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(57) ABSTRACT 
A method for determining a DNA sequence includes pro 
viding a sample Which contains ?rst DNA fragments having 
adenines at an end and labeled by ?rst ?uorophores, second 
DNA fragments having thymines at an end and labeled by 
second ?uorophores, third DNA fragments having cytosines 
at an end and labeled by third ?uorophores, and fourth DNA 
fragments having guanines at an end and labeled by fourth 
?uorophores, Wherein each of the ?rst to fourth ?uorophores 
is different. The sample is supplied into a capillary and the 
sample is made to migrate in the capillary. A sheath How is 
formed around an end of the capillary Where the sample 
migrates, a light is irradiated into the sheath How to excite 
the ?uorophores. Fluorescence emitted from the ?uoro 
phores is detected and the ?uorophores are identi?ed. 
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DNA DETECTOR AND DNA DETECTION 
METHOD 

[0001] This application is a continuation-in-part applica 
tion of our pending US. patent application Ser. No. 026,592 
?led Mar. 5, 1993, Which is a continuation application of Ser. 
No. 07/843,232 ?eld Feb. 28, 1992, Which corresponds to 
the Japanese Patent Application 03-34006. Disclosures of 
the US. Patent Application are hereby incorporated in 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method of detec 
tion of DNA and protein and of DNA base sequencing 
determination and to an apparatus therefor. 

[0003] It relates more particularly to the ?uorescence 
detection type gel electrophoresis apparatus. 

[0004] For DNA base sequencing determination by elec 
trophoresis gel separation, a radioisotope label has been 
used as a label for a DNA fragment. Due to the inconve 
nience of this method, hoWever, a method of using a 
?uorescence label has come to be increasingly employed. 
(Refer to US. patent application Ser. No. 07/506,986 (US. 
Pat. No. 5,062,942) and Bio/Technology Vol 6, July 1988, 
pp816-821, for example.) As an excitation light source this 
method uses an argon laser With an output of 20 to 50 mW 
and a Wavelength of 488 nm or 515 nm to detect the DNA 
fragment of 10-16 mole/band to 2x10‘18 mole/band. As 
?uorophores, the method has used FITC (?uorescein 
isothiocyanate With a maximum emission Wavelength of 515 
nm), SF (succinyl ?uorescein With a maximum emission 
Wavelength of 510 nm to 540 nm), TRITC (tetrarhodamine 
isothiocyanate With a maximum emission Wavelength of 580 
nm) and Texas Red (sulforhodamine 101: a maximum 
emission Wavelength of 615 nm). 

[0005] Normally, electrophoresis is performed With poly 
acrylamide gel placed on the plate Which is provided 
betWeen tWo glass plates. In recent years the capillary gel 
electrophoresis method has been developed, Where gel is 
formed in the capillary. Use of a capillary having a smaller 
diameter increases the surface area per volume of gel; this 
feature facilities the dissipation of Joule heat, permitting 
application of high voltage. A high-speed electrophoresis 
separation is provided by the capillary gel electrophoresis 
method. 

[0006] The ?rst example of the capillary gel electrophore 
sis method as a prior art is described in Nucleic Acid 
Research, Vol. 18. pp. 1415 to 1419 (1990), Journal of 
Chromatography, Vol. 516, pp. 61-67 (1990), and-Science, 
Vol. 242, pp. 562-564 (1988). Another method of using one 
migration lane for base sequence determination is disclosed 
in Nature Vol. 321, pp. 674-679 (1986) and others. 

[0007] The above-mentioned conventional technique, 
hoWever, has disadvantages in that the sensitivity is insuf 
?cient, and the entire equipment must be made greater in 
siZe because the Ar laser is greater in siZe than a He—Ne 
laser. 

SUMMARY OF INVENTION 

[0008] The ?rst object of the present invention is to 
provide a solution to the above-said problems and to provide 
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a method and small-siZed device in Which extra-sensitive 
DNA detection is made possible. To achieve the object, the 
present invention uses a He—Ne laser With an emission 
Wavelength of 594 nm in DNA base sequencing determina 
tion by ?uorescence detection type electrophoresis gel sepa 
ration, and adopts a highly ef?cient photodetecting system. 

[0009] The said examples of the prior art use one capillary, 
but suf?cient consideration has not been given to simulta 
neous processing of tWo or more samples. In the capillary 
electrophoresis apparatus, the decreasing siZe of the samples 
requires higher detection sensitivity and simultaneous pro 
cessing of tWo or more samples. For ?uorescence detection 
in the state of electrophoresis, generally, the background 
from the gel, scattered light from the inner and outer Walls 
of the capillary as the gel support or ?uorescence from the 
capillary itself is produced in addition to the ?uorescence 
from the object ?uorophore itself, resulting in higher back 
ground level and reduced detection sensitivity. One of the 
major problems in ensuring highly sensitive ?uorescence 
detection is hoW to cut off such backgrounds. Improvement 
of processing capabilities and simultaneous processing of 
tWo or more samples require an increase in migration speed, 
or detection by migration of the DNA fragments through 
simultaneous use of tWo or more capillaries Which are 
migration lanes. In practice, there remains a problem of hoW 
to cut off the background to achieve highly sensitive ?uo 
rescence detection, as mentioned above. 

[0010] The second object of the present invention is to 
solve said problems to provide a capillary electrophoresis 
apparatus and its method Which ensure ?uorescence detec 
tion of tWo or more samples, and high-speed highly sensitive 
DNA detection. 

[0011] The measuring limit for the DNA fragment labeled 
by a ?uorophore in the process of electrophoresis gel 
migration is determined by the intensity and ?uctuation of 
the background ?uorescence from the gel With respect to 
?uorescence for labeling. The background ?uorescence 
from the gel is gradually reduced With the increase of the 
emission Wavelength. 

[0012] Thus, the excited at the optimum Wavelength, the 
quantity of the ?uorescence normaliZed by the background 
?uorescence from the gel is the greatest in the case of Texas 
Red (sulforhodamine 101). According to this normaliZed 
quantity of the ?uorescence, the sensitivity of the Texas Red 
is ?ve to ten times that of FITC. In the present invention, 
there has been used Texas Red or its derivative as a labeling 
?uorophore, and a He—Ne laser With the Wavelength of 5 94 
nm, Which is close to the optimum Wavelength, as the 
excitation light source. The Wavelength of 594 nm for the 
excitation light is close to the maximum emission Wave 
length of the Texas Red Which is 615 nm. One of the 
problems Was hoW to remove the scattered light from the 
excitation light, and the present invention has succeeded in 
removing this scattered light by using a sharp-cutting ?uo 
rophore ?lter Which Will be described beloW. The output 
from the He—Ne laser With the Wavelength of 594 nm 
ranges from 1 mW to 7 mW. The output from a typical model 
of the He—Ne laser (594 nm) is as small as 2 mW, and 
greater emission strength cannot be obtained; therefore, the 
detecting sensitivity greatly depends on the ?uctuation of the 
background ?uorescence from the gel. To solve this prob 
lem, the present invention has improved the photodetecting 
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system, and has adopted a photodetecting system Which 
receives a greater amount of light by tWo or more digits than 
the excitation light scanning method. Namely, the excitation 
light is made to be incident upon the gel plate through the 
side thereof, and the entire measured area is irradiated 
simultaneously to increase the overall emission strength. 
Furthermore, a cylindrical lens is used to increase the 
photodetecting solid angle. 

[0013] Changing the Wavelength of the excitation light 
from 488 nm to 594 nm has reduced the background 
?uorescence from the gel doWn to approximately one ?fth 
When the laser of the same output is used. In addition, When 
the conventional argon laser (about 20 mW) is employed, 
FITC is subjected to photodestruction, and this results in 
reduced emission strength, and hence reduced sensitivity. By 
contrast, under the 2.5 mW He—Ne laser irradiation, pho 
todestruction of the ?uorophore hardly occurs to the Texas 
Red during measurement. This permits the emission strength 
normaliZed by the background ?uorescence from the gel to 
be greater by one digit than that of FITC. 

[0014] In the laser scanning method, the area of 100 mm 
is sWept by the laser beam of approximately 0.3 mm in 
diameter. Even When the conventional 50 mW laser is used, 
the average laser intensity With Which each point is irradi 
ated is as small as 17 microWatts, since the irradiation time 
at each point is reduced. When the 2.5 mW laser is used, the 
average laser intensity is approximately 0.9 microWatts, and 
this almost cannot be put into practical use. The irradiation 
intensity is 2.5 mW in the lateral incidence method employed 
in one of the present embodiments, and this emission is 
sufficient. HoWever, in the scanning method the photode 
tecting ef?ciency can be made approximately 2 percent, but 
in the simultaneous irradiation method, the ?uorescent 
image is received in a reduced siZe; therefore the photode 
tecting ef?ciency is reduced to 0.1 percent or less. 

[0015] De?ning a solid angle as Q and the transmittance 
of the ?lter or the like as T, the photodetecling ef?ciency n 
can be expressed by the folloWing formula (1): 

_m (l) 
"-5 

[0016] Assuming the image reduction ratio as m and the 
f-number of the lens as F, Q is represented as: 

[0017] Thus, the photodetecting ef?ciency 11 can be 
expressed by the folloWing formula (3): 

1 (3) 

[0018] Where m represents (length of the measured por 
tion)/(length of the detector). In the scanning method, m<1; 
and in the lateral incident method, 120 cm/24 cm<m<120 
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cm/18 cm by Way of an example, namely m is approximately 
from 5 to 7. Accordingly, the photodetecting rate of the 
lateral incident method is approximately 1/50, because of the 
term of (m+1)2 in formula (3), on the one hand. On the other 
hand, in the case of the scanning method Where light is not 
continuously received from each measured point, the result 
is multiplied by 3/1000 to 5/iooo as a factor due to duty cycle. 
Thus, in total, the lateral incident method yields a greater 
photodetecting ef?ciency than the scanning method. When 
the laser having a smaller output such as a He—Ne laser is 
used, it is important to ?nd a means to obtain a suf?cient 
photodetecting ef?ciency. The present invention uses the 
cylindrical lens to increase the photodetecting ef?ciency by, 
for example, four to ?ve times. This system provides a high 
photodetecting efficiency, ensuring highly sensitive detec 
tion of the ?uorescent image. 

[0019] US. patent application Ser. No. 07/506,986 dis 
closes the case of using Texas Red and the He—Ne laser 
having a Wavelength of 543 nm. Compared With the case of 
using the 594 nm He—Ne laser, the excitation ef?ciency is 
as loW as 1/3, and the output is also as loW as 1 mW. 

[0020] To achieve the second object, in the electrophoresis 
apparatus Wherein samples DNA fragments, etc. labeled by 
the ?uorophore are subjected to separation by electrophore 
sis, providing optical detection and analysis of the separated 
samples, an optical detecting portion for sample detection, 
for Which the electrophoresis separation region provided 
betWeen the vessel for cathode electrode and vessel for 
anode electrode is composed of capillaries, has the folloW 
ing con?gurations. 

[0021] In the con?guration (1) of said optical detecting 
portion; the ends of said one pair or more pairs of capillaries 
are connected to said vessel for cathode or anode electrode, 
and the other ends are held at a speci?ed gap, With their axes 
almost matched to each other, and are laid face to face With 
each other in the optical cell to form a migration lane Which 
passes through said optical cell; sheath solution is supplied 
into said optical cell from the outside; the sample migrated 
from the capillary end of the upstream migration lane, 
namely, the sample separation region, is put in the sheath 
?oW condition, and is then lead into the doWnstream capil 
laries laid out face to face; While said gap is used as an 
optical detecting portion, and light from the light source is 
shed on this optical detecting portion, thereby detecting the 
samples. In this con?guration (1), tWo or more detecting 
portions formed by tWo or more pairs of capillaries are laid 
out in the optical cell. Furthermore, tWo or more pairs of 
capillaries are arranged in the optical cell so that tWo or more 
detectors formed by tWo or more pairs of capillaries are 
located in a straight line, and the excitation light is shed 
along said straight line so that all the optical detecting 
portions are simultaneously irradiated, thereby ensuring 
simultaneous detection of the ?uorescence at said tWo or 
more optical detecting portions. 

[0022] In the con?guration (2) of the optical detecting 
portion; tWo or more capillaries, the other ends of Which are 
immersed in the electrode vessel, are terminated in the 
optical cell, and sheath solution is supplied into said optical 
cell from the outside. Thus, the samples migrating from 
capillaries are made to ?oW in the optical cell in the sheath 
?oW condition. Using the sheath ?oW region as the optical 
detecting portion, light is irradiated on the optical detecting 
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portion, thereby detecting the samples. In this con?guration 
(2), tWo or more capillaries are laid out in the optical cell so 
that tWo or more optical detecting portions are located in a 
straight line, and the excitation light is shed along said 
straight line so that all the optical detecting portions are 
simultaneously irradiated, thereby ensuring simultaneous 
detection of the ?uorescences issued from the samples 
migrating from capillaries. 

[0023] In con?gurations (1) and (2), the folloWing con 
?guration is also possible. 

[0024] The sample separation region is composed of the 
capillary gel, and the sheath solution has the same compo 
nents as those of the buffer solution inside the capillaries. 
The denaturant for the sample may be contained as required. 
The sheath solution level is positioned higher than the liquid 
level in the doWnstream electrode vessel, and the sheath 
solution is made to ?oW by the head of tWo liquids. 

[0025] In the con?guration (3) of the optical detecting 
portion; tWo or more capillaries, the other ends of Which are 
immersed in the electrode vessel, are terminated in the 
optical cell ?lled With electrolyte. The optical detecting 
portion belongs to the region close to the terminal to Which 
the samples migrate from the capillary gel as migration lane. 
The optical detecting portion ?lled With electrolyte is 
formed as folloWs: tWo capillaries are laid out in a straight 
line With their axes almost matched to each other, and the 
ends laid face to face With each other are placed in close 
contact With each other in the axial direction of the capillary, 
While maintaining a speci?ed gap. In this case, samples are 
subjected to electrophoresis separation inside one of the 
capillaries located in the upstream side of the migration lane, 
While the gap serves as optical detecting portion to detect the 
?uorescence emitted by samples. The gap length is preferred 
to be 1 mm or less. The tWo or more optical detecting 
portions formed by tWo or more pairs of capillaries are 
linked With each other by the electrolyte. TWo or more 
optical detecting portions are arranged in a straight line, and 
a single excitation light is shed along this straight line, 
ensuring simultaneous detection of the ?uorescences issued 
from the tWo or more samples. 

[0026] In the electrophoresis apparatus provided With 
optical detecting portion according to said con?guration (1), 
sheath solution is supplied into the optical cell from the 
outside, so samples migrating from the capillary end in the 
migration lane on the upstream side Where the samples are 
separated can be led to the capillaries facing each other in 
the sheath ?oW condition, and samples migrate continuously 
in capillaries on the upstream side and those on the doWn 
stream side. Furthermore, the samples migrate smoothly in 
the gap on the axis betWeen the capillaries on the upstream 
side and those on the doWnstream sides. This gap is used as 
the optical detecting portion. Light can be irradiated on the 
optical detecting portion in the sheath solution containing no 
capillaries, detecting the samples by ?uorescence. This 
eliminates the possibility of backgrounds being emitted from 
capillaries or capillary gels, ensuring highly sensitive ?uo 
rescence detection. It alloWs use of the rectangular optical 
cell Which can be manufactured easily at loWer cost. TWo or 
more optical detectors can be arranged in close proximity 
With each other in the optical cell, resulting in substantial 
reduction of the system siZe. Samples migrating from the 
capillaries are put into sheath ?oW condition for each 
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capillary When passing through the optical detecting portion, 
and sheath ?oW is all put under the same conditions. Sheath 
?oW conditions such as ?oW speed are made uniform for 
each capillary, resulting in improved accuracy in optical 
detection of samples. TWo or more optical detecting portions 
are arranged in a straight line in one optical cell, and 
excitation light is irradiated along this straight line, permit 
ting simultaneous irradiation of all optical detecting portions 
and simultaneous ?uorescence detection by tWo or more 
optical detecting portions. Furthermore, tWo or more optical 
detecting portions are linked With each other through the 
solution, so the excitation light is not bent by capillaries, and 
the excitation light intensity is not damped. This alloWs 
irradiation of the optical detecting portions With suf?cient 
light intensity, providing high-precision highly sensitive 
?uorescence detection. Use of the tWo-dimensional TV 
camera, etc. for light detector permits simultaneous photo 
detection of the ?uorescent images of tWo or more optical 
detecting portions. TWo or more optical detecting portions 
can be positioned in close proximity With each other in a 
straight line, and the length betWeen the optical detecting 
portions on the extreme ends of this straight line can be 
reduced, permitting con?guration of the smaller apparatus. 
Reduced distance betWeen optical detecting portions located 
on the extreme ends Will alloW all optical detecting portions 
to be irradiated in almost the same light beam diameter, even 
When the excitation light is condensed by the lens or the like. 

[0027] For example, When the laser light is condensed to 
100 pm in terms of the focal point, the laser light diameter 
Will be about 100 pm over the range of about 10 mm on the 
front and rear of the focal point. When capillaries having an 
outer diameter of 200 pm and inner diameter of 100 pm are 
arranged at the intervals of 400 pm, about 50 capillaries can 
be installed Within the range of about 10 mm on the front and 
rear of the focal point, and they can be irradiated With the 
equivalent light beam diameter and intensity. This alloWs the 
optical detecting portions to be irradiated With the excitation 
light condensed, and the ?uorescence intensity to be 
increased, thereby ensuring highly sensitive detection of the 
sample. 
[0028] Moreover, it is also possible to make the doWn 
stream capillaries holloW (i.e. open capillaries), alloWing 
effective ?oWing of the sheath solution. In addition to the 
capillaries, it is also possible to use on the doWnstream side 
something that performs the equivalent operations, for 
example, the plate provided With holes and grooves in the 
same number as that of the upstream capillaries. The ?oW of 
electricity at the gap (namely, the optical detecting portion) 
can be ensured by making the sheath solution have the 
equivalent components as that of the buffer solution Within 
the capillary, thereby providing electrophoresis of samples. 
Furthermore, because the buffer solution has the same 
components both inside and outside the capillary, there is no 
possibility of the buffer solution inside the capillary ?oWing 
out into the optical cell causing their composition to be 
changed. Therefore, the sample separation function in elec 
trophoresis is not lost. When the samples are single-strand 
DNAs, denaturant can be contained in the sheath solution, 
and it is possible to avoid rebonding When DNA samples 
migrates in the gap (namely, the optical detecting portion); 
this means improved detection accuracy. This feature 
reduces the possibility of the denaturant contained in the 
capillary leaking out into the optical cell, and eliminates the 
loss of sample separation function. 
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[0029] The gap length is preferred to be 0.1 mm to 3.0 
mm. Generally, the smaller gap length provides easier 
electrophoresis of the samples in the gap space, so the space 
distance should be short. HoWever, assembling of the appa 
ratus is more difficult if the gap length is very small; 
therefore, it is preferred to be 0.1 mm or more in practice. 
HoWever, it can be set to 0.1 mm or less. The limit is 
determined by the siZe of the excitation beam such as laser 
light at the gap. Conversely, greater gap length Will cause 
easier dispersion of the samples. The gap length of about 3.0 
mm alloWs normal electrophoresis of the-samples on the line 
connecting betWeen capillaries. 

[0030] In the electrophoresis apparatus provided With 
optical detecting portion according to said con?guration (2), 
samples migrating in the capillaries ?oW in the optical cell 
in the sheath ?oW state. By using the sheath ?oW region as 
optical detecting portion and the same con?guration as that 
of (1), it is also possible to detect separately the samples 
migrating in the capillaries, thereby obtaining the same 
results as con?guration The layout of the optical detect 
ing portion and irradiation of the excitation light discussed 
in connection With the con?guration (1) are the same for 
con?guration 

[0031] In the con?guration of the electrophoresis 
apparatus; samples are detected in the electrolyte Without 
containing any gel, eliminating the possibility of back 
grounds being emitted from gel supports such as the capil 
laries, ensuring highly sensitive ?uorescence detection. 
Moreover, it eliminates the need of making the electrolyte, 
and provides simple con?guration of the apparatus. The gap 
is used as optical detecting portion to detect the ?uorescence 
of samples; it is also ?lled With electrolyte, permitting 
electrophoresis. Since gel is produced in at least one of the 
capillaries, formation of the migration lane is facilitated. The 
preferred gap length is 0.1 mm to 1 mm. Generally, the 
smaller gap length provides easier electrophoresis of the 
samples in the gap space, so the space distance should be 
short. HoWever, assembling of the apparatus is more dif?cult 
if the gap length is very small; therefore, it is preferred to be 
0.1 mm or more in practice. HoWever, it can be set to 0.1 mm 
or less. The limit is determined by the siZe of the excitation 
beam such as laser light at the gap. 

[0032] Conversely, greater gap length Will cause easier 
dispersion of the samples Without migrating in a straight line 
in the gap; samples Will not migrate in the others of the 
paired capillaries. The gap length of about 2 to 3 mm alloWs 
normal electrophoresis of the samples; hoWever, normal 
electrophoresis may take place, depending on the conditions 
such as electrophoresis voltage. The gap length of about 1 
mm is preferred in practice. That is, the gap length of 0.1 
mm to 1.0 mm alloWs smooth and effective electrophoresis 
of the samples. TWo or more optical detecting portions can 
be positioned in a straight line, and a single excitation light 
can be irradiated simultaneously on tWo or more optical 
detecting portions for ?uorescence detection. Furthermore, 
tWo or more optical detecting portions are linked With each 
other through the solution, so the excitation light is not 
damped. This alloWs irradiation of the optical detecting 
portions With sufficient light intensity, providing high-pre 
cision highly sensitive ?uorescence detection. 

[0033] To summarize the present invention, one or more 
samples are subjected to electrophoresis separation using the 
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plate gel and capillary gel, and tWo or more migration lanes 
are irradiated linearly by the laser from the direction Which 
is almost perpendicular to the migration direction for 
samples and Which is parallel to the surface formed by tWo 
or more migration lanes, thereby providing real-time detec 
tion of the ?uorescence emitted from the fragments migrat 
ing in the migration lane. The present invention relates 
especially to the ?uorescence detection type electrophoresis 
apparatus provided With the optical cell Which is intended 
for highly sensitive ?uorescence detection of the DNA 
fragments labeled by ?uorophores, Wherein one pair or more 
pairs of capillary ?lled With gel and capillary are arranged in 
the optical cell so that they are coaxial With each other and 
a speci?ed gap length is maintained. The sheath solution is 
poured into the optical head by the cell and the samples 
migrating in the gap are put in the sheath ?oW condition. 
Fluorescence detection is performed in the gap free of 
capillary or gel. Or the buffer solution is poured in the 
optical cell, and the gap is ?lled With buffer solution, thereby 
forming the migration lane through the gap, Which is used 
for ?uorescence detection using sulforhodamine 101 or 
rhodamine derivative as ?uorophore, He—Ne laser light 
having an emission Wavelength of 5 94 nm is irradiated along 
the straight line in Which tWo or more gaps are arranged; 
then the ?uorophore is excited to permit ?uorescence detec 
tion. Since the ?uorescence detection is performed in the gap 
free of capillary or gel, it is possible to obtain a small type 
electrophoresis apparatus Which provides simultaneous elec 
trophoresis of tWo or more samples and their simultaneous 
detection, thereby ensuring highly sensitive ?uorescence 
detection, free from background in?uence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a schematic vieW representing the DNA 
detector as the ?rst embodiment of the present invention; 

[0035] FIG. 2 is a graph representing the spectrum in the 
electrophoresis separation of the DNA fragment Which is 
obtained by letting the Aphage be digested by the restriction 
enZyme and by inserting the ?uorescence label into the cut 
portion; 
[0036] FIG. 3 is a block diagram representing the elec 
trophoresis region and laser irradiation system of the elec 
trophoresis apparatus according to the second Embodiment 
of the present invention; 

[0037] FIG. 4 is a block diagram representing the ?uo 
rescence detection system of the electrophoresis apparatus 
according to the second Embodiment of the present inven 
tion; 
[0038] FIG. 5 is a block diagram representing the elec 
trophoresis region and laser irradiation system of the elec 
trophoresis apparatus according to the fourth Embodiment 
of the present invention; 

[0039] FIG. 6 is a block diagram representing the elec 
trophoresis region and laser irradiation system of the elec 
trophoresis apparatus according to the ?fth Embodiment of 
the present invention; 

[0040] FIG. 7 is an oblique vieW representing the plate 
provided With tWo or more grooves according to the sixth 
Embodiment of the present invention; 

[0041] FIG. 8 shoWs the optical cell of the electrophoresis 
region of the electrophoresis apparatus according to the sixth 
Embodiment of the present invention; 
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[0042] FIG. 9 is a block diagram representing the elec 
trophoresis apparatus according to the seventh Embodiment 
of the present invention; 

[0043] FIG. 10 is an enlarged vieW representing the 
optical cell according to the seventh Embodiment of the 
present invention; 

[0044] FIG. 11 is a block diagram representing the elec 
trophoresis apparatus according to the eighth Embodiment 
of the present invention; and 

[0045] FIG. 12 is an enlarged vieW representing the 
optical cell according to the ninth Embodiment of the 
present invention; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] The folloWing gives detailed description of the 
present invention With reference to embodiments: 

[0047] [Embodiment 1] 
[0048] First embodiment of the present invention Will be 
described With reference to FIGS. 1 and 2. FIG. 1 is a 
schematic vieW representing the detector. Light emitted 
from the 594 nm He—Ne laser 1 irradiates the electrophore 
sis separation gel plate 4 from the side. After being collected 
by the cylindrical lens 7, the ?uorescence emitted from the 
linearly irradiated portion is ?ltered out by the band pass 
?lter 6, and forms images on the line sensor or secondary 
detector 8 through the lens for image formation 5. Filter 6 is 
a 6-cavity multilayer interference ?lter With a diameter of 50 
mm, and transmittances for light having Wavelengths of 594 
nm, 600 nm, 610-630 nm and 640 nm are 10, 10, 0.6 or 
more, and 0.01 or less, respectively. 

[0049] The concentration of the acrylamide gel constitut 
ing the gel plate 4 (concentration of the total quantity of 
monomer) is 4 to 6 percent (g/cc). When irradiated by the 
He—Ne laser With the Wavelength of 594 nm, the back 
ground ?uorescence from the gel has the same intensity as 
the ?uorescence from Texas Red having a concentration of 
2x10“11 mole. The laser poWer is 2.5 mW and the beam 
diameter is 0.3 mm. The positional resolution on the linearly 
irradiated portion of 0.5 mm is suf?cient. In FIG. 1, the 
reference numeral 2 denotes a re?ection mirror, 3a glass 
plate sandWiching the gel plate 4 sandWiched, 9a control 
circuit, and 10a data processor. The number of the photons 
I of the ?uorescence emitted from the 0.5 mm-long area 
irradiated by the laser beam can be obtained from the 
folloWing formula: 

[0050] Where IO denotes the number of incident photons, 4) 
denotes a quantum yield of the ?uorophore, 6 denotes a 
molar absorption coef?cient, 1 denotes a optical path length 
and M denotes a mole concentration of the ?uorophore. The 
number of the photons emitted from the 2.5 mW laser per 
second (namely, I0) is approximately 1016. When Texas Red 
of approximately 0.4 in q) is irradiated With the light having 
the Wavelength of 594 nm, the absorption coef?cient of 
Texas Red C is approx. 8x104 cm_1(M)_1, 1 is approx. 0.05 
cm, and the concentration M of Texas Red shoWing the same 
level of ?uorescence as that of the gel is approx. 2><10_11 
moles/l. The number of photons I from Texas Red Which 
emits the same amount of the ?uorescence as that of 
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background ?uorescence from the gel is estimated to be 
approximately 3><108 per second. 

[0051] When a 10 cm area is scanned by the laser beam, 
the duty cycle is 0.5/ 100. Therefore, the average number of 
photons emitted from the 0.5 mm-long area is 1.5><106 per 
second. Even When the lens having a greater F-value is used 
to receive light, the photodetecting ef?ciency is 1 to 2 
percent When consideration is given to the ?lter transmit 
tance (approximately 50%). When consideration is given to 
the quantum yield (approximately 5%) on the photodetect 
ing surface, the number of photons to be received is 1000 per 
second or less. Thus, the scanning method fails to provide 
high-precision measurement. 

[0052] In the lateral incident method proposed in the 
present invention, hoWever, the duty cycle is 1.0, but since 
the reduced image is formed on the detector, the photode 
tecting ef?ciency is as small as approx. 0.05%. The number 
of protons emitted from the 0.5 mm-long area Which enter 
the detector is approx. 7.5><103 per second When the quan 
tum efficiency on the photodetecting surface and losses due 
to various factors are taken into consideration. The detection 
sensitivity is determined by the ?uctuation of the back 
ground ?uorescence to be measured. 

[0053] In this case, the statistical ?uctuation is approxi 
mately 11.2 percent. Generally, the relative value of the 
?uctuation is reduced With the increase of the photodetecting 
quantity, and even a slight signal can be measured. If the 
photodetecting quantity is increased by N times, the relative 
?uctuation is reduced to 11/\/N. For example, When the 
photodetecting quantity is increased by four times, the 
relative ?uctuation is reduced by one half. To ensure highly 
sensitive detection, the above-said ?uctuation of approx. 
11.2% must be further reduced, and the is photodetecting 
quantity must be increased. 

[0054] To realiZe this, the present invention uses a cylin 
drical convex lens (focal distance f=25 mm, f-number 
F=1.0) Which is installed at a position approximately 25 mm 
aWay from the irradiation section, and a cylindrical concave 
lens (f=—200 mm) Which is placed immediately before the 
lens for image formation so that the image in the vertical 
direction Will be formed in an enlarged siZe; hence the 
photodetecting solid angle has been increased four to ?ve 
times. This has increased the photodetecting quantity by four 
to ?ve times, and has reduced ?uctuation by half doWn to 
approximately 10.6% of the ?uorescence emitted from the 
gel, thereby ensuring a highly sensitive detection capability. 
Namely, this detection system permits detection of Texas 
Red of 2x10‘13 moles/l at an S/N ratio of approximately 1. 

[0055] When the argon laser is used as an excitation light 
source, and Texas Red is used as a labeling ?uorophore, the 
excitation ef?ciency is reduced by one digit compared With 
that of the present embodiment, and the sensitivity is also 
reduced undesirably by one digit. When the argon laser is 
used as an excitation light source, and FITC is used as a 
labeling ?uorophore, the background ?uorescence is 
increased by one digit compared With that of the present 
embodiment, and the labeling ?uorophore is subjected to 
photodestruction during the measurement so that the effec 
tive FITC concentration is reduced. As a result, the sensi 
tivity is also reduced undesirably by-tWo digits compared 
With that of the present embodiment. 

[0056] FIG. 2 represents an electrophoresis separation 
pattern of the fragment Which is digested by the enZyme 
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wherein the terminal of the )L phage is labeled by Texas Red 
and the He—Ne laser of 594 nm Wavelength is employed. 
The cubic volume of the DNA band is estimated at 1 pl, and 
it is possible to read the signal from the sample Which is 
injected 2><10_19 moles. 

[0057] By contrast, the quantity of the sample for Which 
the signal can be read is 1><10_17 moles per band in the 
conventional case of using FITC and the argon laser, and is 
2><10_18 moles per band in the conventional case of using 
Texas Red and the argon laser. 

[0058] The folloWing Table shoWs the comparison 
betWeen an example of the He—Ne laser used in the present 
invention and an example of the argon laser used in the 
conventional case. This reveals that the He—Ne laser is 
smaller in siZe, lighter in Weight and usually less costly than 
the argon laser. 

He—Ne-laser Argon laser 

Size (cm) Weight (kg) Size (cm) Weight (kg) 

Power supply 8 x 15 x 15 2 15 x 40 x 30 20 
Resonator 7 (dia.) x 4 2 15 x 15 x 35 10 

[0059] Thus, the DNA detector of the present invention 
features not only a higher sensitivity but also a smaller siZe 
than the conventional device. 

[0060] As described above, according to the present 
invention, Texas Red or rhodamine derivatives having an 
emission band in the long Wave area of less background 
?uorescence from the gel can be effectively excited by the 
yelloW He—Ne laser With the Wavelength of 594 nm, so that 
this characteristic ensures a higher sensitivity and a smaller 
con?guration. 

[0061] [Embodiment 2] 
[0062] In the present Embodiment, DNA fragments 
labeled by ?uorescence are separated by electrophoresis and 
detection is made by ?uorescence. The folloWing describes 
the case of using Texas Red (Sulforhodamine 101, maxi 
mum emission Wavelength of 615 nm) as labeling ?uoro 
phore. The DNA fragments as samples are labeled by 
?uophores. DNA fragments labeled by ?uorophores are 
prepared by DNA polymerase reaction, using the primer 
labeled by ?uorophore according to the Well-knoWn dideoxy 
sequencing method invented by Sanger and his colleagues. 
The details of the method of preparing samples according to 
Sanger’s dideoxy sequencing method are described in the 
Embodiment 3. 

[0063] Firstly, the apparatus con?guration Will be 
described. FIG. 3 shoWs the electrophoresis region and laser 
irradiation system of the electrophoresis apparatus accord 
ing to the present Embodiment. FIG. 4 represents the 
?uorescence detection system of the electrophoresis appa 
ratus. The electrophoresis apparatus includes an arrange 
ment of 20 capillaries serving as the electrophoresis region 
to perform simultaneous detection of tWo or more samples. 
The electrophoresis separation region uses 20 silica-made 
capillaries 1a, 1b, 1c, 1d . . . It, all having the same form; 
an inner diameter of 100 pm, outer diameter of 375 pm and 
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length of 40 cm, as Well as 20 silica-made capillaries 2a, 2b, 
2c, 2d . . . 2t, having the same inner and outer diameters but 

a length of 10 cm. 

[0064] The capillary gel is produced by ?lling capillaries 
1a to It With polyacrylamide gel containing the denaturant 
urea. Firstly, the capillary interior is Washed and is subjected 
to silane coupling treatment. Then solution of N,N,N‘,N‘ 
tetramethylethylendiamine and ammonium persulfate is 
added to the degassed TRIS-borate buffer containing 3.84 
percent of acrylamide, 0.16 percent of N,N‘-methylene bis 
acrylamide, 7 M of urea, and 2 mM of EDTA, and is poured 
into the capillaries; then polyacrylamide gel is obtained by 
polymeriZation. Polyacrylamide gel and capillaries are 
chemically bonded With each other, and the gel does not 
come out of the capillaries during electrophoresis. 

[0065] Capillaries 2a to 2t are treated so that their inner 
surfaces are positively charged. Firstly, 3-(2-aminoethylami 
nopropyl) trimethoxysilan solution is poured into capillaries 
to cause reaction. It is then heat treated at the temperature of 
110° C., and amino acid residue is introduced on the inner 
Walls of the capillaries to be positively charged. This 
changes the direction of the electroosmotic ?oW from nega 
tive to positive poles inside each of capillaries 2a to 2t. 

[0066] The migration direction (from negative to positive 
poles) of samples in capillaries 1a to It ?lled With poly 
acrylamide gel is matched to the migration direction (from 
negative to positive poles) of samples in capillaries 2a to 2t, 
ensuring the sample migration. The ends of capillaries 1a to 
It and capillaries 2a to 21‘ are placed face to face in the 
optical cell, and are held at a speci?ed gap; then samples 
migrating in these gaps are detected optically. According to 
the present invention, the ?uorescent cell is used to detect 
the samples by ?uorescence. That is, the ends of said 
capillaries 1a to It and capillaries 2a to 2t are placed inside 
the rectangular quartZ optical cell 104a (outer dimensions: 
36 mm Wide by 4.5 mm deep by 3 mm long; inner dimen 
sions: 30 mm Wide by 2 mm deep by 3 mm long); Where 
Width denotes the horiZontal direction of the draWing (direc 
tion of capillaries 1a-->1t), the depth the perpendicular 
direction of the draWing, and the length the longitudinal 
direction (direction of samples migrating in capillaries) of 
the draWing. They are arranged so that a pair of capillary 1a 
and capillary 2a Will be coaxial With each other, and that 
they Will face each other forming the gap 3a having a length 
of 1 mm. LikeWise, capillaries 1b and 2b, 1c and 2c, 1d and 
2d . . . 1t and 2t are arranged so as to form gaps 3b, 3c, 3d 

. . . 3t. Gaps 3b, 3c, 3d . . . , 3t are arranged in a straight line 

at a speci?ed interval. To hold the capillaries in the optical 
cell, use is generally made of the multi-capillary holder 
having 20 vertical holes at intervals of 0.6 mm provided on 
the plate-formed block made of ?uorine-contained polymer, 
for example, tetra?uoroethylene polymer. Namely, each of 
capillaries 1a to It is inserted in each of 20 vertical holes of 
multi-capillary holder 5a; then each of capillaries 2a to 2t is 
inserted in each of 20 vertical holes of multi-capillary holder 
5b. The multi-capillary holder 5a and multi-capillary holder 
5b are ?xed in close contact With the top and bottom of 
optical cell 104a to ensure that capillaries 1a and 2a, 1b and 
2b, 1c and 2c, 1d and 2d . . . 1t and 2 are respectively coaxial. 

[0067] Furthermore, since the gaps 3a to 3t are used as 
optical detecting portions, adjustment is made of the length 
of capillaries 1a to It and 2a to 2t inside the optical cell 104a 
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so that gaps 3a to 3t are laid out in a straight line. The other 
ends of the capillaries 1a to 1t and 2a to 2t are immersed in 
a vessel for cathode electrode 106 and a vessel for anode 
electrode 107 supplied With buffer solution (TRIS-borate 
EDTA buffer solution With urea). The inside of optical cell 
104a is provided With sheath inlet 108 to be ?lled With 
sheath solution, so that sheath solution 11 in the sheath 
solution bottle 100 can be supplied through the tetra?uoro 
ethylene polymer tube 109. Sheath solution 11 uses the 
TRIS-borate-EDTA buffer solution With urea, having the 
same composition as that of the buffer solution inside the 
capillary gel of capillaries 1a to 1t, thereby preventing the 
components of the capillary gel from leaking into the optical 
cell 104a. 

[0068] Furthermore, if optical cell 104a incorporating 
capillaries 1a to 1t and capillaries 2a to 2t is ?lled With 
sheath solution and the level of sheath solution 11 of sheath 
solution bottle 100 is made higher than that of the buffer 
solution in the vessel for anode electrode 107, then sheath 
solution ?oWs into the vessel for anode electrode 107 
through capillaries 2a to 2t. Under this condition, optical cell 
104a and capillaries 2a to 2t are ?lled With sheath solution, 
namely, buffer solution, and capillaries 1a to 1t are also ?lled 
With capillary gel. If the DC voltage is applied betWeen the 
vessel for cathode electrode 106 and the vessel for anode 
electrode 107 by DC high voltage poWer supply 12, then 
current Will ?oW through capillary 1a, gap 3a and capillary 
2a, alloWing the samples to migrate. When the level of 
sheath solution 11 of sheath solution bottle 100 is made 
higher than that of the buffer solution in the vessel for anode 
electrode 107, sheath solution ?oWs inside the capillaries 2a 
to 2t, producing the ?oW over the tops of the capillaries 2a 
to 2t, namely, around gaps 3a to 3t. Samples migrating from 
capillaries 1a to 1t pass through gaps 3a to 3t along the ?oW 
over capillaries 2a to 2t under the sheath ?oW conditions, are 
led into each capillary and made to migrate toWard the vessel 
for anode electrode 107. 

[0069] Capillaries 2a to 2t are treated so that their inside 
Will be positively charged, and electroosmotic ?oW inside 
the capillaries 2a to 2t is directed from capillaries 1a to 1t 
vessel for anode electrode 107, eliminating the possibility of 
reserve ?oW of the solution into gaps, and ensuring stable 
?oW of sheath solution toWard the vessel for anode electrode 
107. Even When the ?oW rate of sheath solution is especially 
loW, stable ?oW of sheath solution toWard the vessel for 
anode electrode 107 is ensured. 

[0070] Electrophoresis is performed by application of DC 
poWer betWeen the vessel for cathode electrode 106 and the 
vessel for anode electrode 107 by means of DC high voltage 
poWer supply 12. The current ?oWing through capillary 1a 
and capillary 2a goes mainly through gap 3a; likeWise, the 
current ?oWing through capillaries 1b and 2b, 1c and 2c, 1d 
and 2d, . . . 1t and 2t goes mainly through 3b, 3c, 3d . . . 3t. 

Furthermore, as discussed above, the samples migrating 
from capillaries 1a to 1t ?oW along the stream over capil 
laries 2a to 2t, passing though the gaps 3a to 3t under the 
sheath ?oW condition; then they are led into respective 
capillaries. Namely, samples migrating through the capillar 
ies and gaps are made to migrate Without contacting the 
samples migrating in the adjacent gaps. This permits ?uo 
rescence detection of the samples migrating in each gap, 
Without being affected by the samples migrating in the 
neighboring gaps. In addition, the samples do not contact the 
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inner surface of optical cell 104a; this feature eliminates the 
in?uence of the samples being absorbed to the optical cell 
104a, and provides spatial removal of the scattered light on 
the surface of the optical cell 104a by means of slits or 
similar device. Thus, highly sensitive ?uorescence detection 
is possible. 
[0071] Introduction of the DNA fragments labeled by 
?uorophores is made possible by immersing one end of the 
capillary 1a on the cathode side into the sample solution, and 
by application of the 6 kV-voltage betWeen the sample 
solution and the vessel for anode electrode 107 for about 20 
seconds. After that, the end of the capillary is put back to the 
original position of the vessel for cathode electrode 106. 
This procedure is repeated for each of capillaries 1a to 1t, to 
supply samples into the capillary gels of capillaries 1a to 1t. 
Note that samples may be supplied to each capillary in 
sequence, as described above, or they may be supplied by 
immersing each of capillaries 1a to 1t into the sample 
solution and by simultaneous application of voltage. The 
samples poured in each of the capillaries 1a to 1t are made 
to move from the cathode to anode by application of the 6 
kV-voltage betWeen the vessel for cathode electrode 106 and 
the vessel for anode electrode 107 inside the capillary gels 
of the capillaries 1a to 1t, and pass through gaps 3a to St. 
Samples passing through gaps 3a to 3t are detected by 
irradiating He—Ne laser light having a Wavelength of 594 
nm to eXcite the TeXas Red (Sulforhodamine 101) Which is 
a labeling ?uorophore. The laser light is adjusted so that the 
laser light irradiates gaps 3a to 3t arranged in a straight line 
simultaneously or under much the same conditions (laser 
light diameter), and the laser light is irradiated, thereby 
permitting ?uorescence to be detected. Namely, laser light 
21 having a Wavelength of 594 nm of the He—Ne laser 
source 20 is condensed by lens 22 and irradiated to eXcite the 
DNA fragments labeled by ?uorophores passing through 
gaps 3a to St. The laser having a beam diameter of about 0.7 
mm, and the lens 22 having a focal distance of 100 mm are 
used, and the focus is set to the mid-position betWeen gaps 
3a and 3t. In this case, spot siZe of the laser light at the focal 
point is about 150 pm, and focal depth is about 20 mm. The 
distance betWeen gap 3a and 3t is equal to the distance from 
capillary 1a to capillary 1t. In the case of the present 
embodiment, it is 0.6 mm by 19, namely about 12 mm. That 
is, the laser light irradiates 20 positions of the gaps 3a to 3t 
With much the same spot siZe, Which is much the same as 
that of the capillary gel (100 pm). As discussed above, the 
spot siZe of the laser light can be much the same as that of 
the capillary gel. Uniform and ef?cient excitation of the 
DNA fragments labeled by ?uorophores Which migrate 
through gaps 3a to 3t by selecting the light source and lens 
system so that all gaps are irradiated With much the same 
spot siZe. 

[0072] The ?uorescence emitted from the DNA fragments 
labeled by ?uorophores Which migrate through gaps 3a to 3t 
is detected from the position perpendicular to the direction 
of laser irradiation. This con?guration is illustrated in FIG. 
4. After the background such as scattered light has been 
eliminated through interference ?lter 32, ?uorescence 30 
emitted from the DNA fragments, and forms the image on 
tWo-dimensional detector 34 such as CCD camera through 
lens 33. Being controlled by controller 35, tWo-dimensional 
detector 34 detects the ?uorescent image of gaps 3a to 3t, 
and provides continuous and simultaneous detection of the 
change of the ?uorescence intensity according to all gaps 3a 
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to 3t, using data processor 36 of the computer or the like. 
These results are displayed on monitor 37, and are output on 
printer 38 or stored in memory 39. This feature permits 
simultaneous and continuous detection of migration patterns 
for each of capillaries 1a to it. Note that, in the case of the 
present embodiment, the one-dimensional detector such as a 
photodiode array can be used, instead of the tWo-dimen 
sional detector such as a CCD camera, since the ?uorescent 
images of the gaps are arranged on the one-dimension basis. 
For effective detection of the ?uorescence emitted from the 
Texas Red, interference ?lter 32 uses the band pass inter 
ference ?lter Which permits transmission of a Wavelength 
band ranging from 610 to 630 nm. 

[0073] The magni?cation of the lens is set so that the 
image of gaps 3a to 3t Will be condensed on the photo 
detecting surface of the tWo-dimensional detector. In the 
con?guration shoWn in FIG. 4, ?uorescence from the linear 
laser irradiation region may be collected by the cylindrical 
lens, as in the case of Embodiment 1, for Which the ?uo 
rescence detection system shoWn in FIG. 1. Since the gaps 
are ?lled With buffer solution in the present embodiment, the 
laser light irradiates gaps, Without being affected by scat 
tered light of the capillaries. This permits simultaneous, 
homogenous and ef?cient irradiation of samples migrating 
through tWo or more capillaries. It leads to substantial 
reduction of such background as scattered light and ?uo 
rescence from capillaries and capillary gels, ensuring highly 
sensitive ?uorescence detection. The effect of reducing the 
background light is described: Compared With the case 
Where ?uorescence detection is made by shedding the laser 
light on the capillary itself the coating of Which is removed, 
for eXample, ?uorescent detection made at the gap as in the 
present embodiment reduces the detected background inten 
sity to about one tenth or less, permitting detection of 
samples With smaller concentration. Arrangement of tWo or 
more gaps in a straight line enables simultaneous and simple 
irradiation of all gaps by the laser light, alloWing simple 
apparatus con?guration. Since tWo or more pairs of capil 
laries can be held in one optical cell, only one tube is 
sufficient for supply of sheath solution. Sheath ?oW occurs 
only at the position close to the gaps, ?oW rates are the same 
for all gaps, resulting in greater reproducibility. The optical 
cell according to the present embodiment has a simple 
structure; it is not necessary to use the optical cell of 
complicated con?guration as found in the sheath ?oW cham 
ber. In the present embodiment, the sample migration posi 
tion can be determined by holding a pair of capillaries face 
to face With each other at a speci?ed gap, and tWo or more 
capillaries (the space betWeen the adjacent capillaries set at 
0.6 mm in the present embodiment) can be laid out at 
positions close to each other. This alloWs reduction in the 
siZe of the optical cell. This also makes it possible to reduce 
the laser light further to irradiate tWo or more gaps. Exci 
tation light density is increased, and ?uorescence measure 
ment is facilitated. 

[0074] According to the present embodiment, buffer solu 
tion can be made to ?oW Without using the mechanical 
means such as a liquid chromatography pump. This simpli 
?es the apparatus con?guration, and reduces the production 
cost. There is no pulsating ?oW Which may occur When the 
pump is used; this ensures a stable ?oW of sheath solution 
and reduced feed rate variation, and reduced variations of 
?uorescence intensity of samples ?oWing in the gaps, result 
ing in detection accuracy. The ?oW rate of sheath solution 
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can be easily adjusted by changing the head betWeen the 
sheath solution level in the sheath solution bottle and buffer 
solution level in the vessel for an anode electrode on the 
doWnstream side for migration. This adjustment is also 
possible by changing the inner diameter of the capillary on 
the doWnstream side for migration. It is possible to make the 
sheath solution ?oW by using a mechanical means such as a 
liquid chromatography pump. In this case, the advantage is 
that the ?oW rate can be set directly. HoWever, ?uorescent 
intensity Lends to change due to pulsating ?oW of the pump, 
so such treatment as smoothing in data processing is essen 
tial. 

[0075] The sheath solution in the optical cell passes 
through capillaries 2a to 2t on the doWnstream side and 
?oWs out of the cell. Since the capillary generally has a small 
inner diameter, the ?oW rate at the capillary is generally 
small. Therefore, the volume of the sheath solution can be 
reduced, resulting in improved maneuverability. In the 
present embodiment, processing is made to ensure that the 
interior of capillaries 2a to 2t is positively charged, that the 
electroosmotic ?oW inside the capillaries 2a to 2t is directed 
toWard the vessel for anode electrode, and that there is no 
reverse ?oW from capillaries 2a to 2t to the gaps. This 
ensures a stable ?oW of the sheath solution to vessel for 
anode electrode even When the ?oW rate of the sheath 
solution is small. If the inner diameter of capillaries 2a to 2t 
is great and the ?oW rate of the sheath solution in the gap is 
increased, the effect of the electroosmotic ?oW is reduced; as 
a result, treatment of the inner sides of capillaries 2a to 2t is 
not necessary. 

[0076] In the present embodiment, sheath solution and 
buffer solution in the vessel for a cathode electrode and the 
vessel for an anode electrode use the same components as 
that of the buffer solution of the capillary gel. This prevents 
the capillary gel components from leaking into optical cell 
104a or the electrode vessel, and permits reuse of the 
capillary gel, resulting in stable electrophoresis featuring 
high separative poWer. It is also possible to use the buffer 
solution Which does not contain urea, namely, DNA dena 
turant, but urea inside the capillary gel may ?oW out from 
the capillary gel into the electrode vessel and ?uorescent cell 
With the lapse of time. In this case, electrophoresis is 
possible as in the case of the buffer solution containing urea; 
hoWever, the frequency of repeated use Will reduce to some 
eXtent. 

[0077] The used laser light source and ?uorophores are not 
restricted to He—Ne laser and TeXas Red (Sulforhodamine 
101); any ?uorophores and any suitable laser light source 
can be used. The present embodiment has been described 
based on the detection of the DNA fragments, but the 
principle applies to the analysis of the protein and similar 
substances. In the present embodiment, tWo capillaries hav 
ing the same inner diameters have been used; a combination 
of different inner diameters is also possible. For eXample, if 
the inner diameter of the capillary on the doWnstream side 
is made smaller than that on the upstream side, the concen 
tration of the sample solution Will be increased When 
samples migrating from the end of the upstream capillary are 
lead into the doWnstream capillary, resulting in increased 
sample concentration, hence highly sensitive detection. 

[0078] If the inner diameter of the capillary on the doWn 
stream side is made larger than that on the upstream side, 
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samples migrating from the upstream capillary can be lead 
into the downstream capillary With greater ease and reliabil 

[0079] Moreover, since ?uorescence from the sample can 
be detected Without the excitation light passing through the 
capillary region according the present embodiment, the 
capillary need not be transparent. The capillary coating need 
not be removed; this ensures handling ease. Furthermore, it 
also alloWs use of the capillary made of opaque ?uorine 
contained polymer such as tetra?uoroethylene polymer tube 
and tri-?uoro ethylene chloride polymer. 

[0080] The capillary made of ?uorine-contained polymer 
features little suction of samples, eliminating the need of 
treatment such as surface treatment. It is also very resistant 
against damage and chemicals, so use of ?uorine-contained 
polymer capillaries provides excellent maneuverability, and 
permits use of solvents over an extensive range of pH 
values. In the present embodiment, the case of tWo or more 
pairs of capillaries has been explained. In the case of one 
pair of capillaries, electrophoresis separation of samples, 
detection of the ?uorescence and detection of sample sepa 
ration pattern are possible in the same Way. In this case, the 
photomultiplier can be used as the optical detector. 

[0081] [Embodiment 3] 
[0082] The folloWing describes the DNA sequence deter 
mination method using the apparatus introduced in Embodi 
ment 2. DNA fragments labeled by ?uorophores are pre 
pared by DNA polymerase reaction, using the primer labeled 
by ?uorophore according to the Well-known dideoxy 
sequencing method invented by Sanger and his colleagues. 
The primer bonded With Texas Red (Sulforhodamine 101, 
maximum emission Wavelength of 615 nm) is used as 
primer. Firstly, the labeled primer is added to the single 
strand DNA and annealed, so that labeled primer is bonded 
to the single-strand DNA. This reaction solution is divided 
into four parts, Which are subjected to DNA polymerase 
reactions corresponding to A, C, G and T, respectively. That 
is, four types of deoxynucleotide triphosphates (dAT P, 
dTTP, dCTP and dGTP) and ddATP Which Will be a termi 
nator are added to the single-strand DNA bonded With 
labeled primer to cause DNA polymerase reaction. The 
above procedure provides DNA fragments labeled by ?uo 
rophores having various lengths With terminal A. Similar 
reactions are made for C, G and T. Four types of reaction 
solution obtained in the above procedure are poured into 
four of the capillaries 1a to 1t, for example, capillaries 1a, 
1b, 1c and 1d, respectively. The pouring procedure is the 
same as given in Embodiment 2. Reaction solution A is put 
into capillary 1a, reaction solution C into 1b, reaction 
solution G into 1c and reaction solution T into 1d. After that, 
about 6 kV-voltage is applied to cause electrophoresis. 
Using the He—Ne laser having a Wavelength of 594 nm to 
excite Texas Red (Sulforhodamine 101), change of the 
intensity of ?uorescence in gaps 3a to 3a' is measured With 
respect to time. Since the DNA fragments having smaller 
molecular Weight are made to migrate earlier, the base 
sequence is determined by analyZing the ?uorescence inten 
sity at each gap according to time sequence. The apparatus 
shoWn in Embodiment 2 has 20 capillaries in Which samples 
can be poured. Said DNA base sequence determination 
method alloWs simultaneous determination of base sequence 
of ?ve types of DNA samples. This permits determination of 
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the base sequence of more DNA samples by increasing the 
number of pairs of capillaries held in the optical cell. 

[0083] In the present embodiment, the Texas Red (Sulfor 
hodamine 101) is used as ?uorophore. HoWever, it is also 
possible to detect ?uorescence emitted from tWo or more 
?uorophores. In that case, for example, it is possible to Lake 
either of the folloWing steps: 

[0084] (1) the optical detector sets comprising interference 
?lter 32, lens 33 and detector 34 are prepared in numbers 
corresponding to that of the ?uorophores, and each of the 
said detector sets is made to detect ?uorescences of separate 
Wavelength bands as shoWn in FIG. 4, or 

[0085] (2) the splitting prism is installed after lens 33 to 
separate light into spectral components, and the image of 
each component is formed on the tWo-dimensional detector 
such as a camera. Then ?uorescence intensity is measured 
for each migration lane and Wavelength. 

[0086] Thus, the DNA base sequence can be determined 
even When the apparatus Which provides simultaneous 
detection of tWo or more ?uorophores has been con?gured. 
That is, each DNA is subjected to polymerase reaction, using 
primers labeled by different ?uorophores for each type of the 
terminal base. Then reaction solutions are mixed and elec 
trophoresis is carried out; then ?uorescence of the DNA 
fragments passing through the gap spaces is detected. The 
base type can be identi?ed by identifying-the ?uorophore 
types, Whereby the base sequence is determined. 

[0087] The ?uorophore types can be identi?ed by com 
paring the ?uorescences at the maximum emission Wave 
length of four types of ?uorophores. In this case, the base 
sequence of the DNA samples can be determined in the 
migration lane comprising a pair of capillaries and gaps. 
When tWo or more migration lanes are present as shoWn in 
FIG. 3, the base sequence of tWo or more DNA samples can 
be determined simultaneously in the number corresponding 
to the number of the migration lanes. 

[0088] [Embodiment 4] 
[0089] The gap is formed by a pair of capillaries in said 
Embodiments 2 and 3, but the gap can also be made by other 
than the capillary pair. For example, the molecular Weight 
separation region is composed of capillaries, as in said 
Embodiments. A gap can be formed by the end of these 
capillaries and the plate provided With ?ne holes. FIG. 5 
shoWs the con?guration of the electrophoresis region and 
laser irradiation system of the electrophoresis apparatus 
according to the fourth Embodiment. As in the case of 
Embodiment 2, tWenty capillaries 1a to 1t as electrophoresis 
separation region are held by the multi-capillary holder 5a 
and are ?xed to the optical cell 60. The plate 62 provided 
With ?ne holes 61a to 61[ having an inner diameter of 200 
pm is ?xed on the side opposite to the optical cell 60. Fine 
holes 61a to 61[ are provided at the positions respectively 
corresponding to capillaries 1a to 1t, resulting in formation 
of the gaps. When the sheath solution ?oWs, the sample 
migrating from each capillary is led to each corresponding 
?ne hole. The vessel for trapping solution 63 is laid out 
beloW plate 62 to temporarily store the solution coming from 
the ?ne holes, and the solution is then led to the vessel for 
electrode 65 through tube 64. 

[0090] Electrophoresis is performed in the same Way as in 
Embodiment 2, by applying poWer to the vessel for electrode 
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65 and another vessel for electrode (not illustrated). Irradia 
tion of laser and detection by ?uorescence are also per 
formed as in the case of the Embodiment 2. 

[0091] [Embodiment 5] 
[0092] In Embodiment 2, it is also possible to design a 
con?guration Where the samples are migrated by the ?oW of 
sheath solution, using only the upstream capillaries, Without 
using the doWnstream ones. FIG. 6 shoWs the con?guration 
of the electrophoresis region of the electrophoresis appara 
tus. As in the case of Embodiment 2, ends of capillaries 1a 
to 1t are arranged and held in the optical cell 104a. 

[0093] The bottom of optical cell 104a is connected With 
the seal plate 70 and tetra?uoroethylene polymer tube 71, 
and the end of tetra?uoroethylene polymer tube 71 is 
immersed in the vessel for anode electrode 107, to permit 
?oW of sheath solution. Sheath solution is poured in optical 
cell 104a in the same Way as in the case of the Embodiment 
2. 

[0094] Electrophoresis is performed by DC voltage 
applied from DC high voltage poWer supply 12 betWeen the 
vessel for cathode electrode 106 and the vessel for anode 
electrode 107. Immediately beloW the capillaries, samples 
Which migrate from capillaries do not contact these samples 
Which migrate through other capillaries; they migrate 
through the optical cell 104a, ?nally going to the vessel for 
anode electrode 107 samples are detected by irradiating the 
laser light to 500 pm doWnstream of the ends of the 
capillaries in optical cell 104a, and by receiving ?uores 
cence. 

[0095] The photodetecting system is designed in the same 
con?guration as in Embodiment 2. The sheath ?oW forma 
tion method of the present Embodiment is basically different 
from that of Embodiment 2. In the present Embodiment, 
sheath solution ?oWs in the entire optical cell in a laminar 
?oW. As a result, the ?oW rate of the sheath solution differs 
slightly, depending on the position inside the optical cell, 
and the sample migration lane also tends to vary; such 
unstable conditions occur. In terms of sensitivity and sim 
plicity in the apparatus con?guration, hoWever, almost the 
same results can be obtained as those in Embodiment 2. 

[0096] [Embodiment 6] 
[0097] In the apparatus described in Embodiment 2, it is 
also possible to form the gap by using the plate provided 
With tWo or more grooves instead of the doWnstream cap 
illaries. FIG. 7 is an oblique vieW of the plate provided With 
tWo or more grooves. Said Figure represents the case Where 
four grooves corresponding to four capillaries are provided. 
Grooves 81a, 81b, 81c and 81d are formed on one side of the 
plate 80 conforming to the form inside the optical cell. The 
form of the groove is made to correspond to the siZe of the 
capillary for electrophoresis separation; for eXample, the 
groove is designed to have a Width of 300 pm and a depth 
of 600 pm. The pitch distance betWeen grooves is 1 mm. 
Note that the pitch and groove form can be changed as 
required. FIG. 8 is an oblique vieW shoWing the sectional 
area of the optical cell of electrophoresis region of the 
electrophoresis apparatus using the said plate. Optical cell 
84 has inner dimensions of 20 mm in Width, 3 mm in depth 
and 40 mm in length. The ?oW cell is used, Which has the 
quartZ glass plate having a thickness of 2 mm, With the top 
and bottom ends opened. Said Figure also shoWs the optical 
cell Without the glass region located in its front. Plate 80 is 
inserted into optical cell 84 in close contact, so that the four 
lanes comprising the grooves 81a, 81b, 81c and 81d, and the 
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glass (not illustrated) in front of the optical cell are formed. 
Capillaries 82a, 82b, 82c and 82d having an inner diameter 
of 100 pm and an outer diameter of 200 pm (gel formed 
inside in the same procedure as in Embodiment 2) are ?Xed 
inside the ?uorescent cell 84 by multi-capillary holder 83. 
The pitch distance betWeen the capillaries are 1 mm so as to 
match the pitch distance betWeen grooves, and adjustment is 
made to ensure that the capillary aXis is located at the center 
of each groove. This adjustment is achieved by adjusting the 
position of the holes on multi-capillary holder 83. Ends of 
capillaries 82a, 82b, 82c and 82d are arranged inside the 
multi-capillary holder 83, and adjustment is made so that 
each capillary end Will be about 1 mm aWay from plate 80; 
then capillaries are ?Xed in the optical cell. 

[0098] Electrophoresis is made possible by bringing the 
bottom of the optical cell 84 in contact With the buffer 
solution inside the vessel for the anode electrode. As in the 
case of Embodiment 4 or 5, it is also possible to connect it 
to the vessel for the electrode through the tube. Sheath 
solution is poured in the same Way as in the case of the 
Embodiment 2. Samples migrating from the capillaries 82a 
to 82d are held in the sheath solution and made to ?oW into 
optical cell 84; they are then led to the vessel for the anode 
electrode through grooves 81a, 81b, 81c and 81d. 

[0099] Electrophoresis, laser irradiation and ?uorescence 
detection are performed in the same method as in the case of 
the Embodiment 2; the method provides an effective and 
simultaneous detection of samples separated respectively by 
tWo or more capillaries. In the present Embodiment, the 
doWnstream side is formed by the plate constituting the 
grooves, not by the capillaries. This alloWs easy adjustment 
of the distance betWeen each capillary end and the plate end 
ends of the grooves. The plate is preferred to be made of 
quartZ glass, Where ?uorescence is not caused by laser 
irradiation. 

[0100] [Embodiment 7] 
[0101] In the present Embodiment, the DNA fragments 
labeled by ?uorophores are separated by electrophoresis and 
are detected by ?uorescence. Fluorescence detection is made 
at the region Where the samples separated by electrophoresis 
in the capillary migrate from the capillary end into the buffer 
solution. The folloWing describes the case of using the TeXas 
Red (sulforhodamine 101) for labeling ?uorophores: 

[0102] FIG. 9 illustrates the con?guration of the electro 
phoresis apparatus of the present Embodiment. It uses tWo 
capillaries; a silica capillary 101 having an inner diameter of 
100 pm, outer diameter of 375 pm and length of 30 cm and 
a silica capillary 102 having the same inner and outer 
diameters With a length of 5 cm. Five percent polyacryla 
mide gel containing urea as denaturant is produced in 
capillaries 101 and 102, as in the case of the capillaries 1a 
and 1b in Embodiment 2. 

[0103] Each one end of capillaries 101 and 102 is held face 
to face With the other in the optical cell, and the samples are 
detected using detection of ?uorescence. That is, each one 
end of capillaries 101 and 102 is held face to face coaXially 
With the other forming a 0.1 nm gap 103 inside rectangular 
quartZ optical cell 104b (outer 3 mm square, inner 1 mm 
square), and the gap space is used as an optical detecting 
portion. The other ends of capillary 101 and capillary 102 
are immersed respectively in the vessel for cathode electrode 
106 and the vessel for anode electrode 107 ?lled With buffer 
solution (TRIS-borate-EDTA buffer solution). Buffer solu 
tion containing glycerin is poured into optical cell 104b, and 
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gap 103 is ?lled With buffer solution. DC high voltage is 
applied between the vessel for cathode electrode 106 and the 
vessel for anode electrode 107 by DC high voltage poWer 
supply 12. When the voltage is applied, current runs through 
capillary 102, gap 103 and capillary 101. Gap 103 is short 
and, in gap 103, current ?oWs along the line connecting the 
axes of capillary 102 and capillary 101. So the migrating 
sample ?oWs out of capillary 101, and passes through gap 
103 Without much dispersion, ?oWing into capillary 102. 
That is, the sample migrates Without contacting the optical 
cell 104b. 

[0104] Buffer solution containing glycerin has been 
poured into optical cell 104, namely, gap 103; addition of 
glycerin is intended to reduce the in?uence of convection 
due to increased viscosity of buffer solution and to improve 
the electric ?eld intensity in gap 103. Controlled convection 
of the buffer solution and increased electric ?eld intensity 
reduces the dispersion of the sample in gap 103, alloWing 
easy migration of the sample from capillary 101 to capillary 
102. 

[0105] Glycerin is used in the present Embodiment. Other 
substances can be used if they have high viscosity and are 
usable for electrophoresis. For example, polyethylene glycol 
or succrose etc. can be used. If gap 103 is suf?ciently 
narroW, normal buffer solution Without glycerin may be 
used. To introduce DNA fragments labeled by ?uorophores 
Which are samples, one end of capillary 101 on the cathode 
side is immersed in the sample solution temporarily, and 5 
kV voltage is applied betWeen the sample solution and the 
vessel for anode electrode 107 for about 20 seconds. Then 
the end of capillary 101 is returned to the vessel for cathode 
electrode 106, and 10 kV DC voltage is applied betWeen the 
vessel for cathode electrode 106 and the vessel for anode 
electrode 107. Then the samples migrate from cathode to 
anode sides in capillary 101 While undergoing molecular 
Weight separation, and pass through gap 103. 

[0106] Laser light 21 having a Wavelength of 5 94 nm from 
the He—Ne laser source 20 is condensed to about 20 pm by 
lens 22, and is irradiated on the gap 103. Fluorescence 30 
issued from the DNA fragments is collected by lens 112 
from the direction perpendicular to the direction in Which 
laser light is irradiated. Backgrounds such as scattered light 
are eliminated by interference ?lter 113, and the image is 
formed on slit 115 by lens 114. The light passing through slit 
115 is detected by photomultiplier 116, and ampli?ed by 
ampli?er 117; then the electrophoresis pattern is processed 
by data processor 118 of the computer or the like, and their 
results are displayed on monitor 37, and are output on printer 
38 or stored in memory 39. 

[0107] To ensure effective detection of the ?uorescence 
issued from the Texas Read, interference ?lter 113 uses the 
band pass interference ?lter Which permits transmission of a 
Wavelength band ranging from 610 to 630 nm. Lens systems 
112 and 114 are con?gured to have the equal magni?cations. 

[0108] The opening of slit 115 is set to 50 pm in the 
direction of electrophoresis and 100 pm in the direction of 
laser light, and adjustment is made to ensure that ?uorescent 
image in gap 3 is located at the center of the opening. Since 
samples migrate only close to gap 3, the image of the 
scattered light of the laser light at optical cell 104b is not 
formed on the opening of slit 115 and is not detected by the 
photomultiplier 116 because of the con?guration of said 
optical system. Scattered light and ?uorescence are not 
produced by the capillary and gel, resulting in substantially 
reduced background intensity. 
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[0109] FIG. 10 is an enlarged vieW representing the 
sectional area of the optical cell 104b. QuartZ optical cell 
104b is ?xed by multi-capillary holders 123a and 123b. 
Liquid leakage is prevented by insertion of the silicone 
rubber packings 122a and 122b betWeen optical cell 104b 
and holders 123a and 123b. Capillary 101 is ?xed to 
multi-capillary holders 123a by tetra?uoroethylene polymer 
ferrule 124a and screW 125a. LikeWise, capillary 102 is also 
?xed by ferrule 124b and screW 125b. The gap betWeen 
capillary 101 and capillary 102 can be freely adjusted by 
specifying the length of the capillary from the ferrule. In the 
present Embodiment, this is 0.1 mm, as described previ 
ously. The optical cell is provided With solution inlet to pour 
buffer solution. It is also connected With the valves 126a and 
126b. The buffer outlet can be provided at the optical cell 
holder. Optical cell 104b is ?lled With buffer solution after 
?xing the capillary. 

[0110] DNA fragments labeled by ?uorophores can be 
detected by the apparatus in the present Embodiment. The 
DNA fragments labeled by ?uorophores area prepared 
according to the Well-knoWn dideoxy sequencing method 
invented by Sanger and his colleagues, under the same 
conditions as in the case of the Embodiment. As discussed 
above, the DNA fragment electrophoresis pattern can be 
measured by introducing the samples into the capillary and 
measuring the ?uorescence intensity in the gap. As in the 
case of the Embodiment 2, compared to the case of ?uo 
rescence detection by irradiating the laser light on the 
capillary Without coating, the background intensity is 
reduced by about one tenth or less in the present Embodi 
ment, permitting detection of samples of less concentration. 
The method according to the present Embodiment provides 
highly sensitive detection of samples using the gel, Without 
loss of electrophoresis characteristics. The buffer solution is 
not made to ?oW, so a simple apparatus con?guration can be 
obtained. The laser equipment and ?uorophores to be used 
are not restricted to He—Ne laser and Texas Red (sulfor 
hodamine 101); any ?uorophores and any suitable laser light 
source can be used. Furthermore, as in the case of the 
Embodiment 3, the present method provides simultaneous 
?uorescence detection of tWo or more ?uorophores. When 
the DNAbase sequence is to be determined using the tWo or 
more ?uorophores in the apparatus according to the present 
Embodiment, exactly the same procedure as in the case of 
the Embodiment 3 is used. The present Embodiment has 
been explained With reference to the detection of DNA 
fragments, but the same method is applicable also to the 
analysis of protein, sugar and similar substances. Further 
more, tWo capillaries having the same inner diameter have 
been used for the description of the present Embodiment. It 
is also possible to use a combination of capillaries having 
different inner diameters. The effect resulting from the 
difference betWeen the inner diameters of capillaries 101 and 
102 is the same as that described With reference to Embodi 
ment 2. Furthermore, the method for the present Embodi 
ment permits detection of the ?uorescence Without the 
excitation light passing through the capillary region, so the 
capillary need not be transparent; the capillary coating need 
not be removed. It alloWs use of capillaries made of an 
opaque ?uorine-contained polymer such as tetra?uoroeth 
ylene polymer or tri?uoro ethylene chloride polymer. 

[0111] [Embodiment 8] 
[0112] The folloWing describes the simultaneous ?uores 
cence detection apparatus With four capillaries arranged in 
parallel. The number of capillaries is not limited to four; it 
can be any number. FIG. 11 shoWs the con?guration of the 






