. The method could alse inveolve routing tubing through one or more loops on
the first or second surface or both.

[0012] The spiral tube support manufactured by the method claimed herein
can be used to separate one or more chemical substances, mcluding biological
materials.  The biological material or chemical substance may be small or large
molecules such as DNA, proteins, or peptides.  The prior art describes the vse of a
polar selvent to punify large molecule compounds. Solvent systems that can be used
include, but are not imited to the following: (1) two-phase agueouns polyethvlene and
salt solutions; (2} two-phase heavy alcohol agueous solutions; (3) PEG (MW 1000)

12.5%- KoHPO 12.8%; or a 111 (v/v) solution of sec-butancl-1% trifluoroacetic acid.
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BRIEF DESCRIPTION OF THE FIGURES

[0013] The followimng description of the figures and the respective drawings
are non-limiting examples that depict vartous embodiments that exernplify the present
invention.

[0014] F1G. 1 1s a cross-section of the improved spiral tubing support.

[0015] FIG. 2A 15 a side view of the assembled rotor with the gear and
bearing blocks on the top and bottom of the spiral tubing support. FIG.2Bisa
bottom view of the spiral tube support,

(00167 FIG. 3 is a close-up view of the spiral tubing support without the top.

100177 FIG. 4A 15 the elution profile for a mixtare of proteins containing
tysozyme and myoglobin that were separated using countercurrent chromatography.
FIG, 4B 15 PAGE analysis of selected fractions from FIG. 4A showing successiul

separation of the two protems.

DETAILED DESCRIPTION OF THE INVENTION

(00181 A detailed description and various embodiments of the present
invention will now be given with reference to the accompanying figures, wherein hike
numerals describe like elements. The present invention offers several advantages and
mprovements over the prior art and obviates the shorticomings of the prior art
Although the present mvention relates primarily to the field of countercurrent
chromatography, the scope of the invention is not limited to such particalar (1}
methodologies, (2) applications, {3} uses, or {4} or apparatus shapes. Description of
specific embodiments of the invennou are mtended to be one of many possible
embodiments of the invention and not intended to be interpreted as lmiting or
restricting the scope of the invention, Unless otherwise defined, scientific terms used
herein have a meaning as would be commonly understood by a person having
ordinary skill in the art. It 1s also understood that plural reference is included, unless
the context clearly dictates otherwise. For example, forms such as “a”, “an” and “the”
are meant to include both the singular and plural as known i the art.

{0019} The subject mvention may be used in various types of centrifuges
including, but not limited to: {1} planetary, (2} fixed angle, (3} swinging bucket, (4)

analvtical, (5) preparative, and {0) haematocrit. The subject invention mav also be
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operated at a variety of temperatures and may be scaled for applications from smalt to
wdustrial.

0020} In one embodiment, the countercurrent clwomatography apparatus is
comprised of a plurality of interweaved spiral channels. In one embodiment, equally
spaced cuts form radial grooves or channels. The number of equally spaced cuts can
uiclude two cuts, three, cuts, four cuts, five cuts and so on. FIG. 1 illustrates a top-
down view of a spiral tubg support apparatus 1 showing a top or inner eatry point 2
for tubing that goes clockwise through the spiral channels, for example, from the
central shaft 4 out. The outer exit point of flow tubing is at 3. This is also visible at
17 in FIG. 2B, at the bottom of the spural tube support 1. In the embodiment shown
heremn, the tubing enters the central shaft 4. Fouwr curved radial channels § are shown;
bat the invention 15 not hmited to specific numaber of radial channels 8. The radial
channels 5 may be curved at one or both ends in accordance with this invention. Prior
art mventions contained straight radial channels 5 which caused crimping of the tubes
and as a consequence, impeded solvent flow, see W0 2009/073746. Tubing could be
rounted in a counterclockwise fashion in accordance with the invention. The spiral
direction from center outwards can be counterclockwise and the radial channels can
have an “S” configuration.

{00211 The embodiment lustrated in FIG. 1 contains a cross-section of the
improved spiral tubing support apparatus 1. Tubing can be routed through the radial
channels § that are cwrved. The curvatare ahigns the tubing to enter the appropriate
spiral channel to form the interweaved spirals of tubing. The spiral tube support 1
contains four interweaved spirals per layer. Tubing can be laid from the bottom of the
frame and can be placed in a counterclockwise direction in the channel. Tabing is
then passed, across the radial channel at 9 o’clock where it i3 guided to fit into the
channel that is one i from the outside. At point 6 o’clock, the tubing crosses the
radial channe! into the channel that i3 to two channels i from the outer
circumference. At point 3 o'clock, the tubing goes into the channel that is three
channpels in from the edge and so on. When the tubing crosses the radial channel near
point 3, the tubing goes mto the channel four rows in from the ouvter edge. This is
repeated around the rotor until the tubing comes to the center and then is routed out

the radial channel 8 located at 9 o'clock to the edge and then follows the channel
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along the edge and at 6 o’clock crosses the next radial channel into the channel one in
from the edge as before until it reaches the center and out the next radial channel §
again. When the tubing has reached the top at the ceuter, it is routed out an access
port to the top and connected to the tubing that goes nto the center shaft,

[0022] The winding of tubing in a rotor of interest can ntilize a radial channel,
if present.  As a rotor may not include a radial channel, tubing winding need not
imvolve use of a radial channel even if present. Also, as taught herein, winding can be
in either the clockwise (CW) or counterclockwise {COWY direction, with a suitably
configured rotor, as tubing direction and rotor rotation direction can be varied to
enable and to maximize separation of a molecuale or entity of interest.

(00231 As the divection of winding of the tubing is optional as a design choice,
those parameters can be used for the separation of mterest. A rotor of interest will
have a suitably carved optional radial channel and with soitably oriented spiral
channels or grooves. The channels or grooves are voids in the first surface which are
configured and shaped to accept and to seat a tubing. Thus, at the center, the tubing
can be guided into a radial channel and extends through the radial channel 1o the
periphery of the first surface. The tubing s routed to the channel at the edge of the
spiral tube support and passes into the channel that 1s one in from the edge. The
tubing is routed into the channel that is two i from the edge and so on. When the
tubing reaches the central shaft region, the tubing is routed through another radial
channel to the outer edge and follows the spiral chamels across the radial channel
curving mward to the center inner entry arvea and out another radial chanpel until it
reaches a final channel along the outer entry point area glong the edge from wluch the
tubing s routed throagh spiral channels until o reaches the center shaft area. The
tubing passes through an exit or an access port in the cover where it s connected to
flow tubing, for example, at a compression screw union {see, for example, FIGS. 24
and 2B where a compression screw union is depicted as seated in a snap lock means).
The tubing enters the spiral tube support shaft (for example, as shown in FIGS. 1, 2A
and 2B), and together with the tubing from the other entry from the spiral tube support
can exit and enter the central axis shatt.

(0024} In general, the tubing is oriented in the spiral path that skips every

three channels and returns to the outer region. The tubing in the radial channels may
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be pressed mto a walled first surface space to accept plural layers of spirally ortented
tubing, that is, to it more layers i the frame. The flow of solvent is through the
tubing and the lower or heavier phase of a two-phase solvent system are introduced
from the inner entrv point.  Alternatively, the upper or lighter phase of a two-phase
solvent system can be pumped via the outer eatry point with the appropriate
orientation of the spiraling on the rotor, and hence, the tubing, and the appropriate
direction of rotation by the centrifuge .

{00251 Hence, a single tubing can be configured to form a series of
interweaved spirals.  For the purposes of the mmvention, inerweaved is considered
synonymous with mterfeaved, and also Is svnonymous with having a sertes of spirals
w1 register or where a series of spirals 1s nested. The rotor contains two access points
for ingress and egress of the tubing from the rotor of interest, Moreover, to enbance
the flow path, the instant rotor enables a stacking of lavers of inmterweaved spiral
tavers, Hence, a rotor can contain two lavers, three layers, four layers, five lavers, six
fayers, seven layers, eight layers, nine layers, ten layers, eleven lavers, twelve layers,
thirteen layers, fourteen layers, fifteen lavers and so on of interweaved, nested spirals
of tubmg. The tebing can be wound from the bottom 1 a counterclockwise direction.
The individual lavers of interweaved spirals can be set or packed into the rotor body
using a dedicated pressing tool with one or a plurality of rigid portions or projections
that are shaped to fit into a radial channel, into a spiral channel or both.

{00261 At the periphery of the apparates shown in FIG. 1, a series of holes 6
are shown. One or more the holes 6 may serve as a place for weights {o help balance
the spiral tube support 1. The tenn “weight” as used herein refers to any object with
mass. Alternatively, one or more of the holes & may be used to attach a top 8 {see
F1G. 2A) to the spiral tube support 1, for example, with a threaded hole 7 and a
screw. The holes 6 need not be in a circular or cylindrical shape nor must they be
located at or near the periphery of the device.

(00271 FIG. 2A shows a side view of the assembled spiral tube support or
rotor 9 with the support 1 and a corresponding top 8. The top 8 is beneath a gear 1
and bearmg block 11 for integration nto a CCC apparatus and to generate planetary
rotation. One or more gears 10 and one or more bearing blocks 11 can be varied m

shape or position from those shown in FIG, 2A. The top 8 contains a hole near the

10
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center through which wbimg passes to loops 15 on the surface of the top 8 and
attaches to flow tubing that enters the central shaft 4 of F1G. 1. Sumilar to the tube
support 1, the top 8 contams one ov more holes 13 that can be circular i shape. One
or more of the holes 13 may serve as a place for weights to belp balance the
assembled spiral tube support 9. Alternatively, one or more of the holes 13 may be
used to attach the top 8 to the spiral tube support I, for example, with a screw 14, The
holes 13 nead not be in a circular or cylindrical shape nor must they be located at or
near the periphery of the device. Likewise, the holes 6 and 13 may align with each
other for the placement of weights and for attachment means. The top 8 may be
aitached to the spiral tube support 1 by a variety of means including, but not limited
to, one or more of the following: (1} one or more latches, (2} one or more bolts, (3}
ong or more snaps, {(4) one or more chips, (3} one or more noiches or other
interlocking means 28, (6) one or more central spaces through which a shaft may be
placed, {7} one or more threads which may be used to attach an opposing surface, or
{8} any known locking mechanisms, as well as combinations thereof, wherein a
combination includes having more than one of the eight tvpes or a form which
combines two or more functions. For example, a screw can be used as the attachment
means. The top 8 may also contain threads which screw into the spiral tube support 1
as another means of attachment. Likewise the same variety of means of attachment
may apply to attaching the spiral tube support 1 to the top 8. As shown in Fig. 2B, the
tube support also includes a tubing access port, 17,

(0028} Another improvement over the prior art i3 the inclusion of one or more
toops 15 and one or more retainer supports 16 shown in FIGS, 2A and 2B on the
spiral tube sapport ¥ and the top 8. The loops 15 may hold flow tubing. Both the
foop 15 and the retainer support 16 may be spaced around the lower surface of the
spiral tube support 1, the upper surface of the top 8 or both the spiral tube support 1
and the top 8. It is not necessary to have the loops 15 directly attached to the retainer
supports 16, One could also use a shape other than a loop 15 to hold the flow tubing
w1 a manner consistent with this invention. The retainer support 16 m the present
embodiment appears in the shape of a wedge whereby the narrowest part of the wedge
i3 oriented toward the periphery of the spiral tube suppost 1, the top 8, or both and the

widest part of the wedge is oriented toward the center of the spiral tube support 1, the

11
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top 8, or both. Both the shape and spacing of the retainer support 16 mayv be altered
from the present form in accordance with this invention. The ability to repesition the
loops 15 is an improvement over the prior art by allowing one to: (1) avoid crimping
the tubing, (2) avoid sharp edges that could abrade tubing, {3} avoid moving parts,
and {4} have easier access when the assembled spiral tube support 9 is in the
centrifuge. The advantage of the retainer support 16 i3 to add strength to the spiral
tube support 1 and top 8 without adding mach weight to either surface.

00291 FIGS. 2A and 2B illustrate another improvement of a spiral tube
support 1 and a top 8 wherein one or more compression screw unions are present,
The compression screw union can be attached to the spiral tube support T and the top
8 by a snap lock 18, The purpose of this modification Is to connect the internal tubing
which is present in the spiral tube support T with flow tubing that has a different inner
diameter. The flow twebing exits the spiral tube sapport 1 and goes throogh the shaft
and out the bottom of the assembled spiral tube support gpparatus 9 1o the central
solar axis shaft,

[0030] In another embodiment, shown in FIG. 3, small protrusions 19 have
been added to the surface of a spiral tube support 1 within the chaanels or grooves
used m countercurrent chromatography. In prior inventions, the lack of such
protrusions 19 hindeved the routing or winding of tubing in the spiral tube support L
The present invention restricts the general movement of twbing in or out of the spiral
grooves, making the process of routing tubing through a spival tube support 1 much
easier and faster compared to the prior art.

(00317 In another embodiment, the assembled spival tube support 9 1
designed using a computer-assisted design {CAD) algonithm. The use of CAD 1o
design the assembled spiral tube support 9 is not necessary for the purposes of this
embodiment; but represents a convenient means of producing a design in accordance
with the mvention. A CAD-based design 1s advantageous over the prior art in that
design changes can be accommodated. For example, the width of the spiral tubing
can be varied to accommodate a tubing of a particular diameter. The width of each
spiral channel can be between 0.5 mm and 10 mm, between 1 mm and 9 mm, between
2 and 8 mum, between 3 mun and 7 mum, between 4 mm andd 6 mm, § mm, 2.5 mm,

3

35 mm amndd so on. The radial channels can have the same dimensions. The
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mvention as exemplified in FHGS, 2A and 2B is covlindrical in shape with an
approximate diameter of 17.5 om and a height of approximately 7.3 em. The shape
and dimensions can be varied to acconumnodate any centrifuge type. The spiral tube
support 1 comprises spiraling walls of the channels or groves, and radial channels 8
that come to the center and that may or may not be curved at one or both ends as
thustrated in FIG. 1.

00321 Fig. 1 depicts four curved radial channels 5. However, the tube
support 1 can be manufactured with one or more straight or curved radial channels 8.
Each radial channel 5 can have a width between 0.5 mm and 10 mun, between | mm
and 7 mum, between 2 mm and 5 mm, between 3 mm and 4 mm, for example, or
suitable scaled for separation involving larger volumes. The spiral chanpels or
grooves can have the same size dimensions, which as mentioned, can be varied as a
design choice depending on the scale of separation.  Thus, the spiral channels and
optional radial channels can exceed the sizes noted above to enable separation of
farger volumes. Hence, the channels can be sized in centimeters, decimeters, inches
and so on. It is also conceivable that a spiral tube support 1 could be constructed
without a top 8. A preferred embodiment also contains small protrusions 19 on the
surface of the spiral tube support T in the spiral channels to help with routing tubing.

{0033] The spiral tube support ¥ and the top 8 can be formed from a vanety of
materials mmcluding, but not limited to, one or more of the following: (1} aylon
polymer, (2) plastic, (3) polytetrafinoroethylene {Teflon™), (4) polyvinyl chioride, (3)
polystyrene, (6) polvamide PA-220, (7) photopolvmer, (8) FullCure™ material, (9)
Polyiet 3D Printer™ matertal, (10) monomeric powder, aud (11) a particulate
comprising a metal or a metal composite. The aforementioned materials can be used
to create @ hard surface, To create a flexible structure a material such as Tango Black
which is provided by Polyjet 3D Printer™ may be used. The advantages of using an
easily formed material are that a spiral tube support T or top 8 may be quickly and
cheaply made and design changes can be easily accommodated. The prior art teaches
the construction of spiral tube supports by dridling the spirals out of metal which is
substantially more laborious to manufacture than the present invention. The present

method of manufacturing the assembled countercurrent chromatography apparatus 9
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encompasses the possibility that metal becomes amenable for use In a rapid
prototyping machine as described next.

0034} In one embodiment, the material used in the design is formed using a
three-dimensional prototyping machine. The three-dunensional prototvping machine
can use a variety of processes to form the tube support 1 or top 8 such as a laser
sintering or ultraviolet uradiation. A person having ordinary skill in the art would
appreciate that the spiral wbe support 1 or top 8 may be formed in accordance with
the mvention using a process other than laser simering or ultraviolet wradiation.
Examples of a machine that can be used to form the material for the design of the
spiral support include, but are pot limited to a Sinterstation 2300 plas, Objet
Geometrics, Inc. Eden300V, ar an EOS Precision.

100351 Another improvement over the prior art 1s that the manufactured spiral
tubing sapport 1 is compatible with any koown {lexible tubing incluading, but not
timited to: (1) Teflon™, {2} fluorinated ethvlene propylene, (3) silicone, (4) stainless
steel, (33 Tygon™, (6) crenellated, (7) convoluted, (8) any commonly used flexible
tubing, or (9) anv tubing that includes a combination of any of the aforementioned
materials. The tubing can also be manually or mechanically pressed in cross-presses
or twisted. Because the device may accominodate a variety of channel sizes, tubmng
may have any virtually any diameter. In the past, it has been difficult to wind wbing
into the spiral channels of a countercurrent chromatography apparatus.  The same
method of manufacturing the spiral tube support 1 and top 8 may be used to create a
tool which can m twn be used to guide or push down tubing mnto the radial channels §.
This flattening out of the tubing allows more layers of tubing which can provide for
greater separation of a test sample.  Addiionally, such a configeration disrupts
faminar flow of the solvent.

0036} The manufactured apparatus or a prior  art  countercurrent
chromatography apparatus with the improvements described herein may be used to
separate one or more biological materials and chemical substances. Biological
material includes large molecules such as DNA, a polynucleotide, an eligonucleotide,
a protein, a polypeptide, an ohigopeptides, a polysaccharide, an oligosascchande, a
lipid, combinations thereof and so on. Whereas the prior art has been largely lunited

to small molecules, the present assembled spiral tube support 9 is capable of
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separating or purifying both small and large sized molecules.  The invention is
capable of holding specialized solvent systems, such as two-phase aqueous
polvethvlene and salt solutions as well as two-phase heavy alcohol aquecus solutions,
which can purify large biological materials.

[0037] The CCC device and the instant rotor configured for use therein are
readidy amenable to scaling to accommeodate separation of large volumes of lguid
medium, such as a cell lysate or spent culture medium for molecules contained
therein, such as polypeptides, oligopeptides, polvnucleotides, oligonucleotides,
polysaccharides, oligosaccharides, lipids, combinations thereof and so on.

10038} Use of a rotor of interest 1s as known in the chromatography art as a
rotor of interest can be configured for use in any chromatography device. Hence, a
rotor of interest 18 loaded with tubing connected to suitable reservows or baffers,
solvents and the like to provide stationary and mobile phases, and place in a
chromatography apparatus, such as, g cemtrifuge, such as a planctary centrifuge,
Sample is applied via the tubing and the centrifuge fun to provide the appropriate
rotation of the rotor. Fractions are collected for further processing andfor analysis.
The statiopary phase can be displaced from the tebing by known means of flushing,
such as, using a buffer, a solvent or a gas.

[0039] The invention now will be exemplified n the following non-hmiting

examples.

EXAMPLES

(00407 Prior work using a spiral tube support apparatus in separations of small
motecules and peptides ehucidated the means of use or elution modes for each mobile
phase. Tubing wound in a clockwise direction from the center or top can result in the
stationary phase being retamed in the conditions summarized in Table 1. The
non-polar solvent systems used primarily for small molecules have different
stationary phase retentions for the elution modes becanse of different hydrodynamic
properties. Thus, the method of use of the subject spiral tube support apparatus is
different with respect to polar solvent systems which have heretofore been difficalt to
use 1 courtercurrent chromatograpby. The top of the spiral tube support can be the

inner terminal into which the lower phase is introduced and the bottom of the spiral
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tube support can be the outer terminal mto which the upper phase is pumped when
used as the mobile phase. The inner terminal is the head when the rotation is
clockwise or in the same direction as the winding direction of the spiral.  The outer
ternunal is the tail under these conditions. The head and tail ends are reversed when
the rotation is counterclockwise. The inner terminal becomes the tail when the
rotation is counterclockwise. There can be high retention of the stationary phase under
those conditions. The same shution modes can be nsed with the two-phase agueous
solvent systems (“TPAS™), such as polyethylene glycol/phosphate solutions. Table 2
Hets the results of using those solvent systems with the high stationary phase
retentions obtained for protein separation.

[3041] Operating parameters for the solvent systems used in exemplified
experiments to purify proteins and fractionate lysates are shown below., The
compositions of the TPAS can be modified to contain different MW polyethylene
glycol (“PEG™) and the salts can be of differing pH. Other additions, such as high
MW dextrans may be added as well. Trifluoroacetic acid {TFA) can be used. The
fast solvent system listed in Table 2 uses a heavy alcohol n-butanol with a moderate
concentration of aqueous phosphate bufer in the elution mode with the agueous phase
mobile to isolate proteins from lysates. Those conditions will not denatwre the
proteins.  Other heavy alcohols such as sec-butanol and other salts, such as NaCl,

ammonium acetate, etc. can be used.

EXAMPLE 1

[0042] The spiral tube support frame was built by the laser sintering teclmique
using a Sinterstation 2300 plus rapid prototyping machine that performed the process
of 3-D (dimensional) printing, The rapid prototyping machine formed the 3-D shapes
of the spival tube support and top designed by CADL  That was done by laser
hardening of a monomeric powder, EOS Precision polyamide PA220. One and also
three spiral tube support apparatuses were formed at the same time in the printer. The
powder is lavered in the chamber and a laser moves over the swiace in the
programmed pattern hardening the shape as it hits the surface. Then another layer of
powder i applied with a spreader. Heoce, multiple layers comprise the support 1 and

top § when made as provided herein. The shape is built up from the bottom. When
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the form is complete, it 1s Iifted out and washed with water to remove loose powder.
The resulting hard white nylon composite rotor is stained or colored with a chemical
reststant paint. The top was preparved using the same method of manufacturing as the
spiral tube support and in addition a coating of Teflon® was applied to the underside
of the top to prevent abrasion of the rubing in the assembled apparatus. A pressing
too! was made by the same laser sintering process. This consists of a 15 cm diameter
disk with a 2 em center hole that fits over the shaft with four curved § cm extensions
that it into the radial grooves of the spiral tube support apparatus. Tubing, FEP SW
#14 (Zeus Co.) 1.6 mmy 1D, 2.4 nun 0D, was wound in the spiral tube support from
the bottom and after every three layers, the tubing was pressed with the pressing tool
with moderate pressure and held with clamps for 15 mun. After that process, about 10
fayers of the tubing fit 1o give a total voluome of 135 ml capacity. The tubing m the
assembled spiral tube support apparatus was filled with water. The apparatus was
suspended by tubing from g screw inserted into the center shaft and weights were
added to level the rotor. The weights are short metal bars (approx 2 cm long) inserted
into the holes around the perimeter of the rotor and held in place with epoxy glue.
The tebing from mside the rotor was connected to two pieces of flow tubing with
nuts, ferrules and a union owtside the bottom and on the cover to 0.8 mm ID, 1.6 mm
OD PTPE flow tubing that went through the center axis shaft to the top of the
planetary centrifuge and was clamped. The inflow tubing was connected to a sample
loop which was connected to a solvent purap and the outflow tubing was connected to
a fraction collector.

00431 A 73 cm high and 175 cm OD spiral twbe support and cover
{dimensions without the gear} was construcled, placed and used in a Centrichrom
planetary centrifuge and ancther rotor of the same size was used in a P.C. Inc.
planetary centrifuge. The examples of experiments described herem were performed
with this rotor in the Centrichrom mstrument. The rotor in the centrifuge 1s balanced
with a shaft opposite with weights. Additionally, a set of three rotors (104 cm high
and 10.& om OD) were mounted in series on three separate planetary shafts with
interconnected flow tubing in a Pharma-Tech Research Corporation planetary
centrifuge and utilized m experiments. Finally, two rotors were built and mounted on

a single shaft with tubing connected by a union. These rotors of dimensions 9 cm
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deep and 17 cm OD were batlt to mount in an instrument made by Shimadmu

Corporation.

EXAMPLE 2

[0044] This example itlustrates the vse of the spiral rube support to separate
three peptides shown i Table 3. The 20-mer has a sequence identical to that of the
18-mer except that there is an additional W residue, and an H residue is substitute
with an A i the 20-mer. The peptides were separated in the solvent system
composed of a 11 {v/v) solution of sec-butanol-19% triflucroacetic acid (“TFA™) in
water with the lower aqueous phase as the mobile phase. Approximately 10 mg of
each peptide was separated at a flow rate of 1 ml/min. Fractions were collected at two
nunute wtervals and the elution profile for each peptide was determmned by HPLC and
absorption spectrophotometry.

[0045] Initial studies of the spiral tube support apparatus must be made to
measure the stationary phase retention of the solvent systems to be used for peptides
and proteins under the operating conditions. The heavy phase and light phase of a
solvent system are retained differently depending on the direction of centrifugation,
and the divection the tubing was wound i the spual tube support. Generally, the most
retention of the stationary phase is achieved when the beavier phase i3 introduced
through the mner inlet (head-to-tail} and the lighter phase is pumped into the outer
terminal (tail-to-head). Under these settings, the lighter phase is used as the mobile
phase and the spiral tube support is rotated m a counterclockwise direction. The
stationary phase retention is measured for eacl plase used as a mobile phase. This s
done by following: (1) filhng the coil with the stationary phase, {2} beginning the
rotation of the spiral tube support apparatus, and (3) pumping the mobile phase
through. The volume that comes off the apparatus between the start of rotation and
the time at which solvent front comes threugh represents the excluded volume, Vi,
after the establishment of the equulibriom.  Subtracting Vy, from the total cohuimn
volume, V., vields the stationary phase volume, Vo The phase retention is the ratio
of the stationary phase volume to the total volume, V'V, While the elution of
mobile phase occurs, there is an increase i back-pressure. The back-presswre is

dependent on the interfacial tension of the solvent system.
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100461 A determination of the partition coefficient, K, s made by dissolving a
small sample into a solvent system, shaking the mixture, and measuring the
concentration of the sample i both phases after separation of the phases. That
provides the ratio of concentration in the upper to lower phase (Co/(3). The phase
chosen as the mobile phase is that giving a partition coefficient of 1 to 2. The
efficiency of a separation will be determined by use of the conventional gas

2

chromatographic equation: N = (4R/W)Y. The theoretical plates or N is calculated
from the shape of the peaks. R is the retention time or volume of the peak maximom
and W i3 the peak width expressed in the same units as R, For preparative
separations, the values of N may be up to 1000, bot the more important relationship is
resolution. Resolution between adjacent peaks is given by Re=2(Vy s Vi (W)
+ Wy o Using that equation and substituting each solute retention volumme by the
following: Vi =V + KV The Vy, term cancels giving: Reo= 2{Kp - KV A {W +
Wi )

(30471 The resolution 1s proportional to the V. and the difference between K's.
From the high V. typical of countercurrent chromatography, high resolution is
possible with N<1000. The resolution 1s measured in tsocratic elution {(no gradient)
which is the case i countercurrent chromatography and can be adjusted by
composition of the solvent system.

[0048] Typically, the sample is dissolved in a small volume (not more than
1/10 the total volume of the coil} of both phases and loaded onto the coil already filled
with the stationary phase. The centrifugation s begun and the mobile phase is
pumped at, for example, 2 ml/min, The effluent can be passed through a UV detector
with the direction apwards through the flow cell for a mobile lower phase and
downwards for a mobile upper phase to clear phase droplets. The chromatography is
altowed to proceed for two to three column volumes during which time fractions are
collected. When the rotation is stopped, the contents are pumped or pushed out with
nitrogen or helium pressure and fractions continue to be collected. I desired, for very
slow eluting compounds, the mobile phase can be changed by altering the entry of the
other mobile phase and allowing the compounds to elute throngh the other phase as a
stationary phase. Between runs, the coil of tubing can be cleaned by: (1) rmsing with

water, {2} ninsing with acetone, and (3) drying the coil with a nitrogen stream.
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Collected fractions can be analyzed by protein assay on aliquots of the fractions to
determine the elution profile of the protein or peptide of interest. Proteins or peptides
could also be identified by performing mass spectrophometry on the collected
fractions. The fractions containing the pure compound, as analyzed by HPLC or
PAGE, can be pooled and dried.

30491 As stated earlier, K is defined as (/ €. For each pepuide shown in
Table 3, the experimemal K (K.} was calculated by dividing the concentration in the
stationary phase (C,) by the concentration in the mobile phase (C.). The three
peptides eluted in the order expected and the expected K and K. values were
refatively well correlated.

[0050] The peptides eluted as expected from their respective K values
{Table 3). The data demonstrate the spival tube support rotor closely approximates the
theoretical prediction and that relatively large-sized molecules can be effectively

separated using the new rotor,

EXAMPLE R

{0051] This example illustrates the ability of a plastic spiral tebe support,
constructed using three~-dimensional printing and laser sintering, to separate a mixture
of small molecules (defined as molecules with a MW << 300}, The small molecule
compounds aspirin, salicylic acid, salicin, and naringenin were loaded in the solvent
system composed of a 1:1 {v/v) solution of sec-hatanal-1% TFA tn water. The loaded
nuxture was then centrifuged at 800 rpm in the spiral tube support with a flow rate of
{mdfmin, Fractions were collected at two nunute mtervals untit 50 fractions bad been
collected. Afler the 30™ fraction had been collected, the contents were extruded.

(0052} All four of the small molecules were separated and only aspirin and
naringenin partially overlapped in thew elution.  The elution order matches the
anticipated order based on the K wvalues of the molecules. The stationary phase
retention was 69%, which is high. The data demonstrate the utiity of the moproved
spiral tube support mn separating small molecules. The design can be easily scaled up

for industrial process or scaled down for analvtical application to mass spectrometry.

20



WO 2010/059715 PCT/US2009/064976

EXAMPLE 4

[3033] The apparatus of interest can be used to separate proteins or other large
molecules. Ia this example, the spiral tube support was made as described above and
used to purtfy mouse vteroglobin, Mouse uteroglobin has 8 MW of 70 kDa and
normally exists as a dimer; but, in solution, a monomeric form of the protein can also
accumulate. A separation was made in the spiral tube support to separate uvteroglobin
monomers from uteroglobin dimers. This was done by measuring the K value using
HPLC and then separating the protein using countercurrent chromatography with the
spiral tube support apparatus. PAGE analysis demonstrated successful separation of
the protem monomers and dimers and a quantitative method of HPLU was emploved
to measure the respective K values. The heights of the peaks representing the
nonomer at 31.5 min. and dimer at 32.8 min. HPLC retention time, respectively, were
measured and the ratios give different values for the concentration 1 the upper phase
over that of the lower phase.  The two protein peaks calculated to K values of 4.0 and
6.9 m PEG (1006} 12 5%-KoHPO; 12.5%. The different K values mean that the two
species could be separated with one or the other phase mobile. Since the numernic
vahie is over two, the analyvte would remain in the coil a long time, oltimately being
eluted in approximately four to seven column vohlupes. Consequently, a run was
performed for two column volumes and then the contems of the column were
extruded and analyzed.

{00541 The lower {mobile) phase showed the appearance of the protein in the
expected volume and a veolume of selected fractions collected from the experiment
were exanuned by PAGE. PAGE showed the separation of the nteroglobin monomers
and dimers, thus demonstrating the apparates and method of usig the apparatus were
successful in separating large biological material such as proteins. A PAGE run of the
starting material showed the presence of the mouse uteroglobin monomers and duners

running at approxunately S kDa and 14.53 kDa, respectively.

EXAMPLES
(0055] This example further demonstrates the ability of the improved
apparatus and methods of using said apparatus to separate large molecules. In this

example, 31 mg lysozyvme (14.4 kDay and 24 mg myoglobin (17.7 kDa) were mixed
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and separated using the countercurrent chromatography apparatus and methods of use
as elaimed. A pon-denaturing two-phase aqueous sebvent system consisting of 12.5%
PEG (MW 1000):12.5% K ;HPO, provides for a polyethylene-rich upper phase and
phosphate butfer-rich lower phase. The lower phase was used as the mobile phase at
a flow rate of 1| ml/imin. UV detection showed the elution of the solvent fromt at
approximately 40 ml, indicating a stationary phase retention of 70%, followed by the
two protein peaks that were baseline separated. FIG. 4A is a graph of the UV
absorption {identified as voltage in the graph) for this particular experiment. FIG. 4B
i3 PAGE analysis of the 100 minute peak (see fanes 3-5) and the 200 minute peak {(see
tanes 7-9).  Lanes 10 and 11 are controls showmg just lysozyme or myoglobm
respectively. The data demonstrate the versatility of the countercurrent
chromatography apparatus and method of use in purifving a mixture of large
hiological materials. The K values for myoglobin and lvsozyme were 038 and 1.35

respectively and that corresponded to the order of elution,

EXAMPLE 6

{0056] Another advantage of the countercurrent chromatography method and
apparatus described herein is the ability to use a variety of solvent systems to separate
a plurabity of chemical or biological materials.  In this example, the method and
apparatus are used to separate proteins from crude lysate. Prior art inventions
reguired other preparvatory steps after cell lysis 1o perform the countercurrent
chromatography (for example, centrifugation). A fusion protein expressed o E. col
was isolated after cell lysis, and no other chromatography or preparatory step, using
the claimed spiral tube sopport apparatus and methods of use. A PEG solvent system
as described i prior examples was used.  The target fusion protein was separated
from the bulk of host cell protemns and other cell debris and was sufficiently purified
that it could be digested with a specific protease to release the target protein from the
fusion protein. The digested fusion protein or peptide again was purified using the
apparatus i an appropriate solvent system to separate the fusion tag from the protein

product, starting fusion protein, and the protease.
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EXAMPLE 7

00537} This example further illustrates the separation of a fusion protem,
Tosyn 2-Tnsulin A, from crude lysate. Bacteria with the Tosyn 2-Insulin A fusion
protein were grown i 4 L of SuperBroth. The pelleted bacterial cells weighed 87 g
and were suspended in 435 ml of 20 mM NaHPO,, 0.5 M NaCl, pH 7.2, The
suspension was run twice through an Avestn Emulsiflex-C35 homogenizer at
10-15 Kpsi. The solution was centrifuged at 19,000 x g for 30 min. at 4°C. Some of
the supernatant was stored at -20°C for {ater analysis. The target fusion protein has a
MW of approximatety 10 kDa.

0038] The solvent system for spual countercurrent chromatography was
prepared by combining the following: 75 g PEG 1000, 75 g K;KPOy, and 450 g water
ina ! L Erlenmever flask (12.5% PEG:12.5% salt solvent system). The solution was
stivred ontil the chemicals had completely dissolved.  The soletion then was
transferred to a 500 ml glass separatory funnel where the solution was separated into
approximately 240 mi of the upper phase and 300 mi of the lower phase. The crude
tvsate contaiming Tosvn 2-Insulin A was prepared by combining 9 ¢ of thawed lysate
{from the aforementioned homogenization), 1.5 g PEG 1000, and 1.5 ¢ K KPQy
After the chemicals had dissolved, the sample was centrifuged at 1000 x g for § min.
The clear part of the upper phase and clear part of the lower phase were combined
into the sample loop for injection into the spiral tube support apparatus.  The dark
precipitate was left behind. The 12.5% PEG:12.5% salt solvent system serves to
remove a suhstantial amount of cell debris and host cell protem and DNA.

(00591 The spiral tobe support apparates was placed i a planetary cenirifuge
and the tebing filled with the upper phase. To begin, the sample was centrifoged at
830 rpm, the flow started at | ml/min and the sample injected wto the flow line. The
lower phase was eluted into the mper termmal with counterclockwise rotation.
Fractions were collected every two munutes. The solvent front or excluded upper
phase from the spiral tube support apparatos came out at 44.5 ml or fraction 20,
Stationary phase retention m the run was 67%. At fraction 161, centrifugation was
stopped. The contents remaining in the spiral tube support apparatus were pushed out

with helin pressure and the fractions were collected.
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0060 Based on the peaks measured by absorption spectrophotometry, certain
fractions were subjected to HPLC and PAGE analvsis. According to PAGE, fraction
30 had many bands of lower MW and fractions 181 and 182 had wany higher MW
protein bands, including the 10 kia target protein which appeared to be the smallest
protein.  The earlier fractions 177 1o 174 had smaller amoonts of proteins. The
Tosyn 2-Insulin A fusion protemn was separated from many proteins in the first large
peak. By PAGE, the quantity of the late eluting protein appeared higher than the
protein from the first eluting fraction even though the UV peak was higher.

00617 In the separation above, the target protein was highly retained in the
spiral tube support apparatus, 50 1t was decided to elute in the reverse mode to observe
if the protein would be better resolved.  The same solvent system and same sample
were prepared, but the sparal tube support apparatus was filled with the lower phase.
The centrifogation was started and flow of the upper phase began. The upper phase
was pumped inte the outer terminal and the rotation was counterclockwise. The
solvent front emerged at fraction 31 for a stationary phase retention of 39%. The
protein that was retained in the other run was eluted after the solvent front and spread
out m two major peaks. A very hugh UV absorbing fraction was at the end. PAGE
showed the target protein present in the fraction 353 with other proteins and fractions
40, 50, and 53 also showed the presence of the protein in lower concentrations.

[0062] To observe the effect that higher MW PEG in the solvent system has
on the separation, the same procedure as above was followed except that the solvent
system and sample were made with higher MW PEG (MW 3350). The solvent front
came out at fraction 39 with an excluded volwwe of 67 mi for a stationary phase
retention of 30%. PAGE showed that the target protein was present at a significantly
higher concentration than the higher MW proteins i fraction 44 (and as compared to
fractions 32, 56, and 112). Fractions 32 to 56 had the target protein and only one
other significant protein. Fraction 112 had many different proteins and was removed
from the target protein. This result seemed to remove more impurities from the fusion
prote.

10063} In summary, the tools of polymeric solvent systems can be varied by
(1} composition with respect to MW of the polyiner, (2} the pH of the aqueous salt,

and {3) other inclusions that can be added to optimize the partition coefficient of a
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entity one seeks to porify. The solvent system can be applied in upper phase or fower

phase mobile to maxumally separate impurities.

versatile method to wsolate and purify entities, such as, macromolecules,

hiomolecules.

Table |

The mstant invention i3 therefore a

such asg,

Measurement of Sy in spiral tube support apparatus (PC, Inc. type) with 1% TFA/sec-
butanol solvent system

Elution mode

% stationary phase

Direction of rotation

Flow at lmb/mun, 800 tpm | retention

Li-T (T 1o H) 73.6% CCW
L~i-H (HioT) 58.6% CW
-o0-H 64 8%% CCW
U-o-T 55.7% CW

Lower phase inner terminal bead (UL-+-HT), lower phase inper teeminal tail (“L--T7),
uppu phd’ie outer terminal head (“U-o-H7) and upper phase outer terminal tait ("U-o-

-

CCW counterclockywise rotation.

“and “T7 refer to head and tail respectively. CW refers to clockwise and

Table 2

Solvent system composition Elution %o stationary

Flow at Iml/‘min, 300 rpm Maode phase retention

TPAS—12.5% PEG (MW=1000}:12.5% K;HPO, all LT 70.5%

by weight m water U 39 3%

TPAS—12.5% PEG (MW==3350):12.5% K HPO, LT 72%
U-o-H 48 9%

TPAS—-16% PEG (MW=8000).6.25% LT 80%

KaHPO4:6.25% KHPO,, Flow at 0.5 mlimin

n-butanol0. 1M KoHPOy, KHAPO, (101 L-i-H 70%

Fable 3

(D Peptide Sequence K= (0/Cr | Vol atstartol | Ko
No. efution iCo

GR77 1 8-mer 0.29 48ml Q.33
7131 20-mer 3.0} 104mi 1.22

507 d-mer 24 j6dmd 247
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3064} AH references cited herein are herein incorporated by reference in

entirety.
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We claim:

i, A countercurrent chromatography apparatus comprising:
1} one or more first surfaces, wherein said first surface comprises
a plorality of interweaved spiral channels;
2} one or more tubing access ports; and

3) optionally, one or more radial chanoels.

=

The apparatus of claim 1 wherein said radial channels are curved,

Lt

The apparatus of claim 1 wheremn said apparatus further comprises one or

more protrusions to hold tubing in place n said spiral chamnels.

4. The apparatus of claim 1 wherein said apparatus further comprises one or

more spaces i which weights may be placed.

5. The apparatus of claim I wheren said apparatos further comprises one or

more snap locks for holding a compression screw union.

6. The apparatus of claim § wherein said apparatus further comprises one or

THOTE CONPression SCrew unions.

7. The apparawus of claim 1 wherein said apparatus further comprises one or

more loops to hold tubing.

8. The apparatus of claim 1 wherein said apparatus further comprises one or

more retayier supports.

8. The apparatus of claim 1 wheremn said apparatus further comprises a second

surface, wherein said second swrface is 8 top to said Hirst surface.
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10,

i

4.

The apparatus of claim 9 wherein said second surface further comprises one or

more tubing access ports.

The apparatus of claim 9 wherein said second surface further comprises one or

more spaces in which weights may be placed.

. The apparatus of ¢claim 9 wherein said first surface attaches to said second

surface by one or more locking mechanisms.

. The apparatus of claim 9 wherein said second surface further comprises one or

more loops to hold tubing.

The apparatus of claim 9 wherein said second surface further comprises one or

more saap locks for holding a compression screw wion.

. The apparatus of ¢claim 9 wherein said second surface further comprises one or

more retainer sSUPports.

. A method for manafacturing a countercurrent chromatography apparatus

comprising forming a first surface which comprises a plurality of interweaved
spiral channels; one or wore tubing access ports, and optionally, a radial

channel.

. The method of clanm 16 whereln said first surface is formed from one or more

materials selected from the group consisting of a nvlon polvmer, a plastic, a
polytetrafivoroethylene (Teflon™), a polyvinyl chioride, a polystyrene, a
polyamide PA-220, a photopolymer, a FullCure® material, a Polyjet 3D
Printer” material, a monomeric powder, and a particulate comprising a metal

or a metal composite.
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2
b

B2
Lsa

. The method of claim 16 wherein said forming is a process selected from the

group consisting of laser sintering, vitravielet irradiation, molding,

prototyping, drithing and machinng.

The method of clatm 16 wherein said radial channel is curved.

0. The method of claim 16 wherein said first surface further comprises a space in

which weights may be placed, a loop to hold tubing, a retainer support, a snap

lock or a combination thereof

. The method of claim 16 wherein said apparatus further comprises forming a

second surface, wherein said second surface 18 a top to said Hrst surface.

. The method of claim 21 wherein said second surface 18 formed from one or

more materials selected from the group consisting of a nvlon polvmer, a
plastic, a polytetrafluoraethylene (Teflon™), a polyvinyl chioride, a
polysiyrene, a polyamide PA-220, a photopolymer, a FallCure™ material, a
Polyjet 31 Printer”™ material, a monomeric powder and a particulate

comprising a metal or a metal composite.

. The method of claim 21 wherein said formung processes is selected form the

group consisting of faser sintering, ultraviolet irradiation, molding,

prototyping, deitling and machining,

4. The method of claim 21 wherein said second surface further comprises a

tubing access port, a space in which weights may be placed, a locking
mechanism for attaching said second surface to said first surface or

combinations thereof

. The method of claim 24 wherein said locking mechanism 1s selected from the

group consisting of a lateh, a bolt, a snap, a clip, a screw, a notch, a central
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space through which a shaft may be placed and a thread for attaching an

opposing surface.

26. The method of claum 21 wherein said second surface further comprises a loop,

a snap lock, a retainer support or combinations thereof,
27. A method for using a countercurrent chromatography apparatus 1o separate
one or more substances comprising:
routing tubing through an infet into a rotor for use in said apparatus
comprising interweaved spiral channels and optionally a radial

channel:

routing said tubing through said mterweaved spiral channels and then

through an outlet in said rotor;

providing a test sample containing said one or more substances;

providing a solvent systeny;

foading said test sample into said solvent systen;

placing said combined test sample and solvent system into sad

apparatus through said wibing; and

providing rotation of said rotor in said apparatus to separate said one or

maore substances.

28. The method of claim 27 wherein said tubing has a non-uniform inner surface.

29 The method of ¢laim 27 wherein satd radial channel is curved.
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Y

30. The method of clann 27 wherein said apparatus further comprises one or more

protrusions i said spiral channels to hold tubing m place.

31. The method of claun 27 wherein said apparatus further comprises a space m
which weights may be placed, a snap lock, a compression screw unions, a

loop, a retainer support or combmations thereof.

Lt
)

. The method of claim 27 wherein said apparatus further comprises

a second surface, wheretn said second surface i3 a top to said first surface.

Led
Lab

. The method of claim 32 wherein said second surface further comprises a
tubing access port, a4 space m which weights may be placed, a tocking

mechanism, a loop, a snap lock, a retamer support or combinations thereof.

34. The method of claim 27 wherein said rotation is planetary.

La
LI

. The method of clatm 27 wherein said solvent system is selected from the
group consisting of a two-phase aqueous polvethylene and salt solution; a

glycob Ko HPO,

&

two-phase heavy alcobol agueons solution; a polvethylene

solution: and a sec-butanolrifluoroacetic acid solution.
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