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UNIT FOR NON-CONTINUOUS SAMPLE
FRACTIONATION AND INTEGRATION, AND
DUAL ONLINE MULTIFUNCTIONAL
LIQUID CHROMATOGRAPHY DEVICE
HAVING SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a non-continuous
sample fractionating and concatenating device and a dual
online multidimensional liquid chromatography system hav-
ing the same, and more particularly, a non-continuous
sample fractionating and concatenating device and a dual
online multidimensional liquid chromatography system hav-
ing the same to achieve low sample complexity and high
fraction uniformity.

BACKGROUND ART

[0002] In proteomics that is the large-scale study of the
entire set of proteins expressed in human body under a
specific condition, a combination of liquid chromatography
system combined with mass spectrometry (LC-MS/MS) has
emerged as very important technology.

[0003] Insuch technology, bottom-up or shotgun proteom-
ics technique involving hydrolysis of proteins into small
fragments, peptides, prior to analysis is widely used.
[0004] The bottom-up or shotgun proteomics method was
proved to be useful, but inevitably results in sample com-
plexity. For example, when proteins expressed from about
20,000 genomes are hydrolyzed into peptides, tens of mil-
lions peptides are obtained. Moreover, proteins in human
body have a broad range of concentration dynamic ranges
(10%°). Accordingly, to conduct effective proteomic analysis
with reduced sample complexity, a separation method with
high resolution is needed.

[0005] As technique for dealing with this problem, there is
two-dimensional liquid chromatography technique. The
technique embraces concatenation of two different separa-
tion methods.

[0006] There are two crucial factors for success in two-
dimensional liquid chromatography; the first is separation
efficiency of each separation method, and the second is
separation orthogonality.

[0007] The separation orthogonality refers to indepen-
dency of each separation modes, which means that sample
mixtures are separated by different physiochemical proper-
ties by each separation mode.

[0008] One of two-dimensional separation methods that
have been developed and widely used in recent years is a
method including fractionating a sample according to the
degree of hydrophobicity at alkaline pH and separating the
separated fractions again according to the degree of hydro-
phobicity under acidic pH condition (two-dimensional
reversed-phase liquid chromatography-reversed-phase lig-
uid chromatography, 2D RP-RPLC).

[0009] Basically, two separation modes that separate the
mixture by hydrophobicity does not have separation
orthogonality, but peptides under different pH conditions
have different charge distributions depending on unique
amino acid composition, and accordingly, even the same
peptide can have different degrees of hydrophobicity. Due to
this, the 2D RP-RPLC method has separation orthogonality.
[0010] However, the 2D RP-RPLC method does not have
complete separation orthogonality. FIG. 1 shows a distribu-

Jan. 17,2019

tion of identified peptides at the clution time of each
separation method after RPLC separation at pH 10, RPLC
separation of each fraction at pH2.6 again and analysis using
a mass analyzer. Seeing FIG. 1, it is observed that there are
many areas where peptides are not found, which implies that
the 2D RP-RPLC method did not exploit all separation
spaces of two-dimensional separation.

[0011] A method developed to solve this problem is non-
continuous concatenation after fractionation. Referring to
FIG. 2A, the non-continuous concatenation after fraction-
ation includes fractionation into 96 (1° to 96”) in the order
of elution of the first dimension RLPC separation under
alkaline pH and non-continuous concatenation into 24 frac-
tions. after Nos. 1 to 24 become 24 fractions, No. 25 is
concatenated into the first fraction and No. 26 is concat-
enated into the second fraction. As a result, Nos. 1, 25, 49
and 73 fractions are concatenated into the first fraction, Nos.
2, 26, 50 and 74 are concatenated into the second fraction,
and Nos. 24, 48, 72 and 96 are concatenated into the last
24th fraction. When non-continuous concatenation is per-
formed in this way, the entire separation space of two-
dimensional separation can be fully utilized as shown in
FIG. 2B.

[0012] By using the fractionation and non-continuous con-
catenation technology, 2D RP-RPLC achieved high separa-
tion orthogonality.

[0013] However, this concatenation process is performed
manually by researchers, requiring large amounts of man-
power and time. Additionally, to perform an LC-MS/MS
experiment at acidic pH for fractions obtained in the off-line
method, many manual steps are needed to reduce the volume
of the fractions and dissolve in a solvent applicable for the
LC-MS/MS experiment again, causing a sample loss during
this process and affecting reproducibility of the experiment.
Accordingly, there is a demand for the development of a
liquid chromatography system to automatically perform the
steps subsequent to sample injection.

RELATED LITERATURES

Non-Patent Literatures

[0014] Non-Patent Literature 1: M Gilar et al, Anal Chem,
2005, 77, 6426-6434

[0015] Non-Patent Literature 2: J. M. Park et al, Sci. Rep.
5, 18189; doi:10.1038/srep18189 (2015)

DISCLOSURE

Technical Problem

[0016] Therefore, the present disclosure is directed to
providing a non-continuous sample fractionating and con-
catenating device and a dual online multidimensional liquid
chromatography system having the same for improving
reproducibility of fractionation and preventing a sample loss
through automation of non-continuous sample fractionation
and concatenation process with low sample complexity and
high fraction uniformity.

Technical Solution

[0017] According to an aspect of the present disclosure,
there is provided a non-continuous sample fractionating and
concatenating device including a sample supply module
which supplies a sample to be analyzed, and a sample
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fractionation module connected to the sample supply mod-
ule, and which is continuously supplied with the sample, sets
a plurality of unit sample supply times obtained by equally
dividing a total sample supply time during which the sample
is supplied from the sample supply module, sets a plurality
of unit fractionation intervals obtained by equally dividing
each of the plurality of unit sample supply times, and
concatenates and stores the sample supplied during corre-
sponding unit fractionation intervals within each unit sample
supply time to acquire a plurality of fractions.

[0018] The sample fractionation module may include a
first fractionation valve connected to the sample supply
module, into which the sample is introduced, a second
fractionation valve provided adjacent to the first fraction-
ation valve, and a plurality of fraction storage loops pro-
vided corresponding to a number of the plurality of unit
fractionation intervals within the unit sample supply time,
each having one end connected to the first fractionation
valve and the other end connected to the second fraction-
ation valve, to concatenate and store the sample supplied
during the corresponding unit fractionation intervals within
each of the unit sample supply times in a sequential order.
[0019] The first fractionation valve may include a fraction
inlet port through which the sample is introduced from the
sample supply module, a plurality of first fraction storage
loop connection ports provided adjacent to the fraction inlet
port, each connected to one end of the plurality of fraction
storage loops, and a first connecting channel connecting the
fraction inlet port and one of the plurality of first fraction
storage loop connection ports in communication with each
other corresponding to the unit fractionation interval, and
the second fractionation valve may include a plurality of
second fraction storage loop connection ports to which the
other end of the plurality of fraction storage loops is each
connected, a fraction outlet port provided adjacent to the
plurality of second fraction storage loop connection ports,
and connected to the other end of one of the plurality of
fraction storage loops to discharge the fraction, and a second
connecting channel connecting the fraction outlet port and
one of the plurality of second fraction storage loop connec-
tion ports in communication with each other corresponding
to the unit fractionation interval.

[0020] The sample supply module may include a first
sample supply valve to which a first pump and a sample
injector are connected, wherein the first pump supplies a first
solvent, and a second sample supply valve connected to the
first sample supply valve to receive the sample supplied
from the first sample supply valve and supply the sample to
the fraction inlet port.

[0021] The first sample supply valve may include a first
sample inlet port connected to the sample injector, a first
sample outlet port provided adjacent to the first sample inlet
port, a first solvent inlet port connected to the first pump, a
first solvent outlet port provided adjacent to the first solvent
inlet port and connected to the second sample supply valve,
and a first sample storage loop connection port and a second
sample storage loop connection port to which two ends of a
sample storage loop are each connected, and in a state that
the first sample storage loop connection port and the second
sample storage loop connection port are each connected to
the first sample inlet port and the first sample outlet port, the
sample may be stored in the sample storage loop, and in a
state that the first sample storage loop connection port and
the second sample storage loop connection port are each
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connected to the first solvent inlet port and the first solvent
outlet port, the first solvent may be injected into the sample
storage loop to supply the sample to the second sample
supply valve.

[0022] The second sample supply valve may include a
second sample inlet port connected to the first solvent outlet
port, a second sample outlet port provided adjacent to the
second sample inlet port and connected to the fraction inlet
port, and a sample separation column having two ends, each
connected to the second sample inlet port and the second
sample outlet port, so that the sample is eluted at the second
sample outlet port, and the sample eluted in the sample
separation column may be supplied to the fraction inlet port.
[0023] According to another aspect of the present disclo-
sure, there is provided a dual online multidimensional liquid
chromatography system including a non-continuous sample
fractionating and concatenating device which is continu-
ously supplied with a sample to be analyzed, sets a plurality
of unit sample supply times obtained by equally dividing a
total sample supply time during which the sample is sup-
plied, sets a plurality of unit fractionation intervals obtained
by equally dividing each of the plurality of unit sample
supply times, and supplies a plurality of fractions acquired
by concatenating and storing the sample supplied during
corresponding unit fractionation intervals within each unit
sample supply time, a dual column valve to which a first
reversed-phase liquid chromatography column and a second
reversed-phase liquid chromatography column are con-
nected, and having a first solid phase extraction column
connected to the first reversed-phase liquid chromatography
column and a second solid phase extraction column con-
nected to the second reversed-phase liquid chromatography
column, and a column selection module provided between
the non-continuous sample fractionating and concatenating
device and the dual column valve to supply the fractions
supplied from the non-continuous sample fractionating and
concatenating device in a sequential order to the first solid
phase extraction column and the first reversed-phase liquid
chromatography column or the second solid phase extraction
column and the second reversed-phase liquid chromatogra-
phy column in alternating manner.

[0024] The non-continuous sample fractionating and con-
catenating device may include a sample supply module
which supplies the sample, and a sample fractionation
module connected to the sample supply module to continu-
ously receive the sample supplied from the sample supply
module to acquire a plurality of fractions and supply the
plurality of fractions to the column selection module in a
sequential order.

[0025] The sample fractionation module may include a
first fractionation valve connected to the sample supply
module, into which the sample is introduced, a second
fractionation valve provided adjacent to the first fraction-
ation valve, and a plurality of fraction storage loops pro-
vided corresponding to a number of the plurality of unit
fractionation intervals within the unit sample supply time,
each having one end connected to the first fractionation
valve and the other end connected to the second fraction-
ation valve, to concatenate and store the sample supplied
during the corresponding unit fractionation intervals within
each of the unit sample supply times in a sequential order.
[0026] The first fractionation valve may include a first
fraction inlet port through which the sample is introduced
from the sample supply module, a plurality of first fraction
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storage loop connection ports provided adjacent to the first
fraction inlet port, to which one end of the plurality of
fraction storage loops is each connected, and a first con-
necting channel connecting the fraction inlet port and one of
the plurality of first fraction storage loop connection ports in
communication with each other corresponding to the unit
fractionation interval, and the second fractionation valve
may include a plurality of second fraction storage loop
connection ports to which the other end of the plurality of
fraction storage loops is each connected, a first fraction
outlet port provided adjacent to the plurality of second
fraction storage loop connection ports, the first fraction
outlet port to which the other end of one of the plurality of
fraction storage loops is connected to discharge the fraction,
and a second connecting channel connecting the first frac-
tion outlet port and one of the plurality of second fraction
storage loop connection ports in communication with each
other corresponding to the unit fractionation interval.

[0027] The sample supply module may include a first
sample supply valve having a first sample inlet port con-
nected to a sample injector, a first sample outlet port
provided adjacent to the first sample inlet port, a first solvent
inlet port connected to a first pump, a first solvent outlet port
provided adjacent to the first solvent inlet port, and a first
sample storage loop connection port and a second sample
storage loop connection port to which two ends of a sample
storage loop are each connected, and a second sample supply
valve having a second sample inlet port connected to the first
solvent outlet port, a second sample outlet port provided
adjacent to the second sample inlet port and connected to the
first fraction inlet port, and a sample separation column
having two ends, each connected to the second sample inlet
port and the second sample outlet port, so that the sample is
eluted at the second sample outlet port.

[0028] The column selection module may include a col-
umn equilibration valve connected to the first fraction outlet
port to provide a channel through which the plurality of
fractions is supplied to the first solid phase extraction
column or the second solid phase extraction column in
alternating manner, and to equilibrate the first solid phase
extraction column and the first reversed-phase liquid chro-
matography column or the second solid phase extraction
column and the second reversed-phase liquid chromatogra-
phy column in alternating manner, and a column selection
valve connected to the column equilibration valve to receive
the supply of the plurality of fractions and supply the
plurality of fractions to the first solid phase extraction
column or the second solid phase extraction column in
alternating manner, so that the fraction is eluted with the first
reversed-phase liquid chromatography column in the first
solid phase extraction column or the second reversed-phase
liquid chromatography column in the second solid phase
extraction column.

[0029] The column equilibration valve may include a
second fraction inlet port connected to the first fraction
outlet port and a second pump which supplies a second
solvent, a third solvent inlet port connected to a third pump
which supplies a third solvent, through which the third
solvent is introduced, a second fraction outlet port provided
adjacent to the second fraction inlet port and selectively
connected to the second fraction inlet port and the third
solvent inlet port, and a third solvent outlet port provided
adjacent to the third solvent inlet port and selectively
connected to the second fraction inlet port and the third
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solvent inlet port, and in a state that the second fraction inlet
port and the third solvent outlet port are connected, the
fraction into which the second solvent is injected may be
supplied to the first solid phase extraction column or the
second solid phase extraction column via the column selec-
tion valve, and in a state that the third solvent inlet port and
the third solvent outlet port are connected, the third solvent
may equilibrate the first solid phase extraction column and
the first reversed-phase liquid chromatography column or
the second solid phase extraction column and the second
reversed-phase liquid chromatography column in alternating
manner via the column selection valve.

[0030] The column selection valve may include a fraction
and third solvent inlet port connected to the third solvent
outlet port, through which the fraction or the third solvent is
introduced, a fourth solvent inlet port connected to a fourth
pump which supplies a fourth solvent, through which the
fourth solvent is introduced, a fraction and third solvent
outlet port provided adjacent to the fraction and third solvent
inlet port and selectively connected to the fraction and third
solvent inlet port and the fourth solvent inlet port, and a
fourth solvent outlet port provided adjacent to the fourth
solvent inlet port and selectively connected to the fraction
and third solvent inlet port and the fourth solvent inlet port,
and as the fraction and third solvent inlet port and the
fraction and third solvent outlet port are connected, the
fraction may be supplied to the first solid phase extraction
column, and then in a state that the fourth solvent inlet port
and the fraction and third solvent outlet port are connected,
the fourth solvent may elute the fraction with the first
reversed-phase liquid chromatography column in the first
solid phase extraction column, and in a state that the fraction
and third solvent inlet port and the fourth solvent outlet port
are connected, the third solvent may equilibrate the second
solid phase extraction column and the second reversed-
phase liquid chromatography column, and as the fraction
and third solvent inlet port and the fourth solvent outlet port
are connected, the fraction may be supplied to the second
solid phase extraction column, and then in a state that the
fourth solvent inlet port and the fourth solvent outlet port are
connected, the fourth solvent may elute the fraction with the
second reversed-phase liquid chromatography column in the
second solid phase extraction column, and in a state that the
fraction and third solvent inlet port and the fraction and third
solvent outlet port are connected, the third solvent may
equilibrate the first solid phase extraction column and the
first reversed-phase liquid chromatography column.

[0031] The dual column valve may include a first solid
phase extraction column connection port and a first solid
phase extraction column channel port, each connected to
two ends of the first solid phase extraction column, a first
solid phase extraction column inlet port connected to the
fraction and third solvent outlet port, and selectively con-
nected to the first solid phase extraction column connection
port and the first solid phase extraction column channel port,
a first reversed-phase liquid chromatography column port
connected to the first reversed-phase liquid chromatography
column, and connected or disconnected to/from the first
solid phase extraction column connection port, a second
solid phase extraction column connection port and a second
solid phase extraction column channel port, each connected
to two ends of the second solid phase extraction column, a
second solid phase extraction column inlet port connected to
the fourth solvent outlet port, and selectively connected to
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the second solid phase extraction column connection port
and the second solid phase extraction column channel port,
and a second reversed-phase liquid chromatography column
port connected to the second reversed-phase liquid chroma-
tography column, and connected or disconnected to/from the
second solid phase extraction column connection port.
[0032] The dual column valve may further include a first
outlet port provided adjacent to the first solid phase extrac-
tion column channel port, and connected or disconnected
to/from the first solid phase extraction column channel port,
and a second outlet port provided adjacent to the first outlet
port, and connected or disconnected to/from the second solid
phase extraction column channel port.

Advantageous Effects

[0033] The embodiment of the present disclosure is pro-
vided with a non-continuous sample fractionating and con-
catenating device which concatenates and stores a sample
supplied during corresponding unit fractionation intervals
within each unit sample supply time to automatically acquire
a plurality of fractions, thereby reducing sample complexity
and increasing fraction uniformity, and further, improving
reproducibility of fractionation and preventing a sample
loss.

DESCRIPTION OF DRAWINGS

[0034] FIG. 1 is a diagram showing a distribution of
identified peptides after RPL.C separation at pH 10, RPL.C
separation of each fraction at pH2.6 again and analysis using
a mass analyzer.

[0035] FIG. 2 is a diagram illustrating non-continuous
concatenation after sample fractionation.

[0036] FIG. 3 is a diagram showing an operation of
acquiring a first fraction by a dual online multidimensional
liquid chromatography system according to an embodiment
of the present disclosure.

[0037] FIG. 4 is a diagram showing an operation of
acquiring a second fraction by a dual online multidimen-
sional liquid chromatography system according to an
embodiment of the present disclosure.

[0038] FIG. 5 is a diagram showing an operation of
acquiring a tenth fraction by a dual online multidimensional
liquid chromatography system according to an embodiment
of the present disclosure.

[0039] FIG. 6 is a diagram showing an operation of
supplying a first fraction to a first solid phase extraction
column by a dual online multidimensional liquid chroma-
tography system according to an embodiment of the present
disclosure.

[0040] FIG. 7 is a diagram showing an operation of
supplying a first fraction to a first reversed-phase liquid
chromatography column and equilibrating a second solid
phase extraction column and a second reversed-phase liquid
chromatography column by a dual online multidimensional
liquid chromatography system according to an embodiment
of the present disclosure.

[0041] FIG. 8 is a diagram showing an operation of
supplying a second fraction to a second solid phase extrac-
tion column by a dual online multidimensional liquid chro-
matography system according to an embodiment of the
present disclosure.

[0042] FIG. 9 is a diagram showing an operation of
supplying a second fraction to a second reversed-phase
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liquid chromatography column and equilibrating a first solid
phase extraction column and a first reversed-phase liquid
chromatography column by a dual online multidimensional
liquid chromatography system according to an embodiment
of the present disclosure.

BEST MODE

[0043] For a complete understanding of the present dis-
closure, its operational advantages and objects achieved by
the practice of the present disclosure, a reference is made to
the accompanying drawings illustrating the preferred
embodiments of the present disclosure and the statements in
the drawings.

[0044] Hereinafter, the present disclosure will be
described in detail by delineating the preferred embodiments
of'the present disclosure with reference to the accompanying
drawings. Like reference symbols presented in each drawing
indicate like elements.

[0045] FIG. 3 is a diagram showing an operation of
acquiring a first fraction by a dual online multidimensional
liquid chromatography system according to an embodiment
of the present disclosure, FIG. 4 is a diagram showing an
operation of acquiring a second fraction by the dual online
multidimensional liquid chromatography system according
to an embodiment of the present disclosure, FIG. 5 is a
diagram showing an operation of acquiring a tenth fraction
by the dual online multidimensional liquid chromatography
system according to an embodiment of the present disclo-
sure, FIG. 6 is a diagram showing an operation of supplying
the first fraction to a first solid phase extraction column by
the dual online multidimensional liquid chromatography
system according to an embodiment of the present disclo-
sure, FIG. 7 is a diagram showing an operation of supplying
the first fraction to a first reversed-phase liquid chromatog-
raphy column and equilibrating a second solid phase extrac-
tion column and a second reversed-phase liquid chromatog-
raphy column by the dual online multidimensional liquid
chromatography system according to an embodiment of the
present disclosure, FIG. 8 is a diagram showing an operation
of supplying a second fraction to the second solid phase
extraction column by the dual online multidimensional
liquid chromatography system according to an embodiment
of the present disclosure, and FIG. 9 is a diagram showing
an operation of supplying the second fraction to the second
reversed-phase liquid chromatography column and equili-
brating the first solid phase extraction column and the first
reversed-phase liquid chromatography column by the dual
online multidimensional liquid chromatography system
according to an embodiment of the present disclosure.
[0046] Referring to FIGS. 3 to 5, the dual online multi-
dimensional liquid chromatography system 100 according to
an embodiment of the present disclosure includes a non-
continuous sample fractionating and concatenating device
200 which is continuously supplied with a sample to be
analyzed to acquire a plurality of fractions and supplies the
plurality of fractions, a dual column valve 400 to which a
first reversed-phase liquid chromatography column (COL1)
and a second reversed-phase liquid chromatography column
(COL2) are connected and having a first solid phase extrac-
tion column (SPE1) connected to the first reversed-phase
liquid chromatography column (COL1) and a second solid
phase extraction column (SPE2) connected to the second
reversed-phase liquid chromatography column (COL2), and
a column selection module 300 provided between the non-
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continuous sample fractionating and concatenating device
200 and the dual column valve 400 to supply the plurality of
fractions supplied from the non-continuous sample fraction-
ating and concatenating device 200 in a sequential order to
the first solid phase extraction column (SPE1) and the first
reversed-phase liquid chromatography column (COL1) or
the second solid phase extraction column (SPE2) and the
second reversed-phase liquid chromatography column
(COL2) in alternating manner.

[0047] Referring to FIGS. 3 to 5, the non-continuous
sample fractionating and concatenating device 200 accord-
ing to this embodiment plays a role in acquiring the plurality
of fractions from the sample continuously supplied from a
sample injector S.

[0048] The plurality of fractions according to this embodi-
ment will be described below.

[0049] First, unit sample supply times are set by equally
dividing the total sample supply time during which the
sample is supplied. Additionally, unit fractionation intervals
are set by equally dividing each unit sample supply time.
Additionally, the plurality of fractions is acquired by con-
catenating and storing the sample supplied during corre-
sponding unit fractionation intervals within each unit sample
supply time.

[0050] For example, when the total sample supply time is
100 minutes, the unit sample supply times obtained by
equally dividing the total sample supply time into five are at
an interval of 20 minutes. That is, the first unit sample
supply time corresponds to 0-20 minutes, and the second to
fifth unit sample supply times correspond to 20-40 minutes,
40-60 minutes, 60-80 minutes, and 80-100 minutes, respec-
tively.

[0051] Additionally, the first to fifth unit sample supply
times may have unit fractionation intervals obtained by
equally dividing into ten. For example, during the first unit
sample supply time, a first unit fractionation interval corre-
sponds to 0-2 minutes, and second to tenth unit fractionation
intervals correspond to 2-4 minutes, 4-6 minutes, 6-8 min-
utes, 8-10 minutes, 10-12 minutes, 12-14 minutes, 14-16
minutes, 16-18 minutes and 18-20 minutes, respectively.
Additionally, during the second sample supply time, a first
unit fractionation interval corresponds to 20-22 minutes, and
second to tenth fractionation intervals correspond to 22-24
minutes, 24-26 minutes, 26-28 minutes, 28-30 minutes,
30-32 minutes, 32-34 minutes, 34-36 minutes, 36-38 min-
utes and 38-40 minutes, respectively.

[0052] In this embodiment, the plurality of fractions are
acquired by concatenating and storing the sample supplied
during the corresponding first to tenth unit fractionation
intervals within the first to fifth unit sample supply times.
For example, the first fraction is acquired by concatenating
and storing the sample supplied during the first unit frac-
tionation intervals within the first to fifth unit sample supply
times (i.e., 0-2 minutes, 20-22 minutes, 40-42 minutes,
60-62 minutes, 80-82 minutes). The second to tenth frac-
tions are obtained by the same operation as the operation of
acquiring the first fraction, and its detailed description is
omitted herein.

[0053] Additionally, although this embodiment sets the
total sample supply time of 100 minutes and the first to fifth
unit sample supply times, and sets ten unit fractionation
intervals in each unit sample supply time, the scope of
protection of the present disclosure is not limited thereto,
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and the total sample supply time, the unit sample supply
time and the unit fractionation interval may be variously set.
[0054] The non-continuous sample fractionating and con-
catenating device 200 according to this embodiment
includes a sample supply module 210 which supplies a
sample, and a sample fractionation module 250 connected to
the sample supply module 210 to continuously receive the
sample supplied from the sample supply module 210 to
acquire a plurality of fractions and supply the plurality of
fractions to the column selection module 300 in a sequential
order.

[0055] The sample supply module 210 according to this
embodiment plays a role in continuously supplying the
sample to the sample fractionation module 250.

[0056] The sample supply module 210 includes a first
sample supply valve 220 to which a first pump P1 that
supplies a first solvent and a sample injector S are con-
nected, and a second sample supply valve 240 connected to
the first sample supply valve 220 to receive the sample
supplied from the first sample supply valve 220 and supply
the sample to the sample fractionation module 250.

[0057] The first sample supply valve 220 plays a role in
receiving the sample supplied from the sample injector S,
storing the sample in a sample storage loop 221, and then
receiving the first solvent supplied from the first pump P1
and supplying the sample stored in the sample storage loop
221 to the second sample supply valve 240.

[0058] To this end, the first sample supply valve 220
includes a first sample inlet port 222 connected to the sample
injector S, a first sample outlet port 223 provided adjacent to
the first sample inlet port 222, a first solvent inlet port 226
connected to the first pump P1, a first solvent outlet port 227
provided adjacent to the first solvent inlet port 226 and
connected to the second sample supply valve 240, and a first
sample storage loop connection port 224 and a second
sample storage loop connection port 225 to which two ends
of the sample storage loop 221 are each connected.

[0059] Although not shown, in a state that the first sample
storage loop connection port 224 and the second sample
storage loop connection port 225 each connected to the two
ends of the sample storage loop 221 are respectively con-
nected to the first sample inlet port 222 and the first sample
outlet port 223, the sample is supplied to the first sample
inlet port 222 through the sample injector S and continu-
ously stored in the sample storage loop 221.

[0060] Additionally, in a state that the first sample storage
loop connection port 224 and the second sample storage
loop connection port 225 are each connected to the first
solvent inlet port 226 and the first solvent outlet port 227, the
first solvent is injected into the first solvent inlet port 226
through the first pump P1 and the sample stored in the
sample storage loop 221 is continuously supplied to the
second sample supply valve 240. In this instance, the first
pump P1 supplies the first solvent to the first solvent inlet
port 226, wherein the first solvent is a mixed solution with
pH 7.5 of 99% of solution A, 10 mM Triethylammonium
bicarbonate (TEAB) in water, and 1% of solution B, 10 mM
Triethylammonium bicarbonate (TEAB) in acetonitrile.
[0061] Additionally, the second sample supply valve 240
plays a role in continuously injecting the sample supplied
from the first sample supply valve 220 into a sample
separation column 243 and continuously supplying the
sample injected into the sample separation column 243 to
the sample fractionation module 250.



US 2019/0017974 Al

[0062] The second sample supply valve 240 includes a
second sample inlet port 241 connected to the first solvent
outlet port 227, a second sample outlet port 242 provided
adjacent to the second sample inlet port 241 and connected
to a first fraction inlet port 261, and a sample separation
column 243 having two ends, each connected to the second
sample inlet port 241 and the second sample outlet port 242,
so that the sample is separated and eluted at the second
sample outlet port 242.

[0063] The sample stored in the sample storage loop 221
is injected into the sample separation column 243 through
the first solvent outlet port 227 and the second sample inlet
port 241 by the first solvent. Additionally, the sample
injected into the sample separation column 243 is separated
and eluted by the first solvent supplied from the first pump
P1 and supplied to the sample fractionation module 250
described below along the second sample outlet port 242. In
this instance, the first pump P1 supplies the first solvent to
the first solvent inlet port 226, wherein the first solvent is a
mixed solution of the solution A, 10 mM Triethylammonium
bicarbonate (TEAB) in water, reducing from 99% to 50%
and the solution B, 10 mM Triethylammonium bicarbonate
(TEAB) in acetonitrile, increasing from 1% to 50%. As
above, the sample is easily eluted in the sample separation
column 243 by gradually increasing the concentration of the
solution B in the first solvent.

[0064] The sample fractionation module 250 according to
this embodiment plays a role in acquiring ten fractions from
the sample continuously supplied from the sample supply
module 210.

[0065] The sample fractionation module 250 includes a
first fractionation valve 260 connected to the sample supply
module 210 to allow the sample to be introduced through, a
second fractionation valve 280 provided adjacent to the first
fractionation valve 260, and a plurality of fraction storage
loops 284a to 284; having one end connected to the first
fractionation valve 260 and the other end connected to the
second fractionation valve 280.

[0066] In this embodiment, because each unit sample
supply time has ten unit fractionation intervals, ten fraction
storage loops 2844 to 284; are provided corresponding to the
number of corresponding unit fractionation intervals within
the unit sample supply time.

[0067] Additionally, the first fractionation valve 260
includes a first fraction inlet port 261 through which the
sample is introduced from the second sample outlet port 242,
a plurality of first fraction storage loop connection ports 262
provided adjacent to the first fraction inlet port 261 and each
connected to one end of the plurality of fraction storage
loops 284a to 284j, and a first connecting channel 263
connecting the first fraction inlet port 261 and one of the
plurality of first fraction storage loop connection ports 262
in communication with each other corresponding to the unit
fractionation interval. In this embodiment, ten first fraction
storage loop connection ports 262 are provided correspond-
ing to the number of ten fraction storage loops 2844 to 284;.
[0068] Additionally, the second fractionation valve 280
includes a plurality of second fraction storage loop connec-
tion ports 282 to which the other end of the plurality of
fraction storage loops 284a to 284/ is each connected, a first
fraction outlet port 281 provided adjacent to the plurality of
second fraction storage loop connection ports 282 and
connected to the other end of one of the plurality of fraction
storage loops 284a to 284; to discharge the fraction, and a
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second connecting channel 283 connecting the first fraction
outlet port 281 to one of the plurality of second fraction
storage loop connection ports 282 in communication with
each other corresponding to the unit fractionation interval.
In this embodiment, ten second fraction storage loop con-
nection ports 282 are provided corresponding to the number
of ten fraction storage loops 284a to 284;.

[0069] First, the operation of acquiring first to tenth frac-
tions during the first to tenth unit fractionation intervals
within the first unit sample supply time (0-20 minutes) will
be described below.

[0070] As shown in FIG. 3, the operation of acquiring the
first fraction during the first unit fractionation interval (0-2
minutes) is as below.

[0071] The first connecting channel 263 is connected to
the first fraction storage loop connection port 262 connected
to one end of the first fraction storage loop 284a among the
plurality of first fraction storage loop connection ports 262,
and the second connecting channel 283 is connected to the
second fraction storage loop connection port 282 connected
to the other end of the first fraction storage loop 284a among
the plurality of second fraction storage loop connection ports
282.

[0072] Additionally, in a state that the first solvent outlet
port 227 and the second sample inlet port 241 are connected,
the first solvent is supplied from the first pump P1 to the
sample separation column 243 so that the sample is sepa-
rated and eluted in the sample separation column 243, and
the sample separated and eluted in the sample separation
column 243 is supplied to the first fraction storage loop 284a
via the first fraction inlet port 261 through the second sample
outlet port 242 and stored in the first fraction storage loop
284a.

[0073] Additionally, as shown in FIG. 4, the operation of
acquiring the second fraction during the second unit frac-
tionation interval (2-4 minutes) is as below.

[0074] The first connecting channel 263 is connected to
the first fraction storage loop connection port 262 connected
to one end of the second fraction storage loop 2845 among
the plurality of first fraction storage loop connection ports
262, and the second connecting channel 283 is connected to
the second fraction storage loop connection port 282 con-
nected to the other end of the second fraction storage loop
2845 among the plurality of second fraction storage loop
connection ports 282.

[0075] Additionally, in a state that the first solvent outlet
port 227 and the second sample inlet port 241 are connected,
the first solvent is supplied from the first pump P1 to the
sample separation column 243 so that the sample is sepa-
rated and eluted in the sample separation column 243, and
the sample separated and eluted in the sample separation
column 243 is supplied to the second fraction storage loop
2845 via the first fraction inlet port 261 through the second
sample outlet port 242 and stored in the second fraction
storage loop 28464.

[0076] Additionally, as shown in FIG. 5, the operation of
acquiring the tenth fraction during the tenth unit fraction-
ation interval (18-20 minutes) is as below.

[0077] The first connecting channel 263 is connected to
the first fraction storage loop connection port 262 connected
to one end of the tenth fraction storage loop 284/ among the
plurality of first fraction storage loop connection ports 262,
and the second connecting channel 283 is connected to the
second fraction storage loop connection port 282 connected
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to the other end of the tenth fraction storage loop 284;
among the plurality of second fraction storage loop connec-
tion ports 282.

[0078] Additionally, in a state that the first solvent outlet
port 227 and the second sample inlet port 241 are connected,
the first solvent is supplied from the first pump P1 to the
sample separation column 243 so that the sample is sepa-
rated and eluted in the sample separation column 243, and
the sample separated and eluted in the sample separation
column 243 is supplied to the tenth fraction storage loop
284; via the first fraction inlet port 261 through the second
sample outlet port 242 and stored in the tenth fraction
storage loop 284;.

[0079] Additionally, the first to tenth fractions may be
acquired by iteratively performing the operation of acquiring
the first to tenth fractions during the first to tenth unit
fractionation intervals within the first unit sample supply
time (0-20 minutes) among the second to fifth unit sample
supply times (20-40 minutes, 40-60 minutes, 60-80 minutes,
80-100 minutes). For example, the first fraction is acquired
by concatenating and storing the sample supplied during the
first unit fractionation intervals (i.e., 0-2 minutes, 20-22
minutes, 40-42 minutes, 60-62 minutes, 80-82 minutes)
within the first to fifth unit sample supply times.

[0080] Meanwhile, for separation and analysis of the first
to tenth fractions acquired by the sample fractionation
module 250, the first to tenth fractions are supplied to the
first reversed-phase liquid chromatography column (COL1)
or the second reversed-phase liquid chromatography column
(COL2).

[0081] To this end, the column selection module 300
according to this embodiment plays a role in supplying the
first to tenth fractions supplied from the sample fractionation
module 250 in a sequential order to the first solid phase
extraction column (SPE1) and the first reversed-phase liquid
chromatography column (COL1) or the second solid phase
extraction column (SPE2) and the second reversed-phase
liquid chromatography column (COL2) provided in the dual
column valve 400 described below in alternating manner.
[0082] Additionally, the column selection module 300
plays a role in supplying the first to tenth fractions to one of
the first solid phase extraction column (SPE1) and the first
reversed-phase liquid chromatography column (COL1) or
the second solid phase extraction column (SPE2) and the
second reversed-phase liquid chromatography column
(COL2), and performing fraction separation and analysis,
and at the same time, performing an equilibration operation
on the other of the first solid phase extraction column (SPE1)
and the first reversed-phase liquid chromatography column
(COL1) or the second solid phase extraction column (SPE2)
and the second reversed-phase liquid chromatography col-
umn (COL2).

[0083] The column selection module 300 includes a col-
umn equilibration valve 310 connected to the first fraction
outlet port 281 to provide a channel through which the
plurality of fractions are supplied to the first solid phase
extraction column (SPE1) or the second solid phase extrac-
tion column (SPE2) in alternating manner, and to equilibrate
the first solid phase extraction column (SPE1) and the first
reversed-phase liquid chromatography column (COL1) or
the second solid phase extraction column (SPE2) and the
second reversed-phase liquid chromatography column
(COL2) in alternating manner, and a column selection valve
330 connected to the column equilibration valve 310 to
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receive the supply of the plurality of fractions and supply the
fractions to the first solid phase extraction column (SPE1) or
the second solid phase extraction column (SPE2) in alter-
nating manner so that the fraction is separated and eluted
with the first reversed-phase liquid chromatography column
(COL1) in the first solid phase extraction column (SPE1) or
the second reversed-phase liquid chromatography column
(COL2) in the second solid phase extraction column (SPE2).
[0084] The column equilibration valve 310 according to
this embodiment plays a role in providing a channel through
which the first to tenth fractions are supplied to the first solid
phase extraction column (SPE1) or the second solid phase
extraction column (SPE2) in alternating manner.

[0085] The column equilibration valve 310 includes a
second fraction inlet port 311 connected to the first fraction
outlet port 281 and a second pump P2 which supplies a
second solvent, a third solvent inlet port 313 connected to a
third pump P3 which supplies a third solvent to allow the
third solvent to be introduced through, a second fraction
outlet port 312 provided adjacent to the second fraction inlet
port 311 and selectively connected to the second fraction
inlet port 311 and the third solvent inlet port 313, and a third
solvent outlet port 314 provided adjacent to the third solvent
inlet port 313 and selectively connected to the second
fraction inlet port 311 and the third solvent inlet port 313.
[0086] Referring to FIG. 6, in a state that the second
fraction inlet port 311 is connected to the first fraction outlet
port 281 and the second fraction inlet port 311 is connected
to the third solvent outlet port 314, the first fraction stored
in the first fraction storage loop 284a is supplied to the first
solid phase extraction column (SPE1) of the dual selection
valve described below. Additionally, referring to FIG. 8, in
a state that the second fraction inlet port 311 is connected to
the first fraction outlet port 281 and the second fraction inlet
port 311 is connected to the third solvent outlet port 314, the
second fraction stored in the second fraction storage loop
2845 is supplied to the second solid phase extraction column
(SPE2) of the dual section valve described below.

[0087] As above, the first to tenth fractions stored in the
first to tenth fraction storage loops 284a to 284;j may be
supplied to the first solid phase extraction column (SPE1) or
the second solid phase extraction column (SPE2) in alter-
nating manner in a state that the first fraction outlet port 281,
the second fraction inlet port 311 and the third solvent outlet
port 314 are connected.

[0088] In this instance, the first to tenth fractions dis-
charged from the first to tenth fraction storage loops 2844 to
284j are supplied with the second solvent through the second
pump P2 placed in a line connecting the first fraction outlet
port 281 and the second fraction inlet port 311. Here, the
second pump P2 supplies the second solvent, 0.2% Trifluo-
roacetic acid (TFA) in water. Additionally, the first pump P1
supplies the first solvent to the first solvent inlet port 226,
wherein the first solvent is a mixed solution of 99% of
solution A, 10 mM Triethylammonium bicarbonate (TEAB)
in water, and 1% of solution B, 10 mM Triethylammonium
bicarbonate (TEAB) in acetonitrile. Additionally, a ratio of
amounts of the first solvent supplied from the first pump P1
and the second solvent supplied from the second pump P2
may be 1:9.

[0089] This is because the second solvent is injected into
the first to tenth fractions supplied to the first solid phase
extraction column (SPE1) or the second solid phase extrac-
tion column (SPE2) to dilute and acidize the first to tenth
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fractions, thereby preventing a loss of the first to tenth
fractions in the first solid phase extraction column (SPE1) or
the second solid phase extraction column (SPE2) and reduc-
ing the composition of the organic solvent.

[0090] Additionally, referring to FIG. 7, in the course of
the separation and analysis operation of the first fraction
stored in the first reversed-phase liquid chromatography
column (COL1), in a state that the third solvent inlet port
313 and the third solvent outlet port 314 are connected, the
third solvent equilibrates the second solid phase extraction
column (SPE2) and the second reversed-phase liquid chro-
matography column (COL2) via the column selection valve
330. Additionally, referring to FIG. 9, in the course of the
separation and analysis operation of the second fraction
stored in the second reversed-phase liquid chromatography
column (COL2), in a state that the third solvent inlet port
313 and the third solvent outlet port 314 are connected, the
third solvent equilibrates the first solid phase extraction
column (SPE1) and the first reversed-phase liquid chroma-
tography column (COL1) via the column selection valve
330.

[0091] Although 0.1% formic acid in water is used as the
third solvent in this embodiment, the third solvent is not
limited thereto and includes any solution in water capable of
equilibrating the first solid phase extraction column (SPE1)
and the first reversed-phase liquid chromatography column
(COL1) or the second solid phase extraction column (SPE2)
and the second reversed-phase liquid chromatography col-
umn (COL2).

[0092] The column selection valve 330 according to this
embodiment plays a role in receiving the plurality of frac-
tions supplied from the column equilibration valve 310 and
supplying the plurality of fractions to the first solid phase
extraction column (SPE1) or the second solid phase extrac-
tion column (SPE2) in alternating manner. Additionally, the
column selection valve 330 plays a role in supplying a fourth
solvent to the first solid phase extraction column (SPE1) so
that the fraction is eluted with the first reversed-phase liquid
chromatography column (COL1) in the first solid phase
extraction column (SPE1), or supplying a fourth solvent to
the second solid phase extraction column (SPE2) so that the
fraction is eluted with the second reversed-phase liquid
chromatography column (COL2) in the second solid phase
extraction column (SPE2).

[0093] The column selection valve 330 includes a fraction
and third solvent inlet port 331 connected to the third solvent
outlet port 314 to allow the fraction or the third solvent to be
introduced through, a fourth solvent inlet port 333 connected
to a fourth pump P4 which supplies the fourth solvent to
allow the fourth solvent to be introduced through, a fraction
and third solvent outlet port 332 provided adjacent to the
fraction and third solvent inlet port 331 and selectively
connected to the fraction and third solvent inlet port 331 and
the fourth solvent inlet port 333, and a fourth solvent outlet
port 334 provided adjacent to the fourth solvent inlet port
333 and selectively connected to the fraction and third
solvent inlet port 331 and the fourth solvent inlet port 333.
[0094] Describing the operation of equilibrating the sec-
ond solid phase extraction column (SPE2) and the second
reversed-phase liquid chromatography column (COL2), as
shown in FIG. 6, in a state that the fraction and third solvent
outlet port 332, the fraction and third solvent inlet port 331,
and the third solvent outlet port 314 and the second fraction
inlet port 311 are connected, the first fraction is supplied to
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the first solid phase extraction column (SPE1). Additionally,
as shown in FIG. 7, in a state that the fourth solvent inlet port
333 and the fraction and third solvent outlet port 332 are
connected, the fourth solvent elutes the first fraction with the
first reversed-phase liquid chromatography column (COL1)
in the first solid phase extraction column (SPE1), and in a
state that the fraction and third solvent inlet port 331, the
fourth solvent outlet port 334 and the third solvent outlet
port 314 are connected, the third solvent is introduced into
the second solid phase extraction column (SPE2) and the
second reversed-phase liquid chromatography column
(COL2) to equilibrate the second solid phase extraction
column (SPE2) and the second reversed-phase liquid chro-
matography column (COL2).

[0095] In this embodiment, the fourth pump P4 supplies
the fourth solvent to the fourth solvent inlet port 333,
wherein the fourth solvent is a mixed solution of solution C,
0.1% formic acid in water, reducing from 99% to 60%, and
solution D, 0.1% formic acid in acetonitrile, increasing from
1% to 40%. As above, the gradually increasing concentra-
tion of the solution D in the fourth solvent allows for easy
elution of the first fraction in the first solid phase extraction
column (SPE1) or easy elution of the second fraction in the
second solid phase extraction column (SPE2).

[0096] Additionally, describing the operation of equili-
brating the first solid phase extraction column (SPE1) and
the first reversed-phase liquid chromatography column
(COL1), as shown in FIG. 8, in a state that the fourth solvent
outlet port 334, the fraction and third solvent inlet port 331,
the third solvent outlet port 314 and the second fraction inlet
port 311 are connected, the second fraction is supplied to the
second solid phase extraction column (SPE2), then as shown
in FIG. 9, in a state that the fourth solvent inlet port 333 and
the fourth solvent outlet port 334 are connected, the fourth
solvent elutes the second fraction with the second reversed-
phase liquid chromatography column (COL2) in the second
solid phase extraction column (SPE2), and in a state that the
fraction and third solvent inlet port 331 and the fraction and
third solvent outlet port 332 are connected, the third solvent
is introduced into the first solid phase extraction column
(SPE1) and the first reversed-phase liquid chromatography
column (COL1) to equilibrate the first solid phase extraction
column (SPE1) and the first reversed-phase liquid chroma-
tography column (COL1).

[0097] Meanwhile, the dual column valve 400 according
to this embodiment plays a role in performing separation and
analysis of the fraction in one of the first reversed-phase
liquid chromatography column (COL1) and the second
reversed-phase liquid chromatography column (COL2),
while performing equilibration on the other column.
[0098] The dual column valve 400 includes the first solid
phase extraction column (SPE1) connected to the first
reversed-phase liquid chromatography column (COL1) and
the second solid phase extraction column (SPE2) connected
to the second reversed-phase liquid chromatography column
(COL2). The fraction is supplied to the first reversed-phase
liquid chromatography column (COL1) through the first
solid phase extraction column (SPE1) or the second
reversed-phase liquid chromatography column (COL2)
through the second solid phase extraction column (SPE2).
[0099] Additionally, the dual column valve 400 supplies
the first to tenth fractions to the first reversed-phase liquid
chromatography column (COL1) or the second reversed-
phase liquid chromatography column (COL2) in alternating
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manner, and is in fluid communication with the column
selection valve 330 which performs separation and analysis
of the fraction in one of the first reversed-phase liquid
chromatography column (COL1) and the second reversed-
phase liquid chromatography column (COL2) while at the
same time, performing equilibration on the other column.

[0100] To this end, the dual column valve 400 includes a
first solid phase extraction column connection port 412 and
a first solid phase extraction column channel port 413 each
connected to two ends of the first solid phase extraction
column (SPE1), a first solid phase extraction column inlet
port 411 connected to the fraction and third solvent outlet
port 332 and selectively connected to the first solid phase
extraction column connection port 412 and the first solid
phase extraction column channel port 413, a first reversed-
phase liquid chromatography column port 414 connected to
the first reversed-phase liquid chromatography column
(COL1) and connected or disconnected to/from the first
solid phase extraction column connection port 412, a second
solid phase extraction column connection port 432 and a
second solid phase extraction column channel port 433 each
connected to two ends of the second solid phase extraction
column (SPE2), a second solid phase extraction column inlet
port 431 connected to the fourth solvent outlet port 334 and
selectively connected to the second solid phase extraction
column connection port 432 and the second solid phase
extraction column channel port 433, and a second reversed-
phase liquid chromatography column port 434 connected to
the second reversed-phase liquid chromatography column
(COL2) and connected or disconnected to/from the second
solid phase extraction column connection port 432.

[0101] Describing the operation of supplying the first
fraction to the first solid phase extraction column (SPE1)
with reference to FIG. 6, in a state that the first solid phase
extraction column connection port 412, the first solid phase
extraction column inlet port 411, the fraction and third
solvent outlet port 332, the fraction and third solvent inlet
port 331 and the third solvent outlet port 314 are connected,
the first fraction is supplied to the first solid phase extraction
column (SPE1). Additionally, the dual column valve 400
further includes a first outlet port 451 provided adjacent to
the first solid phase extraction column channel port 413 and
connected or disconnected to/from the first solid phase
extraction column channel port 413, and when the first
fraction is supplied to the first solid phase extraction column
(SPE1) and concentrated, salts are discharged through the
first outlet port 451.

[0102] Additionally, referring to FIG. 7, to inject the first
fraction into the first reversed-phase liquid chromatography
column (COL1) and perform separation and analysis of the
first fraction, in a state that the first reversed-phase liquid
chromatography column port 414, the first solid phase
extraction column connection port 412, the first solid phase
extraction column channel port 413 and the first solid phase
extraction column inlet port 411 are connected, the fourth
solvent is introduced into the first solid phase extraction
column (SPE1) along the fourth solvent inlet port 333 and
the fraction and third solvent outlet port 332 and elutes the
first fraction in the first solid phase extraction column
(SPE1), and the first fraction is supplied to the first reversed-
phase liquid chromatography column (COL1). Additionally,
to equilibrate the second solid phase extraction column
(SPE2) and the second reversed-phase liquid chromatogra-
phy column (COL2) at the same time with separation and
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analysis of the first fraction, in a state that the second
reversed-phase liquid chromatography column port 434, the
second solid phase extraction column connection port 432,
the second solid phase extraction column channel port 433
and the second solid phase extraction column inlet port 431
are connected, the third solvent is introduced into the second
solid phase extraction column (SPE2) and the second
reversed-phase liquid chromatography column (COL2)
along the fraction and third solvent inlet port 331 and the
fourth solvent outlet port 334 to equilibrate the second solid
phase extraction column (SPE2) and the second reversed-
phase liquid chromatography column (COL2).

[0103] Additionally, referring to FIG. 8, describing the
operation of supplying the second fraction to the second
solid phase extraction column (SPE2), in a state that the
second solid phase extraction column connection port 432,
the second solid phase extraction column inlet port 431, the
fourth solvent outlet port 334, the fraction and third solvent
inlet port 331 and the third solvent outlet port 314 are
connected, the second fraction is provided to the second
solid phase extraction column (SPE2). Additionally, the dual
column valve 400 further includes a second outlet port 453
provided adjacent to the second solid phase extraction
column channel port 433 and connected or disconnected
to/from the second solid phase extraction column channel
port 433, and when the second fraction is supplied to the
second solid phase extraction column (SPE2) and concen-
trated, salts are discharged through the second outlet port
453.

[0104] Additionally, referring to FIG. 9, to inject the
second fraction into the second reversed-phase liquid chro-
matography column (COL2) and perform separation and
analysis of the second fraction, in a state that the second
reversed-phase liquid chromatography column port 434, the
second solid phase extraction column connection port 432,
the second solid phase extraction column channel port 433
and the second solid phase extraction column inlet port 431
are connected, the fourth solvent is introduced into the
second solid phase extraction column (SPE2) along the
fourth solvent inlet port 333 and the fourth solvent outlet
port 334 and elutes the second fraction in the second solid
phase extraction column (SPE2), and the second fraction is
supplied to the second reversed-phase liquid chromatogra-
phy column (COL2).

[0105] Additionally, to equilibrate the first solid phase
extraction column (SPE1) and the first reversed-phase liquid
chromatography column (COL1) at the same time with
separation and analysis of the second fraction, in a state that
the first reversed-phase liquid chromatography column port
414, the first solid phase extraction column connection port
412, the first solid phase extraction column channel port 413
and the first solid phase extraction column inlet port 411 are
connected, the third solvent is introduced into the first solid
phase extraction column (SPE1) and the first reversed-phase
liquid chromatography column (COL1) along the fraction
and third solvent inlet port 331 and the fraction and third
solvent outlet port 332 to equilibrate the first solid phase
extraction column (SPE1) and the first reversed-phase liquid
chromatography column (COL1).

[0106] Inthe foregoing way, the third to tenth fractions are
supplied to the first solid phase extraction column (SPE1)
and the first reversed-phase liquid chromatography column
(COL1) or the second solid phase extraction column (SPE2)
and the second reversed-phase liquid chromatography col-
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umn (COL2) in alternating manner, followed by separation
and analysis, and at the same time, the first solid phase
extraction column (SPE1) and the first reversed-phase liquid
chromatography column (COL1) or the second solid phase
extraction column (SPE2) and the second reversed-phase
liquid chromatography column (COL2) are equilibrated.
[0107] It is obvious to those skilled in the art that the
present disclosure is not limited to the disclosed embodi-
ments, and various modifications and variations may be
made thereto without departing from the spirit and scope of
the present disclosure. Therefore, such modifications or
variations fall within the appended claims.

INDUSTRIAL APPLICABILITY

[0108] The present disclosure can improve reproducibility
of fractionation and prevent a sample loss through automa-
tion of non-continuous sample fractionation and concatena-
tion process with low sample complexity and high fraction
uniformity.

1. A non-continuous sample fractionating and concatenat-
ing device, comprising:

a sample supply module which supplies a sample to be

analyzed; and

a sample fractionation module connected to the sample
supply module, and which is continuously supplied
with the sample, sets a plurality of unit sample supply
times obtained by equally dividing a total sample
supply time during which the sample is supplied from
the sample supply module, sets a plurality of unit
fractionation intervals obtained by equally dividing
each of the plurality of unit sample supply times, and
concatenates and stores the sample supplied during
corresponding unit fractionation intervals within each
unit sample supply time to acquire a plurality of
fractions.

2. The non-continuous sample fractionating and concat-
enating device according to claim 1, wherein the sample
fractionation module includes:

a first fractionation valve connected to the sample supply

module, into which the sample is introduced;

a second fractionation valve provided adjacent to the first
fractionation valve; and

a plurality of fraction storage loops provided correspond-
ing to a number of the plurality of unit fractionation
intervals within the unit sample supply time, each
having one end connected to the first fractionation
valve and the other end connected to the second frac-
tionation valve, to concatenate and store the sample
supplied during the corresponding unit fractionation
intervals within each of the unit sample supply times in
a sequential order.

3. The non-continuous sample fractionating and concat-
enating device according to claim 2, wherein the first
fractionation valve includes:

a fraction inlet port through which the sample is intro-

duced from the sample supply module;

a plurality of first fraction storage loop connection ports
provided adjacent to the fraction inlet port, each con-
nected to one end of the plurality of fraction storage
loops; and

a first connecting channel connecting the fraction inlet
port and one of the plurality of first fraction storage
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loop connection ports in communication with each
other corresponding to the unit fractionation interval,
and

the second fractionation valve includes:

a plurality of second fraction storage loop connection
ports to which the other end of the plurality of fraction
storage loops is each connected;

a fraction outlet port provided adjacent to the plurality of
second fraction storage loop connection ports, and
connected to the other end of one of the plurality of
fraction storage loops to discharge the fraction; and

a second connecting channel connecting the fraction
outlet port and one of the plurality of second fraction
storage loop connection ports in communication with
each other corresponding to the unit fractionation inter-
val.

4. The non-continuous sample fractionating and concat-
enating device according to claim 3, wherein the sample
supply module includes:

a first sample supply valve to which a first pump and a
sample injector are connected, wherein the first pump
supplies a first solvent; and

a second sample supply valve connected to the first
sample supply valve to receive the sample supplied
from the first sample supply valve and supply the
sample to the fraction inlet port.

5. The non-continuous sample fractionating and concat-
enating device according to claim 4, wherein the first sample
supply valve includes:

a first sample inlet port connected to the sample injector;

a first sample outlet port provided adjacent to the first
sample inlet port;

a first solvent inlet port connected to the first pump;

a first solvent outlet port provided adjacent to the first
solvent inlet port and connected to the second sample
supply valve; and

a first sample storage loop connection port and a second
sample storage loop connection port to which two ends
of a sample storage loop are each connected,

in a state that the first sample storage loop connection port
and the second sample storage loop connection port are
each connected to the first sample inlet port and the first
sample outlet port, the sample is stored in the sample
storage loop, and

in a state that the first sample storage loop connection port
and the second sample storage loop connection port are
each connected to the first solvent inlet port and the first
solvent outlet port, the first solvent is injected into the
sample storage loop to supply the sample to the second
sample supply valve.

6. The non-continuous sample fractionating and concat-
enating device according to claim 5, wherein the second
sample supply valve includes:

a second sample inlet port connected to the first solvent

outlet port;

a second sample outlet port provided adjacent to the
second sample inlet port and connected to the fraction
inlet port; and

a sample separation column having two ends, each con-
nected to the second sample inlet port and the second
sample outlet port, so that the sample is eluted at the
second sample outlet port, and

the sample eluted in the sample separation column is
supplied to the fraction inlet port.
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7. A dual online multidimensional liquid chromatography

system, comprising:

a non-continuous sample fractionating and concatenating
device which is continuously supplied with a sample to
be analyzed, sets a plurality of unit sample supply times
obtained by equally dividing a total sample supply time
during which the sample is supplied, sets a plurality of
unit fractionation intervals obtained by equally divid-
ing each of the plurality of unit sample supply times,
and supplies a plurality of fractions acquired by con-
catenating and storing the sample supplied during cor-
responding unit fractionation intervals within each unit
sample supply time;

a dual column valve to which a first reversed-phase liquid
chromatography column and a second reversed-phase
liquid chromatography column are connected, and hav-
ing a first solid phase extraction column connected to
the first reversed-phase liquid chromatography column
and a second solid phase extraction column connected
to the second reversed-phase liquid chromatography
column; and

a column selection module provided between the non-
continuous sample fractionating and concatenating
device and the dual column valve to supply the frac-
tions supplied from the non-continuous sample frac-
tionating and concatenating device in a sequential order
to the first solid phase extraction column and the first
reversed-phase liquid chromatography column or the
second solid phase extraction column and the second
reversed-phase liquid chromatography column in alter-
nating manner.

8. The dual online multidimensional liquid chromatogra-

phy system according to claim 7, wherein the non-continu-
ous sample fractionating and concatenating device includes:

a sample supply module which supplies the sample; and

a sample fractionation module connected to the sample
supply module to continuously receive the sample
supplied from the sample supply module to acquire a
plurality of fractions and supply the plurality of frac-
tions to the column selection module in a sequential
order.

9. The dual online multidimensional liquid chromatogra-
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a plurality of first fraction storage loop connection ports
provided adjacent to the first fraction inlet port, to
which one end of the plurality of fraction storage loops
is each connected; and

a first connecting channel connecting the fraction inlet
port and one of the plurality of first fraction storage
loop connection ports in communication with each
other corresponding to the unit fractionation interval,
and

the second fractionation valve includes:

a plurality of second fraction storage loop connection
ports to which the other end of the plurality of fraction
storage loops is each connected;

a first fraction outlet port provided adjacent to the plu-
rality of second fraction storage loop connection ports,
the first fraction outlet port to which the other end of
one of the plurality of fraction storage loops is con-
nected to discharge the fraction; and

a second connecting channel connecting the first fraction
outlet port and one of the plurality of second fraction
storage loop connection ports in communication with
each other corresponding to the unit fractionation inter-
val.

11. The dual online multidimensional liquid chromatog-

raphy system according to claim 10, wherein the sample
supply module includes:

a first sample supply valve having a first sample inlet port
connected to a sample injector, a first sample outlet port
provided adjacent to the first sample inlet port, a first
solvent inlet port connected to a first pump, a first
solvent outlet port provided adjacent to the first solvent
inlet port, and a first sample storage loop connection
port and a second sample storage loop connection port
to which two ends of a sample storage loop are each
connected; and

a second sample supply valve having a second sample
inlet port connected to the first solvent outlet port, a
second sample outlet port provided adjacent to the
second sample inlet port and connected to the first
fraction inlet port, and a sample separation column
having two ends, each connected to the second sample
inlet port and the second sample outlet port, so that the

sample is eluted at the second sample outlet port.
12. The dual online multidimensional liquid chromatog-
raphy system according to claim 10, wherein the column
selection module includes:

phy system according to claim 8, wherein the sample
fractionation module includes:
a first fractionation valve connected to the sample supply
module, into which the sample is introduced;

a second fractionation valve provided adjacent to the first
fractionation valve; and

a plurality of fraction storage loops provided correspond-
ing to a number of the plurality of unit fractionation
intervals within the unit sample supply time, each
having one end connected to the first fractionation
valve and the other end connected to the second frac-
tionation valve, to concatenate and store the sample
supplied during the corresponding unit fractionation
intervals within each of the unit sample supply times in
a sequential order.

10. The dual online multidimensional liquid chromatog-

raphy system according to claim 9, wherein the first frac-
tionation valve includes:

a first fraction inlet port through which the sample is
introduced from the sample supply module;

a column equilibration valve connected to the first frac-
tion outlet port to provide a channel through which the
plurality of fractions is supplied to the first solid phase
extraction column or the second solid phase extraction
column in alternating manner, and to equilibrate the
first solid phase extraction column and the first
reversed-phase liquid chromatography column or the
second solid phase extraction column and the second
reversed-phase liquid chromatography column in alter-
nating manner; and

a column selection valve connected to the column equili-
bration valve to receive the supply of the plurality of
fractions and supply the plurality of fractions to the first
solid phase extraction column or the second solid phase
extraction column in alternating manner, so that the
fraction is eluted with the first reversed-phase liquid
chromatography column in the first solid phase extrac-
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tion column or the second reversed-phase liquid chro-
matography column in the second solid phase extrac-
tion column.

13. The dual online multidimensional liquid chromatog-
raphy system according to claim 12, wherein the column
equilibration valve includes:

a second fraction inlet port connected to the first fraction
outlet port and a second pump which supplies a second
solvent;

a third solvent inlet port connected to a third pump which
supplies a third solvent, through which the third solvent
is introduced;

a second fraction outlet port provided adjacent to the
second fraction inlet port and selectively connected to
the second fraction inlet port and the third solvent inlet
port; and

a third solvent outlet port provided adjacent to the third
solvent inlet port and selectively connected to the
second fraction inlet port and the third solvent inlet
port,

in a state that the second fraction inlet port and the third
solvent outlet port are connected, the fraction into
which the second solvent is injected is supplied to the
first solid phase extraction column or the second solid
phase extraction column via the column selection
valve, and

in a state that the third solvent inlet port and the third
solvent outlet port are connected, the third solvent
equilibrates the first solid phase extraction column and
the first reversed-phase liquid chromatography column
or the second solid phase extraction column and the
second reversed-phase liquid chromatography column
in alternating manner via the column selection valve.

14. The dual online multidimensional liquid chromatog-
raphy system according to claim 13, wherein the column
selection valve includes:

a fraction and third solvent inlet port connected to the
third solvent outlet port, through which the fraction or
the third solvent is introduced;

a fourth solvent inlet port connected to a fourth pump
which supplies a fourth solvent, through which the
fourth solvent is introduced;

a fraction and third solvent outlet port provided adjacent
to the fraction and third solvent inlet port and selec-
tively connected to the fraction and third solvent inlet
port and the fourth solvent inlet port; and

a fourth solvent outlet port provided adjacent to the fourth
solvent inlet port and selectively connected to the
fraction and third solvent inlet port and the fourth
solvent inlet port,

as the fraction and third solvent inlet port and the fraction
and third solvent outlet port are connected, the fraction
is supplied to the first solid phase extraction column,
and then in a state that the fourth solvent inlet port and
the fraction and third solvent outlet port are connected,
the fourth solvent elutes the fraction with the first
reversed-phase liquid chromatography column in the
first solid phase extraction column, and in a state that
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the fraction and third solvent inlet port and the fourth
solvent outlet port are connected, the third solvent
equilibrates the second solid phase extraction column
and the second reversed-phase liquid chromatography
column, and

as the fraction and third solvent inlet port and the fourth
solvent outlet port are connected, the fraction is sup-
plied to the second solid phase extraction column, and
then in a state that the fourth solvent inlet port and the
fourth solvent outlet port are connected, the fourth
solvent elutes the fraction with the second reversed-
phase liquid chromatography column in the second
solid phase extraction column, and in a state that the
fraction and third solvent inlet port and the fraction and
third solvent outlet port are connected, the third solvent
equilibrates the first solid phase extraction column and
the first reversed-phase liquid chromatography column.

15. The dual online multidimensional liquid chromatog-
raphy system according to claim 14, wherein the dual
column valve includes:

a first solid phase extraction column connection port and
a first solid phase extraction column channel port, each
connected to two ends of the first solid phase extraction
column;

a first solid phase extraction column inlet port connected
to the fraction and third solvent outlet port, and selec-
tively connected to the first solid phase extraction
column connection port and the first solid phase extrac-
tion column channel port;

a first reversed-phase liquid chromatography column port
connected to the first reversed-phase liquid chromatog-
raphy column, and connected or disconnected to/from
the first solid phase extraction column connection port;

a second solid phase extraction column connection port
and a second solid phase extraction column channel
port, each connected to two ends of the second solid
phase extraction column;

a second solid phase extraction column inlet port con-
nected to the fourth solvent outlet port, and selectively
connected to the second solid phase extraction column
connection port and the second solid phase extraction
column channel port; and

a second reversed-phase liquid chromatography column
port connected to the second reversed-phase liquid
chromatography column, and connected or discon-
nected to/from the second solid phase extraction col-
umn connection port.

16. The dual online multidimensional liquid chromatog-
raphy system according to claim 15, wherein the dual
column valve further includes:

a first outlet port provided adjacent to the first solid phase
extraction column channel port, and connected or dis-
connected to/from the first solid phase extraction col-
umn channel port; and

a second outlet port provided adjacent to the first outlet
port, and connected or disconnected to/from the second
solid phase extraction column channel port.
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