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Abstract: A microspray  column with improved ionization  efficiency, a
high-sensitivity mass  spectrometer comprising the  microspray column, and
a mass  spectrometry using the microspray  column. The microspray column is
used for introducing a sample into  an ion source of a mass spectrometer
(ESI/MS) of a type in which  sample molecules are ionized by  electrospray
and introduced into  an analyzer, wherein (1) the inside  diameter D, of
the opening (1b) of  the end of a column (1) is 0.5 [err] m  or less, (2)
the particle size D[err] of  a column filler (2) is 0.5 [err] m or
greater, (3) no frit is used. The mass  spectrometer has such a microspray
column in an ion source, and the mass spectrometry enables nanoflow 11 May
2006 SPECIFICATION  TITLE OF THE INVENTION MICROSPRAY COLUMN, MASS
SPECTROMETER, AND MASS SPECTROMETRIC 



METHOD  TECHNICAL FIELD The present invention relates to an improved
technique  in mass spectrometry. In particular, the present invention
relates to an improved technique of a mass spectrometer  (ESI/MS) being
designed to allow the introduction of a sample  molecule with electrospray
ionization, and a mass  spectrometric method. BACKGROUND ART A mass
spectrometer (hereinafter, referred to as "MS"  (Mass Spectrometer)) is
roughly composed of: an "ionization  source" for ionizing a sample; an
"analyzer" for separating  ions according to the ratio of mass/charge,
represented by m/ze  (wherein m: mass, z: charge number, and e: unit
charge); and  a "detection and recording part" of ions being separated. The
electrospray ionization technique. generally 1 11 May 2006 referred to
"ESI" (the abbreviation for Electrospray  Ionization) is known as one of
the methods of ionizing and  introducing a sample molecule to an analyzer
of MS. In this electrospray ionization technique, a spray is  carried out
by applying the high voltage on a sample molecule  being brought in ionic
state with acid or the like in a solvent. This electrospray ionization
technique is a technique  



for spraying a sample molecule, which is brought into an ionic  state by
acid or the like in the solution, by applying high  voltage; forming liquid
droplets (mist) in micron order, in  which many solvent molecules are
combined with  multi-protonated molecules; and spraying nitrogen to dry and
remove the solvent to ionize the sample molecule, followed by  subjecting
to the above analyzer. As the charge number of ions  being generated
becomes large in this technique, it may be  particularly useful in the
measurements of peptide and  proteins, respectively. Here, the electrospray
ionization of the sample molecule  in the above ionization source of MS is
performed by discharging  and atomizing (spraying) the sample molecule in
small  quantities from a column formed of an elongated silica glass
generally having an opening with a minute aperture. This  column will be
referred to as a "microspray column" below. Fig. 2 is a diagram that
simpl-ifies and expresses the  configuration of the' conventional
electrospray ionization 2 11 May 2006 technique. The reference numeral 10
denotes a conventional  typical microspray column. On the microspray column
10 being  formed such that the tip portion thereof has a cusp form, a
large number of fillers 10a such as chemical bond type silica  gels or the
like having a particle size of about 50 pm is formed.  



In addition, the inner diameter d of the tip portion of the  column is
about 10 to 15 pm. Furthermore, the outermost tip  portion of the
microspray column 10 is loaded with a large-sized  bead lob for preventing
the discharge of beads, which are also  referred to as a flit. This
microspray column 10 is a constituent member of the  ionization source of a
mass spectrometer 11 and is arranged  such that it extends to the front of
a pre-column 12 on which  a high voltage is loaded. It is configured that
fine droplets  14 containing the sample molecule are atomized from the tip
portion of the microspray column 10 to the analyzer 13 of the  mass
spectrometer 11. However, in the conventional microspray column, the
separation efficiency of a chromatograph was insufficient  since the
particle diameter of the filler in the column was  large (generally about
50 pm). In addition that the particle size of the filler was large,  the
inner diameter of the tip opening of the above microspray  column was also
large. Therefore, the discharge amount of the  sample increased and the
particle size of charged liquid 3 droplets formed by the spray was also
large. As a result, in the process in which the solvent was dried and
vaporized, the  efficiency of transferring charged electrons to the sample
molecule in the solvent was not sufficient. In other words,  



the ionization efficiency of the sample molecule was  insufficient.
Furthermore, the microspray column was configured such  that many areas
without filling with the filler were formed  near the tip opening,
resulting in a large discharge amount  of the sample and a large particle
size of the charged droplet  formed with the spray. Embodiments of the
present invention seek to  provide a microspray column capable of improving
the  ionization efficiency, and a high-sensitive mass spectrometer  and a
mass spectrometric method using this microspray column. DISCLOSURE OF THE
INVENTION In order to solve the above-mentioned technical subject,  the
following means are adopted in embodiments of the  present invention.
According to an aspect of the present invention, there  is provided a
column for introducing a sample in an ionization  source of a mass
spectrometer ESI/MS) being designed to ionize  a sample molecule with
electrospray and introduce it into an  analyzer, comprising structural
features of: 4 11 May 2006 (1) 0.5 pm or less in an inner diameter of a tip
opening  of the column; (2) 0.5 pm or more and 5 pm or less in a particule
size  



of a column filler; and (3) fritless. 4a 11 May 2006 Here, "frit" means the
member of a major-diameter bead  and other members for blocking the bead
loaded in the tip  portion of the column. On the other hand, "fritless"
means the  configuration in which only the filler is filled in the column
without using the frit. The particle size of the filler is a  minimum
diameter as much as it cannot be conventionally  conceived. In addition,
the inner diameter of the tip opening  of the microspray column is small.
Therefore, the discharge  amount of the sample can be substantially made
small,  compared with the conventional one. For this reason, the  particle
diameter of the charged droplet formed by the spray  can be miniaturized.
As a result, it becomes possible to  increase the efficiency of
transferring the charged electron  in the solvent to the sample molecule.
Therefore, an  increase in ionization efficiency of the sample molecule
becomes possible. It is preferable to shape the tip portion of the
microspray column into tapering form as much as possible. In  addition, it
is preferable to minimize the area of the tip  portion of the microspray as
much as possible. This is because,  when the area of the tip portion of the
column is too large,  



there is a phenomenon in which a large droplet is formed while  the
solution discharged from the column is being adhered on 5 11 May 2006 the
tip. Therefore, the liquid droplets can be prevented from  becoming fine.
It is preferable that the inner diameter of the tip  opening of the column
is 0.1 pm or more. This is because a  high pressure is needed for the
discharge of a solution when  the inner diameter of the tip opening is less
than 0.1 pm. In the present invention, furthermore, the present  invention
offers a mass spectrometer characterized by  comprising an ionization
source constructed such that a sample  molecule contained in charged
droplets atomized from the above  microspray column is ionized, and a mass
spectrometric method  for performing an nanoflow electrospray using the
above  microspray column. Here, the term "nanoflow electrospray"  means a
technique capable of performing a stable electrospray  ionization on a
solution that contains a sample molecule to  be fed at a flow rate in the
order of nano liters (nL/min) and  introducing into an analyzer of a mass
spectrometer. With this means, it is possible to provide a mass
spectrometer having high detection sensitivity and excellent  ionization
efficiency and a mass spectrometric method. As described above, the present
invention is capable of  



improving the ionization efficiency of a sample molecule and  perfectly
performing a nanoflow electrospray by making fine  charged liquid particles
discharged from the microspray  column. 6 11 May 2006 This technique has a
technical meaning that the high  sensitivity measurement of a high
molecular weight compound  such as peptide or protein becomes possible
because of an  increase in the charge number of the ion to be generated.
BRIEF EXPLANATION OF THE DRAWINGS Fig. 1 is a diagram illustrating an
extended view around  the tip portion of the microspray column of the
present  invention; Fig. 2 is a diagram illustrating a simplified
configuration of the conventional electrospray column  technique; Fig. 3(A)
is a schematic diagram of the chromatograph  of the mass spectrometer when
the conventional microspray  column is used, and Fig. 3(B) is a schematic
diagram of the  chromatograph of the mass spectrometer when the microspray
column of the present invention is used; Fig. 4 is a chromatograph of the
mass spectrometer  obtained in the example; and Fig. 5 is a table of the
whole amino acid sequence (609  



amino acids) which is the digestive product of trypsin enzyme  of human
serum albumin. 11 May 2006 BEST MODE FOR CARRYING OUT THE INVENTION
Preferable embodiments of the present invention will be  described with
reference to the attached drawings. Fig. 1 is an.enlarged view of around
the tip portion of  the microspray column of the present invention. In Fig.
1, the  reference numeral 1 denotes a microspray column (hereinafter,
simply referred to as "column") made of silica grass, which  is shaped like
an elongated cylinder with a hollow formed  therein. This column 1
functions as a sample-installation column  which constitutes an ionization
source of a mass spectrometer  (ESI/MS) designed to introduce a sample
molecule into the  analyzer after ionizing the sample compound with
electrospray.  As shown in Fig. 1, the tip portion la of the column 1 has a
cusp form which tapers off gradually, and a tip opening lb  having a
specific diameter for discharging a sample solution  and atomizing the
sample solution toward an analyzer of a mass  spectrometer not shown in the
figure is formed in the outermost  tip portion. Furthermore, in the inside
of the column 1, a filler 2  functioned as a sorbent at the time of
separating a sample is  filled up with uniform density. In the tip opening
lb, it is 



configured such that a frit is not loaded. That is, the column 1 of the
present invention is a fritless column. 11 May 2006 Here, in the present
invention, the inner diameter D1  of the tip opening lb of the column 1 is
.0.5 pm or less,  preferably 0.1 pm or more and 0.5 pm or less. The
particle  size D2 of the above filler 2 is more than 0.5 pm and 5 pm or .
less. The reason of setting the inner diameter D1 of the tip  opening lb to
0.5 pm or less (D1 < 0.5 pm) is that a charged  droplet containing a sample
molecule separated from the column  1 and atomized from the tip opening lb
is sufficiently made  smaller to increase the ionization efficiency of the
sample  molecule with certainty. Specifically, the inner aperture D1 of tip
opening lb  is set to 0.5 pm or less to allow the mass spectrometer to
generate a large charge number of ions in the sample molecule  enough to
realize the high-sensitive measurement of a high  molecular weight compound
such as peptide or protein using a  mass spectrometer. In addition, the
reason of defining the particle size  D2 of the filler 2 to more than 0.5
pm and 5 pm or less (0.5  pm < D2 < 5 pm) is that for preventing the filer
2 from being  discharged through the tip opening lb of 0.5 pm or less in
inner  diameter. The particle size D2 of the filler is made larger  



than the inner diameter D1 of the above tip opening 1 (D1 <  D2), while the
particle size D2 of the filler 2 is made smaller  than 5 pm or less to
increase the total surface area of the 11 May 2006 whole filler 2.
Furthermore, as the particle size D2 of the  filler 2 is defined as 5 pm or
less, the results can be obtained  within a short time with a small amount
of an eluent at a  nanoflow level. In addition, a chemical bond type silica
gel  (e.g., C18 having a large absorbency) may be used as the filler  2.
Here, Fig. 3 is a schematic diagram for making a  comparison between the
chromatograph (A) of the mass  spectrometer at the time of using the
conventional microspray  column and the chromatograph (B) of the mass
spectrometer at  the time of using the microspray column of the present
invention. As shown in Fig. 3, the microspray column of the present
invention shows a sharp peak in the chromatograph of the mass
spectrometer. More concretely, reading of the rising peak and  also no
tailing in the second half of a peak cannot be , and,  more specifically,.
the tendency of generating a sharp peak that  exceeds a detection limit can
be notably appeared. The sensitivity of the mass spectrometer is
concentration-dependent, so that the signal strength  increases as the peak
height increases. 



Therefore, using the microspray column of this invention,  the sensibility
and the resolution of a mass spectrometer  become high. In addition, it
becomes possible to raise the  rate of decoding an amino acid sequence
(sequence coverage), - 10 11 May 2006 exponentially.  [Example] A solution
including a digestive product of a trypsin  enzyme derived from human serum
albumin (a molecular weight  of 65,000 to 70,000) at a concentration of 50
femto mole or  less was atomized from a microspray column of the present
invention under the conditions in which the tip diameter of  the column was
0. 5 pm or less, fritless, and the particle size  of the. filler was 1.0
pm. The chromatograph of the mass spectrometer obtained in  the present
example is shown in Fig. 4. As shown in the  schematic diagram of Fig. 3,
the sharp peak without reading  or tailing was also obtained by the actual
experimental  findings as shown in the schematic diagram of Fig. 3, so that
the decipherment of an amino acid sequence could be raised  exponentially.
Fig. 5 shows a total amino acid sequence table (609 amino  acids) of the
above digestive product. In this example, the  573 amino acid sequences
except of 36 amino-acid portion  



surrounded by a square enclosure in Fig. 5 were deciphered.  The rate of a
decipherment was dramatically as high as 94%  (573/609). 11 11 May 2006
INDUSTRIAL APPLICABILITY According to the microspray column of the present
invention, the particle size of the filler is a minimum diameter  in
addition to make the inner diameter of the microspray column  equal to a
predetermined diameter or less. Therefore, the  discharge amount of a
sample solution per unit time can be  sharply lessened as compared with the
conventional one, so that  the particle size of charged droplets formed by
spraying can  be made finer. As a result, the efficiency of transferring
the electrons charged in the solvent to the sample molecule  can be
extensively improved and the ionization efficiency of  the sample molecule
can be increased. Furthermore, in the  present invention., it is
characterized by comprising an  ionization source designed to ionize the
sample molecule to  be contained in the charged droplets atomized from the
above  microspray, so that a mass spectrometer having excellent  ionization
efficiency and high detection sensitivity can be  provided. Furthermore,
according to the present invention,  a mass spectrometric method that
surely performs a nanoflow  electrospray and nano-LC gradient analysis by
the above  



microspray column, so that a high sensitive measurement of high  molecular
weight compound such as peptide and protein can be  performed, positively.
Consequently, an extensive  improvement in the rate of an amino acid
decipherment of peptide  or protein can be attained. 12 11 May 2006 Claims
1. A column for introducing a sample in an ionization source  of a mass
spectrometer (ESI/MS) being designed to ionize a  sample molecule with
electrospray and introduce it into an  analyzer, comprising structural
features of: (1) 0.5 pm or less in an inner diameter of a tip opening  of
the column; (2) 0.511m or more and 51im or less in a particle size of  a
column filler; and (3) fritless. 2. A mass spectrometer, comprising: an
ionization source which is constructed such that a  sample molecule in
liquid droplets atomized from the  microspray column described in Claim 1
is ionized. 3. A mass spectrometric method, wherein a nonoflow electrospray
is performed using the  microspray column described in Claim 1. 13 



ABSTRACT A problem is to provide a microspray column capable of  increasing
the ionization efficiency, and a high sensitive  mass spectrometer and a
mass spectrometric method using such  a microspray column. For solving this
problem, we provide a  column for introducing a sample in an ionization
source of a  mass spectrometer (ESI/MS) being designed to ionize a sample
molecule with electrospray and introduce it into an analyzer,  has
structural features of: (1) 0.5 [err]m or less in an inner  diameter of a
tip opening of the column; (2) 0.5[err]m or more and  5[err]m or less in a
particle size of a column filler; and (3)  fritless, a microspray column
having the above (1) to (3), a  mass spectrometer having such a microspray
column in an  ionization source, and a mass spectrometric method capable of
.performing a nonoflow electrospray with the microspray column.  


