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Abstract

Cells and living tissue slightly but always generate metabolic heat as long as they are alive. Thus, biological activity
can be measured through the observation of metabolic heat, which has been developed as “bio-calorimetry”. On the
other hand, further improvements in thermal sensing ability can be expected with use of the MEMS (Micro Electro
Mechanical System) technology. The purpose of this study is to develop the monitoring technique of the metabolic heat
of cells in as small number as possible with the MEMS technology. If the monitoring technique of metabolism of a few
cells or even a single cell is made available, it plays very important rolls in bio- and medical- engineering,
pharmaceutical sciences, and so on. In this study, a bio-calorimeter with a MEMS thermopile sensor was made, and its
performance and metabolism monitoring of Yeast were tested. The thermopile sensor consisted of 350 thin film
thermocouples of Cr and Ni strips of 20 um width on a 150 um thick glass plate. The thermopile sensor composed a
calorimetric cell as a bottom plate with thick aluminum frame. The calorimetric cell was placed in a triple thermostatic
chamber which employs a proportional control with a Peltier device and PID control with heater. The calorimeter
showed a sensitivity of 0.62 V/W under the condition of including culture solution, time constant of the calorimetric cell
of 90 sec, and a noise equivalent power of 60 nW, which corresponds to metabolic heat of 3 X 10* cells of Yeast. In the
growth experiments of Yeast, growth thermograms for 10°~10 cells can be measured with reasonable generation times.
It was demonstrated that the detectable number of Yeast cells of the MEMS calorimeter is much smaller than that for the
traditional bio-calorimeter.
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Fig. 1 MEMS thermopile sensor for metabolism monitor
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Fig. 3 Micrograph of yeast fungus
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Fig. 5 Evaluation of noise and time constant of the
thermopile sensor in calorimetric cell
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Fig. 6 Settling phase of the calorimeter after sample
setting operation

3.2 EERHEEH

X612, EERFNEBRENS, MHENEFILE~E
T HIREDOEEOIELR, B —F /1 VE
Faod. K 600 sec T —ANH L BN, *
IBEFEREBAMBELTWS., 2k, Ko
REERIE, Bz LR X O — A28 280 sec, H
5 — A3 890 sec, AMHlS— A7 930 sec & HIE S
Nz, Fiz, BENEFIZEL, Y—T A NMEF
DWW LUV CLET 5 £ TICIFEMINC 2 FEE R
EAELTBY, HSHrAVv—"7">y hMa EOEKT,
EEECHEOEENARD N EEZONS.

S5, AMEETIE, ENOTTaAZLY 900
~1000 FJEH T4 LTz 1.2 Kp-p(p-p IE peak to
peak) D EIE DA @AY, Sl — ANEETIE 50
mKp-p, FH7—ANEETIX 10 mKp-p, I — A
W TR ARBRREICHEL, h—E A E5
D) A RZIE 2 nWp-p LUV D RIE DR 136 £
nTWiz., P—E A IUEFD ) A RFREIXRTER D
£91260nW L)L THY, KREREMIZEY, =i
EHOFEI I SN TND Z ERghoTz.

3.3 KRE#E=—HYVIEER

X 7 \Z— ) 7o R B O HEFE Hh AR [ 712 R . AR O
PEFE X — RS FEEH] & D IR 208 C, AR
BB U= P52 R D, FREBE B BEFE N
Tt BTN D . T D%, KFEIFSCEEE O
8, AR OB, IS EORINNET &
FEEEE B R0 EIE L, EFMICAS. ZZTiE
HHEME L U CHRPANIEA TWBHERTIER L, &
FHIE < L HRRME 2 \ZFE A TV JERH (=
) ~EHERE LTS,

RPEHETER CIE, MRS ORI &2 RS 5
RFEFFHE LT, 1 DOMBENSZEL 2 SOMiLIC
b EFTCOMREEM e AELND. Tt X )i,
AR AL N PR R S & R, ODHREAR L N

-118 -

Cell number

1 | 1 |
0 10 20 30
Time , h
B: Logarithmic growth phase
D: Death phase

A Induction phase,
C: Stationary phase,

Fig. 7 Typical growth curve of microbe
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