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Systematic Design of Membrane-based Sensors for Disease Diagnosis
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In this research, we developed membrane-based sensors whose pore space is
effectively utilized as a reaction space for disease diagnosis. Using our developed plasma graft
polymerization technique, sensor moieties such as antigen were homogeneously and densely introduced
into pore surfaces inside a porous membrane. This membrane sensor showed higher sensitivity and
selectivity compared with conventional ELISA and the total measurement time was shortened to 1/6.
This rapid, selective, and sensitive membrane sensor is expected to be an ideal candidate for
Point-of-Care Testing devices.



)

| GMA, NIPAM be]L\[f .

N-isopropylacrylamide (NIPAM) — — ~ Yo o N
glycidyl methacrylate (GMA) ek - Ee
Click GMA e | g Y
7‘-0/\%:\%15 Lg’[u”\ L Click IH”N:NO
(Fig. 1) Fg.1
2
by
D
(BSA)
3
2
BSA D
: BSA
ARIR
(ABSAJITE) (ELISA)
Fig. 2
(HSA) BSA
(1) FT-IR 90%
GMA
GMA
Click
2
R



2 (Fig. 3a) 30 (Fig. 3b)
[E/X(L.J:énuuﬁﬂ
(a) 8=’ —_—T0
.15} e
Bfﬂf > o B
£ 20 ml BSAIBIR 7K
E 5.
I
s > . i
g. 20 ml PEI VIBR 7K
i
15 15t (EBIC & 378]
w1l 0000 I S N N e N D
o % ¢> :{lﬂ’ ¢>w,ﬂ&
0 7J< 20 mIBSAIBR 5 ml PEYVIBR
2 , 3 O
- BRI Y
e R YY BSA
15 +(£|(.)|(Jsuglml HSARS) / i
L Stachont I (ELISA)
X 1 J
® (Fig. 4) ELISA 16 35
nn
05} J
0 ! .
1 10 100 1000
BSAERE [ng/ml] ELISA
Fig. 4 ELISA (Fig. 5)
ELISA Bethyl Lab, ELISA ELISA
datasheet
Point-of care
testing
ELISA 1. avwxvo 2. DFERE
L RIAK f
@R

I G Dl B #Q

5 403857 |

| 3050LF |

H%FU-‘Z\ fj

1557 |

Fig. 5

ELISA

1) Hidenori Kuroki, Taichi Ito, Hidenori Ohashi, Takanori Tamaki, and Takeo Yamaguchi,
Biomolecule-Recognition Gating Membrane Using Biomolecular Cross-Linking and Polymer Phase
Transition, Anal. Chem., 83(24), 9226-9229 (2011).



5

1. Yuuki Sugawara, Takanori Tamaki, Takeo Yamaguchi, Development of an aptamer-functionalized
molecular recognition gating membrane targeting a specific protein on the basis of the aggregation
phenomena of DNA-PNIPAM, Polymer, 62, 86-93 (2015).

2. Yuhei Oshiba, Takanori Tamaki, Hidenori Ohashi, Hidehiko Hirakawa, Satoshi Yamaguchi, Teruyuki
Nagamune, Takeo Yamaguchi, Correlation between the activity and molecular structure around the
active center of cytochrome P450cam conjugates, J. Chem. Eng. Jpn, 49(5), 475-480 (2016).

3. Hidenori Ohashi, Xuegin Chi, Hidenori Kuroki, Takeo Yamaguchi, Response Sensitivity of a Gating
Membrane Relevant to Grafted Polymer Characteristics, Ind. Eng. Chem. Res., 55, 1575-1581 (2016).

4. Seiichi Amamiya, Hidenori Ohashi, Takeo Yamaguchi, Non-equilibrium thermodynamic model of a
highly permeable forward osmosis membrane, J. Chem. Engr., Japan., 50(8), 618-631 (2017).

5. Hiroto Okuyama, Yuhei Oshiba, Hidenori Ohashi, and Takeo Yamaguchi, Control of Target Molecular
Recognition in a Small Pore Space with Biomolecule-Recognition Gating Membrane, Small ,14(18),
1702267 (2018).

61 9
1. Takeo Yamaguchi, Advanced membranes inspired from bio-systems, University Essen Duisburg
Colloguium, July 7th, 2015, University Essen Duisburg, Germany.

2.
,2015 7 17 () ,
3. , FO FO , 2016JDA
,2016 1 28
4. ,
38 ,2016 5 11 ,
5 , BEEIRE D o A7 LB EF~ T R L F — ) HIKALEL E T~ 97

,2017 3 16 ,
6. Takanori Tamaki Systematic Material Design for Enzymatic Biofuel Cells, 2017 AIChE Annual
Meeting, Nov. 2nd, 2017, Convention Center, Minneapolis, MN USA.
7. Takeo Yamaguchi, Systematic Membrane Design for Fuel Cells, Bio-inspired Materias and
Desalination process, 11th conference of the Aseanian Membrane Society (AMS11), July 7th, 2018, The
Rydges Hotel, Brisbane Southbank, Australia
8. 28 MRS 2019
12 18 ,
9. Takeo Yamaguchi, Functionalized Membranes for Fuel Cells, Bio-inspired Materials and Water
Purification, Intelligent Surfaces and Materials Joint Workshop RWTH Aachen University and Tokyo
Ingtitute of Technology, Mar. 21st, 2019, RWTH Aachen University, Germany.

1
1. , , 5 6
, p. 714-722 (2018).
o 1
2019-004554
2019

http://www.res.titech.ac.jp/~zairyosys/yamaguchil ab/index.html

http://www.res.titech.ac.jp/news/reserch/201802yt.html



)
(OHASHI Hidenori)

00541179
(OSHIBA Yuhei)
10708530
(TAMAKI Takanori)
80567438
(SUGAWARA Yuuki)
10814791

)



