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FIG. 5

WITHOUT FLUORESCENT DYEING
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FIG. 6

WITHOUT FLUORESCENT DYEING
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FIG. 7

YELLOW AUTOFLUORESCENCE
WITHOUT FLUORESCENT DYEING

{a)
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FIG. 8

WITHOUT FLUORESCENT DYEING
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FIG. 9

WITH FLUORESCENT DYEING
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FIG. 10

WITH FLUORESCENT DYEING
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(b}

FIG. 11

WITH FLUORESCENT DYEING

{a)
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FIG. 12

WITH Fi
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FIG. 13
WITHOUT FLUORESCENT DYE!
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FIG. 14

WITHOUT FLUORESCENT DYEING
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FIG. 15

YELLOW AUTOFLUORESCENCE
WITHOUT FLUORESCENT DYEING
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FIG. 16

WITHOUT FLUORESCENT DYE
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FIG. 17

WITH FLUORESCENT DYEING
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FIG. 18

WITH FLUORESCENT DYEING
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FIG. 19

WITH FLUORESCENT DYEING
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DETECTION DEVICE FOR LIPIDS

INCLUDED IN MICROALGAE AND

DETECTION METHOD FOR LIPIDS
INCLUDED IN MICROALGAE

TECHNICAL FIELD

[0001] The present invention relates to an analysis tech-
nique and relates to a detection device for lipids included in
microalgae and a detection method for lipids included in
microalgae.

BACKGROUND ART

[0002] The use of lipids accumulated in microalgae as
biofuels has drawn attention (for example, see Patent Lit-
erature 1 and Non Patent Literature 1). For manufacturing of
biofuels from microalgae, the microalgae are cultivated, and
when the amount of lipids accumulated therein becomes
sufficient, the lipids are extracted from the microalgae using
a solvent or the like. Among algae, although it has been
reported that autofluorescence occurs in chlorophyll, phy-
coerythrin, and phycocyanin (for example, see Non Patent
Literature 2), autofluorescence occurring in lipids has not
been reported. Hence, as a method for evaluating the amount
of lipids in microalgae, there has been proposed a method in
which after lipids of microalgae are dyed with a fluorescent
dye, the microalgae are observed using a fluorescent micro-
scope. In addition, a method in which the content of lipids
of microalgae is determined in accordance with the degree
of color of a suspension liquid containing many microalgae
has also been proposed (for example, see Non Patent Lit-
erature 3).

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2014-174034

Non Patent Literature

[0004] Non Patent Literature 1: WANG, et al., “Charac-
terization of a green microalga UTEX 2219-4: Effects of
photosynthesis and osmotic stress on oil body formation,”
Botanical Studies (2011) 53: 305-312

[0005] Non Patent Literature 2: Saito et al., “Development
of in situ particle diameter analysis and measurement
method for blue-green algae by simultaneous detection of
fluorescence components at two wavelengths”. The Review
of Laser Engineering, Vol. 24, No. 4, pp. 59-66

[0006] Non Patent Literature 3: Su et al., “Simultaneous
Estimation of Chlorophyll a and Lipid Contents in Microal-
gae by Three-Color Analysis,” Biotechnology and Bioengi-
neering, Vol. 99, No. 4, Mar. 1, 2008

SUMMARY OF INVENTION

Technical Problem

[0007] To dye lipids in each microalga with a fluorescent
dye will take a long time, in addition, the fluorescent dye is
required to be carefully handled from a safety point of view
and is also expensive. In addition, in the method in which the
content of lipids is determined in accordance with the degree
of color of a suspension liquid containing microalgae, the
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content of lipids in each microalga cannot be accurately
determined. Hence, one object of the present invention is to
provide a detection device for lipids included in microalgae
and a detection method for lipids included in microalgae,
each of which can easily and accurately detect the lipids
included in the microalgae.

Solution to Problem

[0008] Through intensive research, the present inventor
discovered that when excitation light is irradiated an
microalgae, autofluorescence occurs in lipids included in the
microalgae.

[0009] According to one aspect of the present invention,
there is provided a detection device for lipids included in
microalgae, the device comprising; (a) a flow cell through
which a fluid containing microalgae flows; (b) an excitation
light source irradiating excitation light on the flow cell; and
(c) a first fluorescent light detector detecting autofluores-
cence occurring in lipids of microalgae irradiated with the
excitation light. The autofluorescence occurring in the lipids
can be yellow.

[0010] The detection device for lipids included in microal-
gae described above may further comprise: a scattered light
detector detecting scattered light generated in the microalgae
irradiated with the excitation light; and a comparison unit
comparing the intensity of the scattered light and the inten-
sity of the autofluorescence occurring in the lipids.

[0011] The detection device for lipids included in microal-
gae described above may further comprise: a second fluo-
rescent light detector detecting autofluorescence occurring
in chloroplasts of the microalgae irradiated with the excita-
tion light; and a comparison unit comparing the intensity of
the autofluorescence occurring in the chloroplasts and the
intensity of the autofluorescence occurring in the lipids.
[0012] The detection device for lipids included in microal-
gae described above may further comprise; a scattered light
detector detecting scattered light generated in the microalgae
irradiated with the excitation light; a second fluorescent light
detector detecting autofluorescence occurring in chloro-
plasts of the microalgae irradiated with the excitation light;
and a comparison unit comparing the intensity of the scat-
tered light, the intensity of the autofluorescence occurring in
the lipids, and the intensity of the autofluorescence occur-
ring in the chloroplasts.

[0013] The detection device for lipids included in microal-
gae described above may further comprise a size calculation
unit calculating the size of the lipids based on the intensity
of'the autofluorescence occurring in the lipids. The detection
device for lipids included in microalgae described above
may further comprise a size calculation unit calculating the
size of the microalgae based on the intensity of the scattered
light generated in the microalgae. The detection device for
lipids included in microalgae described above may further
comprise a size calculation unit calculating the size of the
chloroplasts based on the intensity of the autofluorescence
occurring in the chloroplasts.

[0014] In the detection device for lipids included in
microalgae described above, the microalgae can be unicel-
Iular organisms. In addition, the microalgae may produce
hydrocarbons.

[0015] In addition, according to another aspect of the
present invention, there is provided a detection method for
lipids included in microalgae, the method comprising: (a)
allowing a fluid containing microalgae to flow through a



US 2018/0364171 Al

flow cell; (b) irradiating excitation light on the flow cell; and
(c) detecting autofluorescence occurring in lipids of microal-
gae irradiated with the excitation light. The autofluorescence
occurring in the lipids can be yellow.

[0016] The detection method for lipids included in
microalgae described above may further comprise: detecting
scattered light generated in the microalgae irradiated with
the excitation light; and comparing the intensity of the
scattered light and the intensity of the autofluorescence
occurring in the lipids.

[0017] The detection method for lipids included in
microalgae described above may further comprise: detecting
autofluorescence occurring in chloroplasts of the microalgae
irradiated with the excitation light; and comparing the
intensity of the autofluorescence occurring in the chloro-
plasts and the intensity of the autofluorescence occurring in
the lipids.

[0018] The detection method for lipids included in
microalgae described above may further comprise; detecting
scattered light generated in the microalgae irradiated with
the excitation light; detecting autofluorescence occurring in
chloroplasts of the microalgae irradiated with the excitation
light; and comparing the intensity of the scattered light, the
intensity of the autofluorescence occurring in the lipids; and
the intensity of the autofluorescence occurring in the chlo-
roplasts.

[0019] The detection method for lipids included in
microalgae described above may further comprise: calculat-
ing the size of the lipids based on the intensity of the
autofluorescence occurring in the lipids. The detection
method for lipids included in microalgae described above
may further comprise: calculating the size of the microalgae
based on the intensity of the scattered light generated in the
microalgae. The detection method for lipids included in
microalgae described above may further comprise: calculat-
ing the size of the chloroplasts based on the intensity of the
autofluorescence occurring in the chloroplasts.

[0020] In the detection method for lipids included in
microalgae described above, the microalgae can be unicel-
Iular organisms. In addition, the microalgae may produce
hydrocarbons.

Advantageous Effects of Invention

[0021] According to the present invention, a detection
device for lipids included in microalgae and a detection
method for lipids included in microalgae, each of which can
easily and accurately detect the lipids included in the
microalgae, can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a schematic view of a detection device for
lipids included in microalgae according to an embodiment of
the present invention.

[0023] FIG. 2 is a schematic view of a microalga including
lipids and chloroplasts.

[0024] FIG. 3 is a schematic view of a microalga including
lipids and chloroplasts.

[0025] FIG. 4 is a schematic view of a microalga including
lipids and chloroplasts.

[0026] FIG. 5 is a microscopic image of chlorella without
fluorescent dyeing according to Reference Example 1 of the
present invention.
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[0027] FIG. 6 is a microscopic image of autofluorescence
of the chlorella without fluorescent dyeing according to
Reference Example 1 of the present invention.

[0028] FIG. 7 includes the microscopic image of the
autofluorescence of the chlorella without fluorescent dyeing
according to Reference Example 1 of the present invention
and an extraction image of the autofluorescence.

[0029] FIG. 8 is an image obtained by overlapping the
extraction image of the autofluorescence on the microscopic
image of the chlorella without fluorescent dyeing according
to Reference Example 1 of the present invention.

[0030] FIG. 9 is a microscopic image of fluorescent dyed
chlorella according to Reference Example 2 of the present
invention.

[0031] FIG. 10 is a microscopic image of the fluorescence
of the fluorescent-dyed chlorella according to Reference
Example 2 of the present invention.

[0032] FIG. 11 includes the microscopic image of the
fluorescence of the fluorescent-dyed chlorella according to
Reference Example 2 of the present invention and an
extraction image of autofluorescence.

[0033] FIG. 12 is an image obtained by overlapping an
extraction image of the fluorescence on the microscopic
image of the fluorescent-dyed chlorella according to Refer-
ence Example 2 of the present invention.

[0034] FIG. 13 is a microscopic image of chlorella without
fluorescent dyeing according to Reference Example 3 of the
present invention.

[0035] FIG. 14 is a microscopic image of autofluorescence
of the chlorella without fluorescent dyeing according to
Reference Example 3 of the present invention.

[0036] FIG. 15 includes the microscopic image of the
autofluorescence of the chlorella without fluorescent dyeing
according to Reference Example 3 of the present invention
and an extraction image of the autofluorescence.

[0037] FIG. 16 is an image obtained by overlapping the
extraction image of the autofluorescence on the microscopic
image of the chlorella without fluorescent dyeing according
to Reference Example 3 of the present invention.

[0038] FIG. 17 is a microscopic image of fluorescent-dyed
chlorella according to Reference Example 4 of the present
invention.

[0039] FIG. 18 is a microscopic image of the fluorescence
of the fluorescent-dyed chlorella according to Reference
Example 4 of the present invention.

[0040] FIG. 19 includes the microscopic image of the
fluorescence of the fluorescent-dyed chlorella according to
Reference Example 4 of the present invention and an
extraction image of the fluorescence.

[0041] FIG. 20 is an image obtained by overlapping the
extraction image of the fluorescence on the microscopic
image of the fluorescent-dyed chlorella according to Refer-
ence Example 4 of the present invention.

DESCRIPTION OF EMBODIMENTS

[0042] Hereinafter, embodiments of the present invention
will be described. However, it is not to be understood that
the present invention is limited to description and drawings
which partially form the present disclosure. From the pres-
ent disclosure, various alternative techniques and applica-
tion techniques are to be apparent to a person skilled in the
art, and it is to be understood that the present invention
includes various embodiments which are not described in
this specification.
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[0043] A detection device for lipids included in microal-
gae according to an embodiment includes, as shown in FIG.
1, a flow cell 40 through which a fluid containing microalgae
flows, an excitation light source 10 irradiating excitation
light on the flow cell 40, and a first fluorescent light detector
102A detecting autofluorescence occurring in lipids in
microalgae irradiated with the excitation light. The lipids
included in the microalgae are also called oil bodies. The
fluid flowing through the flow cell 40 may be either a liquid
or a gas. Hereinafter, the case in which a liquid is used as the
fluid will be described by way of example.

[0044] The excitation light source 10 irradiates excitation
light having a broadband wavelength onto the liquid flowing
through the flow cell 40. As the excitation light source 10,
for example, a light emitting diode (LED) and a laser may
be used. The excitation light is, for example, blue light
having a wavelength of 450 to 495 nm. However, the
wavelength and the color of the excitation light are not
limited thereto. Visible light rays, such as purple color, other
than the blue light may be used, and ultraviolet rays may also
be used. The wavelength band of the excitation light may be
determined by a filter, such as a bandpass filter. The exci-
tation light is focused, for example, in the flow cell 40. To
the excitation light source 10, a light source drive power
source 11 supplying an electrical power to the excitation
light source 10 is connected. To the light source drive power
source 11, a power source control device 12 controlling the
electrical power to be supplied to the excitation light source
10 is connected.

[0045] The flow cell 40 is transparent to the excitation
light and is formed, for example, of quartz. The flow cell 40
has an internal diameter so that the microalgae are approxi-
mately allowed to pass therethrough one by one. The flow
cell 40 has, for example, a round tube shape or a square tube
shape. The liquid flowing through the flow cell 40 intersects
the excitation light.

[0046] The microalgae are algae which are unicellular
organisms each having a size of, for example, several
micrometers to several tens of micrometers. The microalgae
are called phytoplankton in some cases. In addition, for
example, the microalgae produce hydrocarbons. As
examples of the microalgae, for example, there may be
mentioned  Botrvococcus  braunii, Aurantiochytrium,
Pseudochoricystis ellipsoidea, Scenedesmus, Desmodes-
mus, Chlorella, Dunaliella Arthrospira, Spirulina, Euglena,
Nannochloropsis, Haematococcus, and Microcystis aerugi-
nosa.

[0047] When the microalgae are contained in the liquid
flowing through the flow cell 40, the lipids included in the
microalgae irradiated with the excitation light basically emit
yellow autofluorescence having a wavelength of 540 to 620
nm. The wavelength peak of the autofluorescence of the
lipids is approximately 570 to 590 nm. As shown in FIG. 2,
the intensity of the autofluorescence emitted from the lipids
reflects the size of the lipids included in the microalga. In
addition, chloroplasts included in the microalga irradiated
with the excitation light basically emit red autofluorescence
having a wavelength of 650 to 730 nm. The wavelength peak
of the autofluorescence of the chloroplasts is approximately
680 to 700 nm. The intensity of the autofluorescence emitted
from the chloroplasts reflects the size of the chloroplasts
included in the microalga. In addition, the excitation wave-
length for the autofluorescence of the lipids may be the same
as that for the autofluorescence of the chloroplasts. Further-
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more, in the microalga irradiated with the excitation light,
scattered light is generated by Mie scattering. The intensity
of' the scattered light reflects the size of one entire microalga.
[0048] In this case, the “size” represents, for example, the
diameter, the area, or the volume. For example, when the
shapes of the microalga, the region formed of the lipids
included in the microalga, and the chloroplasts each can be
approximated to the shape of a particle, the “size” may
represents the particle diameter.

[0049] In addition, the wavelength of the autofluorescence
described above is obtained when the wavelength band of
the excitation light is 460 to 495 nm and is a value obtained
through an absorption filter which absorbs light having a
wavelength of lees than 510 nm and which allows a light
having a wavelength of 510 nm or more to pass there-
through, so that the wavelength of the autofluorescence
described above may be changed depending on the condi-
tions. However, the relationship in that the wavelength band
of the autofluorescence of the lipids is shorter than the
wavelength band of the chloroplasts is maintained.

[0050] As shown in FIG. 1, the first fluorescent light
detector 102A detecting the autofluorescence occurring in
the lipids of the microalgae includes a first light receiving
element 20A receiving the autofluorescence occurring in the
lipids of the microalgae. In front of the first light receiving
element 20A, a filter, such as an absorption filter, which sets
the wavelength band of light receivable by the first light
receiving element 20A may be disposed. As the first light
receiving element 20A, for example, there may be used an
internal photoelectric effect (photovoltaic effect) photosen-
sor, such as a photodiode or a solid-state imaging element
including a charge-coupled device (CCD) image sensor; or
an external photoelectric effect photosensor, such as a pho-
tomultiplier tube, and when the autofluorescence occurring
in the lipids is received, photo energy is converted into
electrical energy. To the first light receiving element 20A, an
amplifier 21A amplifying a current generated in the first
light receiving element 20A is connected. To the amplifier
21A, an amplifier power source 22A supplying an electrical
power to the amplifier 21A is connected.

[0051] In addition, to the amplifier 21A, a light intensity
calculation device 23A which receives a current amplified
by the amplifier 21A and which calculates the intensity of
the autofluorescence occurring in the lipids received by the
first light receiving element 20A is connected. The light
intensity calculation device 23A calculates the intensity of
the autofluorescence occurring in the lipids, for example,
based on the area of a spectrum of the autofluorescence thus
detected. The light intensity calculation device 23A may
calculate the intensity of the autofluorescence occurring in
the lipids using an image analysis software. Alternatively,
the light intensity calculation device 23 A may calculate the
intensity of the autofluorescence occurring in the lipids
based on the magnitude of an electrical signal generated in
the first light receiving element 20A. To the light intensity
calculation device 23 A, a light intensity storage device 24A
which stores the intensity of the autofluorescence occurring
in the lipids calculated by the light intensity calculation
device 23A is connected.

[0052] The detection device for lipids included in microal-
gae according to the embodiment may further include a
second fluorescent light detector 102B detecting the auto-
fluorescence occurring in the chloroplasts of the microalgae.
The second fluorescent light detector 102B includes a sec-
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ond light receiving element 20B receiving the autofluores-
cence occurring in the chloroplasts of the microalgae. In
front of the second light receiving element 20B, a filter, such
as an absorption filter, which sets the wavelength band of
light receivable by the second light receiving element 205
may be disposed. As the second light receiving element 20B,
for example, there may be used an internal photoelectric
effect (photovoltaic effect) photosensor, such as a photo-
diode or a solid-state imaging element including a charge-
coupled device (CCD) image sensor; or an external photo-
electric effect photosensor, such as a photomultiplier tube,
and when the autofluorescence occurring in the chloroplasts
is received, photo energy is converted into electrical energy.
To the second light receiving element 20B, an amplifier 21B
amplifying a current generated in the second light receiving
element 20B is connected. To the amplifier 21B, an amplifier
power source 22B supplying an electrical power to the
amplifier 21B is connected.

[0053] In addition, to the amplifier 21B, a light intensity
calculation device 23B which receives a current amplified
by the amplifier 21B and which calculates the intensity of
the autofluorescence occurring in the chloroplasts received
by the second light receiving element 20B is connected. The
light intensity calculation device 23B calculates the intensity
of the autofluorescence occurring in the chloroplasts, for
example, based on the area of a spectrum of the autofluo-
rescence thus detected. The light intensity calculation device
23B may calculate the intensity of the autofluorescence
occurring in the chloroplasts using an image analysis soft-
ware. Alternatively, the light intensity calculation device
23B may calculate the intensity of the autofluorescence
occurring in the chloroplasts based on the magnitude of an
electrical signal generated in the second light receiving
element 20B. To the light intensity calculation device 23B,
a light intensity storage device 24B which stores the inten-
sity of the autofluorescence occurring in the chloroplasts
calculated by the light intensity calculation device 23B is
connected.

[0054] The detection device for lipids included in microal-
gae according to the embodiment may further include a
scattered light detector 105 receiving scattered light gener-
ated in the microalgae irradiated with the excitation light.
The scattered light detector 105 includes a scattered light
receiving element 50 receiving the scattered light. As the
scattered light receiving element 50, for example, there may
be used an internal photoelectric effect (photovoltaic effect)
photosensor, such as a photodiode or a solid-state imaging
element including a charge-coupled device (CCD) image
sensor; or an external photoelectric effect photosensor, such
as a photomultiplier tube, and when the light is received,
photo energy is converted into electrical energy. To the
scattered light receiving element 50, an amplifier 51 ampli-
fying a current generated in the scattered light receiving
element 50 is connected. To the amplifier 51, an amplifier
power source 52 supplying an electrical power to the ampli-
fier 51 is connected.

[0055] In addition, to the amplifier 51, a light intensity
calculation device 53 which receives a current amplified by
the amplifier 51 and which calculates the intensity of the
scattered light received by the scattered light receiving
element 50 is connected. The light intensity calculation
device 53 calculates the intensity of the scattered light, for
example, based on the area of a spectrum of the scattered
light thus detected. The light intensity calculation device 53
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may calculate the intensity of the scattered light using an
image analysis software. Alternatively, the light intensity
calculation device 53 may calculate the intensity of the
scattered light based on the magnitude of an electrical signal
generated in the scattered light receiving element 50. To the
light intensity calculation device 53, a light intensity storage
device 54 which stores the intensity of the scattered light
calculated by the light intensity calculation device 53 is
connected.

[0056] When the liquid flows through the flow cell 40, the
excitation light source 10 irradiates the excitation light, the
first and the second fluorescent light detectors 102A and
102B measure the intensity of the autofluorescence occur-
ring in the lipids of the microalgae and the intensity of the
autofluorescence of the chloroplasts of the microalgae,
respectively, and those intensities are stored in the light
intensity storage devices 24A and 24B, respectively, in a
time sequential manner. In addition, the scattered light
detector 105 measures the scattered light generated in the
microalgae, and the light intensity of the scattered light is
stored in the light intensity storage device 54 in a time
sequential manner. The autofluorescences having two wave-
length bands and the scattered light measured at the same
time can be regarded to be derived from the same microalga.
[0057] The detection device for lipids included in microal-
gae according to the embodiment further includes a central
processing unit (CPU) 300. The CPU 300 includes a com-
parison unit 301 comparing the intensity of the scattered
light, the intensity of the autofluorescence occurring in the
lipids, and the intensity of the autofluorescence occurring in
the chloroplasts which are detected at the same time.
[0058] The comparison unit 301 reads the intensity of the
autofluorescence occurring in the lipids of the microalgae
and the intensity of the autofluorescence occurring in the
chloroplasts of the microalgae from the light intensity stor-
age devices 24A and 24B, respectively. In addition, the
comparison unit 301 reads the intensity of the scattered light
generated in the microalgae from the light intensity storage
device 54.

[0059] Furthermore, the comparison unit 301 calculates,
for example, the ratio of the intensity of the autofluorescence
occurring in the lipids of the microalgae to the intensity of
the scattered light. After the value of the intensity of the
scattered light is normalized to 100 or the like, the com-
parison unit 301 may calculate the ratio of the intensity of
the autofluorescence occurring in the lipids of the microal-
gae to the normalized intensity of the scattered light.
[0060] Inaddition, the comparison unit 301 calculates, for
example, the ratio of the intensity of the autofluorescence
occurring in the chloroplasts of the microalgae to the inten-
sity of the scattered light. The comparison unit 301 may
calculate the ratio of the intensity of the autofluorescence
occurring in the chloroplasts of the microalgae to a normal-
ized intensity of the scattered light.

[0061] The CPU 300 may further include an evaluation
unit 302. The evaluation unit 302 evaluates the state of the
microalgae from the results obtained by the comparison
among the intensity of the scattered light generated in the
microalgae, the intensity of the autofluorescence occurring
in the lipids, and the intensity of the autofluorescence
occurring in the chloroplasts.

[0062] For example, when the ratio of the intensity of the
autofluorescence occurring in the lipids of the microalgae to
the intensity of the scattered light generated in the microal-



US 2018/0364171 Al

gae is smaller than a predetermined discrimination value, as
shown in FIG. 3, the ratio of the lipids in the microalga is
evaluated to be small. In addition, when the ratio of the
intensity of the autofluorescence occurring in the lipids of
the microalgae to the intensity of the scattered light gener-
ated in the microalgae is larger than the predetermined
discrimination value, as shown in FIG. 4, the ratio of the
lipids in the microalga is evaluated to be large.

[0063] Furthermore, for example, when the ratio of the
intensity of the autofluorescence occurring in the chloro-
plasts of the microalgae to the intensity of the scattered light
generated in the microalgae is smaller than a predetermined
discrimination value, as shown in FIG. 4, the ratio of the
chloroplasts in the microalga is evaluated to be small. In
addition, when the ratio of the intensity of the autofluores-
cence occurring in the chloroplasts of the microalgae to the
intensity of the scattered light generated in the microalgae is
larger than the predetermined discrimination value, as
shown in FIG. 3, the ratio of the chloroplasts in the
microalga is evaluated to be large.

[0064] The CPU 300 shown in FIG. 1 may further include
a size calculation unit 303. The size calculation unit 303
calculates the size of the microalgae based on the intensity
of the scattered light generated in the microalgae. The size
calculation unit 303 may calculate the size of the microalgae
based on the relationship between the intensity of the
scattered light and the size of the microalgae which is
obtained in advance.

[0065] In addition, the size calculation unit 303 calculates
the size of the lipids in the microalgae based on the intensity
of the autofluorescence occurring in the lipids. The size
calculation unit 303 may calculate the size of the lipids
based on the relationship between the intensity of the
autofluorescence of the lipids and the size of the lipids which
is obtained in advance.

[0066] Furthermore, the size calculation unit 303 calcu-
lates the size of the chloroplasts in the microalgae based on
the intensity of the autofluorescence occurring in the chlo-
roplasts. The size calculation unit 303 may calculate the size
of the lipids based on the relationship between the intensity
of'the autofluorescence of the chloroplasts and the size of the
chloroplasts which is obtained in advance.

[0067] The comparison unit 301 may compare the size of
tine microalgae, the size of the lipids, and the size of the
chloroplasts, each of which is calculated by the size calcu-
lation unit 303.

[0068] To the CPU 300, an output device 401 is connected.
The output device 401 outputs a calculation result of the
CPU 300. As the output device 401, for example, a display,
a speaker, or a printer may be used.

[0069] The detection device for lipids included in microal-
gae according to the embodiment described above is able to
detect the lipids included in each microalga without per-
forming fluorescent dyeing in advance. For example, when
a large amount of microalgae is cultivated, fluorescent
dyeing is not easily performed on all the microalgae. On the
other hand, by the use of the detection device for lipids
included in microalgae according to the embodiment, when
a plurality of microalgae is continuously allowed to flow
through the flow cell, the lipids included in each microalga
can be rapidly and optically detected.

[0070] In addition, by the detection device for lipids
included in microalgae according to the embodiment, when
the intensity of the scattered light and the intensity of the
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autofluorescence occurring in the lipids are compared to
each other, the state of each microalga can also be evaluated.
[0071] In recent years, attempts to use lipids included in
microalgae as biofuels, pharmaceuticals, cosmetics, supple-
ments, and the like have been carried out. Since the amount
of lipids included in microalgae is changed, for example, by
the cultivation conditions and other environmental condi-
tions, the ratio of the size of the lipids to the size of one
entire microalga is not constant. On the other hand, when the
lipids in the microalgae are used, the ratio of the size of the
lipids to the size of one entire microalga is preferably large.
[0072] On the other hand, by the detection device for
lipids included in microalgae according to the embodiment,
when the intensity of the scattered light and the intensity of
the autofluorescence occurring in the lipids are compared to
each other, the ratio of the size of the lipids to the size of one
entire microalga can be obtained. Hence, culture conditions
under which microalgae including a large amount of lipids
are likely to be generated and other environmental condi-
tions can be screened. In addition, from a plurality of
microalgae, a microalga including a large amount of lipids
can also be screened.

[0073] In addition, heretofore, although it has been
reported that chlorophyll, phycoerythrin, and phycocyanin
each emit autofluorescence, autofluorescence occurring in
lipids has not been reported. The reason for this is believed
that since lipids have been generally investigated by fluo-
rescent dyeing, attention has not been paid on the autofluo-
rescence of lipids, and the autofluorescence thereof has not
been known.

Reference Example 1

[0074] From Microbial Culture Collection of National
Institute for Environmental Studies, Chlorella (Chlorella
vulgaris Beijerinck, NIES-2170) was subdivided. Subse-
quently, the chlorella was cultivated in a liquid C medium in
a constant-temperature bath at 25° C. During the cultivation,
a test tube in which the chlorella and the liquid C medium
were received was shook at 100 rpm. In addition, during the
cultivation, in accordance with the culture conditions rec-
ommended by the institute from which the chlorella was
subdivided, in the constant-temperature bath, daylight light-
ing by a fluorescent tube for 10 hours and no lighting for 14
hours were repeatedly performed.

[0075] After 10 uL of the liquid C medium containing the
chlorella which was cultivated without fluorescent dyeing
was dripped on a slide glass, a cover glass was placed
thereon. Next, by the use of a microscope equipped with an
UIS manufactured by Olympus Corporation, a transmission
microscopic image shown in FIG. 5 of the chlorella without
fluorescent dyeing was taken.

[0076] Subsequently, while the slide glass was not moved,
a fluorescent microscopic image shown in FIG. 6 of the
chlorella without fluorescent dyeing was taken by the same
microscope. In particular, wideband (HT3) excitation light
emitted from an excitation light source was made to have a
wavelength band of 460 to 495 nm through a bandpass filter
(BP 460-495) and was then irradiated on the chlorella
without fluorescent dyeing through an object lens. The
autofluorescence occurring in the chlorella without fluores-
cent dyeing which was irradiated with the excitation light
was taken by a camera through an object lens and an
absorption filter (BAS10IF) which absorbed light having a
wavelength of less than 510 nm and which allowed light
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having a wavelength of 510 nm or more to pass there-
through. An irradiation time of the excitation light (exposure
time of the chlorella) was 1.0 second. In addition, for the
excitation light, a neutral density (ND) filter was not used.
[0077] In the fluorescent microscopic image of the chlo-
rella shown in FIG. 7(a), in a region surrounded by a line,
yellow autofluorescence was mainly observed. In the other
region, red autofluorescence was mainly observed. As
shown in FIG. 7(b), by the use of an image analysis software
(ImagePro), portions at each of which the yellow autofiuo-
rescence was emitted in the fluorescent microscopic image
of the chlorella were extracted by black, and the other
portion was shown by white, so that an extraction image of
the yellow autofluorescence was formed, when the extrac-
tion image of the portions at each of which the yellow
autofluorescence was emitted shown in FIG. 7(b) was over-
lapped on the transmission microscopic image shown in
FIG. 5, as shown in FIG. 8, the shapes of intracellular tissues
observed in the transmission microscopic image coincided
with the shapes of the portions at each of which the yellow
autofluorescence was emitted.

Reference Example 2

[0078] BODIPY (registered trade name) 493/503 which
was a lipid labeling fluorescent dye having a peak wave-
length of 503 nm was prepared and was then diluted in
ethanol, so that a fluorescent reagent solution having a
concentration of 1 mg/ml. was prepared. Next, to 100 uL of
a liquid C medium in which the chlorella was cultivated in
the same manner as that in Reference Example 1, 0.1 uL. of
the fluorescent reagent solution was added, so that the
chlorella was dyed with BODIPY (registered trade name).
[0079] On the same day in which the microscopic obser-
vation of Reference Example 1 was performed, 10 uL of the
liquid C medium containing the chlorella dyed with
BODIPY (registered trade name) was dripped on a slide
glass, and a cover glass was placed thereon. Next, by a
microscope equipped with an VIS manufactured by Olym-
pus Corporation, a transmission microscopic image shown
in FIG. 9 of the chlorella dyed with BODIPY (registered
trade name) was taken.

[0080] Subsequently, while the slide glass was not moved,
a fluorescent microscopic image shown in FIG. 10 of the
chlorella dyed with BODIPY (registered trade name) was
taken by the same microscope. In particular, wideband
(WIB) excitation light was emitted through a bandpass filter
(BP 460-495) to have a wavelength band of 460 to 495 nm
and was then irradiated on the chlorella which was dyed with
BODIPY (registered trade name) through an object lens. The
fluorescence generated in the chlorella which was dyed with
BODIPY (registered trade name) and which was irradiated
with the excitation light was taken by a camera through an
object lens and an absorption filter (BASIOIF) which
absorbed light having a wavelength of less than 510 nm and
which allowed light having a wavelength of 510 nm or more
to pass therethrough. An irradiation time of the excitation
light (exposure time of the chlorella) was 0.5 seconds. In
addition, for the excitation light, an ND filter having an
average transmission race (Tav) of 25% was used.

[0081] In the fluorescent microscopic image of the chlo-
rella shown in FIG. 11(a), in a region surrounded by a line,
green fluorescence was mainly observed, in the other region,
red fluorescence was mainly observed. As shown in FIG.
11(4), by the use of an image analysis software (ImagePro),
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portions at each of which the green fluorescence was emitted
in the fluorescent microscopic image of the chlorella were
extracted by black, and the other portion was shown by
white, so that an extraction image of the green fluorescence
was formed, when the extraction image of the portions at
each of which the green fluorescence was emitted shown in
FIG. 11(b) was overlapped on the transmission microscopic
image shown in FIG. 9, as shown in FIG. 12, the shapes of
intracellular tissues observed in the transmission micro-
scopic image coincided with the shapes of the portions at
each of which the green fluorescence was emitted.

[0082] In addition, the shape of the portion at which the
fluorescence in the chlorella dyed with BODIPY (registered
trade name), which has been known as a lipid labeling agent,
was observed was similar to the shape of the portion at
which the yellow autofluorescence in the chlorella without
fluorescent dyeing show; in FIG. 8 was observed. From the
results described above, it was confirmed that when the
bandpass filter (BP 460-495) and the absorption filter
(BAS520IF) were used, the lipids in the chlorella emitted
yellow autofluorescence.

Reference Example 3

[0083] After 10 pL. of a liquid C medium in which the
chlorella without fluorescent dyeing was cultivated in the
same manner as that in Reference Example 1 was dripped on
a slide glass, a cover glass was placed thereon. Next, by a
microscope equipped with an UIS manufactured by Olym-
pus Corporation, a transmission microscopic image shown
in FIG. 13 of the chlorella without fluorescent dyeing was
taken.

[0084] Subsequently, while the slide glass was not moved,
a fluorescent microscopic image shown in FIG. 14 of the
chlorella without fluorescent dyeing was taken by the same
microscope. The imaging conditions were the same as those
of Reference Example 1 shown in FIG. 6.

[0085] In the fluorescent microscopic image of the chlo-
rella shown in FIG. 15(a), in a region surrounded by a line,
yellow autofluorescence was mainly observed. In the other
region, red autofluorescence was mainly observed. As
shown in FIG. 15(b), by the use of an image analysis
software (ImagePro), portions at each of which the yellow
autofluorescence was emitted in the fluorescent microscopic
image of the chlorella were extracted by black, and the other
portion was shown by white, so that an extraction image of
the autofluorescence was formed, when the extraction image
of'the portions at each of which the yellow autofluorescence
was emitted shown in FIG. 15(b) was overlapped on the
transmission microscopic image shown in FIG. 13, as shown
in FIG. 16, the shapes of intracellular tissues observed in the
transmission microscopic image coincided with the shapes
of'the portions at each of which the yellow autofluorescence
was emitted.

Reference Example 4

[0086] Nile Red which was a lipid labeling fluorescent dye
having a peak wavelength of 637 nm was prepared and was
then diluted in acetone, so that a fluorescent reagent solution
having a concentration of 1 mg/ml. was prepared. Next, to
200 pL of a liquid C medium containing the chlorella
cultivated by the same method as that in Reference Example
3, 1.0 pL of the fluorescent reagent solution was added, so
that the chlorella was dyed with Nile Red.
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[0087] On the same day in which the microscopic obser-
vation of Reference Example 3 was performed, 10 uL of the
liquid C medium containing the chlorella dyed with Nile
Red was dripped on a slide glass, and a cover glass was
placed thereon. Next, by a microscope equipped with an UIS
manufactured by Olympus Corporation, a transmission
microscopic image shown in FIG. 17 of the chlorella dyed
with Nile Red was taken.

[0088] Subsequently, while the slide glass was not moved,
a fluorescent microscopic image shown in FIG. 19 of the
chlorella dyed with Nile Red was taken by the same micro-
scope. In particular, wideband (WIG) excitation light was
emitted through a bandpass filter (BP 530-550) to have a
wavelength band of 530 to 550 nm and was Chen irradiated
on the chlorella dyed with Nile Red through an object lens.
The fluorescent generated in the chlorella which was dyed
with Nile Red and which was irradiated with the excitation
light was taken using a camera through an object lens and an
absorption filter (BAS75IF) which absorbed light having a
wavelength of less than 575 nm and which allowed light
having a wavelength of 575 nm or more to pass there-
through. An irradiation time of the excitation light (exposure
time of the chlorella) was 1.0 second. In addition, for the
excitation light, an ND filter having an average transmission
rate (Tav) of 25% and an ND filter having an average
transmission rate (Tav) of 6% were used.

[0089] In the fluorescent microscopic image of the chlo-
rella shown in FIG. 19(a), red fluorescence was mainly
observed. As shown in FIG. 19(5), by the use of an image
analysis software (imagePro), portions at each of which the
red fluorescence was emitted in the fluorescent microscopic
image of the chlorella were extracted by black, and the other
portion was shown by white, so that an extraction image of
the red fluorescence was formed. When the extraction image
of the portions at each of which the red fluorescence was
emitted shown in FIG. 19(b) was overlapped on the trans-
mission microscopic image shown in FIG. 17, as shown in
FIG. 20, the shapes of intracellular tissues observed in the
transmission microscopic image coincided with the shapes
of the portions at each of which the red fluorescence was
emitted.

[0090] In addition, the shape of the portion at which the
fluorescence in the chlorella dyed with Nile Red, which has
been known as a lipid labeling agent, was observed was
similar to the shape of the portion at which when the
bandpass filter (BP 460-495) and the absorption filter
(BAS10IF) were used, the yellow autofluorescence in the
chlorella without fluorescent dyeing shown in FIG. 16 was
observed.

REFERENCE SIGNS LIST

[0091] 10 excitation light source

[0092] 11 light source drive power source

[0093] 12 power source control device

[0094] 20A first light receiving element

[0095] 20B second light receiving element

[0096] 21A, 21B, 51 amplifier

[0097] 22A, 22B, 52 amplifier power source
[0098] 23A, 23B, 53 light intensity calculation device
[0099] 24A, 24B, 54 light intensity storage device
[0100] 40 flow cell

[0101] 50 scattered light receiving element

[0102] 102A first fluorescent light detector

[0103] 102B second fluorescent light detector

Dec. 20, 2018

[0104] 105 scattered light detector
[0105] 300 central processing unit
[0106] 301 comparison unit
[0107] 302 evaluation unit

[0108] 303 size calculation unit.
[0109] 401 output device

1. A detection device for lipids included in microalgae,
comprising:

a flow cell through which a fluid containing microalgae

flows;

an excitation light source irradiating excitation light on
the flow cell; and

a first fluorescent light detector detecting auto fluores-
cence occurring in lipids of microalgae irradiated with
the excitation light.

2. The detection device for lipids included in microalgae
according to claim 1, wherein the autofluorescence occur-
ring in the lipids is yellow.

3. The detection device for lipids included in microalgae
according to claim 1, further comprising:

a scattered light detector detecting scattered light gener-
ated in the microalgae irradiated with the excitation
light; and

a comparison unit comparing the intensity of the scattered
light and the intensity of the autofluorescence occurring
in the lipids.

4. The detection device for lipids included in microalgae

according to claim 1, further comprising:

a fluorescent light detector detecting autofluorescence
occurring in chloroplasts of the microalgae irradiated
with the excitation light; and

a comparison unit comparing the intensity of the auto-
fluorescence occurring in the chloroplasts and the
intensity of the autofluorescence occurring in the lipids.

5. The detection device for lipids included in microalgae
according to claim 1, further comprising:

a scattered light detector detecting scattered light gener-
ated in the microalgae irradiated with the excitation
light;

a second fluorescent light detector detecting autofluores-
cence occurring in chloroplasts of the microalgae irra-
diated with the excitation light; and

a comparison unit comparing the intensity of the scattered
light, the intensity of the autofluorescence occurring in
the lipids, and the intensity of the autofluorescence
occurring in the chloroplasts.

6. The detection device for lipids included in microalgae
according to claim 1, further comprising: a size calculation
unit calculating the size of the lipids based on the intensity
of the autofluorescence occurring in the lipids.

7. The detection device for lipids included in microalgae
according to claim 3, further comprising: a size calculation
unit calculating the size of the microalgae based on the
intensity of the scattered light generated in the microalgae.

8. The detection device for lipids included in microalgae
according to claim 4, further comprising: a size calculation
unit calculating the size of the chloroplasts based on the
intensity of the autofluorescence occurring in the chloro-
plasts.

9. The detection device for lipids included in microalgae
according to claim 1, wherein the microalgae are unicellular
organisms.
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10. The detection device for lipids included in microalgae
according to claim 1, wherein the microalgae produce
hydrocarbons.

11. A detection method for lipids included in microalgae,
comprising:

allowing a fluid containing microalgae to flow through a

flow cell;

irradiating excitation light on the flow cell; and

detecting autofluorescence occurring in lipids of microal-

gae irradiated with the excitation light.

#* #* #* #* #*
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