Casolaro et al. — eXPRESS Polymer Letters Vol.2, No.3 (2008) 165-183

(8] Bertini 1., Scozzafava A.: Copper(Il) as probe in sub-
stituted metalloproteins. in ‘Metal ions in biological
systems’ (Ed.: Sigel H.) Marcel Dekker, New York,
12,31-74 (1981).

[9] Kowalik-Jankowska T., Ruta-Dolejsz M., Wisniewska
K., Lankiewicz L., Kozlowski H.: Copper(I) com-
plexation by human and mouse fragments (11-16) of
B-amiloid peptide. Journal of the Chemical Society,
Dalton Transactions, 4511-4519 (2000).

[10] Aronoff-Spencer E., Burns C. S., Avdievich N. 1.,
Gerfen G. J., Peisach J., Antholine W. E., Ball H. L.,
Cohen F. E., Prusiner S., Millhauser G. L.: Identifica-
tion of the Cu2* binding sites in the N-terminal domain
of the prion protein by EPR and CD spectroscopy.
Biochemistry, 39, 13760-13771 (2000).

{11] Kumar A., Kamihira M., Galaev L. Y., lijima S., Mat-
tiasson B.: Binding of Cu(II)-poly(N-isopropylacry-
lamide)/vinylimidazole copolymer to histidine-tagged
protein: a surface plasmon resonance study. Lang-
muir, 16, 865871 (2003).

[12]) Kumar A., Wahlund P-O., Kepka C., Galaev 1. Y.,
Mattiasson B.: Purification of histidine-tagged single-
chain Fv-antibody fragments by metal chelate affinity
precipitation using thermoresponsive copolymers.
Biotechnology and Bioengineering, 84, 494-503
(2003).

[13] Carter S., Rimmer S., Sturdy A., Webb M.: Highly
branched stimuli responsive poly[(N-isopropylacry-
lamide)-co-(1,2-propandiol-3-methacrylate)]s with
protein binding functionality. Macromolecular Bio-
science, 5, 373-378 (2005). .

[14] Carter S., Rimmer S., Rutkaite R., Swanson L., Fair-
clough J. P. A, Sturdy A., Webb M.: Highly branched
poly(N-isopropylacrylamide) for use in protein purifi-
cation. Biomacromolecules, 7, 1124—1130 (2006).

[15] Stile R. A., Burghardt W. R., Healy K. E.! Synthesis
and characterization of injectable poly(N-isopropy-
lacrylamide)-based hydrogels that support tissue for-
mation in vitro. Macromolecules, 32, 7370-7379
(1999).

[16] Cini R., Defazio S., Tamasi G., Casolaro M., Messori
L., Casini A., Morpurgo M., Hursthouse M.: fac-
(Ru(CO)3)?*-core complexes and design of metal-
based drugs. Synthesis, structure, and reactivity of
Ru-thiazole derivative with serum proteins and
absorption-release studies with acryloyl and silica
hydrogels as carriers in physiological media. Inor-
ganic Chemistry, 46, 79-92 (2007).

[17] Casolaro M., Casolaro 1., Spreafico A., Capperucci C., -

Frediani B., Marcolongo R., Margiotta N., Ostuni R.,
Mendichi R., Samperi F., Ishii T., Ito Y.: Novel thera-
peutic agents for bone resorption. Part 1. Synthesis
and protonation thermodynamics of poly(amido-
amine)s containing bis-phosphonate residues. Bio-
macromolecules, 7, 3417-3427 (2006).

[18] Lin J. H.: Bisphosphonates: A review of their pharma-
cokinetic properties. Bone, 18, 75-85 (1996).

182

{19] Casolaro M., Bottari S., Ito Y.: Vinyl polymers based
on L-histidine residues. Part 2. The swelling and elec-
tric behaviour of smart poly(ampholyte) hydrogels for
biomedical applications. Biomacromolecules, 7,
14391448 (2006). -

[20] Nitschke M., Gotze T., Gramm S., Wemer C.: Detach-
ment of human endothelial cell sheets from thermo-
responsive -poly(NiPAAm-co-DEGMA) carriers.
Express Polymer Letters, 1, 660-666 (2007).

{21] Morcellet-Sauvage J., Morcellet M., Loucheux C.:
Polymethacrylic acid derivatives. 1. Preparation, char-
acterization, and potentiometric study of poly(N-
metacryloyl-L-alanine-co-N-phenylmethacrylamide).
Die Makromolekulare Chemie, 182, 949-963 (1981).

[22] Ishii T., Wada A., Tsuzuki S., Casolaro M., Ito Y.:
Copolymers including L-histidine and hydrophobic
moiety for preparation of nonbiofouling surface. Bio-
macromolecules, 8, 3340-3344 (2007).

[23] Okamoto Y.: Hydrolyses of a-amino acid p-nitro-
phenyl esters by poly(N-methacryloyl-L-histidine) (in
Japanese). Jounal of The Chemical Society of Japan,
6, 870-873 (1978).

[24] Iwakura Y., Toda F., Suzuki H.: Synthesis of N-[1-(1-
substituted 2-oxopropyl)Jacrylamides and -methy-
lacrylamides. Isolation and some reactions of
intermediates of the Daikin-West reaction. Journal of
Organic Chemistry, 32, 440-443 (1967).

[25] Rempp P., Merrill E. W.: Polymer synthesis. Huthig
and Wepf, Basel (1991).

{26] Penco M., Bignotti F., Sartore L., Peroni L., Casolaro
M., D’Amore A.: Stimuli-responsive polymers based
on N-isopropylacrylamide and N-methacryloyl-L-
leucine. Macromolecular Chemistry and Physics, 202,
1150-1155 (2001).

[27] Barbucci R., Casolaro M., Danzo N., Barone V., Fer-
ruti P., Angeloni A.: Effect of different shielding
groups on polyelectrolyte behaviour of polyamines.
Macromolecules, 16, 456-462 (1983).

[28] Gans P., Sabatini A., Vacca A.: Superquad: an
improved general program for computation of forma-
tion constants from potentiometric data. Journal of the
Chemical Society, Dalton Transactions, 1195-1200
(1985).

[29] Ishiyama M., Tominaga H., Shiga M., Sasamoto K.,
Ohkura Y., Ueno K.: A combined assay of cell viabil-
ity and in vitro cytotoxicity with a highly-water-solu-
ble tetrazolium salt, neutrdl red and crystal violet.
Biological and Pharmaceutical Bulletin, 19, 1518—
1520 (1996).

[30] Casolaro M.: Vinyl polymers containing L-valine and
L-leucine residues: thermodynamic behaviour of
homopolymers and copolymers with N-isopropylacry-
lamide. Macromolecules, 28, 2351-2358 (1995).

[31] Casolaro M., Barbucci R.: Thermodynamic behaviour
of polyelectrolytes with the lower critical solution
temperature (LCST) phenomena. Polymers for
Advanced Technologies, 7, 831-838 (1996).

—283—



Casolaro et al. - eXPRESS Polymer Letters Vol.2, No.3 (2008) 165-183

[32] Casolaro M.: Intelligent polymer systems for molecu-
lar separation and controlled delivery of drugs. In
‘Frontiers in biomedical polymer applications’ (Ed.:
Ottenbrite R. M.) Technomic Publishing Co. Inc.,
Lancaster, Vol. 1, 109-122 (1998).

[33] Montaudo G., Montaudo M. S.: Polymer characteriza-
tion methods. in ‘Mass Spectrometry of Polymers’
(Eds.: Montaudo G., Lattimer R. P.) CRC Press, Boca
Raton, 41-111 (2002).

[34] Montaudo G., Montaudo M. S., Samperi F.: Matrix-
assisted laser desorption ionization/mass spectrometry
of polymers (MALDI-MS). in ‘Mass Spectrometry of
Polymers’ (Eds.: Montaudo G., Lattimer R. P.) CRC
Press, Boca Raton, 419-521 (2002).

[35] Montaudo G., Samperi F., Montaudo M. S.: Charac-
terization of synthetic polymers by MALDI-MS.
Progress in Polymer Science, 31, 277-357 (2006).

[36] Morawetz H.: Macromolecules in Solution, Wiley-
Interscience, New York (1980).

[37] Katchalsky A., Spitnik P.: Potentiometric titrations of
polymethacrylic acid. Journal of Polymer Science, 2,
432446 (1947).

[38] Murai N., Sugai S.: Side-chain effect on conformation
of ionizable polypeptides in aqueous solution.
Biopolymers, 13, 1161-1171 (1974).

[39] Barbucci R., Casolaro M., Magnani A., Roncolini C.:
Different protonation behaviour of two poly
(methacrylic acid) derivatives containing N-acyl-
glycine and N-acyl-B-alanine residues: Thermody-
namic and FT-IR studies. Macromolecules, 24, 1249~
1257 (1991).

[40] Schild H. G,, Tirrel D. A.: Microcalorimetric detection

183

of lower critical solution temperatures in aqueous
polymer solutions. The Journal of Physical Chemistry,
94, 4352-4356 (1990).

[41] Kudaibergenov S. E.: Polyampholytes: synthesis,
characterization and application. Kluwer Academic,
New York (2002).

[42] Bekturov E. A., Bakauova Z. Kh.: Synthetic water-
soluble polymers in solution. Huethig and Wepf Ver-
lag, Basel (1986).

—284—



&4 F8530 % (Kobunshi Ronbunshu), Vol. 65, No. 1, pp. 6—19 (Jan., 2008)

FT/RAETV /AP -(C&HERERmEIH

e FEY

(ZAH20074£8 H 22 H - EHEKRT 2007410 8 22 8)

B B 7/ VVCHRERZBEH TS /RET7 /00— k> T, BEEREOSIHET-
oo B3, BK - BAEOEMRELRESBRIGICL Y, EENICERERCSVEL, KEBELF
fliL, BRL:. o3, BRERIES FEGREICERELL, ZORBAZKYEE /0 —TEHSE
TEETHI LB TEL. BEILR, RBABLVCRERORRCHES FEHFIEHRL, £6RD LD
HEFRZEL 5H L WEGESEMBOSRICRIIL . :

1 %

EFEOEEIZ S/ A— bV - LIV OBRITEEZICS
LT EBTETHS. CNE TILROPEITN—
ThRaIETEAERBEMCLY, HHOBEIELEZRK - T
EVI, T, EENCHREESEECR
K - BUKOESEZERT 5 C &I & D KEBERE OS]
HEfT- 76, BRREESFREELTHILICLD
EBEEmAEIH L6, £ L THx V7B Mlas ol
BERZHIHT AL O0OESFEFIICERL, £
BREEREDOAIE % 1T - 7Bl DWW TR~ 5.

) KEBBORBOT / BHEE

it

EREREIZ O, HRBZICS W OFRICERT

BB, ok 2il, LEWROBREBEMEIERTH
W, ZDEFHCHE > T3 A 7 OGO YHEEBE L TTHE &
Y, MBEOEEERND LLTETSS. ZOK
®, Thi CREHEY, BLEHII-D90, BR
L~ UV 757 400, \ERBE'D, Kk
BARENKERY, anF KB, avEIt - TSIV

T4 VIO, A OWRETNAAD, FLTIA 78

BEP R XS nENEEARESRE SN TR
Fo. FEHBEOBEGULET TR, 2V 7 BORER
FMESTHRTERDD, Lpl, EROFERYE
DB - - ERHER D70, BEM L ERMICHE
MEEEERT 5ICIIRELEL . 22T, APFET
i, COEEERERT HOIC, FLVWREEOMREY
TV, Bk - BKOENEELHML, 70 L TOKE
DBEETEMICTHET 5 LT LAY,

*I ) BAL S BHET (8351-0198 FETIAR 2-1)

2.1 {ERREOFEE

Figure 112" 3 & 512, S AROEIC TV FIVY S
VA TV VT ABET - R, EZUV(VUV, & ;
172nm, T3 BEERE, £5)V UER20-172V) % R
LU THSEEIT- 7. BB, ETBALALH
SAR(DNN—HF A, 18x18mm2) i &Hh L& VUV
ERAL, KBEHBLER, nd s/ 2T VWA PFVYS
»/ [ODS, CH;(CH;) ;Si(OCH;) 3] DBiK MV TV BEK
I 8°CCSHMBEL TV vVy 7Y VI ABEST
W, EHIC 4RERT, 80°C THZEmMEL /-, BARHF
YV TV EBE TE 2 X 5B (Figure 2) # B
L, Bohi-ysvYny SV - HS5 X% Figure 2
CRTEIEBIICEELL. 2L T, ¥50mME IR
LTARBHIC L2~ A7 THEY, RBe B8 (50~
100um/s)F A LIC XD, VUV OBHE X ELIICE
IETEBHIDIICLL.

VUV B kX AEREMEOE L BAAIC & 0
L7z (Figure 3). RBEEE, B L & S ICBFTFICEM
BBWL TS LB h o 7. Figure 3biCid, Figure
3Jabb/ONAT— X LIKEK - BKDERZBH

FEZBOHEENEZRITHELRERETY. B

6mmiZH7c ), 100°H 525" F TOBK - FAER
PR TCELEE L.

EEOEFMREOWMAIL, BEREROT VALV L
SV(FA)DA v 7V T RIBIC & » TEERICHER L
7o, 700 AFVT7  ZNVHCEBEES T (SAM) &
COOH X SAM OXALZEIZ DWW Tid W 2hDHE
BH BN T nbHOBE, -CHCEBUVEER
L, BRICEABEPEIL. —F, THFILYSV
EZO VUV BT, MXBHOHEDOL DT, C-C,
C-H, R C-SifESDSEBREID, FYHIVHBEE

—285—



F/RET 7/ BV &k HEEERTAIN

(a)

Pororon

| [

Si Si Si Si

v |‘\0/ 107 N7 TN
chemisorption of 0 0 o o
ODS in toluene B
>
OCH;
R—Si—OCH;
OC,H;
R=CH3(CH,),,CH,-
(b)
VUV: 172 nm
Photomask
T T - T x -
o Q Q 3} o (5]

T I

[e] [e]

VUV: 172 nm 8 8

0,—— 0

0, — O0— 0,+0

—

-

R TR K PRt

Figure 1. Preparation of a surface hydrophilicity gradient by photodegradation. (a) Surface treatment of glass plates
with a silane coupling reagent. (b) Excitation of the surface molecules and oxygen by VUV irradiation and subsequent
oxydation. Reproduced with permission from Langmuir, 23, 1845 (2007). Copyright 2007 American Chemical Society.
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Figure 2. The photoirradiation apparatus used to prepare gradient surface. (a) A general view of the excimer
device, (b) preparation of a gradient surface on an ODS-SAM surface using the VUV excimer device. The hydropho-
bicity and hydrophilicity of the SAM surface is shown by the gray and white colors. Reproduced with permission
from Langmuir, 23, 1845 (2007). Copyright 2007 American Chemical Society.
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Figure 3. Water contact angle measurements. (a) Static water contact angles at different irradiation light intensi-
ties: O; 3.3 mW/cm?, A; 1.2mW/cm?, and [J; 0.6 mW/cm?. (b) The distance-dependent water contact angle is
calculated using data from Figure 3(a). The irradiation energy and sliding rate were (A) 3.3 mW/cm? and 0.05
mm/s, (B) 3.3 mW/cm? and 0.0625 mm/s, (C) 1.2 mW/cm? and 0.05 mm/s, (D) 3.3 mW/cm? and 0.075 mm/s,
(E) 1.2 mW/cm? and 0.0625 mm/s, and (F) 3.3 mW/cm? and 0.1 mm/s. Reproduced with permission from Lan-
gmuir, 23, 1845 (2007). Copyright 2007 American Chemical Society.
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Figure 4. (a) Fluorescence microscopy of a patterned surface, and (b) a gradient sur-
face. The surface was labeled with 5-aminofluorescein (FA-NH,), which targeted the
VUY irradiated regions on the surface. Luminance=1mW/cm? and exposure time=
20 s. Reproduced with permission from Langmuir, 23, 1845 (2007). Copyright 2007

American Chemical Society.
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Figure 5. The movement of a water dropwith a volume of
2 uL.. Reproduced with permission from Langmuir, 23, 1845
(2007) . Copyright 2007 American Chemical Society.
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Figure 6. (a) Position of a droplet with a nominal volume of 2 uL plotted against
the transverse time, on a surface prepared with a irradiation energy of 1.2 mW/cm?
and a slide movement rate of 0.05 mm/s, respectively. The velocity of the water
droplet was determined by the tangent of the curve. (b) Time dependence of the
differential of (a). Reproduced with permission from Langmuir, 23, 1845 (2007).
Copyright 2007 American Chemical Society.
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Figure 7. Relationship between the movement of a water droplet and the
gradient of the contact angle with distance. A-F correspond to the data
obtained from Figure 3b. Reproduced with permission from Langmuir, 23,

1845 (2007). Copyright 2007 American Chemical Society.
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Figure 8. The time course of the movement of a water droplet
on the surface (line A in Figure 3b). Reproduced with permis-
sion from Langmuir, 23, 1845 (2007) . Copyright 2007 Ameri-
can Chemical Society.
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Figure 9. The relationship between the advancing contact
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(the hydrophilic ratio deduced from Cassie’s equation) and the
surface gradient. A-F correspond to the data in Figure 3b.
Reproduced with permission from Langmuir, 23, 1845 (2007).
Copyright 2007 American Chemical Society.
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33°C C, NIPAAm FERYT—DFTh LD LE»-
o, ZORERIT, FEAMATD Rulbpy); BH OB
&0 AT ZVDEMB KRG FOREDRELZ BN/ &
TRBRT 5.

Figure 12 13, B9 FHBKOIEE%~T. BZ REH,
BRTRRE ([Ru(bpy); 1**) & BALARRE ([Ru(bpy),**)
&, BE:HICARMCE L. Thid BZ RISIC &
D COBLRITRESBHIICELL, COZEITX
D, EROEHFOLCST OFL, Fabbav/RA—
Va VELERBRICBRW LD LEZLNS. REID
RIB & AL, NNAZ VA IFNAS)DEERWE
SFFTHEVINALOKC, KEWEE, BEIKE->T
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Figure 12. Self-oscillating behaviour in solution. The concen-
tration of polymer; malonic acid, NaBrO;, and HNO; was 0.25
wt%, 0.1 M, 0.2 M and 0.3 M, respectively. The solution was
stirred with a magnetic stirrer at 20°C. Reproduced with per-
mission from J. Phys. Chem. B, 110, 5170 (2006) Copyright
2006 American Chemical Society.
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BOBRINEEEL R BIET S L5 FEEITA 4 23.90m &

59.6nm THo7z. Thid, ETRELBILRET—S
FOAVKRA—=Y g VIR > TWBI L ERLT
Wb, BRLAEBDFET I/ V5 VRS ARANE
EiL L, FEHE% XPS & TOF-SIMS #H5EL 7-. XPS T
i, 280.5eVIZ RuDiBWv— s BEAIEhA. —F,
TOF-SIMS Cid Ru KRB A VGRS i,
NHDTE LD, 5 AR LK Ru 2 E50BS FHREE
T5IEBERIN/. BRI/ HESHEE SPM
TRy YV 7 - E—FTHELA. e VBKER
KREL, REBRLBBEINZ, SPMOAVF L/~

 EROEIBE, AVFUA—O 2 OB EEEF —

L, ZDO#HE% Figure 13 IZR7.

AR CREBIER WLk, SOVER, B
W, W55 BLRISKICBETS T/ Ar—
VOERBABRE W, RRAZEHIS2100, 1§
&L, 10~15nm T, AHIZ 108 TH-72. BHFK
YW Ci3 Figure 12 O & 5 S AR IREI BB » B+
Biid, PRABEETSHS. HLIRADRVE
AW ERDRBH SN, LALass, SPME
EBTRAVFUNS—IEEYEZ2 VLD AR
TERV. »LITA LRWIREETO BZ RIGIEIEHICE
M2 B EAFEEING. LHLEBABELTY
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Self-oscillating behaviour of the immobilized polymer in a BZ reaction solu-

tion. The concentration of malonic acid, NaBrO;, and HNO; was 0.1 M, 0.3 M and 0.3 M,
respectively. Reproduced with permission from J. Phys. Chem. B, 110, 5170 (2006).
Copyright 2006 American Chemical Society.

REORSFRBRERSEH L. BH08T, B
—ROKBBRDOBE L FLAERUCHo /. 1272, B
ELB S FOREIEIEIE 10~15 nm & BEIEEELOR
R(23.9 &£ 59.6nm) X D/pha o/ Thid, BRI
DFBH S ARFEECKRZ T TEE L TWABDIF Tk
<, Figure 13 TR LD —TRICHE - TW5HE
BABAH-DEEZLNS. 2T, AVFULAA—C
FoTHMEN5HNIIRIEEZFESTHELZ S OO LE
bhn. COREBLEART, KIEWREIC L - TLEH
T&E/.

RERIGE, FREERE & SIS FROBENSES
D, EERZ#E LW, ThicH L, BRtEsF
TIIBEYT - 72 WEE b 7 < 2,000 L EDEBMEATEET
Bolc. Thid, BEEIhAI &Ik FFHEOERE
PHHINLIcDEEZONS. JITiR, MHTF/
VRIVTORBBZECRS L. BHESFIE, S5
T ES /EHER T A DILABSIE I h 5.

4 EENEFERE

ATESPLERSROMBICREGBETESRDON
5. XOEGEGHICE, S4FEEE L A ENEER
B 5D, FiEd, ARPMln L OBEE Y
ZIGETEZHH0OT, EELRBIhETIEIT4ER
BEMEE YA P A VRREETF & V7 BB R

K& TRRLTEL®. ThicHl, BEOEETE

BRI, CHRFERCEIE OREFAEPZL
T RYBBE SN TR L L COBBELYRET 230
TH5. TITR, THOERNEEEBSFHEICE
Ritta 5L, €8, SEMRL a0 I aEH

B4 FXEE, Vol. 65, No. 1 (2008)

EKHE A BHTREIC L 7.
EGTEEEESFORME LT, AT VEOR
A7 7FVNaYvECPCODE IV 24 VEDOKRY
IFVVIY)a—L(PEG)V %I OESF &,
J A VEOEETH B IV VVER W ThbD
= FEREELL -F@T, 77 BEREOHH R
MREEOHERZ T AT LRS- 7.

4.1 PCEMEETEMERRT :
411 PC % b OXRIEHEESDF(Az-PMAc) DA
HRIEERAT7 7 F VNIV VAR TY V—T 90%
EAZ 7 UNEE 0% b B ESF (PMAC) DEEF
5% Figure 1412779, PMAc ¢ 7V FRT7T U V%, K
BHEANVTRVA I FPEMeF e LUnza TR '
Rit#, BHCEDRREDOTY P72 UV EEREL
Jo. D%, FEEEL THEHD AzPMACc #157-.
PMACKEBAINAET YV F7 2 2 VEOBRITIEY
RICVIFTFBEBDDLoT. T, SBHHRE AN
7 P VORIEEREPD, TYVF7 2 ZVEOEARIT 6
mol% L EH S hi.

4.1.2 Az-PMAc OF

FRELL 7z Az-PMAC KB MfaszE B EM LIC8&AF
L7k, BBEL, X~ A7 DOFLET TEARBHEEZIT
WEE LA K R7 EEELSI NI Az-PMAc %
Figure 151Z7R 9. X< A7 DX — VG -» TEE(L
T TS EBER I N

Figure 16 Ii3, Az-PMAc %<4 7 0/3% —/RICHE
FBALL oM ECE VR BRETH YT - 1A=
T. MRPOEERZ V/INVBTHET VIV, R
raivyy, 7479 /=5 % Az-PMAc BE b EHM
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Figure 14. Synthesis of a photo-reactive phosphatydilcholine-containg polymer (Az-PMAc). Reproduced
with permission from Biomaterials, 26, 1381 (2005). Copyright 2005 Elsevir.

Az-PMAc

Figure 15. Microscopic image of (a) photo-mask and (b)
immobilized Az-PMAc. Reproduced with permission from
Biomaterials, 26, 1381 (2005). Copyright 2005 Elsevir.

KREIRTCOLHEL THERT» /. BECHW
FUNTBIRENEZRINTEY, RELLIVVE
RMNEMETHRE L. TOKE, AzPMACEEL
FIH T2 V7 BOREBIMFHIENTE D, AzPMAC
SEEIELER TOARZ VNV BOREDBRE I hC.

RAW 264 g (=™ A E MK EBRMAL) OEEFFE %
7o 758 % Figure 17 129 . HlazEEL 2B,
Az-PMAc BB LIRS R Cid e WS, FRERRIic
W.Az-PMAc BIBLSEIRICIZMEAIZ LA EBEEL T
LY, BETERZVWHARES L TREL TED, B&
NAE#BELSHBEGTCEBICRB T LB TEL. Az-
PMAc i3, #ifastZEAEMICEEILTE, MigEsEL
ZVNRTBREOWHDEY DL, £ABEGHEORVE
HERER & L CTEEEL .

4.2 TLT AEHEGKTENRE

421 RREHETILT DA

Figure 14 ¢ R#HEORET, VS VIEN-(-TVF
RUVANFFV)VATV VA IR ERIGEE, TYUF

7 1« Z AL/ VS5 v (Az-pullulan) %87z, Az-pullulan

14

B5NVABASLZ7OTFT ST 4 —(GPC) B LUE
HBRIPAXRT + VEIZEETT - 7. Az-pullulan ~D7 ¥
F7 2 VEOBARZ, 7YF7ZU VEREDORIX
POLEHLABRIILIWME TH-7. U AEER
(pH 8.2) TOREDFKER, Az-pullulan & 7)V5 VO
HEBRE L NF = ER LD, #K(EHT.3) TORE
H/8 % —/i3 Az-pullulan & 7S5V Tl BEHEBEHA
AV | AU

4.2.2 FREFTILT L OFM

Table 12, Az-pullulan BEIZ{LEIEROBNEMEET |
fxRd. BELRE, ENEROBREOERATH-
7o#%, Az-pullulan BELIC & D REQEMRA S ITITER
— DRI -7, COBE, Azpullulan iz k » THE
MERBBRHEEINSZ bz,

Figure 18 {2, <A Z7unNgz—REEMLL/AET
RAW 264 il #3528 L /- R %~ 7. Az-pullulan ElE
LR CITMERITIZ LA L EERBEEEIN T, Azpul-
lulan SEEE LR IC MBI OESE BEE I N,

4.3 PEG B4 EMERR

43.1 KR PEG(Az-PEG) DA/

X PEG Ik, XREHEEEZ DT/ I —L,
PEGE%# 32 /< —LDRESGIC L» THL. XK
DT/ <—i3, ROLXH>BER. TVEFTYVE
MR MAICER LR, RETFY Y AZIMZTpH
100 IZFRB L7z, Ik AZ 270V BANVD 1,4V FFT
FRBWET VR T 2V VABRIZO- S D ERWTLT
PRIZALGBORIGEBRA L. RIGKRTH, BHO
KREHEE L OE /<—, 4TIV F 722V AZ 7Y
VT 2 FRBI:. )

wiz, (RVzFlLvZ7ya—WAZ7YlL—FE
&TVFET VAR YNT I FRESE(AZ-PEG)
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Albumin

Immunoglobutin

Fibrinogen

Figure 16. Protein (albumin, immunoglobulin, and fibrinogen) adsorption on
a micropattern of immobilized Az-PMAc. Reproduced with permission from
Biomaterials, 26, 1381 (2005) . Copyright 2005 Elsevir.

Omin Smin

th 4h

20min 30min

Az-PMAc R

Polyethylene

After washing

Figure 17. Time course of cell adhesion on polyethylen partially covered with immobilized with
Az-PMAc. Reproduced with permission from Biomaterials, 26, 1381 (2005). Copyright 2005

Elsevir.

Table 1. Contact Angles of Az-pullulan-modified surfaces

Surface Conta(gt) angle
Polystyrene 90.3+0.4
Polystyrene modified Az-pullulan 73.0+1.6
Polyethylene 66.7+1.3
Polyethylene modified Az-pullulan " 72.2%1.9
Aminosilane-coupled glass 50.8+1.0
Aminosilane-coupled glass modified Az- 72.4+2.0

pullulan

DER IS Figure 19 KR8 d. (RUyzFL v 7y a—
WYAZTZU V=, &TVE T2 ZWAZT YT I
F, 22-7YER(4 YV TFAZPYNV)DIR /) —VE
WrEEFEKT, 60°C TRGL:. Kbk, BHiC
JOBEZTVERND Az-PEG %#187:.

Az-PEG D45 TEiI GPCEZAWTHE%®T- /2. *
DER, RUIF UL VIFVFRETHTFEHSI0 T
B, (RVIFVV/TYVIa—W) AR —FOH5F
BIHEL TESFLINTWEZ LAERI M. T
722, BHABWANRY FIVERBIEL R, RGBT
Z v M Smol%EEA I N7 Az-PEG BER X hi-.

B TR, Vol. 65, No. 1 (2008)

Figure 18. Cell adhesion on a micropattern of immobilized
Az-pullulan. Reproduced with permission from Biomaterials,
26, 2401 (2005). Copyright 2005 Elsevir.

4.3.2 Az-PEG OFF{f

EB LI AzPEG RV VT ST 4 —ERXAWTF
ZVEREHS A, HIA, ¥—< /v 7 A™M(MfEEE
B752AFvy 7)Em ELCEELEZTY, AMHEZEERK
g -CHE | /- (Figure 20). Az-PEG BE{LEE % TOF-
SIMS, AFTM ##7 & L UBHEMAORAEX T > & T
B AL S e S L 7. -
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Figure 19. Synthesis of a photo-reactive polyethylene glycol-containing polymer (Az-PEG).
Reproduced with permission from Acta Biomaterialia, 3, 1024 (2007). Copyright 2007 Elsevir.

100 pm

100 pm

100 pm

Figure 20: Phase contrast microscopic image of a micropattern of immobilized Az-PEG on (a)
titanium, (b) glass, and (c) Thermanox™. Reproduced with permission from Acta Biomaterialia,

3, 1024 (2007). Copyright 2007 Elsevir.

100 pm

Figure 21.

100 pm 100 pm

Secondary ion image (TOF-SIMS) of a micropattern of immobilized

Az-PEG on (a) titanium, (b) glass, and (c) Thermanox™. Reproduced with permis-
sion from Acta Biomaterialia, 3, 1024 (2007). Copyright 2007 Elsevir.

£EFHICETEIL L 72 Az-PEG O TOF-SIMSiZ k %
S¥CIE, Az-PEG OREIZE/CEELORVTF L /7Y
I—VICEET B CGHO* D%k A A VESBESH
IEFEEALEE» D13 AzPEG KBk T A A/ E—7
BEAIX N d - 7o (Figure 21) . RIZ AFM OJIE %
TR, AzPEGBEE/IEEOE AI13% 300 nm T
B0, EHOEWIC LB Az-PEG BE{LBOE AT
2B b o 7o (Figure 22) . BBMADORIED,
ZEEHOLMIC AzPEG BT/ L A-FTEA VT
fTo7e. FO8E, Az-PEG EEIMBEOLEREITEM

16

AN 40° L7 D EH A BIETICRE OB L 72
(Table 2).

RIZZ VIR BORE & MBOEBICOWTEHEL
fo. BUNTBOBRER, T—AFF 4 v ¥ aEtF
YRV ARET 0T ) VR RE SR,
TMB Zeft % T\ 3@ L 7= (Figure 23). ZORER, Az
PEG BBt ERICi3 ¥ v\ 7 BARE R T ICIEE B/
FEHOATAVINIBOREBRONI. £z, COST
Mk AW o MBREEERHE C b, Az-PEG OREIZ/LEE
iR ES R T, FEE AR COAMBBOEE D
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Figure 22. Atomic force microscopic image of immobilized Az-PEG on (a) titanium, (b) glass,
and {(c) Thermanox™. Reproduced with permission from Acta Biomaterialia, 3, 1024 (2007).
Copyright 2007 Elsevir.

100 pm

100 um 100 ym

Figure 23. Protein adsorption on a micropattern of immobilized Az-PEG on (a) titanium, (b) glass, and (c)
" Thermanox™., Reproduced with permission from Acta Biomaterialia, 3, 1024 (2007). Copyright 2007 Elsevir.

100 pm

,_.ﬁ'
100 pm 100 pm

(=]

Figure 24. Cell adhesion on a micropattern of immobilized Az-PEG on (a) titanium, (b) glass,
and (c) Thermanox™. Reproduced with permission from Acta Biomaterialia, 3, 1024 (2007).
Copyright 2007 Elsevir. N '

Table 2. Contact angle of Az-PEG-modified surfaces

Surface

Contact angle (°)

Titanium

Titanium modified with PEG
Glass

Glass modified with PEG
Thermanox

Trermanox modified with PEG

40.3+£1.5
39.2+1.3

6.4+1.2
40.9+0.7
78.8+£0.7
41.0£2.7

B FERSTEE, Vol. 65, No. 1 (2008)

#22 X 1 7= (Figure 24).

AR T3, ERIGE TEE E DOFEERIDI W
LWERBHiGDTFTOERK EZOFMET > 0. Az-
PMAc B LU Az-PEG il BB AR ES F T, Az-pullu-
lan T RAYESFTHY, ChoERINMEEEAT
52 LI X DEMOHE ® BFEICIT 2 A XRIGESSF
H/RLERTEL. COEFEHVAE, CTNETD
WE I Lk HREHE L BB LT, RERECLVEST
ZEELTAH LR, BENCKE CHRELEmK
BERfTbhAZ LB TES. FEBIZ, FREINE
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Some types of functional surfaces were created by surface modification at the nano-scale level; that is called nano interface technology.
First, a surface with a hydrophilicity gradient was reproducibly prepared and the movement of a water droplet on such a surface was
observed. Secondly, a self-oscillating polymer was immobilized on a solid surface and the oscillation phenomenon was observed by scanning
probe microscopy. Thirdly, biononfouling surfaces were prepared by immobilization of newly developed photo-reactive natural or synthetic
polymers. )
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Positional Effect of Amino Acid
Replacement on Peptide Antigens for
the Increased IFN-r Production from
CDAT Cells

Tianyi Liu!, Hitoshi Kohsaka?, Motoharu Suzukil, Rie Takagi!, Kumiko Hashimoto!,
Yasushi Uemura?, Hideki Ohyama! and Sho Matsushital!

ABSTRACT

Background: Based on the fact that site-specific amino acid replacement on peptide antigens stimulated T
celi clones to produce increased amount of IFN-y, we investigated this structure-function relationship, using
various peptide analogues.

Methods: We used three human ThO clones (BC20.7,BC33.5 and BC42.1) that express distinct TCRo and
TCRB chains, but recognize the same TCR ligand ; i.e., the same framework of peptide antigen BCGa p84-100
in the context of DRB1°1405. These T cells were stimulated with various peptide analogues, followed by deter-
mination of proliferative responses and IFN-y production.

Results: Replacement of Leu at peptide position 2 (P2) by amino acids which are less hydrophobic than the
wild type (Val, Ala) or those with similar structural or neutral charge (Thr, Ser), induced increased IFN-y produc-
tion from T cells. This phenomenon was associated with structural features of TCR, especially the length of
CDRa3 région of TCRa. Amino acid replacement at the other positions did not induce increased IFN-y produc-
tion. .

Conclusions: Amino acid substitution at P2 frequently induces increased IFN-y production in a clone-specific

manner, which is associated with the structure of CDR3 in TCRV« chains.

KEY WORDS

analogue peptide, complementarity determining region 3, interferon gamma, peptide antigens, T-cell

antigen receptor

INTRODUCTION

Recent studies showed that T cell activation is not an
allor-none type of event ; rather, qualitative changes
in T cell responses can be induced by amino acid sub-
stitutions by either MHC molecules or antigenic pep-
tides, i.e., TCR ligands. Flexibility in recognition re-
sults in T-cell activation in the absence of a prolifera-

" tive response, which is designated by the following
terminology as demonstrated in previous studies by
our group and others : partial agonism,! TCR antago-
nism,? anergy,3 survival4¢ and cytokine-specific up-
regulation.5.6

Amino acid residues on antigenic peptides have
been roughly divided into two groups ; one that is
important for binding to TCR (T cell epitope), and the
other that is important for binding to MHC (MHC an-
chor). However, the crystal structure of the human
class II HLA-DR1 complexed with the influenza pep-
tide reported by Stern et al.” demonstrated that all
the amino acid residues of the influenza virus peptide
physically made contact with both. HLA and TCR,
with the exception of only one residue at the amino
terminus which is buried deeply in the groove of
class II, hence, there is no possibility for interaction
with TCR.
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In our previous studies, single amino acid substitu-
tions on a group | allergen in the Cryptomeria japon-
ica -derived peptide resulted in a significant increase
in IFN-y production, with no remarkable changes
either in proliferative response or IL-4 production.5 In
this study, by using various analogue peptide species,
we stimulated three human ThO clones that express
distinct TCRa and TCRP chains, but recognize the
same TCR ligand, and tried to determine the
structure-function relationship that leads to increased
IFN-y production from T cells.

METHODS

SYNTHESIS OF PEPTIDES

The wildtype BCGa p 84-100 ( EEYLILSARD-
VLAVVSK) and its analogue were synthesized using
a solid-phase simultaneous multiple peptide synthe-
sizer PSSM-8 (Shimadzu Corp., Kyoto, Japan), and
were purified by C18 reverse-phase HPLC (Milli-
pore).

T CELL CLONES
BCGa p84-100-specific T cell lines were established
as described.8 Three human CD4* T cell clones (BC
20.7,BC33.5 and BC42.1) specific to BCGa p84-100+
DRA/DRB1*1405, yet bearing distinct TCRB (BV13S3
,BV6S1 and BV554, respectively ;)8 established from
PBMC of a BCG-primed healthy individual as de-
'scribed elsewhere,* were used throughout the study.
_T cells were fed 50 U/ml human rIL-2 and irradiated
autologous PBMC prepulsed with the wild-type
BCGa p84-100 on a weekly basis.

ASSESSMENT OF T-CELL RESPONSES
Antigeén-induced proliferation of the T cell clones
were assayed by culturing the T cells (3x10¢/well) in
96-well flat-bottomed culture plates in the presence of
a peptide (s) and irradiated PBMC (1.5x105/well), us-
ing RPMI 1640 medium (Gibco, Grand Island, N.Y.)
supplemented with 2 mM L-glutamine, 100 units/ml
of penicillin, 100 ng/ml of streptomycin, and 10%
heat-inactivated autologous plasma. For the prolifera-
tion assay, cells were cultured for 72 hr in the pres-
ence of 1 uCi/well of{3H]thymidine during the final
16 hrs. Culture supematants collected immediately
before the addition of[3H]thymidine were used to de-
termine lymphokine concentrations, using hGM-CSF
ELISA kits (R&D systems) and hIFN-y ELISA Kkits
(Otsuka,Tokyo,;Japan) .

DETERMINATION OF TCRA GENE USAGEBY T
CELL CLONES '

To determine TCRVA gene usage of the T cell clones
that were cultured with irradiated autologous PBMC,
RNA were extracted from the cell mixture, and con-
verted to cDNA. TCRA variable region cDNA were
amplified with anchored PCR as described previously
for amplification of TCRA variable region cDNA.% A
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Table 1 A panel of labeled TCRAV-specific oligonucleo-
tide probes )

AV gene sequence pool
AV4, 20 TGCTAAGACCACA/CCAGCC A
AV11 TCTTCAGAGGGAGCTGTG A
AV2 ATCCTTGAGAGTTTTACT B
AV8a CCATTCGAGCTGTATTTA B
AV8b GCATTCGAGCTTTATTTA B
AV15 CATTTGCTGGATTTTCGT B
AV17 GATCTTAGGAGCATCATT B
Av21 TGGGGGCATCAGTGCTGA B
AV3 GAGAAGAGGATCCTCAGG C
AV5 ACTATTCTCCAGCATACT C
AV10~ CCGTGTCCATTCTTTGGA Cc
AV13 GAGAGGAATACAAGTGGA Cc
AV19 CAATTTTTGTTGGCTATT Cc
AV24 AGCATCTGACGACCTTCT Cc
AV25 TCCTTGAACATTTATTAA C
AV26 CCTAGGGATATTGGGGTT Cc
_AV27 GAAAAAACTATACCATCT C
AV29 CAGGCACCTTGTTGTGGC C
AV32 ACTCATCACATCAATGTT Cc
AV18 CTTTGGCAGCCCCATTAC D
AV23 GAGACCCTCTTGGGCCTG D
AV28 ACTAACTTTCGAAGCCTA D
AV30 GGAGTGTGCATTCATAGT D
AV7 GGAGGCACTA/GCAGGACAA E
AV6 ACAGCTTCACTGTGGCTA F
AVi2 TGCCAGCCTGTTGAGGGC F
AV1i4 GTGA/GTCTCCACCTGTCTT F
AVia CTCCTGTTGCTCATACCA G
AV1b CTCCTGCTGCTCGTCCCA G
AVic CTCCTGGAGCTTATCCCA G
AV9 AAGCCCACCCTCATCTCA G
AV16 GCCTCTGCACCCATCTCG G
AV22 CTGATACTCTTACTGCTT G
AV31 CCTCTCTGGACTTTCTAA G

Oligomucleotide probes specific to TCRAV family genes. De-
generated probes were used {0 specify AV4 and AV20, AV7, and
AV14 families. Three probes for AV1 family, and two probes for
AV8 family were required to specify all members of each family.
These probes were grouped into seven pools (pool A to G) de-
pending on sequence similarity.

primary PCR was followed by two sequential nested
PCR. TCRAC-specific primers used for primary PCR,
nested PCR, and final PCR were CA4 (5’-CAG AAT
CCT TAC TTT GTG AC), CA3 (5’-ATC GGT GAA
TAG GCA GAC AG), and biotinylated CA5 (5’- CAC
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