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In the multileveled bio-engineering including amino-acids, proteins, organelle, cells, tissues, and organs, control of

hetero-biointerfaces is a key technology. In particular, recent development of nanotechnology has made the nanoscaled
control possible. In this article, we selected current topics in the hetero-biointerfaces. In the layer-by-layer stacking
technique of cells, artificial tissues similar to a blood vessel has been realized. Phospholipid polymers similar to cell

membrane were used to control the biomaterial surfaces. Properties of their interfaces with proteins are analyzed

focusing on functions of the interface water layers. Selective adsorption of protein molecules on a solid surface is also

demonstrated. In the biointerface engineering, nanoscale control play crucial roles.

KEYWORDS : biointerface, cell interface, biomaterial, layered tissue, protein adsorption
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BT, MR R v —% Eo Rk & A
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T&NY,

AR T, SFTEERERATOREOF /X
r—HlEomT, SEHOET S TVwETF—< &Y
FF7ze 82 i) RF 2 MBoRRE L, Milas o A
TR ZES L CUHOEN TH 5, & 2 TIEHE
CHilA = b 2 2 2RE L, MlLoEE S 2 Y% 1R
LEMMBHE LD, HORBLNALFTINL AT, ¥~
N B DOIFERYAE VIR EEREHD DO TH S, 3
TIE, AREATERY) v — Ak o~F o RIS
%%, RS AKROFEICIER LTINS 50 itk
(2, MEREREARIASS ¥ 87 BT % IR ISR T X
B EEE % A 4 i TR B

2. HRROREHEIC L S EEEKOIR
(frlsRss, BAE W)

2.1 XEREEDOHE

HEARMARE, &by VR THER S D
Aigst~< b v 72 (ECM) & bkA HFOMIZ X
D BHED O R EEICHIBR L SN s 2 A L, BRkx R
LTWa, Milaix, #hEke oo B 73 2 Wik
BERECHALTBY, ECM IFMRRAEO~ £ 7 o Bt
BafmEL, MEEcEEREHERZLTRSY,
Bl Z X, MRS L SMBEo 4 v 727 vtk
ECM K5 TH535—, 714 70%2F >~ (FN)
OMEAMERTHY, T/, FN MBS T O B/
AR DL R WA, > 7 F MziE, MMEFEEICH E
BELIENFWPSLPICENTWSY, ECM 513 —#
BIZEBTF 2 oBERA 270X - VOEEZHETS
BRAME L UCHIBEPRICAAAE L, MiRROXy K& LTHAE
LTw2Y, LadoT, MALRAEOMIE L ECM B
OB ) v 7 X% ) FLMALTEIENTEN
1, FEERTUE SN TS EAS To N THlEkOHE
EHAERTE L LWFSN L, BE, N Fry vl
CHIREIL NS F=F7 ) 7 V& AT ECM & LTHWH
fan~< 4 7 aBiBoHH & FAERBEAOIH IS h
TWB AT, KA A O ML O =K I 2 Bl iE % H
WL, EARMRCEDOREZHE TS LIERETH
272

ZHO1E, Mo FEKEIZ ECM O B2 ER T 52 &
TUWE OMBL DA Y o Pt S, MR o 210 2
EEAHETHIENUWREL LY, M4 LM OMBO =R
TR R 2 Hl# L Tkt c& 2L 27, 2F D,
Mz — oA LT Tnw e (M) Td s,
AFEFTRETHIE, ML ECM B2 =k
HHEbTE B LHfFIN G, FEH O, BRES TRl
DETEBEDL 2 5 ST & 2K HARE

(2009)

VR, MR A 2 ERE ST F 72
GFoF ) HE AR L, BIREW T L2, FN Off
B NX A Y2 LB X 2 3o Al 6 T
WA O RHENEREE L L, KRO ECM HiflE & F.
DG L BEREZ RS eSO L ho7z, /2, 2O
F 7 R 2R R LR 2 ks 52 &
T, b MMERER B\ FL L 7R RLRRE 7V of%
EHMEETH > 720 ATHUE, MBRFEHO~ A 7 vBihs
O E MO Z TREL T 58 L 2 34 e
fiie LTllifEEh s,

2.2 MRARREANOF / FERK & MiaE
RHEAEE: (LbL ) &, ChITH#ETH-72m0
THRIFE DL G M IEAE S BT X 80 TR
& LT 1991 4E1C G. Decher 512k > TR STk
TH 5" MENEHZAT 2 FF ORI THEA~IEK
ERHEICRETAHETTH I o470t —F—0i
JRAGRECE 720, ThF ClEL S ZENRER ST
& 720 MM~ DL HAE O HEIX 2001 2005
WEENTHY, h2eh 7L OFE R B EMTL O %
PERREEL L LCoORM BRI hTw2, EH 51,
MR Z TR L 72 PR 2 M E§ % & LI EETdH
5720, MREEFLVE LT YIREZ 5 TIEZWT
WO %2 3Pl L 720 RO, KEFERTF~ A
r7uang v A (QCM) & H W CaHli L7z, QCM & i,
W HWAE L 72 DK G DIRBYEL DA% & WA ik % 3K
BDDLZENTEDLF ) I ITADRFEEEZ T W&
W2 Krishna & @ #t %" 12 $E W, 1,2-dipalmitoyl-sn-
glycero-3-phosphatidylcholine (DPPC) & 1,2-dipalmitoyl-
sn-glycero-3-phosphate (DPPA) @ 4 : 10V YRE =%
TE%E QCM B FI/ER L, DM %E 0.2 mg/mL D
EN/ bV 2% (50 mM, pH=7.4) 2 37C T 1 4z
EL, MY RARMHEH W THRESICIRB e L
2o WIZ, 02mg/mLDE¥FF ¥ (G) T2 FFX b
7 Vil (Dex)/ bV A &M (50mM, pH=7.4) I
37CT IS /rMEE L, iRRICIREMEZMWE L2,
DAT v Ty K3 & BRI ZRIREE O WA L S
M, FN-G B X U' FN-Dex #ROIEEARIR S iz, i
x5 HAR T M B ARAE LC3m L, 10~20 T8 X
Z10~100nm O HPELSTH T E 72, 2 F Y, HMRE
HZBWTHHBEDORIED KL HBEATHRTE L L E 2
SNb, BERHEWI 12, FN & G % FN & Dex DFlA
HBhEXPED M) ARG TR FAF v —Y
ZHPETW2RICH 2 0b 5T, HESBXKWISHEIh
7o THIUE, ENDIT—=F VB R XL YRR ¥
HWEFAAL YZ2HLTBY, FN F A4 v EOMEAEH
kB LHREINDYY, K L7-8HEIE 10% O ¥k
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fF1fiE (FBS) % & Tr Eagle's Bl TR ETH - 720
MR~ O WK % G-l % 720, v—% 3 v
5 ~XVAL FN (Rh-EN) & G 2 \WT =7 A 1929 #ikf
B FE A~ 2 R L, SOBBME TS L, &
WETyh—=71) = THIREZ 86T Nk L7z<
A 1929 MHEIF MG % AR S He G S &2 8%, LETFHT
MR~ 2 R L 7o, HOBSAMSEBIZ OME, M
Fap1sk D36 & Bk o dE e aelc—3k L, Mgk
HI™® Rh-FN-G B ED K ATRIR S iz MOMMAE
bEIZBWTHAMIEOIER IR I N 72, K
HIEEAT v 7B OBV Rh-FN O HOGI B A5
MU7=2 &2 6, MNBEERIIZEWTDBRN % EED
TER AR S N7z MR RNTHE S h7- K H oM
HHEEWRLHNT, HELZREL TS 24 EHHZO
MiRa R & B O BtR 2 et L7z (Fig. 1o BREWZ &
2, FN O B XL Y2 L7z %2 BRE) )y & 5
% FN-G & FN-Dex DG, BRI 3 M8
RSN Rh o725, BENMHEENZEBEE T 5
DA E RV ARAE L 22 etk sl s v fze 3
MZMEZEZHOL TRV, AFF s 3
7B R w20 S S h, RO Y 7 v
BRI S V8 7 AT A 2 & TSN EBLL 72
EEZOND, BN EIEN 2 8B L3 5 R HAE
WA OMNaEEE T 5 N TOMETIX, #FF
VR TIIIEH T OREE Y V87 BHAWNE LTV
B, MKEEEAN ET A EAHMESIhTnEY, ©
), REMEEE~HLsHEEETS20TIERL,
MR E AN LGy VS e LA V77
YEOMEAERICX VEET L7290, HEHO L
Thwimncidzn <, Lo B AR
Wbl EZr2boNb, DX, RHMEMEZMLE
WIS 5556, MRBRIT~EEEBE LR S h b
728, WEANOMNAES L ZZFORERRKEL BB

FN-G (O)

120
FN-Dex (@)

100
80

60
PDDA-PSS (A)

e-Lys-Dex (O)
FN-g-Lys (V)
e-Lys-PSS (A)
PAH-PAA (M)

40 Electrostatic

interaction

Viability (%)

20

0 5 10 15 20 40 80 120 140

Thickness (nm)

Fig. 1. (color online). Relationship between thickness of
various nanofilms and cell viability for 24 h after the

film preparation.

ERMDTH LN E R 572,

2.3 HAXECOF/ BEOWEZL

ML FRMNCIERE L2 D X ) 2 BEEZ LT
M BlEE§ 5728, Rh-FN & FITC 5 X)WAL G (FITC-G)
ZHVTHIKL T 21 nm OB 2B L, SO6EM
BT X 0 RRIEIOICEIZE U7z TR B0 1% LR 281 L
¥ CHOE B S, MIEOFEIRIE S h7z2%, 24
R R R ICIERMEROBEIBIZ S (Fig.2
(@)o ZOMMIZFN & G OWMIESDSHEENTVS
S EAERE G SR SN, T2, ERTE M
Ly, HAEK 160nm, RSHMum DF /2 7 741
—ThHrHI MR IN (Fig.2 (b)), (). EHIT,
COF )T AN=E, MREKTHET 7 F D
B & W B 2R L TWaB 2 ERT 7 F ¥ oottt
TOVHLNERSTe THET, MEAMEEM~EH L
72 EN B 5 6~ 12 RN O 7 27 F ~ #
HEE DMEAEMICE Y 7 7 F ¥ DI > TR S
h, a5—FrrELA87 52 L TECM B2 KT
HZENPHEENTWEY 7, L L, ALKIZECM
RMEZER L CHIlL L B33 2 LW EETH -

(a)
Rh-FN-FITC-G film, Oh
] e B

d
@ @ Side view

 —

?: Integrin < : Fibronectin (FN)
—: Actin fiber 0 : Gelatin (G)

Fig. 2. (color online). Confocal fluorescence microscope
images of 1.929 fibroblast cells with 21 nm of FN-G
nanofilms after 0 or 24 h of incubation (a). SEM
images of 1929 cell surface with (b) or without (c)
the FN-Dex films after 24 h of incubation. Schematic
illustration of FN-G film fibrillation on cell surface

(d).
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2o SOF  HIROKMEALIE FN-Dex #IEIZ B W T H HfE
REINTVD720, FNOHE F AL Y EMEEHT S
B ThEy v 7 B2 bI AL T
ECM ARO#HE 2 IR ISR TE 5 2 LAVRE N7,
FLRZE VDX F J #iED S F ) 7 7 4 N —~DIBEEAL
ThoD, F /77 ANXN—DIRMNIT 7 F ik & A
LTwaZ ehn, MMM L FN & RO
LEZTWD, 2F 0, HBEKE, 727 F vidiErA
YT VT EANLTHENO N IR 22T 5 2
& TFN ORBMALA IS, FN & G % Dex M A1L
L7z s iz L i & h b (Fig.2 (d)o 2@
Rk, Mifeofmz - 7 B E D H#EL, AL
ECM #ifE 2 Ml & AL L THER L7200 TofITH
5o

2.4 MEAOERBtICL 2HEBHEBOEBE

ML (IR L 72 EN-G F 7 # 525 ECM ##E & [l
HoOBEZA LTV LD, ECM & LToOKIER
MY EBMFENDE, 22T, MBERIIEERL
FN-G 7 7 AR oML o5 R L LCHiET %
ZenTcaEh, NLECMEEA L THA iz =
RICWICREILTEX 2D TR BV EZ R T, TV T
IV OMBREE TS Z L929 MHMEEME e v At
FRME SN % JEBOC A5 88, ZTORM~NBXZ 6nm
D FN-G AR L, ZRHOMMZ ML T 12 K
B4 v Fax—1 L7 BEZEELZVEER FN O
AE MM~ RS S 7208 (BEB X Z 20m) 1,
Z & Hofilah— g H ofifa i ~3%75 T & 3 I~
DY SATEMANEAE L, WWEL RS L2 Blg
ENBdortze LALEDS, FN-G HEZ B L7728
&, ZRH oM R H oM ~#%4 L Tw bk
THBEEINT, ThiZ, EN-G D F J #iEH» S HEvs s
B L7 /7 $HEDS ECM i & MARICHIIL 0375 R 3 &
LTHRELTWAZLE2RLTEY, /2, ENZITH
HERYETRESE LTATSTHY, ECM ik
LB DOBERE 2 R 5 7201213 B £ Z 6 nm DOJEIE S
VETH DL w) BELMAIH SN, FN-G T/
AT T ECM #ibfE & L CHAES 5 2 L AVRIR S 7z
729, ZOFEE N TEERE oM RRIEL, A
TR EF VAR OREEITH ) HAZZ, BARMIZIE, M
Eoe diE e (UASMC) #RidIEL, &+
JEiZ—Eoe MisENEME (HUVEC) ZHEILd %
Z & Tk MIEREDEF VRIEEZ M L 720 Fig.3 12,
PERL L 7R FE S % 3 H RIBEEE L 7= ORI 37l 2
oMk mLize A ¥ Y ¥ - 2+ ¥~ (HE)
et X 0 Mo F RS AR S, F 72, MBS
Ra @ 8\ - O e detts X 0 L5 PRI 253 A4 R L2 A7

(2009)

Cytoplasm=Pink
(b) Factor Vi
M"’“ e SIS B gy e s

.
-

Nuclei=Blue
Endothelial Cell=Blown

(c) Collagen IV

Basement membrane=Blown

(d) Factor Vil

Nuclei=Blue- = =
Endothelial Cell=§|own R

(e) Collagen IV

Fig. 3. (color online). Histological evaluation of 5-layered

cellular multilayers composed of 4-layered UASMC
and monolayer of HUVEC like a blood vessel by HE
staining (a) and factor VIII (b) or type IV collagen
(c) immunostaining, respectively. Factor VIII (d) and
type IV collagen immunostaining images of rat artery
sections.

ELTWEZEPHLNE o7, Tz, HIEDOREIKE
B ThBHNE a5 —7 v opEofEE, £
BOTHROWEIADHE SN, 58OMIEAIEIRE % A
LCTWaZEDURE SNz, JigkE LTS v P KERD
B T 2 FERIC Rt L2 2 A, R L2 @S
BAP-BEEEEZHL TSI ERHLNE o7
(Fig. 3 (d), (e))o F7=, FiEMMLOSE]EZ 1~10 )8
F T4 2 T N M % s b 2R LT b Bk o i
FREFDORBBHESHE SN TBY, ERSh R
ide M FOVHLEE & L C R R S o AR R
BAOIHHfE s N5, BUE, OB M €
FURFEE LCOREZIHEL CTwb. AFEEZHVS
LT, MTH T v MM O O LAY
BTHAHZLZMICHILTEY, MlLoEizHmL
TR 2 OML % HAECRIBILT 28 LA R
ik LCiifish s,

2.5 KEHDEED

MR AR A o) Bl AR T 2 L, ZoHEO
HLR TR By 112 & 0 R~ DB R % 5 2 & HH
Shkhol $72, ENOFAFAAL Y24 LI
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PEH @ M (FN-G % FN-Dex) (%, Mg AR I C<F 2
T 7 AN=NEHHEALTEHIEDHEREEIN, KRD
ECM ik & B OREE L BREZ A L T 5b T LA HfERR
EN7ze E 51T, FN-G % FN-Dex F / ¥ i % Hll o 3% 1
KT 5 2 & THIROMEILD T REE 2 ), AAGHLER
B OB EREESEREETH > 20 AT ZHVL S
ETRMEEO v MR ORRL TR TH Y, Ak
LTI REICEDL L 2R E T Vv 2 ca b2 L
AR E Nz AREAE, MBI 2 HE L, Mk
ECM % =K IGHNCHIRRAL T & 2 HOH 10 72 0 e 45 VR B 4k
LTI b,

3. REEL) CRER)Y—IC&KBF /N
A1 A4 8—T1—2X
(EHFEL, AE—E)

3.1 NAFATTUTIVORRBE

T UNRIH, BEEDHVIEERER EDNL X 5T
&, B 5 ORI X D ESKRELSE LTS Y 7 b
LR EAL TS, NLEGRZHHE v -2 LD
NWAFTFNA R, COEHI LY 7 Ve a3 54
KT MMM 2R S RuikfeRe, AR5 T okt
TR SR E DOME N AT Y TN
VLD, DY, NAFTFTNAL ZADORFED7-DIC
&, BIZENA A EEE SNz F R~ T TV
Kz, A A5TFeECEHN»OEZMNRRmE &5
Z, FORMOUEER 5T L RIVTHIRT S 2 EHRkD
LNTW5b, LA L, ¥R 8oRERSE%2E > Th
ThH, T TOREBLZEEHHTE TV RVOS
BRTH 5. AiTIE, & 87 EOWEE % HHS 58
JaBEIAR ) = — KO WT, DT 2 Bk ¥
IR BOWHERRI A = XL %=T ) T VRO KIZ
HH LTI - 7258% 5 ORSEOE 2 AT 5o

3.2 AUNVEOREENAFTTYTIVEREDK
RN TR T 5 &ML 734 ARMIZBWT,
F YR EOWENLT SR ENAMBEK, N4+
74V AIEH R EDUFE L e ARBUS PP L 20
NI ohv, HEFTIIHBEINTHE Y Y7 HD
WAk, Fig. 4 IIRENE L) <7 ) TIVRINOWEE
Ke s w7 BREMOREEKROIREOE, BARZ -
7z Park HOEF NV HRIE BB EIN TS, SAM i
DR A LBERIEZIHOTEZR» S, & 878, B
AT AR, BUKMRRMZIEIWE LT, £
KB A ) TZF L v 27) a— D &) RkEED
DA F YRS TT, T CHEBRARE AR Gk R
B) BEONBEMTIEY v 7 EOWE IR S h 2
e MEIN TS, —Jf, Al A R S 5 iR

A) water state relaxation time
C phase free water 1012 sec
intermediate water 10 sec
bound water 107 sec
material
B) access of protein to material surface

through diffusion

protein bound water
ooy intermediate
‘e 0 O, water
) .‘/
LS O, free water

?. 00

Sgeesanyet
intermediate__ ¢ 9999099099 @ '&. .“ 450
water /m

bound water material Exchange material
reaction of
bound water

protein adsorption

e dehydration

free water

Fig. 4. (color online). Water structure on material surface

and protein adsorption mechanism.

B0 TBOMEICL ST 2R AT 7 FIvay) v
DBABETHERAFY VY V3 (PCH) &, VY
VERERAL L 3 ) CERALASEAT & 4T HIH LA B
FELTRLED) e COPCEEMPUCHT L2252
JyaA vt F I FVRAKRY LAY ¥ (MPC) RY
~ =i, BAKEEPOFAF ETHY, TOR)V~Y—%
BE L L7236y, PCEDREICKNT A LT V8
7 EOWAEZWHI L, BRI AT Z R 2 LAY
LRTWE2Y, ZhboEEFEEZ, Fig.d \IRLz
T UNRTEOREETNVTELZELTALE, XTYTIV
KIMITHEAEL TV RO, & V87 HOWAEITK
ERHBERIZLTVWL LS A b, KOTIE, RTMIC
SFEAKERE (1 DOKRGTIE, 4 HOKGT LKE
MEELTWS) CEOHABALAE3RILZ FAY—%T]
KL TwEmkEtEE b oA A LRI Tw b,
CDXIHMEEDORIZ, 44V, EEBUKMEWE
WEHT B L, KOBY] R 3Ry 7 A5 —HhE
&) E, MAPEIDIEShTHLIREICL S, oF
D, BUKMEZRTFY TUVERNEG LKIE, SV
ZHhOBHHEKRKERBLEM SN TS, ¥ 78D
FIBOREERE, =7 7T VRIOKE KPR Z RS
FE, FUNRTHOWEDNHRI D E V) EFT N LEL
T5L, BAKEOR) v —SHTHE INZ-KITY v 8
7 EOWAE IR S N B BENE, RS ER S S kv
P DK FEY) =B ICHFAET HEV) T EIO%
Mho TITRMPUSZRS KR WIEEoKE R, R
MW7 3ILT7 T A Y — R MR S oK L BiAEZ 5
CENTELLELELEIEZ T VD, TDXHIHRNALF
<7 T IVREOKRDOBEEIZOWTIRRZDNSLHENVT
EN% L, =7 T VEBDKDOWEEIZOWTEA 2
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RIEEPHE SN TV L08R TH 522¥),
3.3 MRREECY CEBERVY—-ICLBZYTUTL
REN OWEBEME N

MPC RV ~—i&, ik L7z & H512% v 2 oW
ZIHITHENIANLF T YTV TH D, TPk
PEIENS Z L5 A LI R A O o R <
TUT N, EOIEEEENSEERT LD AT
MOFRHUHE<F YT VELTRHENRIZILDTY
%%, *@iﬁ&ﬁht&yﬂ7E®W%WW P
ek, WM EE 5720121, MPC R v — oMk
ﬁﬂ@ﬁ%mkﬁMLtﬁﬁf/%m%%ﬁ?é%%#
HbHo 2T, FO—BIEHINT S,

MPC RV ~—i%, HHBEWNICH LT THL %55 Tk
%ﬁéhfwé Bl ZATBARER Y v —< 7 7 VK
~MEHIT BT, ST YT NEDOEELEEELEL,
ﬁ*ﬁlebt®ﬂﬁﬁ¢mw(MH}w%7%wx
279y L—1 (BMA), (PMB) £ LTWw5b, 2O
PMB &, #UKMEEBAEOZ=Y FONS U RICED,
KNOEREZ BT 22 LB TE D, S TRIETT

DORY)—ThhIEX, MPC = v FHEA, # 30
mol%U\T'C“Tiﬁ FNULETRICHERT 5, Bl iIET
) — WL 72 KA MPC 2= v ALK 30

mm%mﬁﬁéprmou,ﬁmﬁ$97—7707
WEREANI—T 4 Y 7IZX DV BHMiTE %, 22 CTHBEIC
%AHDIE, PCRIIFIARBINTIIETMAHZ AV F
—%%¢VT%tbFva—ﬁ®TK§ofﬁb o
WAERBRIE 2B S5, $4bb PC % KIS
Mﬁé&étbkﬁﬁﬁ%*-&”fk(kw0+ﬁ&
HALBEAS LB 72 & & TH %o Fig. 512 PMB OAL2:HE &
K& PCHEDOREANDERINOBE M % 77 $ s PMB30 @
I—F 14 Y 7T PC HEARMNIHEL M L TR S
2FTICSIHMIZLEOMNMEZET 2%, REFH DI,
PC XORMZHML, Fo5THEE)ZHiHT 22 LT,
KERETICBWTH PCENFRMICEEBITERLT

dry condition
o cH, Hydrophobic polymer chain
PC group
—(CH—O); (CH—C);
chho o tI:AAo
OCFLCH,DTOCH:CHJG(CHz)a OCH,CH,CH,CH,
o
Phosphorylcholine ‘
(PC)group

wet condition

Biomembrane

Fig. 5. (color online). Chemical structure of poly(MPC-co-
BMA) : PMB, and images of PMB-coated surface

structures in dry and wet condition.

(2009)

BY, P E S LEE LAV, BOBKEOJE
T IREEZ D ORMmMARBL 727 O KX, MPC
LIFELSEHLITE )T —IT MPC L HMRIERKE LR
HhHZE, RVEVREALT S AGBRIENHWT &
EEMELT2EVF7F L Y2 RELL, SOR
U <— (PMyN) &, &5 AEBHLEEA 154C & IEFHIC
W Ens, BRTRSFEBEOKRNER) < —TdH
5o K&, K< PC Lo RN % M52 HIY
T, 0.5w% PMyN Z &% 20% T & /) — VIR 2 F v
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Fig. 6. (color online). DCA curves of the PMvN-coated and
PMB-coated PET plates dipped in water at a speed of
80 um/s. The curve of the PMvN-coated PET plate
shows an extremely hydrophilic and motionless

surface.
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Fig.7. The amount of adsorbed BSA on the polymer
surfaces under dry conditions. The sample plates
were in contact with 0.45 g/dL BSA solution for 60
min at 37C.
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Fig. 8. Weight of nonfreezable water relative to that of the
polymer in the hydrogels as a function of EWC : poly
(MPC) (@), poly(Me(EG), MA) (), and poly(Me
(EG)s MA) (4A) hydrogels. The plotted values are
the average of four measurements, and the standard
deviation is used as the range of errors in the values.
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Fig.9. (color online). Adsorption patterns of protein
molecules on the acid-treated sapphire surfaces : (a)
Albumin and (b) avidin. Protein molecules are

preferentially adsorbed on the bright domains.
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