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PUME PRIMING SYSTEMS

FIELD OF THE INVENTION

[GoB1] The present invention is directed to pump priming systems and

chromatography systems containing an pump privning system, methods of making pump
priming systems, and methods of using pump priming systems.
BACKGROUND OF THE INVENTION

{0002] In conventional chromatography instrumentation, pump priming is performed
in a manual mode where the operator manually opens a mechanical valve and uses a syringe
to move liguid through the pump until the lines and the pump are filled with lHquid.
Manually priming the pump in conventional chromatography instrumentation has one or
more shortcomings including, but not lmited to, (1} man hours nesded to {i) open a
mechanical valve, (if) prepare 3 syringe, and (iii} utilize the syringe to move liguid through
the pump until the lines and the pump are filled with liquid; (2) potential human error relating
to (1} manually opening the mechanical valve, (i)} manually preparing the syringe, and (iii)
maﬁnaliy utilizing the syringe to move liquid through the pump until the lines and the pump
are filled with liquid; (3) uncertainty with regard to the effectiveness of the manval pump
priming operation; and (4) potential inconsistency between manual pump priming operations
from one pump o another pump.

[6003] There is a need in the art to improve a pump priming operation so as o

remave one of more of the above-mentioned shortcomings.

SUMMARY OF THE INVENTION

{0004} The present invention addresses some of the difficuliies and problems

discussed above by the discovery of a pump priming systern suitable for use in
chromatography systeni.  The disclosed pump priming systems enabie a more efficient,
productive and/or consistent pump priming operation due to one or more of the following
advantages over conventional chromatographic operations: (1) elimination of man hours
needed to {i) manually open a mechanical valve, (il) manually prepare & syringe, and (iii)
manually utilize the syringe to move liguid through the pump until the lines and the pump are
filled with liguid; (2} potentially remove huuman error relating to (i) manually opening the
mechanical valve, (if) manually preparing the syringe, and (i) manually utilizing the syringe
to move liguid through the pump untl the lines and the pump are filled with Hquid; (3)

potentially remove uncertainty with regard to the effectiveness of a given pump priming

1



WO 2014/066769 PCT/US2013/066826

operation; and (4} potentially remove inconsistency between pump priming operations from
one pump to another pump.

[0005] in one exemplary embodiment, the pump priming system of the present
invention comprises a priming device in fluid communication with () at least one solvent
reservoir, (i) at least one solvent pump, (i1} an optional solvent selection device positioned
between each solvent reservoir and each solvent pump, and (iv) 2 valve positioned between
the priming device and the at least one solvent pump; and an optional microprocessor with
user interface, the microprocessor being programmed to (1) receive input from a user, and in
response to recelving input from the user, (it} initiate a pump priming process, wherein fluid
from at least one of the at Jeast one solvent reservoir is moved through the at least one solvent
purep via the priming device,

fO006] The present invemtion is further directed to chromatography systems
comprising an awiomated purp priming system. In one exemplary embodiment, the
chromatography system of the present invention comprises at least one solvent reservoir; at
least one solvent pump, cach of which s in fluid communication with the at least one solvent
reservoir; an optional sobvent selection device positioned babween sach solvent reservoir and
each solvent pump; a priming device in fluid communication with (1) the at least one solvent
reservoir, (i) the at least one solvent pump, and (iii) the optional soivent selection device
positioned between each solvent reservoir and each solvent pump; a valve positioned
between the priming device and the at least one solvent pump; and an aptional
microprocessor with user interface. the microprocessor being programmed to (i) receive input
from a user, and in response to receiving inpuf from the user, (i} initiate a pump priming
process, wherein fluid from at least one of the at Jeast one solvent reservoir is moved through
the at least one solvent pump via the priming device.

{00071 The present invention is even further directed to methods of priming a pump.
In ong exemplary embodiment, the method of priming a pump comprises moving a pump
priming fluid frem at least one solvent reservoir through at least one solvent pump via a
priming device. The disclosed methods of priming a purap may further comprise one or
more additional steps, such as, optionally opening & solvent selection devics positioned
between one of the at least one solvent reservoir and a first solvent pump; opening a valve
positioned between the priming device and the at least one solvent pump; and activating the
priming device. In some embodiments, the disclosed method of priming a pamp comprises

priming a pump in a chromatography system.
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{0008} The present invention is also directed to kits for incarporating a pump priming
systern into an existing chromatography system, In one exemplary embodiment, the kit for
incorporating & pump priming system into an existing chromatography system comprises a
priming device; a valve positioned between the priming device and at Jeast one solvent pump
of the existing chromatography system; and an optional software update for a microprocessor
of the existing chromatography system, the software update, when loaded onto the
smicroprocassor, enabling the microprocessor to perform one or more of the herein disclosed
methods of priming a punmp.

f000%] The present invention is additionally directed to methods of making a
chromatography systemi.  In one exemplary embodiment, the method of making a
chromatography system comprises incorporating (i) at least one solvent reservoir; (if) at least
one soivent pump, each of which is in fluid commumication with the at {east one solvent
reservolr; (i1} an optional solvent selection device positioned between each solvent reservoir
and each solvent pump; (iv) a priming device in fluid communication with the at least ohe
solvent reservoir, the at least one solvent pump, and the optional solvent selection device; (v)
a valve positioned between the priming device and the at least one solvent pumap; and (vi) an
optional microprocessor with user interface into the chromatography system, wherein the
micropracessor is programmed to (1) receive input from a vser, and in response (o receiving
input from the wser, (2) initate a pump priming process, wherein fiuid from at least one of the
at least one solvent reservoir is moved through the at least one solvent pump via the prirning
device.

(0010} These and other featwres and advantages of the present invention will become
apparent after a review of the following detailed description of the disclosed embodiments

and the appended claims.

BRIEF BESCRIPTION OF THE FIGURES

{00113 FIG. 1 depicts a view of an exemplary automated pump priming system of the

present invention;

f0012] FIG. 2 depicts a view of an exemplary chromatography system comprising the
exemplary avtomated pump priming systems shown in FIG. 1;

[0073] FIG. 3 depicts a view of an exemplary user interface display suitable for use

in the exemplary chromatography system showsn in FIG. 2; and
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{0014} FIGS. 4A-4C depict a flowchart showing exemplary steps for wiilizing the
exemplary automated pump priming system shown in FIG. 1 (FIGS. 44-4B) and in 2
chromatography system such as the exemplary chromatography system shown in FIG, 2
(FIGS. 44 and 4C).

DETAILED DESCRIPTION OF THE INVENTION

f0015] To promote an understanding of the principles of the present invention,

degcriptions of specific embodiments of the invention follow and specific language used to
describe the specific embodiments, It will nevertheless be upderstood that no limitation of
the scope of the invention is intended by the use of specific langnage. Alierations, further
modifications, and such forther applications of the principles of the present invention
discussed are contemplated as would normally oceur to one ordinarily skilled in the art to
which the invention pertains.

{0016] It must be noted that as used herein and in the appended claims, the singular

L n

forms “a", "and", and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “an oxide” includes a plurality of such oxides and
reference to "oxide” includes reference o one or more oxides and equivalenis thereof known
to those skilled in the art, and so forth,

0017} “About” modifying, for example, the guantity of an ingredient in a
composition, concentrations, volumes, process temperatures, process times, recoveries or
yields, flow rates, and like values, and ranges thereof, employed in describing the
embodiments of the disclosure, refers to variation in the numerical quantity that may occar,
tor example, through typical measuring and handling procedures; through inadvertent error in
these procedures; through differences in the ingredients used (o camry out the methods; and
like proximate considerations. The term "abont” also encompasses amounts that differ due to
aging of a formulation with a particular initial concentration or mixture, and amounts that
differ due to miixing or processing a formulation with a particular initial concentration or
mixture, Whether modified by the term "about” the claims appended hersto include
equivalents to these quantities.

{0018} As used herein, the terma “chromatography” means the process of passing a
mixture dissolved in a mobile phase through a stationary phase (i.e., chromatography media)
honsed in 8 column or cartridge or other container, which separates a target molecule from

other molecules in the mixture and allows it to be isolated. Depending upon the type of
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chromatography used, the target molecnle may be adsorbed onto the stationary phase while
the undesired components are passed through the device, or vice versa. The term “Hguid
chromatography” is a form of chromatography where a liquid is used as the mobile phase and
a solid ar a liguld on a solid support as the stationary phase. The term “flash
chromatography” means liguid chromatography that is conducted under a positive pressure
(e.g., up to 300 psi). The term “high performance liguid chromatography”™ (HPLC) means
Hguid chromatography that is conducted under a high positive pressure (e.g., up to 5000 psi),
The term “preparatory chromatography” means HPLC for the isolation and purification of a
target compound or molecule. The mobile phase may include one or more solvents that
mclude the target molecule,

{6019] As used herein, the term “fluid” means any substance that flows or deforms
under an applied shear stress. Fiuids comprise lquids, gases, plasma, and combinations
thereof {e.g., supercritical fluid)

{0020} As used herein, the term “pump” means a device used to move fluids by
raechanical action, such as direct ift, displacement, and gravity pumps. The mechanical
action is eften reciprocating or rotary, which may be created by manual operation, electricity,
an engine, or other energy, such as wind or other enexgy.

[0021] As used herein, the term “valve™ means a device that regulates, directs, or
controls the flow of a fluid by opening, closing, restricting or moving the fluid, and may be
categorized as passive and active valves. Passive valves operate without the need for external
energy sources, but instead exploit energics alrcady present in the system (often, pressure
differentials). Active valves, on the other hand, require external energy, and an acteation
principle where the external energy is transducted to typically a mechanical action that either
restricts or opens for the passage of fluids. As used herein, the term “splitter valve™ msans a
device that splits the flow of a flnid stream or moves fluid from one stream to another stream,
and includes passive valves {e.g., teg, splitters, and the Hke), and active valves (e.z., shuttle
valves, splitter pumps, and the like).

[0022) The present invention is directed to pump priming systems and
chromatography systems containing a pump priming systemn. The present invention is further
directed to methods of making pomp priming systems and chromatography systems, as well
as methods of using pump priming systems and chromatography systems. A description of

exemplary pump priming systems, exemplary chromatography systems, methods of making
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pump priming systems and chromatography systems, and methods of using pump priming
systems and chromatography systems is provided below.

[0023] FIG. 1 provides a view of an exemplary pump priming system 10 of the
present invention. As shown in FIG. 1, exemplary pump priming systemn 10 comprises 2 at
least cne priming device 11 in fluid communication with (i) at lsast one solvent reservoir 12,
(i) at least one sclvent pump 13, (i) an optional manifold valve (ot shown) positioned
between each solvent reservoir 12 and each solvent pump 13, and (iv) at least one valve 18
positioned between at least one priming device 11 and at Yeast one solvent pump 13, In some
desired embodiments, priming device 11 comprises a vacuurmy pump, positive displacement
pump, impulse pump, valve-less pump, velocity pump or the like. Even though FIG. 1
depicts only one priming device 11, one solvent reservoir 12, one valve 15, and one solvent
pump 13, there may be multiple priming devices, solvent reservoirs, or valves and solvent
pumps, which may be in fluid communication with each other in series or parallel
configuration, or in fluid communication with a solvent section device 5o as to minimize the
rsumber of components required in the pump priming system 10.

§0024] Exemplary pump priming system 10 may further comprises a MICToProcessor
20 with user interface 21, wherein microprocessor 28 1s programmed to (i) receive input from
a user {not shown), and in response to receiving input from the user, (ii) initiate a pump
priming process, wherein pump priming fluid (not shows) from at least one of the at least one
solvent reserveir 12 is moved (e.x., pulled or pushed) through at least one solvent pump 13
via priming device 11. Ag shown in FIG. 1, once pump prining fluid (not shown) flows
through priming device 11, the pump priming fluid is collected in a reservoir 16 (e.g., a waste
veservoir). Even though a microprocessor is ptilized in this exemplary embodiment, the
puinp priming system may be operated manually using switches to turn the pumps on and off,
and to open and close the valves.

{00251 As shown in FIG. 1, exemplary pump priming system 18 comprises one
solvent reservoir 12; however, it shonld be noted that pump priming systems of the present
invention may comprise at least one solvent reservoir 12, typically, two or more solvent
reservoirs 12. Further, exemplary pump priming system 18 comprises a single solvent pump
13; however, it should be noted that pump priming systems of the present invention may
comprise at least one solvent pumyp 13, typically, two or more solvent pumps 13. In addition,
priming device 11 may be located upstream of, or prior to, soivent pump 13 instead of

downstream as depicted in FIG, 1. In one embodiment, the system includes at least one
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solvent pump for each solvent reservoir. Alternatively, the systers may include at Jeast one
solvent pump in combination with a solvent selection device that allows one or more solvents
to be pumped through each solvent pump.

[0026] In the embodiment where a microprocessor 20 is utilized, 1t may be combined
with the user interface 21, which may comprise any computing device, and may be connected
to interact with exemplary puimp priming system 16 using known connection technigues (e.g.,
wired connections, wireless connections, etc.). Upon recelving input from a user {not
shown), microprocessor 20 is programmed to (1) open a priming device valve {e.g., solenoid
valve 15), (2) open a fiest manifold valve positioned between a solvent reservoir and a first
solvent pump {e.g., one of manifold valves between one of solvent reservoirs 12 and salvent
pump 13}, and (3) activate priming device 1%,

{60271 In some embodiments, microprocessor 20, upon receiving input from a user
{not shown), is further programmed to perform one or more of the following tasks: (4) ran
prming device 11 for a desired length of time (e.g., for up to 60 or 120 seconds), (5)
deactivate priming device 11, (6) close priming device valve 15, {7) close the first manifold
valve {e.g., one of manifold valves between one of solvent reservoirs 12 and solvent pump
13}, (8) initiate a pump priming test for solvent pump 13, and if solvent pump 13 does not
pass the pump priming test, {9) repeat steps (1) to (8) or warns the user.

[0028] In embodimenis wherein a second solvent pump is present {see, for example,
exemplary chromatography system 30 in FIG. 2), microprocessor 20, upon receiving input
from a user (not shown), is further programmed to (10) open priming device valve 15, (11)
open a second manifold valve (e.g., any one of manifold valves) positioned between a solvent
reservoir (e.g., any one of solvent reservoir 12) and the second solvent pump (see, for
example, second pump 13% in FIG. 2), (12) activate priming device 11, (13) run priming
device 11 for a desired length of time, (14) deactivate priming device 11, (15) close priming
device valve 18, (17) initiate a pump priming test for the second solvent pump, and if the
second solvent pump does pot pass the pump priming test, {18) repeat steps {10} o (17) or
warns the aser,

{00291 Desirably, microprocessor 20 is programmed to provide one or more prompts
t0 a user (not shown} via a user interface, such as user interface 21 comprising user interface
display 218 (ses FIG, 3). User interface display 218 may display one or more prompts
including, but not limited to, prompts comprising (1) an auto prime initiation prompt, (2) a

solvent selection prompt, (3) a pump priming test initiation prompt, (4) a solvent pump or
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reservolr selection prompt, {5) a pump priming completion prompt, or (6) any combination of
prowmpts {1} to (5}

{00303 Exemplary pump priming system 10 shown in FIG. 1 may be incorporated
into a variety of systems, wherein fluid from at least one solvent reservoir 12 is pumped into
a given system 17 as shown in FIG. 1. In one desired embodiment of the present invention,
exemplary pump priming system 3 shown in FIG. 1 is incorporated into a cluomatography
system such as exemplary chromatography system 168 shown in FIG. 2.

{00317 As shown in FIG. 2, exemplary chromatography system 188 comprises the
following components: priming device 11; solvent reservoirs 12: first and second solvent
pumnps 13 and ¥31; manifold valves; priming device valve 15; and micropracessor 28 with
user interface 21, Exemplary chromatography system 180 further comprises chromatography
cartridge 30; sample injection port 31; sample injection valve 32; dampener 33; UV detector
34, active splitter valve {c.g., shuttle valve or splitter pump) 35; ELSD 36; fluid source 37%;
fraction collector 38; and waste collector/reservoir 16,

f0032] As shown in FIG. 2, clwomatography systems of the present invention, such as
exemnplary chromatography system 108, comprise at least one solvent reservoir 12 (e.g,
exemplary chromatography system 188 comprises four solvent reservoirs 12); at least one
solvent pump 13 {e.g., exemplary chromatography system 106 comprises two solvent pumps
13 and 131), rach of which is in fluid communication with at lsast one solvent reserveir 12: a
manifold valve (e.g., exemplary chromatography system 108 comprises eight manifold
valves) positioned between each solvent reservoir 32 and each solvent pump 13 and 131 a
priming device IF in fluid communication with (1) at least one solvent reservoir 12, (1) at
least one solvent pump 13 and 131, and (i) manifold valve positioned between each solvent
reservoir 12 and each solvent pump 13 or 1315 a priming device valve 15 positioned betwesn
priming device 11 and at least one solvent pump 13 or 131 a microprocsssor 20 with user
interface {e.g., display 218), microprocessor 20 being programmed fo (1) receive input from a
user (not shown}, and in response to receiving input from the user, (ii) inidate a pump
priming process, wherein fluid from at least one of the at least one solvent reservoir 12 is
moved through at least one solvent purap 13 or 131 via priming device 11; and at least one
chromatography column/cartridge 38 in fhaid communication with the at least one solvent
reservoir 12,

(60333 Chromatography systems of the present invention, such as exemplary

chromatography system 200, may comprise at Jesst one solvent reserveir 32, As shown in
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FIG. 2, exemplary chromatography system 168 comprises four solvent reservoirs 12.
Further, chromatography systems of the present invention may comprise at least one solvent
pump 13 or 131, As shown in FIG. 2, exemplary chromatography system 108 comprises two
solvent pumps 13 and 131,

{00341 In an embodiment where a microprocessor 28 is uotilized, the exemplaty
chromatography system 18, upon receiving input from a user (not shown), is desirably
programmed to perform (l.e., cause to oceur) one or more of the following steps: (1) open
priming device valve I5; (2) open a first manifold valve positioned between a solvent
reservolr 12 and a first solvent pump 13; (3) activate priming device 11; (4) run priming
device 11 for a desired length of time {e.g., up to 60 or 120 seconds); (5) deactivate priming
device 1%; (6) close priming device valve 15; {7) close first manifold valve; (8) initiate a
pump priming test for first solvent pump 13, and if first solvent pump 13 does not pass the
pump priming test, {9) repeat steps (1) to (8) or warns the user. For example, microprocessor
20 may be programmed to repeat steps (1) to (8) one or more times, typically, at least two
times (¢.g. up to 10 times), and thereafter inform the user that an error or systen problem has
ogcurred,

[0035] When a given chromatography system, such as exemplary chromatography
system 100, comprises a second solvent pump (eg. second solvent pump 131
microprocessor 28, upon receiving input from a user (not shown}, is further programmed to
perform (ie., cause to occur) one or mote of the following steps: (1€) open priming device
valve 15; (11} open a second manifold valve positioned between a solvent reservoir 12 (ie.,
the same solvent reservoir 12 as used to prime solvent pump 13 or a different solvent
reservoir 12) and second solvent pumap 13%; (12) activate priming device 11; (13} ran priming
device 11 for a desired length of time; (14) deactivate priming device 11; (15) close priming
device valve 18; (17) initiate a pump priming test for second solvent pump 131; and if second
solvent pump 131 does not pass the pump priming test, (18) repeat steps (10) to (17) or warns
the user. For example, microprocessor 28 may be programmed to repeat steps (10) to (IT)
one or maore times, typically, at least two fimes {e.g. up to ten times).

[0036] Microprocessor 28 of exemplary chromatography system 180 is farther
desirably programmed to provide one or more prompts (0 a user (not shown) via user
interface 21 (e.g., a computer display 218). The one or more prompts may comprise, but are

not fimited to, {1} an auto prime initiation prompt, {2) a solvent selection prompt, (3) a pump
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priming test initiation prompt, (4) a solvent pump or reservoir selection prompt, {3) & pump
priming completion prompt, or (6) any combination of prompts (1} to (5).

[60371 Priming device X1 of exemplary chromatography system 100 may be any type
of pump that moves a pump priming fluid (not shown) from at least one of the at least one
solvent reservoir 12 through the at least one solvent pump 13 and/or 131 (e.g. sequentially as
discussed above). In some desired embodiments, priming device 11 of exemplary
chromatography system 10§ comprises a vacnum pump, positive displacement pump,
impulse pump, valve-less pump, velocity pump or the like..

[0038] The present invention is further directed to methods of priming a pump, such
as solvent pump 13 shown in FIGS. 1 or 2. In one exemplary embodiment, the method of
priming a purmp comprises moving a pump priming fluid (e.g., a solvent) from at least one
solvent reservolr 12 through at least one solvent pump 33 via a priming device 11. The
disclosed methods of priming a pump may further comprise one or more additionsl steps.
Suitable additional steps include, but are not Hmited to, (1) opening & first manifold valve
positioned between one of the at least one solvent reservoir 12 and a first solvent pump 13 of
the at least one solvent pump (i.e., at least one solvent pump 13 and 131); (2) opening 3
priming device valve 15 positioned between the priming device 11 and the at least one
solvent pump (1.e., first solvent pump 13); and (3) activating priming device 11.

160393 The disclosed methods of priming a pump may fusther comprise one or more
additional steps including, but not limited t0, (4} deactivating priming device 11 after a pump
priming period: (5} initiating a pump priming test on first solvent pump 13; and if first
solvent pump 13 does not pass the pump priming tess, repeating steps (1) to {$) at least one
time {e.g. up 10 ten times). In some embodiments, the initiating a pump priming test step is
performed a maximum of two times, three times, four times, or more.

00403 The disclosed methods of priming a pump of the present invention may further
comprise one or more additional steps including those in response to receiving one or more
inputs into user interface 21 of microprocessor 28, In some embodiments, in response to
receiving oue or more inputs from a user (not shown) into user interface 21 of microprocessor
28, the disclosed methods include one or mere of the following steps: (1) initiating the
method; (2} opening the priming device valve 15; (3) opening a first manifold valve; {4)
activating primaing device 11; (3) ronning priming device 11 for a desired length of time {e.g.,
any desired time perlod, for example, 60 seconds); (6) deactivating priming device 11; (7)

closing priming device valve 15; and (9) initiating a pump priming test for the first solvent
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pump 13; and if the first sclvent pump 13 does not pass the pump priming test, (10) repeating
steps (2) to (9) or warns the user.

[00411 When a given system comprises a second solvent pump, such as in exemplary
chromatography systermr 108, in response to receiving ong or more inputs from a user (ot
shown)} into user interface 21 of microprocessor 28, the disclosed methods may include one
or more of the following additional steps: (11) cpening priming device valve 15; (12)
opening a second manifold valve positioned between a solvent reservoir 12 {e.g., any one of
solvent reservoirs 12 shown in FIG. 2) and the second solvent pump 131; (13) activating
priming device 11; (14} running priming device 11 for a desired length of time: (15)
deactivating priming device 11; (16} closing priming device valve 15; {(18) initiating a pump
priming test for the second solvent pump 131; and if the second solvent pump 131 does not
pass the pump priming test, {19) repeat steps (11} to {18) or warns the user.

{0042] The methods of the present invention may further comprise providing one or
more prompts to a user (not shown) via user interface 21 of microprocessor 28, The one or
more prompts may comprise, but are not lmited to, (13 an auto prime inidation prompt, (2) 2
solvent selection prompt, (3) a pump priming test initiation prompt, {4) a solvent pump or
reservoir selection promipt, {§) a pump priming completion prompt, or (6) any combination of
prompts (1) to (8).

[0043] In one desired embodiment of the present invention, the methed of priming a
pump comprises priming a pump in a chromatography system, such as exemplary
chromatography system 0@ shown in FIG. 2. In these embodiments, the method may
comprise moving a pump priing fluid (not shown; e.g., 2 solvent) from one of the at least
one selvent reservoir 12 through one of the at least one solvent pump 13 or 131 via priming
device 1. In these embodiments, the method may further comprise running a solvent {not
shown} from the ai least one solvent reservoir 12 through at least one chromatography
column/cartridge 38 in fluid communication with the at least one solvent reservoir 12.

[0044] The present invention is further directed to kits that can be used to incorporate
a pump priming system, such as exemplary pump priming system 18 shown in FIG. 1, into an
existing chromatography system. In one exemplary embodiment, the kit for incorperating a
pump priming systemn o an existing chromatography system comprises a priming device
11; a priming device valve 1§ positionable between priming device 11 and at least one
solvent pump (e.g., sclvent pump 13 and/or 131) of the existing chromatagraphy system; and

a software update for a microprocessor of the exisling chromatography system, the software
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gpdate, when loaded onto the microprocessor, enabling the microprocesser to perform one or
more of the herein disclosed methads and methed steps of priming a pump. Such Kits may be
used to rewofit existing chromatography systems, such as the REVELERIS® Flash
Chromatography Systerm available from Alltech Associates, Inc.

(0045} The present invention is even further directed to methods of making a
chromatography system, such as exemplary chromatography systemn 100 shown in FIG. 2. In
some embodiments, the method of making a chromatography system comprises incorporating
the herein-described pump priming system {(e.g., exemplary pump priming system 18 of FIG.
1) into an existing chromatography system (e.g., using a kit as discussed above).

{0048) In other embodiments, the method of making a chromatography system
comprises incorporating (i} at least one solvent reservoir 12; (if) at least one solvent pump 13
and 131, each of which is in fluid communication with the at least one solvent reservoir 12;
(it} & manifold valve positioned between each sclvent reservoir 12 and each solvent pump 13
and 131; (iv) s priming device 11 in fleid communication with the at least one solvent
reservoir 12, the at least one solvent pump 13 and 131, and the manifold valve; (v} a priming
device valve 15 positioned between the priming device 11 and the at least one solvent pamp
13 and 131; and (vi) a microprocessor 20 with user interface 21 into the chromatography
system {e.g., exemplary chromatography system 108), wherein the microprocessor 28 is
programmed to (1} receive input from a user (not shown), and in response to receiving input
from the user, (2) initiate a pump priming process, wherein fluid (not shown) from at least
ong of the at least one solvent reservoir 12 is moved through the at least one solvent pump 13
or 131 via the priming device 18

{0047} The method of making a chromatography system may further comprise
incorporating a microprocessor {e.g., exemplary microprocessor 20) into the chromatography
system, wherein the microprocessor is programmed to perform one or more of the following
tasksfoperations: (1) open a priming device valve 15; (2) open a first manifold valve
positioned between a solvent reservoir 12 and a first solvent pump 13; (3) activate the
priming device 11 upon receiving input from a user; (4) run the priming device 11 for a
desired length of time: (5) deactivate the priming device 11; (6) close the priming device
valve 15; and (8} initiate a pump priming test for the first solvent pump 13 upon receiving
inpat from a user; and if the first solvent pump 13 does not pass the pump priming test, (9)
repeat steps (1) to (8) or warns the user. Typically, when repeated, steps (1) to () are

repeated a maximum number of fimes (8.2, up o ten Hmes), such as a maximum of two
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times. 11 the first solvent pump 13 does not pass the pump priming test after a set number of
times, the pump priming cyclefrun is stopped to investigate possible problems within the
pump priming system,

{0048] When a given chromatography system comprises two or morg solvent pumps,
the method of making a chromatography system may further comprise incorporating a
microprocessor {e.g., exemplary microprocessor 28) into the chromatography system,
wherein the microprocessor is programmed to perform one or more of the following
additional tasks/operations: (10} cpen the priming device valve 185, (11} open a sscond
manifold valve positioned between a solvent reservoir 12 and the second solvent pump 131;
(12) activate the priming device 1; {13) run the priming device 11 for 2 desived length of
time; (14) deactivate the priming device 11; (15) close the priming device valve 15; {17)
nitiate a pump priming test for the second solvent pump 131; and if the second solvent pump
131 does not pass the pump priming test, (18) repsat steps (10) to {17) or warns the user.
{00497 The miethod of making a chromatography system may further comprise
ncorporating a wmicroprocessor (e.g., exemplary microprocessor 2¢) inso the chromatography
system, wherein the microprocessor is programmed to provide one or more prompis 0 a user
{not shown) via the user interface (e.g., interface 21 with display 210}, The one or more
prompts may comprise, but are not Hmited to, (1) an auto prime initiation prompt, (2) a
solvent selection prompt, (3) a pump priming test initiation prompt, (4) a solvent pump or
reservoir selection prompt, (§) a pmmp priming completion prompt, or (6) any combination of
prampis {1} to (5).

{00350} The present invention is even further directed to methods of using 2 pump
priming sysiem in a chromatography system. In one exemplary embodiment, the method of
using & pump priming system in a chromatography system comprises, in response to
receiving input from a user (not shown), initiating a pump priming procedure comprising
moving a pump priming fluid (not shown) from at least one solvent reservoir 12 through at
least one solvent pump 13 or 131 via a priming device 11.

{00517 The method of using a pump priming system in a chromatography system may
further comprise one or more of the following steps: opening a first manifold valve
positioned betwesen one of the at least one solvent reservoir 12 and a first solvent pump 13 of
the at least one solvent pump {e.g., pumps 13 and 131): opening a priming device valve 15
positioned between the priming device 11 and the at least one solvent pump 13; activating the

priming device 11; deactivating the priming device 11 after a pump priming period; initiating
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a punp priming test on the first solvent pump 13; and if the first solvent pump 13 does not
pass the pursp priming test, repeating the steps from opening of the manifold valve step to the
deactivating step at least one time (e.g., initiating a repeat of the pump priming test step a
maximum of two times, up to a maximum of ten tmes).

{0052] The method of using a purap priming system in a chromatography system may
further comprise one or more of the following steps: in response to receiving one or more
inputs fnto @ wser interface 21 of 2 microprocessor 28, (1) jnitiating the pump priming
method; (2) opening the priming device valve 158; (3) opening the first manifold valve: (4)
activating the priming device 11; (§) running the priming device 11 for a desired length of
time; {(6) deactivating the priming device 11; (7) closing the priming device valve 15; (9)
initiating a pump priming test for the first solvent pump 13; and if the first sclvent pump 13
does not pass the pump priveing test, (10} repeating steps (2} to (9), or warn the user.

f0053] In chromatography systems with two or mwore solvent pumps, the methods of
using a pump priming system in a chromatography system may forther comprise, in response
to receiving one or more inputs into a user interface 21 of a microprocessor 28, one or more
additional steps such as: (11) opening the priming device valve 15; (12) opening a second
manifold valve positioned hetween a solvent reservoir 12 and the sscond solvent pump 131;
(13} activating the priming device 11; (14) runuing the priming device 11 for a desired length
of time; (13) deactivating the priraing device 11, (16) closing the priming device valve 15;
(18} initating & pump priming test for the second salvent pump 131; and if the second
solvent pump 131 does not pass the pump priming test, (19) repeat steps (11) to (18), or
warns the user.

[0054] The methods of using a pump priming system in a chromatography system
may fwrther comprise responding to one or more prompts provided by user interface 21 of a
microprocessor 28. The one or more prompts may comprise (1) an sutc prime initiation
prompt, (2) a solvent selection prompt, (3) a pump priming test iniiation prompt, (4) a
solvent pump or reservoir selection prompt, (§) a pump priming completion prompt, or (6)
any combination of prompts (1} to (5). In addition, the metheds of using a pump priming
system in & chromatography system may further comprise running a solvent from the at least
one solvent reservoir 12 through at least one chromatography column 30 in fluid
commiunication with the at least one solvent reservoir 12,

{00553 In order to provide inferaction between a user (not shown) and a given pump

priming system, the pump priming system may comprise a user interface, such as nser
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interface 21 of microprocessor 20 with display 210 as shown in FIG. 3. As shown in FIG, 3,
display 218 comprises main menu display 22 with various parameters/options 23 (c.g., flow
rate, duration units, run length, etc.) that a user may choose prior to operating the system
(e.g., exemplary chromatography system 108 shown in FIG. 2}, Main menu display 22 also
comprises solvent options 24, whersin a user can input one or more solvent types
cerresponding to a given solvent reservoir (e.g., solvent reservoirs 12 shown in FIG, 2).
{0056} Although not shown in FIGS. 1-3, it should be understood that, in addition (o
display 218, vser interface 21 of microprocessor 20 may also comprise other user interface
components inclading, but not mited to, a keyboard, 2 mouse, a laptop, a desktop computer,
a wireless router, etc. Further, display 238 may comprise a touch-screen that enables a user
to interact with microprocessor 20 without the need of a keyboard andfor mouse when
chooging one or more options shown, for example, on main menu display 22 in FIG. 3.
{00573 As disclosed herein, the methods of using the disclosed pump priming systems
of the present invention may comprise a combination of vatious steps. FIGS. 48-4C depict a
flowchart showing a variety of exemplary steps for utilizing a pump priming system. It
should be noted that although the flowchart shown i FIGS. 4A-4C depict numerous steps of
exemplary method 40 in sequence with one another, methods of using the disclosed pump
priming systems of the present invention may comprise any one or any combination of two
or more of the steps shown in exemplary method 40, alone or in combination with other steps
not shown in FIGS. 44-4C.

HO058] As shown in FIG. 44, exemplary method 40 begins at start box 42 and
proceeds to step 44, wherein a user is prompted to choose a solvent. For example, user
interface 21 of microprocessor 28 could display a user interface screenshot 22 as shown in
FIG. 3. Once a user chooses one of solvents A-I) (shown as solvent options 24 in FIG. 3),
one or more prompts 25 may appear on user interface display 288, Once a user selects a
solvent with option 26, the user can choose the “AUTO PRIME” option 27 to initiate pump
priming, namely, step 46 of exemplary method 44.

{00597 From step 46 of exemplary method 48, exemplary method 48 proceeds to step
48, wherein a manifold valve (2.g., one of manifold valves for solvent A shown in FIG. 2) for
the selected solvent is opened. Exemplary method 4@ then proceeds to step 58, wherein the
priming device valve (e.g. solenoid valve 15 shown in FIG. 2) is opened. Exemplary
method 40 then proceeds to step 32, wherein the priming device (e.g., priming device 11

shown in FIG. 2} is activated.
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[006(] From step 52, exemplary method 49 proceeds to step 54, wherein the priming
device is run for a desired period of time. Typically, the priming run time is less than 120
seconds, or more typically less than 60 seconds, depending upon the fluidic configuration of
the systein. However, any priming run time may be inputted into the microprocessor (e.g.,
microprocessor 28) by a user. Exemplary method 40 then proceeds fo step 56, wherein the
priming device is deactivated. From step 56 of exemplary method 46, exemplary method 46
proceeds to step 88, wherein a pump priming test is initiated for the prired pump. In one
embodiment, the purep priming test may include any test that determines whether the pump
is prirsed, such as presswe indicator, flow indicator or other sensor that detects whether
Houid is present in the pump.

{00613 From step 58 of exemplary method 48, exemplary method 40 proceeds ©
decision block 43, wherein a determination is made whether the primed pump passed the
pump priming test. If a determination is made at decision block 43 that the primed pump did
not pass the pump priming test {e.g., the pump exhibits these traits: absence of pressure,
absence of flow, or absence of liquid), exemplary method 48 proceeds to decision block 45,
wherein a determination is made whether the primed pump has been primed a maximum
number of times during the present priming cycle/run. If a determination is made at decision
block 45 that the primed pump has been primed a maximum number of times during the
present priming cycle/run, exemplary method 40 proceeds to step 68, wherein exeniplary
method 40 stops so that the pump priming system can be evaluated. I a determination is
made at deciston block 45 that the primed pump has not been primed 2 maximum nunber of
times during the present priming cycle/run, exemplary method 46 proceeds to step 62,
wherein exernplary method 48 returns to step 48 (o perform another AUTO PRIME run,
{00623 Returning to decision block 43 of exemplary method 40, if a determination is
made at decision block 43 that the primed pump does pass the pump priming test, exemplary
method 40 proceeds to decision block 47, wherein 2 determination is made whether the
primed pump system has another solvent pump (L.e., that has not yet been primed during this
run). If a determination is made at decision block 47 that the primed pump system does not
have another solvent pump {e.g., see cxemplary pump priming system 10 in FIG. 1),
exemplary method 48 proceeds to step 64, wherein the “DONE” option (e.g., see, done
option 28 shown in FIG. 3) is shown to the user, At this time, the user (not shown) can select
the done option to end the exemplary method 40 as shown in step 88. If a determination is

made at decision block 47 that the primed pump system does have another solvent pump
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{e.g., see exemplary pump priming system 18 in FIG. 2), exemplary method 48 proceeds to
step 66, wherein exemplary method 40 proceeds to decision block 48 shown in FIGS. 4B and
4c.

{00637 It should be noted that in alternative embodiments, microprocessor 20 may
provide & prompt t¢ a user (not shown) asking the user if the primoed pump system has
another solvent pump. In other embodiments, microprocessor 28 makes this determination
without the input fron a user {e.g., from solvent pump input provided previcusly by the user
using main menu display 22 of display 238 shown in FIG. 3).

[0D64] As shown in either of FIGS. 48 and 4C, exemplary method 48 proceeds to
decision block 4%, wherein a determination is made whether to change the solvent for the
next pump priming run. If a determination is made at decision block 49 to change the solvent
for the next pump priming, exemplary method 40 proceeds to step 68, wherein exemplary
moethod 40 returns to step 44, and proceeds ag discussed above. If a determination is made at
deeision block 42 not to change the solvent for the next purnp priming, exemplary method 46
proceeds to step 78, whersin exemplary method 40 returns to step 48, and proceeds as
discussed above (i.e., a second manifold valve 12 for the chosen solvent will open and
praceed as discnssed abovs).

{0085} FIG. 4C depicts possible method steps when the pump priming system is part
of a clromatography system. As shown in FIG. 4C, exemplary method 40 proceeds to
decision block 49. If a determination is made at decision block 49 not to change the salvent
for the next pump priming run, exemplary methed 40 proceeds to step 72, wherein one or
more run parameters are changed and/or selected in preparation for a chromatography sample
run. From step 72, exemplary method 40 proceeds to step 74, wherein a sample is run
through a chromatography cartridge (e.g., exemplary chromatography cartridge 38 shown in
FIG. 3). During the run, a pump priming test in step 76 may be conducted to determine
whether ong or more of the solvent punps is still fully primed. If a determination is made in
decision block 82 that the one or more solvent pwmps does pass the priming test, the
chromatography run is completed in step 84, wherein the exemplary method 40 ends. If a
determination is made in decision block 82 that the one or more solvent pumps does not pass
the priming test, the chromatography run is paused in step 78 and the pump(s) is primed
pursuant to steps 48-58.

0066] From step 78, exemplary method 48 proceeds to decision block 86, wherein a

determination is made in decision block 86 that the one or mere primed solvent pumnps does
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pass the priming test, the chromatography run is completed in step 92, wherein the exemplary
method 40 ends. If a determination is made in decision block 86 that the one or more primed
solvent pumps does not pass the priming test, the method proceeds to step %4 where the
pump is re-primed in step 78 (until the maximum number of times is reached) or proceeds to
step 76 and another solvent pump is sclected and primed, or the method 48 ends if no
pump(s) can be primed, and an error message 18 sent to the user,

{00671 In some embodiments, microprocessor 28 may provide a prompt to a user (not
shown), such as prompt 25 shown in FIG. 3, asking the user if the uwser wants to initiate
another AUTO PRIME run. I the user wants to initiate another AUTO PRIME run, the user
simply selects the AUTO PRIME option 27 as discussed above, If the user does not want to
initiate another AUTO PRIME run, the user simply selects the CANCEL option 28 shown in
FIG. 3.

{0068] It should be understond that although the above-described pump priming
systems, chromatography systems, Kits, and methods are described as “comprising” one or
more components or steps, the above-described pump priming systems, chromatography

34 <

systems, kits, and methods way “comprise,” “consists of,” or “consist essentially of” any of
the above-described components o steps of the pmmp priming systems, chromatography
systems, kits, and methods. Conseguently, where the present invention, or a portion thereof,
has been described with an open-ended term such as “comprising,” it should be readily
understood that (unless otherwise stated) the description of the present invention, or the
portion thereof, should also be interpreted to describe the present invention, or a portion
thereof, using the terms “consisting essentially of” or “consisting of” or variations thereof as
discussed below.

, 5% K¢

{00693 As used herein, the terms “comprises,

3B

comprising,” “includes,” “including,”

LYY LT

“has,” “having,” “contains”, “containing,” “characterized by” or any other variation thereof,
are intended to encompass a non-exclusive inclusion, subject to any Hmitation explicitly
indicated ctherwise, of the recited components. For example, a pump priming system, a
chromatography system, a kit, and/or method that “comprises” a list of elements {e.g.,
components of steps) is not necessarily limited to only those elements (or components or
steps), but may include other elements {or components or steps) not expressly listed or
inherent to the pump priming system, chromatography system, a kit, andfor method.

{00701 As used herein, the transitional phrases “consists of” and “consisting of”?

exclude any element, step, or component not specified.  For example, “consists of” or
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“consisting of” used in a claim would limit the claim to the components, materals or steps
specifically recited in the claim except for impurities ordinarily associated therewith (.e.,
tmpurities within a given component). When the phrase “consists of” or “consisting of®
appears in a clause of the body of a claim, rather than immediately following the preamble,
the phrase “consists of” or “consisting of” limits only the elements {or components or steps)
set forth in that clause; other elements {or components) are not excluded from the claim as a
whole,

{00717 As used herein, the transitional phrases “consists essentially of® and
“consisting essentially of” are used to define a pump priming system, a chromatography
system, & kit, andfor a method that includes materials, steps, features, components, or
elements, in addition to those literally disclosed, provided that these additional materials,
steps, features, components, or elements do not materially affect the basic and novel
characteristic(s) of the claimed invention. The term “consisting essentially of” occupies a
middle ground between “comprising” and “consisting of”.

{0072} Farther, i should be understood that the herein-described pump priming
systems, chromatography systems, Kits, andfor methods may comprise, consist essentially of,
or consist of any of the herein-described components and features, as shown in the figures
with or without any feature(s) not shown in the figures. In other words, in some
embodiments, the pump priming systems, chromatography systems, kits, and/or methods of
the present invention do not have any additional features other than those shown in the
figures, and such additional features, not shown in the figares, are specifically excluded from
the pump priming systemss, chromatography systems, kits, andfor methods. In other
embodiments, the pump priming systerns, chromatography systems, kits, and/or methods of
the present invention do have one or more additional features that are not shown in the
figures,

(0731 The present invention is further ilhustrated by the following examples, which
are not to be construed in any way as imposing limitations upon the scope thereof. On the
contrary, it is to be clearty understood that resort may be had to various other embodiments,
modifications, and equivalents thercof which, after reading the description herein, may
suggest themselves to those skilled in the art without departing from the spivit of the present

invention and/or the scope of the appended claims.
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EXAMPLES

[0074] A pump priming system within a chromatography system as shown in FIG. 2
was prepared and used to analyze one or more samples pursuant to Examples 1 and 2 below.
The system included four solvent reservoirs and two solvent pumps, a priming pump, a
microprocessor, a flat panel display, a chromatography column, a fraction collector, and other

system components as shown in FIG, 2.

Example 1
{0073) In the initial setup, the pumps in the chromatography system nesd o be
primed and the following procedure is used: Insert lines 1-4 into appropriate solvent bottles.
Using the microprocessor software and display, the solvent loading page is accessed st the
top menu bar by clicking Tools, Solvent Loading. A solvent line is selected (1-4 are shown)
by clicking Load from the Solvent Loading box. The arrow on the right side of the solvent
name box is selected, which shows a drop down menu. From this list, the name of the
solvent that corresponds o the desired line is chosen. The Asto prime tab is selected and the
sysitem automatically primes the pumps. The status of the Auto prime is be displayed in the
bottom Isft corner of the box throughout the process. When Auto prime is finished, the
“Close” is selected to close the box for the current solvent e, This retumns the user back ta
the original box showing Solvent Loading for all 4 individual lines. The user can now choose
a different line to repeat the progess, if necessary, or close if no priming of other lines is
needed. After all the required lines are primed, all the boxes are closed and the system is now

ready for the chromatography rum.

Example 2
{00761 Before a chromatography run is conducted, the systern automatically checks to
see if the puraps are primed. If any of the pumps fail the programmed confirm prime process,
the system will stop and ask the user to prime the pump, To prime the pump, the user selects
the Tools tab, and then the Solvent loading tab to select the desired solvent line used in the
clwomatography run. The arrow on the right side of the solvent name box is selected, which
displays a drop down solvent menu. The solvent to be used in the chromatography run is
selected, and then the Auto prime tab is selected whereby the system automatically primes

the pumps. The status of the Auto prime progress will be displayed in the bottom left corner
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of the box throughout the process. When the Auto prime is finished the “Close” tab is
selected to close the box, which closes all the other hoxes and the system is ready for the
chromatography run,

[0077] While the ipvention has been described with a limited number of
embodiments, these specific embodiments are not intended to limit the scope of the invention
as otherwise described and claimed herein, It may be cvident to those of ordinary skill in the
art upon review of the exemplary embodiments herein that further modifications, equivalents,
and variations are possible. Al parts and percentages in the examples, as well as in the
remainder of the specification, are by weight unless otherwise specified. Further, any range
of aumbers recited in the specification or claims, such as that representing a particular set of
propetties, units of measure, conditions, physical states or percentages, is intended to literally
incorporate expressly herein by reference or otherwise, any number falling within such range,
including any subset of numbers within any range so recited. For example, whenever a
mumerical range with a lower limit, Ry, and an upper Hmit Ry, is disclosed, any number R
falling within the range is specifically disclosed. In particular, the following numbers R
within the range are specifically disclosed: R = Ry + kfRy -Ry), where X is a variable ranging
from 1% o 100% with a 1% increment, e.g., k is 1%, 2%, 3%, 4%. 5%. ... 50%. 51%, 52%.
v 5%, 96%, 97%, 98%, 99%, or 100%. Moreover, any numerical range represented hy any
two values of R, as calculated above is also specifically disclosed. Any modifications of the
invention, in addition to those shown and described herein, will become apparent o thoss
skilled in the art from the foregoing description and accompanying drawings. Such
modifications are intended to fall within the scope of the appended claims. Al publications

cited herein are incorporated by reference in their entirety.
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WHAT IS CLAIMED IS:
i, A pump priming system comprising:

a priming device in floid communication with (i) at least one solvent reservoir,
(i1) at least one solvent pump, and (iil) at least one valve positioned between said priming
device and said at least one solvent pump; and

an activation device that initiates a pump priming process, wherein fluid from

said at least one solvent reservoir is moved through said at least one solvent pump via said

priming device.
Z. Fhe pump priming system of claim i, wherein said system comprises a solvent

selection device positioned between each solvent reservoir and each solvent pump.

3 The pump priming system of claim 1 or 2, wherein sald system comprises a priming

device valve positioned between said priming device and said solvent pump.

4, The pump priming system of any one of ¢claims 1 to 3, wherein said activation device

cornprises an electrical switch, a preumatic swilch, or a mechanical switch

5. The pump priming system of any one of claims 1 to 4, wherein said at least one

sOIvent reserveir comprises two or more solvent reservolrs.

8. The pump priming system of any one of claims 1 to 5, wherein said at least one

solvent pump comprises two or more solvent pumps.

7. The pump priming system of any one of claims 1 to 6, wherein said system comprises
a microprocessor with user interface, said microprocessor being programmed to (i) reveive
input from a user, and in response to receiving input from the user, and (ii) initiate a pump

Priming process.

8. The pump priming system of any one of claims 1 to 7, wherein said microprocessor,

upon receiving input from the user, is programmed to {1} open said priming device valve, (2)
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open 2 first manifold valve positioned between a solvent reservoir and a first solvent pump,

and (3) activate said priming device.

9, The pump priming system of any one of claims 1 to 8, wherein said microprocessor,
upon receiving input from the user, is programmed to (1) open said priming device valve, {2)
open a first manifold valve positioned between a solvent reservoir and a first solvent pump,
(3} activate said priming device, {4) run said priming device for a desired length of time, (35)

deactivate said priming device, and (6) close said priming device valve.
i X o

10.  The pump priming system of any one of claims | to 9, wherein said microprocessor,
upon receiving input from the user, is programmed to (1) open said priming device valve, (2)
open 2 first manifold valve positioned between a solvent reservoir and a first solvent pump,
(3) activate said priming device, {(4) run said priming device for a desired length of time, {5)
deactivate said priming device, (6) close said priming device valve, (7) initiste a pump
priming test for said first solvent pump, and if said first solvent pump does not pass the pump

priming test, (8) repeat steps (1) to (7) or warns the user,

11 The pump priming system of claim 10, wherein when said at least one solvent pump
comprise a second solvent pump, said microprocessor, upon receiving input from the user, is
further programmed o (9) open said priming device valve, {10) open a second manifold
valve positioned between a solvent reservoir and said second solvent pump, (11) activate said
priming device, (12} run said priming device for a desired length of time, (13} deactivate said
priming device, (14} close said priming device valve, (15} initiate a pump priming test for
said second solvent pump, and if said second solvent pump does not pass the pump priming

test, (16} repeat steps (9) to (15) or warns the user,

12, The pump priming systeni of any one of claims 1 to 11, wherein said microprocessor
is programmed (o provide one or more prompts to the oser via said user interface, the one or
more prompts comprising (1) an auto prime initiation prompt, (2) a solvent selection prompt,
(3) a pump priming test initiation prompt, (4) a solvent pump or reservoir selection prompt,

(5} a pump priming completion prompt, or (6) any combination of prompts {1} to (5},
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13, The pump priming system of any one of claims 1 to 12, wherein said priming device
comprises & vacuum pump, positive displacement pump, tupulse pump, valve-less pump,

velocity pump or the like..

14, The pump priming system of any one of claims 1 to 13, wherein said system
comprises a microprocessor, said microprocessor being programmed to () detect whether
said at least one solvent pump is not primed, and (i1} initiate & pump priming process if said at

feast one pump is not primed.

15, The pump priming system of claim 14, wherein said microprocessor performs steps

{1y and (i) without input from a-user.

16. A chromatography system comprising the pump priming system of any one of claims
Lo 15

17, The chromatography system of claim 16, further comprising:
at least one chromatography cofumn in fluid communication with said at least

one solvent reservolr,

18, A chromatography system comprising:

at least one solvent reservoir;

at east one solvent pump, cach of which is in fluld communication with said
at least one solvent reservolr;

a priming device in fluld communication with (i) said at Jeast one solvent
reservoir, (i) said at least one solvent pump, and (iii) said valve positioned between each
solvent reservolr and each solvent pemp;

a valve positioned between said priming device and said at least one salvent
pump:

an activation device that initiates a pump priming process, wherein fluid from
at least one of said at least one solvent reservoir is moved through said at least one solvent
pumip via said priming device: and

at Jeast one chromatography column in fluld communication with said at least

one solvent reservoir.
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13, The chromatography system of claim 18, wherein said at least one valve system
comprises & solvent selection device positioned between each solvent reservoir and each

solvent pump.

20.  The chromatography system of claim 18 or 19, wherein said system comprises a

priming device valve positioned between said priming device and said solvent pump.

21, The chromatography system of any one of claims 18 to 20, wherein said activation

device comprises an electrical switch, a pneumatic switch; or & mechanical switch,

22, The chromatography system of any one of claims 18 to 21, wherein said at least one

solvent ressrvoir comprises two or more solvent reservoirs,

23, The chromatography system of any one of claims 18 to 22, wherein said at least one

solvent reservoir comprises four solvent reservoirs,

24, The chromatography system of any one of claims 18 to 23, wherein said at least one

solvent pump comprises two or more solvent pumps.

25.  The chromatography system of any one of claims 18 to 24, wherein said at least one

solvent pump comprises two solvent pumps.

26,  The chromatography system of any one of claims I8 to 23, wherein said
nHCIOprocessor, upon receiving input from the wser, is programmed to (1) open said priming
device valve, (2) open a first manifold valve positioned between & solvent reservoir and a

first solvent pump, and (3) activate said priming device.

27. The chromatography system of any one of claims 18 to 26, whersin said
microprocessor, wpon receiving input from the user, is programmed to (1) open said priming
device valve, (2) open a first manifold valve positioned between a solvent reservoir and a
first solvent pump, (3} activate said priming device, (4} run said priming device for a desired

length of time, {3} deactivate said priming device, and (6} close said priming device valve.
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28.  The chromatography system of any one of claims 18 to 27, wherein said
microprocessor, upon receiving input from the user, is programmed to (1) open said priming
device valve, (2} open a first pianifold valve positioned between a solvent reservoir and a
first solvent pump, (3) activate said priming device, (4) run said priming device for a desired
length of time, (5) deactivate said priming device, (6) close said priming device valve, (7)
witiate & pump priming test for said first solvent pump, and if said first solvent pump does

not pass the pump priming test, (8) repeat steps (1} to (7} or warns the user.

29, The chromatography system of claim 28, wherein when said at least one solvent
purap comprise a second solvent pump, said microprocessor, upon seceiving input from the
user, is further programmed to (9) open sald priming device valve, (10} open a second
manifold valve positioned between a solvent reservoir and said second solvent pump, (11)
activate said priming device, (12) run said priming device for a desired length of time, (13)
deactivate said priming device, (14) close said prining device valve, (15) initiate a pump
priming test for said second solvent pump, and if said second solvent purmp does not pass the

puinp priming test, (16) repeat steps (91 to {15) or warns the user.

30, The chromatography systemi of any one of claims 18 to 29, wherein said
microprocessor is programmed to provide one or more prompts to the user via said user
interface, the one or more prompts comprising (1) an auto prime initiation prompt, (2) a
solvent selection prompt, {3} a pump priming test inftiation prompt, (4) & solvent pump or
reservoir selection prompt, (3} a pump prisning completion prompt, or (6) any combination of

prompts {1) to {3).

31.  The chromatography system of any one of claims 18 to 30, wherein said priming
evice comprises a vacuum pump, positive displacement pump, impulse pump, valve-ess

pump, velocity pump or the like.,

32, The chromatography system of any ome of claims 18 to 31, wherein said system
comprises a microprocessor, said microprocessor being programmed to (i) detect whether
said at least one solvent pump is not primed, and (i1} initiate 2 pump priming process if said at

least one pump is not primed.
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33, The chromatography system of claim 32, wherein said microprocessor performs steps

(i) and (i1} prior to or during a chromatography rus.

34. The pump priming system of claim 32, wherein said microprocessor performs steps

{1} and (if} without input from a user,

35, A method of priming a pump in the chromatography system of any one of claims I8
to 34, said method comprising:
moving & pump priming {luid from one of the at least one solvent reservoir

through one of the at least one solvent pump via the priming device.

36. A method of priming & pump, said method comprising:
moving a pump priming fluid from at least one solvent reservoir through at

ieast one solvent pump via a priming device.

125
=~

. The method of claim 36, further comprising:
opening a first manifold valve positioned between one of the at least one
solvent reservoir and a first sedvent pump of the at least one solvent pump;
opening a priming device valve positioned between the priming device and the
at least one solvent pump; and

activating the priming device.

38, The method of claim 36 or 37, further comprising;
deactivating the priming device after a pump priming period;
initiating a pump priming test on the first solvent pump; and
if the first solvent pump does not pass the pump priming test, repeating said

steps from said opening of the manifold valve step to said deactivating step at least one time,

39, The method of claim 38, wherein said initiating a pump priming test step is performed

a maximum of two times.
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40.  The method of any one of claims 36 to 39, wherein in response to receiving one or

more inputs into a user interface of a microprocessor, inttiating said method.

41,  The method of claim 40, wherein in response to receiving one or more inputs into a
user interfuce of a microprocessor, (1) opening the priming device valve, (2) opening the first

manifold valve, and (3) activating the priming device.

42.  The method of claim 4Q or 41, wherein in response to receiving one or more inputs
into a user interface of a microprocessor, (1) opening the priming device valve, (2) opening
the first manifold valve, (3) activating the priming device, (4) running the priming deviee for
a desired length of time, (5) deactivating the priming device, and (8) closing the priming

device valve,

43.  The method of any one of claims 40 to 42, wherein in response to receiving one or
more inputs into a user interface of a microprocessor, (1) opening the priming device valve,
(2} opening the first manifeld valve, (3} activating the priming device, (4) runuing the
priming device for a desired length of time, (3) deactivating the priming device, (6) closing
the priming device valve, (7) initiating & pump priming test for the first solvent pump, and if
the first solvent pump does not pass the pump priming test, (8) repeating steps (1) to (7) or

warns the user.

44, The method of claim 43, wherein when the at least one solvent pump comprise a
second solvent pump, in response 1o receiving one or more inputs into a user interface of a
microprocessor, (9) opening the priming device valve, (10) opening a second manifold valve
positioned between a solvent reservoir and the second solvent pump, (11} activating the
priming device, (12) running the priming device for a desired length of time, (13)
deactivating the priming device, (14) closing the priming device valve, (15) initiating a pump
priming test for the sscond solvent pump, and if the second solvent pump does not pass the

purnp priming test, (16) repeat steps (9} to {13) or warns the user.

45, The method of any one of claims 36 to 44, further comprising:
providing one or more prompts to a user via a user interface of a

microprocessor, the one or more prompts comprising (1) an auto prime initiation prompt, (2)
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a solvent selection prompt, (33 a pump priming test initiation prompt, (4) a solvent pump or
reservoir selection prompt, (5) a pump priming completion prompt, or (6) any combination of

prompts (1} to (5).

46.  The method of any one of claims 36 to 45, further comprising;
runng a solvent from the at least one solvent reservoir through at least one

chromatography colurmn in fluid communication with the at least one solvent reservoir.

47, A kit comprising for incorporating a pump priming system into an existing
chromatography system, said kit comprising:

a priming device;

a priming device valve positionable between said priming device and at least
one solvent pump of the existing chromatography system; and

a software update for a microprocessor of the existing chromatography
system, the software update, when loaded onto the microprocessor, snabling the

nucropracessor (o perform the method of any one of claims 36 to 46.

43. A method of making & chromatography system, said method comprising:
incorporating the pump priming system of any one of claims 1 to 9 into the

chromatography system,

48. A method of making a chromatography system, said method comprising:
incorporating (i) at least ons solvent reservoir; (i) at least one solvent pump,
each of which is in fluid communication with the at least one solvent reservoir; (iif) a priming
device in fluid communication with the at least one solvent reservoir, the at least one solvent
pump; {iv) a priming device valve positioned between the priming device and the at Jeast one
solvent pump; and (v} a microprocessor with user interface into the chromatography system,
wherein the microprocessor is programmed 1o (1) receive input from a user, and in response
to receiving input from the wser, (2) initiate a pump priming process, wherein fluid from at
least one of the at least one solvent reservoir is moved through the at least one solvent pumg

via the priming device.
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3. The method of claim 49, wherein the microprocessor is programmed to (1) open the
priming device valve, (2} activate a solvent selector device positioned between, and in fluid
communication with, a solvent reservoir and a first solvent pump, which opens a first

manifold valve, and (3} activats the priming device.

51. The method of claim 49 or 50, wherein the microprocessor is programmed to (1) open
the priming device valve, (2} open a first manifold valve positioned between a solvent
reservoir and a first solvent pump, (3) activate the priming device, (4) run the priming device
for a desired length of time, (5} deactivate the priming device, and (6) close ths first manifold

vajve,

52.  The method of any one of claims 49 to 51, wherein the microprocessor is
programmed to (1) open the priming device valve, (2) open a first manifold valve positioned
between a solvent reservoir and a first solvent pump, (3) activate the priming device, (4) rugn
the priming device for a desired length of tme, (8) deactivate the priming device, {6) close
the priming device valve, and (7} initiate a pump priming test for the first salvent pump, and
if the first solvent pump does not pass the pump priming test, (8) repeat steps (1) to (7) or

warns the user,

33. The method of claim 52, wherein when the at least one solvent pump comprises &
second solvent pump, the microprocessor is further programmed to (9) open the priming
device valve, (10} open a second manifold valve positioned between a solvent reservoir and
the second solvent pump, (11} activate the priming device, (12) run the priming device for a

esired length of time, (13) deactivate the priming device, (14) close the priming device
valve, (15) initiate a pump priming test for the second solvent pump, and if the second
solvent pump does not pass the pump priming test, {16) repeat steps (9) to (15) or warns the

HSLE.

34.  The method of any one of claims 49 to 53, wherein the microprocessor is
programmed to provide one or more prompts to the user via the user interface, the one or
more prompts comprising {1) an auto prime initiation prompt, (2) a solvent selection prompt,
(3) a pump priming fest initiation prompt, (4) a solvent purap or reservoir selection prompt,

(5) a pump priming completion prompt, or {6} any combination of prompts (1) to (5).

30



WO 2014/066769 PCT/US2013/066826

55, The method of any one of claims 49 to 54, wherein the priming device comprises a
vacuum pump, positive displacement pump, impulse pump, valve-less pump, velocity pump

ar the like..

36, A method of using a pump priming system in a chromatography system, said method
comprising:
initiating a purop priming procedare comprising:
moving a pump priming fluid from at least one solvent reservoir

through at least one solvent pump via a priming device,

57.  The method of claim 56, further comprising:
selecting a solvent using solvent selector device positioned between one of the
at least one solvent reservoir and a first solvent puiap of the at least one solvent pump;
opening a priming device valve positioned between the priming device and the
at least one solvent pump; and

activating the priming device.

38.  The method of clain 56 or 57, further comprising:
deactivating the priming device after a pump priming period;
initiating a pump priming test on the first solvent pump; and
if the first solvent pump does not pass the pump priming test, repeating said

steps from said selecting of the solvent step to said deactivating step at least one time.

58, The method of claim 58, wherein said initiating 2 pump prireing test step is performed

a maximum of two tinmes.

60.  The method of any one of claims 56 to 59, wherein in response to receiving one or

more inputs into a user interface of a microprocessor, initiating said method.

61.  The method of claim 60, wherein in response to receiving one or more inputs into a
user interface of a microprocessor, (1) opening the priming device valve, (2) selecting a

solvent by opening a first manifold valve, and (3) activating the priming device.
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62.  The method of claim 61, wherein in response to receiving one or more inputs inte a
user interface of a microprocessor, (1) opening the priming device valve, (2) opening the first
manifold valve, (3} activating the priming device, (4) running the priming device for a
desired length of time, (5) deactivating the priming device, and (6) closing the priming device

valve,

63, The method of any one of claims 61 or 62, wherein in response to receiving one or
more inputs into a user interface of a microprocessor, (1) opening the priming device valve,
(Z) opening the first manifold valve, (3) activating the priming device, (4) running the
priming device for a desired length of time, (5) deactivating the priming device, (6) closing
the priming device vaive, (7} initiating a pump priming test for the first solvent pump, and if
the first solvent pump does not pass the pump priming test, (8) repeating steps (1) to (7) or

warns the user.

64.  The method of claim 63, wherein when the at least one solvent pump comprise a
second solvent pump, in response o receiving one or more inpuets into a user interface of a
microprocessor, (9) opening the priming device valve, (10) opening a sscond manifold valve
positioned between a solvent reservoir and the second solvent pump, (11) activating the
priming device, (12) ruoning the priming device for a desired lemgth of time, (13)
deactivating the priming device, {14) closing the priming device valve, {15} initiating a pump
priming test for the second solvent pump, and if the second solvent pump does not pass the

pump priming test, {16) repeat steps (9} to {15) or warns the user.

65.  The method of any one of claims 56 to 64, further comprising:

providing one or more prompts to a user via a user interface of a
microprocessor, the one or more prompts comprising (1) an auto prime initiation prompt, (2)
a solvent selection prompt, (3) a pump priming test initlation prompt, {4) a solvent pump or
reservoir selection prompt, (3} a pump priming completion prompt, or (6) any combination of

prompts (1) to (5

66.  The method of any one of claims 36 to 65, further comprising:
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running a solvent from the at least one solvent ressrvoir through at least one

chromatography column in fluid communication with the at least one solvent reservoir,

67. A method of using a pump priming system in a chromatography system, said method
comprising:

running a solvent from the at least one solvent reservoir through at least one
chromatography colurn in fluid communication with the at least one solvent reservoir using
at {east one solvent pump;

initiating 2 pump priming test for the solvent pump.

68, The method of claim 67, wherein the pump priming test is performed during the

running step.

69.  The method of claims 67 or 68, further coraprising;
initiating a pump priming procedure comprising:
moving a pump priming fhuid from at least one solvent reservoir

through al least one solvent pump via a priming device.

70.  The method of claim 89, further comprising:
selecting a solvent using a solvent selector device positioned between one of
the at least one solvent reservoir and a first solvent pump of the at least one solvent pump;
opening a priming device valve positioned between the priming device and the
at feast one solvent pump; and

activating the priming device.

71.  The method of claim 69 or 70, further comprising:
deactivating the priming device after a purnp priming period;
nitiating a pump priming test on the first solvent pamp; and
if the first solvent pump does not pass the pump priming test, repeating said

steps from said selecting of the selvent step to said deactivating step at least one time.

72, The method of claim 71, wherein said initiating a pump priming test step is performed

a maximum of two mes.
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73, The method of any one of claims 67 to 72, wherein in response 1o receiving one or

more inputs inte & user interface of a microprocessor, initiating said method.

74, The method of claim 70, wherein in response to receiving one or more inputs Mo a
user interface of a microprocessor, (1) opening the priming device valve, (2) selecting a

solvent by opening a first manifold valve, and (3) activating the priming device.

75.  The method of claim 74, wherein in response to receiving one or more inputs into a
user interface of a microprocessor, {1) opening the priming device valve, (2) opening the first
manifold valve, (3} activating the priming device, (4) running the priming device for a
desired length of time, (5) deactivating the priming device, and (6) closing the priming device

valve,

76, The method of any one of claims 74 or 75, wherein in response to receiving one or
more Inputs into a user interface of a microprocessor, (1) opening the priming deviee valve,
{2} opening the first manifold valve, (3) activating the priming device, (4) running the
priming deviee for & desired length of time, (5} deactivating the priming device, (6) closing
the priming device valve, (7} initiating a pump priming test for the first solvent pump, and if
the first selvent pump does not pass the pump priming test, (8) repeating steps (1) w (7) or

warns the user.

77. The method of claim 76, wherein when the at least one solvent pump comprise a
second solvent pump, in response to receiving one or more inputs into a user interface of a
microprocessor, (9) opening the priming device valve, {10) opening 2 second manifold valve
positioned between a solvent reservoir and the second solvent pump, {11) activating the
priming device, (12) running the priming device for a desired length of time, {3
deactivating the priming device, {14) closing the priming device valve, (15) initiating a pump
priming test for the second solvent pump, and if the second solvent pump does not pass the

pump priming test, (16) repeat steps (§) to (15) or warns the vser,

78, The methed of any one of claims 70 to 77, further comprising:
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providing one or more prompts to a user via a user imterface of a
microprocessor, the one or more prompts comprising (1) an auto prime initiation prompt, (2)
a solvent selection prompt, {3) a pump priming test initiation prompt, (4) & solvent pump or
reservoir selection prompt, (3) a pump priming completion prowmpt, of {6} any combination of

prompts (1) o {5).
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