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An insulin molecular machine whose pharmacokinetics is controllable in
subcutaneous tissue and its possibility for hybrid artificial pancreas

Egawa, Yuya
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We have prepared phenylboronic acid-modified insulin (PBA-Ins) which has
glucose-lowering effect and attempted to control its pharmacokinetics by utilizing the binding
between PBA and sugar chains. As a model of sugar chains, poly(vinyl alcohol) (pVA) was used because

it also binds with PBA. pVA was coated on the surface of an electrode of quartz crystal
microbalance (QCM), and it was immersed in a solution of PBA-Ins. The QCM result confirmed
adsorption of PBA-Ins on the pVA surface. In addition, a layer-by-layer (LbL) film composed of pVA
and PBA-Ins was successfully prepared because there are two PBA moieties in one PBA-Ins molecules.
By using the LbL film, we confirmed that the adsorbed PBA-Ins was released in the presence of
fructose. These results show that PBA modified drugs have a potential to become a molecular machine
whose destination can be controlled depending on the presence or absence of sugars. This study
provides the working principle of the molecular machine.

DDS



Ins

1990 D
Glc
PBA
PBA Glc PBA
Glc
5 10 mM Ins
OH HO Q_OH
(& O —L0
OH HO 0 °
PBA Glc
2)
PBA
39 PBA
4)
= {iRakm =
. TBA ok v PBAIS 4 O
Bt 5
- -, 9 d P
PBA A MEQE G S8 mERE
PBA fHpFREm RO EE ZELENE
IRTIHEEERREL %18
PBA
Fru PBA Fru
Fru
PBA
PBA
Ins PBA Ins PBA-Ins
PBA-Ins in vitro
pVvA pVA 1,3-
PBA pVvA PBA-Ins
QCM PBA-Ins
pVA PBA-Ins PBA pVA
PBA-Ins pVvA
PBA-Ins  Fru PBA-Ins QCM
HO HO Ho Q\.; . Ho\S)
HO OH HO %l fon
0 o] oH OH \?\y,o gon
O:BO‘H@_QNH HO O OH 4//(/ 1o
HO @ HOHO — HO: @ o )
OH o@ \Bjo Fru (387 OH \% H}/
OH OH OH o \//J\?o ) O
o ROVERT A TILES o O;O
ERBA & LI Frus OBAIZE S
Rt
. QCM PBA-Ins
1 PBA-Ins
300 uL 60 mL Ins
300 mg 51.7 pmol 61.2 unL.  N,N-

12 mL

33 uL  252.6 umol



4- 43mg 259 pumol Ins

3 10 mL
3500
PBA-Ins
PBA Ins 3 PBA
2,4,6- TNBS
2
220 270 g
4 7 20
Ins PBA-Ins
2000x g 4 °C 2 min
Cll-
3
QCM 9 MHz QCA922 SEIKO EG&G
QCM pH 7.4 150 mM NaCl 10 mM HEPES
0.10 mg/mL pVA 150 mM NaCl 10 mM HEPES pH 7.4
15 5 pVvA pVvA
0.10 mg/mL PBA-Ins 150 mM NaCl 10 mM HEPES pH 7.4 15
5 5
(pVA/PBA-INns)s
4
(pVA/PBA-INns)s 10 mM Fru 150 mM NaCl 10 mM HEPES pH 7.4
1 pH 7.4 150 mM NaCl 10 mM HEPES 5
100 mM Fru 150 mM NaCl 10 mM HEPES pH 7.4
1 pH 7.4 5 Glc
1 PBA-Ins
4- Ins
TNBS 1 PBA-Ins PBA 2.2
PBA pVvA
2
100
T 80
o
E 60
(] o,
§ 0 0.9% NaCl
L_DD ——PBA-Ins
20 A
—&—|ns
0 T T T T T 1
0 1 2 3 4 5 6
Time (h)
. PBA-Ins Ins 38 ug’kg  PBA-Ins Ins
0.9% NaCl n=3 15
Dunnett *p<0.05
PBA-Ins
PBA-Ins
PBA-Ins Ins

PBA-Ins DDS



. pVA
QCM
PBA-Ins

pVvA
QCM

pVvA
pVA

22

0mM
Glc

-100

-200

-300

-400

AF (Hz)

-500
-600
-700

-800

PBA-Ins

pVA

—

N

N

20

PBA-Ins

PBA-Ins

pVvA

PBA

120

PBA-Ins

40

PBA-Ins

2

60 80

Time (min)

QCM
pH 7.4

QCM

pVvA

pVvA

pVvA

100 120 140 160 180 200

pVvA

-200 Hz

-200 Hz PBA-Ins

PBA-Ins
PBA-Ins 1

100

80

60

40

Remaining Film (%)

20

without

p~ sugar

"~ Glc

20

40

(pVA/PBA-INns)s
10 mM

(pVA/PBA-INns)s

mM HEPES

pVvA

(5)

-700 Hz

100 mM

pVA

PBA-Ins

90%

Fru

10 mM

1

PBA

60 80
Time (min)

100 120

100 mM

100%
pH 7.4

Fru 1
25%

Fru
Glc

140

Fru

150 mM NaCl
Fru
75%

10

QCM
PBA-Ins

Glc



pVA PBA-Ins 2

PBA
PBA PBA-Ins
Fru PBA
PBA
1) : , 22, 274-279
(1993).

2) Otsuka H., Uchimura E., Koshino H., Okano T., Kataoka K., J. Am. Chem. Soc., 125, 3493-3502
(2003).

3) Matsumoto A., Sato N., Kataoka K., MiyaharaY., J. Am. Chem. Soc., 131, 12022-12023 (2009).

4) AndersenK.A., SmithT. P, Lomax J. E., RainesR. T., ACS Chem. Biol., 11, 319-323 (2016).

1
Chihiro Takei Yui Ohno Tomohiro Seki Ryotaro Miki Toshinobu Seki Yuya Egawa

Sugar-Responsive Layer-by-Layer Film Composed of Phenylboronic Acid-Appended
Insulin and Poly(vinyl alcohol). Chemical and Pharmaceutical Bulletin 66
2018 368-374. https://doi.org/10.1248/cpb.c17-00817

10
32 2017 5
32 2017 5
61 2017 9
138
2018 3
139 2019 3

https://www.josai.ac.jp/~butuyaku/achievement.html




€y

@



