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Identification of Legionella Species by Photogate-Type Optical Sensor
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Summary Experiment Results !dentification of Legionella species

This work describes simple method for sensing bacteria, Legionella by using a photogate-type This work describes the following two investigations:

optical sensor and MEMS chip. We observed the behavior of fluorescence from Legionella (1) Observation of respective fluorescence from L. dumoffii and L. erythra by the sensor
dumoffii (L. dumoffii) and Legionella erythra (L. erythra) when they are exposed to ultraviolet when they are exposed to UV light.

light. The time dependence of the fluorescence intensity of L. dumoffii and L. erythra obtained (2) Discrimination of L. erythra from a mixed system of L. dumoffii and L. erythra by
with photogate-type optical sensor agreed well with that of fluorescence intensity obtained using the combination of PG-sensor and optical filters.

with spectrometer, showing that each Legionella is able to be detected by photogate-type

optical sensor. Using the difference of their behavior, the identification of each bacterium

was successfully performed for a mixed bacterial system of L. dumoffii and L. erythra by the M easu re me nt SySte m

combination of photogate-type optical sensor and optical filters.
Optical fiber 1.5 pm

- Applied voltage - - Irradiation -
Vsub, VPG, lout* = =3V i 1.2 mW/cm?2
Vwell == =GND 365 nm

IntrOd UCtiOn A Sensor for avoiding an outbreak of bacterial infection Semiconductor

Parameter

i
Analyzer ’
Cover glass 1 Objectlve Iens

Hg lamp

Legionella
Preparation

)Y sensor .' e A N4 = LegIOHEIIG ?

/MEMS channel and fllter/ #'
/ Longpass fllter

.-’fg
f’

L : : N _- esenser Sensor” 4 Optical filter
Cultivation Biochip Ubiquitous system i B

Development of a sensor that can detects bacteria without cultivation in a short time is desired.

L. dumOffii : blue fluorescence
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Size : length 1-10um, diameter 0.3-0.9um

Infection : pneumonia

Habitat : Facilities using circulating water circulating water 500 s
Characteristic : Fluorescence emission
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Meth()d The combination of photogate-type optical sensor and MEMS Chip

Proced ure I_. erythra : red fluorescence
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1. Put bacteria with beads in the chip
2. Set the chip on the sensor

3. UV irradiation

4. Legionella emits fluorescence

5. Detect fluorescence by the sensor
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Photogate-type optical sensor The whole change
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It is necessary to know characteristic parameters: wavelength A and intensity ¢,(t). / L dumoffii

L. erythra
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How to identify ?

e Use A and rate constants ¢ Chemical kinetic analysis

Photocurrent (nA)

Fluorescent intensity (a. u. )
Fluorescent intensity (a. u. )

Photo intensity
Photo intensity

qSA .
[=—(1—e %W t '
hc ( )¢0( ) Changes in substances kl kz S 200 ol 10 200
inside bacteria Wavelength (nm) Time (s)
dB Sensor  k,...0.0013, k,...0.0014
dt

/ Rate equation Boundary condition: / Rate constants
" dc =kq XA-k; X B Time change of each substance
B0 =Ao X lerwt at) - el ko) B(D=A0 X T {expl- kyt) - expl- kzt) L. erythra cells in the bacterial mixed system were identified

Starting material Fluorescent material The reaction product
dA _ Break nutrients in a pure water _
T kq XA When t— o, A=B=0, C=A, (1 — CZW)¢ (t) Spectrometer k;...0.0012, k,...0.0014
Wavelength Time dc _ k, x B A(t)=A, xexp(- kqt)
k k 1 ° [} [} [} °
lgzzzz;;z ;& izg; ’;2 Compare C(1)=Ag X ,f_,jl< L xexpl- kyt) - 2 x expl- kyt)) +Ao by using a combination of the sensor and an optical filter.




