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Semiconductor-Based Biosensing Device

Biologically-coupled Field Effect Transistor (BioFET)
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Biological target

Cell sensing

+ Embryo quality in vitro fertilization
DNA sensing * Drug effect on cancer cell

* SNP detection @, + Tumor cell behavior and metastasis
* DNA sequencing ,} % + Metabolism and respiration activity
etc etc
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Sensing
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Semiconductor-based tear glucose sensing
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Au/phenylboronic acid(PBA) SAM’ gated-FET glucose sensor

*SAM (Self-assembly monolayer)

Theeurnal of Solid State Electrochemistry, 13 (2009), 165.
Advanced Materials, 21 (2009), 43724378
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Tear glucose level at about 10 uM can be detected with BioFET
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2010 Nobel Prizes MEDICINE

The Father of the Test Tube Baby

MEDICINE Robert G. Edwards, the 2010
Nobel Laureate in Physiclogy or Medicine,
battled societal and establishment resistance
to his development of the in vitro fertilization
(IVF) procedure, which has so far led to the
birth of around 4 million people.

New technology is required
to estimate noninvasively
IVF embryo quality
condition in the field of
assisted reproductive.
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H* charge detection
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Mouse embryo obtained by
in vitro fertilization (IVF)

Gate electrode
(10 M X 340 pm)

T. Sakata et al,, Analytical Chemistry, 85, 6633-6638, (2013).
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Embryo-based transistor

T. Sakata et al,, Analytical Chemistry, 85, 6633-6638, (2013).

Normal mouse embryo
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Noninvasive monitoring of mouse embryo obtained by in vitro
fertilization (IVF) using semiconductor devices
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Estimation of embryo with semiconductor

T. Sakata et al,, Analytical Chemistry, 85 , 6633-6638, (2013).
O Electrical signal for mouse single embryo condition

Normal mouse embryo

b
a, b; p<0.01 X

Surface potential
change for normal
embryo and
abnormal embryo
at 40 h (for single
o embryo)

Surface potential change at 40 h (mV)
N
b

VE —VC VA'VC

LULEIG B EIEEEU LT (to 2-cell) (to blastocyst)

Estimation of quality grade of embryo obtained by in vitro fertilization
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Estimation of safety for embryo culture on semiconductor
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Cell division of single mouse embryo on semiconductor

Mouse single embryo obtained by in-vitro fertilization (IVF)
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Transparent amorphous
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oxide semiconductor

T. Sakata et al., Analytical Chemistry (in revision).
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T. Sakata et al., Analytical Chemistry, 85 (2033), 6633.

8 THE UNIVERSITY OF TOKYO /7.;-'!.-.

26 FEBRAFEART /A R K HZENOTR

ARTIE, ZREIROFHERE R AT Y 1T, 84T
P AT KD AIRARE A SN TREA L7223, MRk
X Far U T OBBEIZEWVED Y B, 20z
EMG, Flix OFEEE OBV IZOWT LRSS
BRI D TREMES B2 (1K27),

F BN A YTk HHEFEROER
[Cellular respiration activity |<:Z:>’ Role of mitochondrion
Degradation of functions @

“97."’ Various bio-functions and diseases
- Apoptosis
(L - Diabetes
- Alzheimer's disease I il
co, - Cancer }
" Aging
H andsoon...

The platform based on monitoring of cellular
respiration with semiconductor principle is suitable
for clinical diagnosis and drug screening system. 31
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A circulating tumor cell has sloughed off cancerous tissue and moves e
through the bloodstream to a new site. B .
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Problems of FET biosensor
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Unstable electrical signals more than 40 bases !
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Bio-functions
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Biologically-coupled Field Effect Transistor (BioFET)
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Focusing on ionic behaviors caused by
biological phenomena! 43
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Sakata lab.

MEMBERS

T. Sakata Associate Professor
A.Saito Technical Staff
|.Watanabe Secretary

Y. Maekawa Posdoc

H. Satake D1
H.Yang D1
N. Nishi M2
S. Nishitanimz
:' Eol_Ml Acknowledgements
. Fujita B4 - ImPACT e B
S. Miyasaka By _MEXT START ImPACT
B.Lowe JSPS Resesrcher -JST Sentan-keisoku K*ﬁﬁi.‘ﬂﬂiﬂﬁ'fﬂ"}x'}f-
K.Sekimizu Provigatecom 51 cREST P e

T. Kajisa Provigate.com _JSPS (Wakate A) « RS ) Mt m

Y. Yanagimoto Provigate.com _center for NanoBio Integration,
Katayama Provigate.com (CNBI) Univ. of Tokyo
M. Honda Provigate.com

B 36 HRIEAFARFR TERHARE <TUTILIT
FEY RAHEE

IRE FlEn (SHfz L)
FORURZFRFBE THRTTER ez

Toray Research Center, Inc.



