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This paper reviews our recent approaches for a label-free detection of protein-protein interactions which can perform
simultaneous protein conformational analysis by using infrared absorption spectroscopy in the multiple internal
reflection geometry (MIR-IRAS). Using this method, the target protein was detected in aqueous solution phase based on
the peak height of the protein amide I and amide II bands, while discrimination of specific and nonspecific signals is
made based on the secondary structure of the target protein. An antigen-antibody interaction on semiconductor surfaces
was investigated as a model system, since it is well-known that antibodies largely consist of S-sheet structures. The
features of our approach using MIR-IRAS combined with protein secondary structure analysis were discussed in terms of
sensitivity, capability of quantitative analysis, and specific/nonspecific discrimination.

KEYWORDS : surface infrared spectroscopy, protein-protein interaction, nonspecific adsorption, secondary structure
analysis, semiconductor surfaces

1. & U & (<

NI E-5 8B EER o #E R L, 7

. BRI AROREORDIEE R ST IR £
*HE © @ 980-8579  F IR H BT N , N

6-6 ijtj{?ﬁ?h@fiﬁ)?%ﬁl’ H fl/\Z) )o 'flt%@ﬁ?fk Lfﬁi, Yeast tWO-hybI'ld ?2 )'@

E-mail : ahirano@bme.tohoku.ac.jp TaFA Ty TIBRBIFONREY, ZhHDNER,




FEPE S - NPSPIEOR - B ARG - AR IR - BREUHERE - AN HER - REBriE 559

NAT)y R YR TEHDOWERR Y ¥ 28 7 B ORI
SWTEY, EFELICLY & s HoiEErE e bh
HEBNEDH 5, ZOMEEE, B TROMEIVSY ¥
NIBRRTF PR ETHAICIRIATHY, B
WEATH Iy 87 IR EAEH 2 BN % 0B
RBPLEFNT0DY —F, T T XEHBERE
SALF I % 72 & Vo8 2 B A A o FER ik
B WHEIRTVDEY s SO D BEIRIER I8
TH oA, FFERMICWAE L2y Y7 EEMESR 5
YN EDOWIIBES TRV, BRSBTS S
YT B OGHTIZREE LTl iR S5 b
CENEL, KBREOFM S v HOHFEAETTHI Y
YR BOAR R - BT HLEVDH L, LrL, ¥
YR BOIFERNEAEERET LI LML, ¥
NIZEWECBTLRERMEL R>TW5Y,

—77, WHMRILEEEE, & v o8y ERBAHEAEH & JF
BERICMIB T & 2720 Th <, W5y v 87 ok
W% b FERECHIT R ZMINETH Y, TodRIEy
NWIEOGTREIZESTIESHEATE 5, aNY v 7 A
RP-Y—bP Vot y VST O R NTT B
FE LT, RIS B IEN T EO—DTH
D, WP Oy N HRWAE LY o8 B O K
BOMMICLEHNENTELTY, & V87 HIZHA O
PEFOHFTH, RS IFIC I VWO DI
PRI 1600~1700cm ™ DT I FINY FTH B,
COWINATIE, EELTT I FHED C=0 M
KkT25bDTHY, C=0 A5 T % KERGOME
2 & 5T C=0 MR O WA EH T 5 2 EHH 5
NTwb, L72doT, C=0 MifHRBo ¥ — 7 i iE %
MBI EICEY, 7 U2 ED B IOV TH
RLEZENTEX D,

WkD 5 23 7 B ORI TIE, A
EVIHIEE, K (H.0) ICEBWINARZ b VOl
LWV ) ZOOMENPRHEINTE 2, KOWIUZ, 7
INIHREELSTBY, & 387 O KB ST
ZBWTI, HODRDHLYIZD0 ZHWDEZ AL L
fibNTWBW, HER, FutBEEOELVEZHWDS
Z XX KROWIN A ERMITE LTI 2 LB &
o2, FD72DI2E 6~10 um FEOH VLV E v
THREORARZNET 2LEND - 7207, —,
TeA i, £ ENTERA BRI GE: (MIR-IRAS)
EHWAIEIZLD, HO BHPICBWTRIEEND
IRERIZ 7 87 BB EAEH A BT & % 2 & & Wil
LTw5"Y, MIRIRAS (2B WTiE, % &l o PIEE S
2 X B L & WIS, REIZRE LIz Ny &y
FEOFMIZ & 2 KO EDOWHIAEETH S, ART

¥, MIR-IRAS (2D ATFEER, ¥ V87 BO kK
AR ERAGDEDLZ EICE Y, FFR - IR AT
DA S W RE R IEEGRBIN AN E RE S KA DT T
O —F NZOWTHINT B ABFZETIE, 7 ¥ /87 8N
MHAEH O MWAIF] & U CHEDR L % # T, GaAs %
WAL L2291 &, didk Bumibt) Lol
b & KB CTHF L7ze KRFBEICOWT, ¥ U2 H
DEEALRIMOFET, BHRE, @, JFR - JRRER
5 OIS OB N Ok T %,

2. X B F &

2.1 HHER

FEF—=7® GaAs 7 = /n— (=25.0x10"Qcm) %
30X 10X 0.625 mm ¥4 W ML, HBOWGZ 45
JECHEEE L 72 (Fig. 1a)o 2D GaAs 7Y X A% 50% T
BIZX - CRFL, FEEH 20nm O Si0, g% A%y ¥
VU Ik TR L, UVORERE L2t o7
V X A % 01% @ 3-mercaptopropyl trimethoxysilane
(MPTMS) ¥##CEB L, KIMICSHAEZBEALL, K
H1Z, 20 7 3 /¥ (QAFYMVGSIEEAVEEAKKLC) #*
LR DBPENRTF FOKBERE KIS S, JURORME
Zi71-72 (Fig.2a)o & 512, ¥ ¥ X7 HOIEFE R
EHExEWHT 5720, 7uv F v 7% (PLURONIC®F-
127) (2 X 2 REMHEZIT - 720 MHEOFIMEIZL Y, $T
FaBEELL TRV GaAs 7)) XA K L7z (Fig.
2b) o

kAR E LCiE, PR T7F F2 22—V =5V F
B S L O LB 2 v izo PR % 1
FALLZ2T ) XABIOEELL TV RWT ) ZLIZD
W, BUIIE 3§ % I8 & i L 72,
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(color online). GaAs prism (a) and solution cell (b)
used for MIR-IRAS measurements.
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2.2 MIR-IRAS AIFE

%€ 1Z, BOMEM #H#7 — ) T2 H R T #:5F MB-
100 # IV THr o 720 EBRITH W28 A OWE R % Fig.
1b 1R, WERIFER LV & GaAs TV X295
D, FAGIE, GaAs 7Y X 2O —) DUl » S A4
L, 7V A2NELZHENFIH LTS 5 —H DUl £ T
BRI %, WAL, WEEHETHEL 7 HgCdTe
(MCT) Beiga~EErhnd, WERY ¥ 7V E—LF
— FTirwv, 2% v YHEIZHZEAXRZ bV 4720 400
[\, 5 fHREIX 4cm ™ THo72o ABENIX, KEXRE
TR FE S A BRI LR T Lz WS Vs
TEDARZ ML, BISNIZANRT buhn, K&
RDART PV EELIIWTRD 2, GaAs 7V XA
Wk L7z s 87 o " REEERNTE, & Y87 HDA
N7 MVOZRGEHENTHZ LIk > TIT- 720
2.3 Enhanced Chemiluminescence (ECL) %
PR 7F POy, 7Y XA L TOHERPRK
IS ORI, KO ECLMEF Y b (T~v¥ v h) %
MW TAT o e WM N Y 7 7 — (0.05%v/v
PLURONIC® F-127, 20 mM Na,HPO./NaH,PO. (pH 7.0),
150 mM NaCl, 0.05% (v/v) Tween®20) T 1000 5127
MU Z2Puiiid 2 s e b 7)) X & L RS S 728, W
HbIUOR)VFF V¥ —¥ (HRP) THLH#E L 72P0 immu-
noglobulin G (IgG) Ptk & JUt &7, WEMNY 7 7
— 12T & Pk L7=1%, ECL Western blotting £ H it 3
LRGBS, BN TXM7 4 v 2% 1 pRIBSES &
72o 7 XA LCHURPUR RS 25T L 7235613, HRP
PR [2G PRI 7 ) X MTHEA L, ECL M ikdE
DIV ) =B X OHEBILAKFE L DTS A5 HEST

(a) blocking agent
& peptide (PluronicF-127)
MPTMS @) (antigen)
‘s“ SH
(CH,), —> SsH [

CH,0-Si - OCH, ‘

OCH, (CH)s
i
(‘)H (‘)H (‘)H \0/6I\°/ 5
1 1
sH
(C“Hz)s ‘SH
CH,0~Si ~ OCH, \
ocH, = (CHy), = (CH)S
Si i
OH OH OH \0/6\0/ \O/S‘\O/
PR I
Fig. 2. (color online). Procedures for preparation of (a)

antigen-immobilized and (b) antigen-unimmobilized
prisms.
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Th, TORNEXMTZANLDOTNHELTHINL,
ECL %5 & L7,

3. GaAs ERNDIEDEEIL

¥ R85 v BB OEIREBRB O 7290
W21k, HEIC X 2RIBERIASTE 2 221H{KV» 7Y XA
K By BRI BB T2 EPEEL
Vo BAIE, GaAs 7Y XA, Si 7Y XA, #20nm D
Si0, B &M L7z GaAs 7Y X 22OV T, PUERTF
F O RBEALR) R & ARILE BRI DO W TR 217 - 720
RT7F FOFEZEIZOWTIE, Y5 hy 7)Y THD
MPTMS & B &85 2 LI12X ) 7Y X A KMIC SH 2
AL, EHITKMICYATA VEELORTF
Kb &¢5Z L2k, SSSHAEMLTHENT ST
BRI o 720 Hak D ZUKEEIRAT Tl C=0 MPifid=Bh D
Y — 7 B O %479 2%, ZoME{bETid c=0 %
BRIV, RS IO E R 5 2 v e iR
ENb, Fig. 31287 XL DHIEBIREANRY b L
&, ECLIZ & » THRZR7F FHEELRFITONWT
RTo SIEEIZBWTIX, 7 2827 o Ebd:d i
VLTBEY, XT7F FoOBHicHEo { v ECL fF 528
Bl SNz LA L, Fig.3a DAXRZ M VART LD
2, 1500 cm ™' LA T OB Si O T-IINR H
Fr) 7T OWIUS L D FRAERIFTLEALEBL BV,
1500 cm ™' DLF OB, ¥ 82O 7 I N
N F (1600~1480cm™") 23V, F72, 7TIJBD
MBI X - Tid 1480~1350 cm ™' FHIRIC RN %2 D 72
O, BRERIBOL2ODOEMRE LTEAMETDH %,

(b) GaAs '

(c) GaAs+SiO, layer

Transmission (arb. units)

4000 3000 2000 1000
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Fig. 3. (Left) Internal reflection spectra in the mid-infrared
region. (a) Si, (b) GaAs, and (c) GaAs with a SiO,
layer. (Right) ECL signals for the antigen-
immobilized prisms. (top) Si, (middle) GaAs, and

(bottom) GaAs with a SiO, layer.
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GaAs 7' AL FAVEBFEBICB W TRIDEZ K&
MEED (Fig.3b)o LA L, XR7F FOREERFEIZ
K<, MELITtES BECLEFIZ 2 MM TE kb o7
—7, Si0, ZHE L7 GaAs 7Y XA TIERTF FORH
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Fig.4. Infrared absorption spectra for the antigen-
immobilized (thick line) and antigen-
unimmobilized (thin line) prisms. (a) Spectra
collected in air before treated with PLURONIC® F-
127. The references were the spectra measured
before the reaction with MPTMS. (b) Spectra 1h
after reaction with the antiserum. The spectra were
recorded in the reaction buffer (0.05%v/v
PLURONIC® F-127, 20 mM Na, HPO./NaH, PO,
(pH 7.0), 150 mM NaCl, 0.05% (v/v) Tween® 20).
References were the spectra measured before
addition of the antiserum. (c¢) Inverted second-
derivatives of panel (b). Concentration of the
antiserum was a 1:1000 dilution. All the spectra
were obtained using GaAs prisms with a SiO; layer.

FEALAHELTL, Si 7Y XL D ECL E 550 Hs
Bl S Nze SOFTY XLTIE, 1500cm ' T2 &E
JE P BCHE PR C 0 e BB O SREE &2 R L7z (Fig. 3¢)o
1240 cm ™" & 1055 cm ' fFEICIE, FhEFR Si0, D LO,
TO 7 4 /7 ¥ E— FIZHRT 5K E 2RI H 8 s h
7208, SOWNUE S YO EREEWINYE — 27 LI3E
LoHhwizd, AR, S0, ZRE LA GaAs Bt v ¥
VIUERELTHWAZ LT LT

DXL TRTF FEEE Lz GaAs 7Y X A
@ MIR-IRAS A7 V% Fig. 4a \Z/RT o PUE % [ &
fbL727Y XLTIE, TIFIBIOT7I FIANY FIZ
FMUT 5 1657 cm ™' & 1523 cm ~IZER WL E — 7 A3
MEN7zo TNHDOE—=21F, FELTRYXRTF FH
@ C=0 MiFHIkE (7 I F 1), N-HIMNZMAIRE L C-
N RS (73 F1I) CHET 29 —F, Pusz
FALL =D o572 GaAs TV ZADANRY MVTIE, B
KIFTE 2 EEZ BN BEVIIA 1657 cm ™ AL ITH]
WENZ2DOATHB, DEDOZ EHDS, Sio, ZREL
72 GaAs 7V AL T, MBI T REOPIENRT T F
ML EN 52 & 25 MIR-IRAS I E 25 bR S
720

4. ME-MAEREOKRE CHE - FFRFRES
OF: ¥l

PE-Hik oAb L LTIX, FF-ATP KEEE
DB Ty bD442~460 FHDO T I 7 BEHIH S
BHI9TIVBICVATA VEBALZERRXTF F
L, FOXRTF FRIHFFIEN L THEL 2252
Hwize SOXHICUTRB LIS, NREkhs
itk (1gG) OALRST, ity VX7 HEHEHLT
Who KLY VST HDOFAT THRD 1gG DA Z R
W 20ERH LA, 70y 7H%2HCTH IR
W 2 Pl % 2 3L <, MRIMZBROM TRENE S
CHBRNE T L ZRNTE L HBEORBFLTATY
%o Fealx, FBOPUREEEIL L7z GaAs 7Y A b %
JAWT, BT COPUROIFEREBI 247, [
5 VN7 O IRMEEIRNTIC X B 4RR - IR RS ok
% RA T,

PR ZWEL L7727 X2 LB ZFEE L L Tuwien
T A BATHR L CTHUIL %2 300 L 72 @ MIR-IRAS A R
7 MV % Fig. 4b ITR T ZARY P e LTI, $i
MFEZEBRMT Z2HDOARZ P VEHOT WS, Jui% [E
TFAL L7270 XA DBEE, 7 8 7 BB 7 WL
NYFTHLTIFI (1639ecm™) &7 I FIO (1545
em ™) FURICKE WIS BIM S N —T5, Bz
FZEL TRV Y ZAIZBWTY, 7IFI, 73
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FOHIEICANRS FVEREOH KRB SN, To%
EREHMEZFEEL LT ZAICHRTELLAE D
572 WD T ) X A% HRP BEik L 7290 1gG Pifk
(TR ERB s, “kPAOR SRS ECL T
PRI AER, PURZBE L2 7Y X AT ECL
BerBilshiz, —F, ERZEEEL TRV TY
ZAHZBVTDH, Wi S ECLESBll S hi,
IS ORIE, PURZBEMR L 7Y XA T, bl
WO I1gG 37 XA EoE LML, —J, P
ZEEAL TV RWT Y ZAIZBWTY, HILERICE
FNDBHKHEY 87 BAIERERINIT T X 2K R
HLIZLEZRLTWS,

WIZ, TV XLITHEE L2 o287 B O IRK & fRAT
ATV, TREEE IO W TRRIE A & RIS
L DI R AT IRMEERATIE, Fig. 4b D AN
FVO7 I FIHEBO_RMGEHNL, Zo¥—71
BEEZENT5Z LIk o TITo72. TORMM, Fig.4c
R E DS, PURERBEENLZTY ZLTIE, Rk
GPANRY PV B-— MR O 1638 cm ™!, 1690
cm FED Y =7 3TN EIR L T2e YUK 1gG IZE DK
W B-v— M MEBEIPLEDZEFTOENTEYY,
AEERIFINE XL —FHLTwD, —k, Pz REEl
LTWiRaWwWT ) XLADEIE, RS AXRZ PVICiE
=27 BEONT, e & ERE ol &
NOORRIEZ, FELTEY— MEEDLSKS IgG 13,
B-v—FMIHAOWINE —2 2Ry L, T, R
W L7887 BB — 7 2R 325, ZOfF
FIETRMEEIRNTIC X o TRERINE 5 & 0BT
HHZTLERBELTVD, Lok, RIS
BITHED CARBIL, FFR - IG5 OB 25 ik 7 &
N BB ORI E LTHHTH 5 2
LERLTWS,

S BT, MIR-IRAS (230 { RED @RI DWW TEF
fili %47\, PUROPEEERAFTEIC D W TGS L 72, Fig. 5a
W2, TIFIBIOTIFINY FOY—ZRELPIL
BRI LT ay b LR 2R T DURRE P
HOMPEE LT Lrbhrbwnizd, Bk E
&, PLiiE % 1000 fFICHML-L EDREZ 1 L L,
SR TS LTEL TS, 22Ty b
L7zZ73IFIDOEY—=2 (1639cm™) &, ZRMHD AR
7 PVIZBVTB-Y— MEBIHFAELRD DL LTHN
JE—Z LRIUMEREHS, TINI, 7TIFINTVF
DY — 7RI, & HITHUARREEARAE U CRERRIM I3
KL ZOBM TR (S/N=3) 1, 73 FITHMN
336000 £, 7 I FICTHRE 16000 5 TH Y, kD
v A% ¥ 71y R Enzyme-Linked Immunosorbent As-
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(a)
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(relative to 1000-fold dilution) (relative to 1000-fold dilution)
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(color online). (a) Antiserum concentration depend-
ence on peak intensity at 1639 cm ™' and 1549 cm ™!
(n=4). (b) Competition curves obtained by adding
the antigen peptide to the antiserum at given
concentrations (n= 3). Peak intensity at 1639 cm '
and 1549 cm ™' is plotted. Antiserum concentration
was a 1 : 1000 dilution. Values are mean+SEM. All
the spectra were obtained using GaAs prisms with a
Si0O; layer. Peak intensity 30 min after the addition of
antiserum (open triangle) and that after washing out
of the antiserum (solid circle) is shown.

say (ELISA) & AT O LLEORIRER TN % %
W7o 72, BISNAT7IFRI, 7IFIOY—72
BRI RSO TE D S F, FINIZHIKE %R MIR-
IRAS ZHIICH WA Z 212X 922 i s 7
HIET A PRI B R Z 05 2 LR, 7Y XLKHEI
WAL OAZRMTELZLERLTVD, 2O
R, ATEZHVAIEICXY, BE2LEELE
Wil 7 X2 BRI R E 2B T L ERLTW
5o

51T, Ho LO—EREOPUR & FUS S & 7=
Wk e LT, PUEREEMT Y XA LS S8 THA
FEBEAT o720 TORE, MATDEOMEOH KL &
HIZ, TIFIBIOT I FINY FOUE— 7 BREEDR
AL, Fig. Sb IORT LI RBEA—T ROz, C
DOFERIZ, B S MRSV — 7 235, Bl b o3¢
Mes VX OHEAETICBWTYH, WRoOPERIERKIE
CHIE LB T ERoTVWDBIERR LTS, T/,
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YU TOBEIHIE, BEEREH WS EITK
D, HUEIREOFI S WHETH L I L ZRRL TV,
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TR E ZHAGHELZEILY, WGy v
7B O ZRMERE A IO W TR - FRRRRE G L ORI At
TE AP LWIFERBI IO WTIRE L 72e ATET
X, 7IFIBIP7IFINY FOY—=ZEIZILD
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IS O RO ART PIVEIRNTT 5 2 L ITE D4
B ERE 5 O E B AWIETIE, ¥
N7 EMMEEHOBIE LT, B-¥— Mz b o/ #%
& 278 Th Lk e € DORRNIUR & O UL % 5L
0 L7225, BEZORREIEINATbhTnws 7
TAYF v FITBVTIE, MBS E U TEICHUERDUE
FISBHWONTE Y, AFLEo#MHEMIZIE V. T
7z, RAVEEICTHE D K RMEERATICO W T, ik
i, BB TFESETEIRELTBY, &ID
RN Z D ANDZ EI2XY, RADY R 8% D
GOMA LY Y7 H MR E LmNE:E LTORE
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