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[ Summary ]

The high dense three-dimensional reticulation structures by
cross-linking of the polymers provide the nano/micro cavi-
ties for encapsulating a large amount of water molecules so
that the hydrogels are formed. The hydrogel, in appearance,
seems solid-like, while the inside environment remains the
high humidity and the fluidity. Thus, we called it as semi-wet
materials that show intermediate properties between aque-
ous solution and dry solid. Recently, a new kind of hydrogels,
“the supramolecular hydrogel”, that is distinguished from the
conventional polymer gels, is created and attracts much at-
tention. It is constructed with the noncovalently self-as-
sembled gel fibers consisting of monomer molecules. The
potential of excellent properties as “the smart biomaterials”
are being shown by several researchers. Moreover, it is ra-
tionally possible to control the functions and the structures
of the gel by designing monomer molecules, so that it is ex-
pected to develop the precisely controlled functional hydro-
gel. Therefore, the supramolecular hydrogel is considered
to be “semi-wet materials in next generation”. This review
describes in a brief way “What is the supramolecular hydro-
gel?” and then outlines “Development, Function and Appli-
cation of supramolecular hydrogel” using our recent results.
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Polycap
Fiber

Fig. 1 lllustration of supramolecular polymers; a) Poly(ethylene/butylenes)
with OH end groups (left), and poly(ethylene/butylenes) modified
with 2-ureido-4-pyrimidone units (right). b) Dimeric assembly of
compound comprising covalently linked tetraurea calixarenes leads
to form reversible polymers “Polycap”.
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Fig. 2 a) Surfactant based hydrogelators. b) Gemini surfactant based hydrogelators. c) Bolaamphiphile based hydrogelators.
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Fig. 3 a) lllustration of hydrogel from self-assembling the coiled-coil proteins consisting of 230 amino acids, 84 of which make up the helix repeat and
90 of which make up the alanylglycine-rich repeat. b) Hydrogel from self-assembling diblock copolypeptide amphiphiles. ¢) g-hairpin hydrogelators.
d) Phase behavior of aqueous solutions of peptide A and C as a function of pH. When equal quantities of A and C solution at pH 7.3 were mixed,
hydrogel was obtained. e) The structure and proposed self-assembly of Fmoc-D-Ala-D-Ala hydrogelator.
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Fig. 4 a) DNA-lipid type hydrogelators. b) Peptide-lipid type hydrogelators.
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Fig. 7 Structural and physicochemical analyses of the supramolecular
hydrogel. a) A TEM image of a hydrogel 3 without staining. b)
Powder X-ray diffraction spectrum of the freeze-dried hydrogel 3.
¢) FT-IR (ATR) spectra of 3. d) Crystal structure analysis of the
molecular packing of 3 prepared from a hydrogel. e) Fluorescence
spectra of hydrogel and solution containing environmental
fluorescent probes ANS (excitation wavelength = 380 nm). f) A
confocal laser scanning micrograph of a hydrogel containing ANS
with a UV laser (351 nm).
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Fig. 10 Fluorometric activity assay of an enzyme entrapped in a
supramolecular hydrogel 3, and semi-wet peptide/protein chip
using 3. a) Fluorescence change by enzymatic hydrolysis. The
arrow represents the direction of fluorescence spectral change.
b) Time course of the fluorescence spectral change. c) Direct
observation of fluorescence change with the naked eyes. Pep-1
after cleavage by LEP in the hydrogel (left), Pep-1 in hydrogel
without LEP (right). d) Preparation scheme of the supramolecular
peptide/protein array. e) Assay of LEP inhibitors using
supramolecular hydrogel-based protein chip. Condition: [LEP] =
1.0 uM, [3] = 0.25 wt% in 50 mM Tris buffer (pH 8.5), [pep-1] =
40 uM).
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Fig. 11 Chemical structures. Chemosencer 4, 6 and 7 which bind
phosphate derivatives via coordination chemistry in aqueous
solution. A fluorescent Zn?* receptor 5, and a hydrophobic styryl
dye 8 as a FRET acceptor for 7.
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Fig. 12 a) The emission intensity change of a hydrogel array containing 4
by addition of various anions. b) A photograph of an integrated
molecular recognition hydrogel chip for mixed solution assay.
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Fig. 13 a) Schematic illustration of the chemosencer redistribution upon
the binding to a hydrophobic or hydrophilic phosphate derivative
between the hydrophobic hydrogel nanofiber and the hydrophilic
cavity. b) Fluorescence spectral change of 6 embedded in
hydrogel 3 upon addition of ATP (left) or PhP (right) (kex = 322 nm).
c) lllustration of the guest-dependent FRET system using 7 and 8
by the addition of ATP or PhP in the hydrogel 3. d) Fluorescence
spectral change of 3 including 7 and 8 in the titration of ATP (left)
or PhP (right) (Aex = 393 nm).
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Fig. 14 Digtal camera photographs of the sensing patterns of semi-wet
molecular recognition (MR) chips of the hydrogel 3 containing 4,
6 or 7 (8) in the presence of various anions. The spotted position
of anions is shown in the bottom.
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Fig. 15 a) Structure of hydrogelators which show the thermally volume
phase transition. b) Direct observation of the thermally induced
phase transition of the hydrogel of 3. ¢) Temperature dependence
of the swelling degree of the hydrogel 3. d) Plots of released ratio
of DNA versus temperature for 3.

oooooboooobooooooooooboboOoOooooooon
ooooooooobooooooooooboboOoooooooo
0000000000000 0 1000000000000 00O
ooomoooomooooooooobobooooooooon
gobodoooboooooboooboooboobooobooooooao
goboooooooooooooobooooooooooboooon
ooooooooooobooooooooooOoboboboooooo
4040pHOOO* OODOOO" OO
O0o00oOoooooooU0ooopHOOOOOOOODOOOO
goboooooobooboobooooboobobooooboboobooo
oooooooobooooooOoOoooOoOoooOoOobooboooOoo
gobdoooboooooboooboooboobooboooooooboooo
0000000000000 ooooUo0ooooo3000on
O0oo0ooooooooUoo0oOoooooooooliooo
O0OpHODODODOODOOODOOORg. 16al00000pHODO
0000000000000 0000DD0O00OOFg. 16bO4 ™
00000000 oOoo TEMOODO SEMOOUOOOOOOOO
goboooooooooooooooobooobobooooooooon
Oo0o0ooooooOooooXrRbooooooooo 30O
gobodooobooooooooooobobooboooooooooo
0000000000000 30000000000 UoooO
ooooooooobooo

OpHOOODOOODOOOOOO FT-IROCATROOOOOOOO
O0oO0o00opHOOOOOOOODOODODOODOOOOODDOOO
0000000000000 /00000000D0000000O
T.Tanaka0 OO O O000D0DO000OODOOOOOOOOOOOO
00®»000000000000000/000000000
goboooooooooobooooobobooboooobooooboooon
0000000000- 00000000000 Fig. 16¢m
ooooobooooboooooooooobobooooooobooo
O0MoodooUdpHOOODOOODOOOOUOOOOOOOO
0000000000000 BUOOODODOODODOUOOOUOOOO
oooooooooboooooooooobobboOooooooboo
gobooooooooooooooboooboooooooooo

gooooooooboooooocooooboooooooooooo

O000000000FRg. l6dOpHOOODODOODODOODOOOO
gooooooooooooooobooooboooooooooo
oooooooooboooooooooobobboooooooboo
goboooooooooooooobobooboooobooooooo
O000000o0oUoo0oo0mooooouoopHOOOOO
oooooooooboooooooooobboOoooooooo
gobooooooooooooooboooboooooooooo
0oooo*g

4050000000
ooooooooobooooooooooboboOoooooooo
gobooooboooooooooboooobooooboooooooooo
ooooooooobooooooooooboboOoOooooooo
00o03.2000M0o000o0ooo0oooooooooon
gobooooooooooooooboboooboooooooboooo
oooooooooboooooooooobbooooooooo

13



14

DOJ‘In News No.118(2006)

HO

a) m“”ﬁﬁ@
s
Hoz(\wuwnﬁom
1 o)
Acidic

b) Neutral

pH

Swollen gel Shrunken gel

C) Electrostatic repulsion

Osmotic pressure
11 3
pH
—> —>
\ e
lonic charge

substances

d) o Hydrophilic {

Vitamin B1
Vitamin B6
Vitamin B12

e Hydrophobic Quercetin
substances Myricetin

0 20 40 60
Release ratio / mol%

Under Acidic condition

—

Fig. 16 a) Chemical structures of a hydrogelator 3 and as an additional
component, an amphiphilic carboxylic acid derivative 11 bearing
the hydrophobic parts of 3. b) Photographs of a typical example
of the pH- responsive volume phase transition of the mixed
hydrogel (equal quantities of 3 and 11) before and after shrinkage.
¢) Schematic illustration of the two-component gel strategy, and
the subsequent pH-responsive volume change. d) The amount
of five distinct substrates released after 60 min for vitamin B1,
vitamin B6, vitamin B12 (hydrophilic substances), quercetin and
myricetin (hydrophobic flavone derivatives).
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