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In the present post-genome era, although many three-dimensional structures of proteins

have been determined at atomic resolution mainly by X-ray structural analysis, there remain some

problems, such as dynamic properties of proteins and hydration effects, to clarify the correlation

between protein structure and function. Proteins are flexible and need some conformational

changes to recognize other molecules, but it is difficult to detect the dynamic properties only

by static structural analyses. Thermodynamic analyses of biomolecular interactions reveal

details of the energetic and dynamic features of molecular recognition processes, and complement

the structural information. I have investigated several biomolecular interactions, including

DNA-protein, antigen-antibody, and peptide-protein interactions, using isothermal titration and

differential scanning calorimetries, together with other methods, such as NMR, X-ray, and surface

plasmon resonance. Here, I focus on the thermodynamics to detect conformational changes of

proteins, which is important for biomolecular function in general.
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HEGRFEDE T, ¥R ERII LD ET AERST
ORETE L BB & MR EE R BIZEIE L 7> T b,
ZOHFTHEFIERPCHEAET 5 & 37 B ORGSR S
EOMINIEET, BEhr OREEZT M2 L CULERT K A
MR THD, &7 EBEICBIL 51T 37 ADFES
1E, XA ST 213 U o & § 2 B O S AR AT T
TIER RN S WIFHRT, BT R B L T 2 & % ff
ML, BT 20EN Db FRICBTFHTCHbNL T
Y huE—giE, ¥R TEOFEL D SRKAORE LR
THOCTHEELRMAL B 25, FEELIXINF T, DNA
WEs XVE, YUk, FESIMGEARIZTEAR (MHC)

Y UONUE, BERY, BADY UV B RS ELT,
SN S 287 BOREEREERAT 2172 C& 720 NMR %
X MRS S IEATIC X B SRR AT, TR BRI R
(DSC) RERFEEHAET (ITC) 12X 25T, A
Fy 77O —EREE T T AE BN F b — 1
RV o 4 el N ) P ANVA O/ i £ By (L i
WUBERET By, FOMRIY L7 HOF S D EDSUUTIZ
5352, LwozMEOHHAZ HIEL T b, RIF
TIE, & 2T BONREEZALD E Do FlR I E R
B ZR T LT BB B EVF, B ENTRE R & 2 D
BHRICEAZHTTRN L2,
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2. BEAF c-Myb O DNA F38HE4E S 1BEZ1 L

RGN T-c-Myb 135 78870 k C, N RGEHIZDNA
BRI, C AR IR RIS A A L T2, DNA G
BHIICIE, K950 7 2 BRERIED S 7 5 =0 DfR ) K L
%] (R1, R2, R3) 2%V, ZD9 LDNA & DFFERIGHES
[ZIZR2 L R3IAPWIHTH B, FHHITTMDOR2R3 &, FFR
MRS ((C/T)AAC(G/T)G) % & T DNA (MBS-I),
ROENENOLEEREZREL, SMHALEHEEICITCT
W USENT U720 —HRIIZ Y > 7827 & DNA & ORHAE
X, DNA D) YERIEHSEOBEDER & & /87 B ot
VT I VFBROIEOEME DRI LY, MEEEBRIC LT
UM BEOREEHELD, &5 ICDNAHERGIFRTH 5
BEIIIFEOIE L 7 3 RO B TRER GBS
HEIZXY, REEERIC LT aM RBEORWES AL S
DDEEZHND EWENICHT: [FREDNA k]
E3EE D DNA B 72 1 2 Moms L v & [HHB
IZRERE LR R T 5 2 & T, [FRIFERIDNA BT &1
[ DNA k] DAoL ToBSREFEL D L b
Nb, TN EAEGHEOHIE & o 7o AN TO [FER
L LTI 256, 2oBHIGLEC»h > T 28
R LD YR TH L, BIZIEHL 5 V7 HL,
BHEDIEREYZ S ODNA & ORI [HEHBRY] it
CAHETLZOREDEIN L, MOIFIEEDIRN S > /%
7HH TIRFRIKE A THRBEOMERE - TL
F 2L, FEBIE THHBm] e TR 123%D
AT\ FEBICARIFSE TV 72 S FZE SRR OFE F A 5
b, AL 00 [HEHBE] 25> TV AHEEMDS
FIEL 720 FEF S IBIFIIT 21T 2 & C, FRIZh
I CHEmMNC TIRERMRERE] L LT—2IZE26NT
WIZREEIEREIC BT, 4 ORI A 5505 b
AL B LD % [P ZRRROGFAENIHRTE S 2
ERIRLTzD bbb [IEERN] 7% [BEFFRMDNA R
W A&, DERI] 2 MERODNARER] 205, ko@l
T TEL LR RELL, O Ty P E—21(L (AS?)
A IE O 50 @ =7 VE—ZAL (AH)
WPT LU LTI R WA, YIS L2BADE
275, B AH DA F VIsEERG D B @ 2l
(AC,) DEBINSRADIEIC %o & ORI
R0 &b, [JERIDNA ] 75 [HFRIYDNA
PR 1DV B AR A ASEE L, Table 112F L0 2H5# %
WRELZ, INHIEGHE LTH, DNA & Xy Bk
OMHESEHICHITE 2D EZ TWD,

c-Myb R2R3 @ DNA 2Rk OFHE L LT, NMR 12
& B TARBETESRITA S, R2 & R3 AHIAAIIC R DNA 72
IG5 2 AT ND (Figd)o®» #ZTIDR2
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Table 1 Proposed mechanism of the protein-DNA
interaction with the characteristic features of

thermodynamics and kinetics.

Non-specific binding Specific binding

lower affinity binding higher affinity binding

long-range electrostatics specific hydrogen bonds and van
der Waals contacts

entropy driven enthalpy driven

higher sensitivity of AH lower sensitivity of AH

against the ionic strength against the ionic strength

smaller negative AC, larger negative AC,

faster dissociation rates slower dissociation rates

Both non-specific and specific bindings

conformational change of the protein and the DNA (if needed)

hydration and released cations

Fig.1 The DNA-complexed structure of c-Myb R2R3

(PDB code, IMSE). The DNA double strands
are shown by stick models. The backbone of
R2R3 is shown by ribbon models, and the residue
Pro140 is indicated by spacefill models.

ER3EO%CY) YA —DRE LN, Vv —
Horicd A 3553 (N139, P140, E141) % Gly £7213 Ala
TEIRL, HEEMKE MBS-1 & O & OB 56 % B A
LILR L7z D8R, N139G, P140G, P140A £Z85L0K
T, MBS-T1ZxF L THI S 2 THEEBAITEAE T L, 0k
TIFIF 51, N139G ZE8HRTIX AH DK, P140G,
P140A FAFRTIZASe DAL B Z EAWIH T % >
72 (Table 2), BIFHEDNI39G ZEFEARTIIITEEYH—OPEA
N7 M2 S ZAEATRRS S, ARGE B 139 f175, B
KM T S92 R2 RO W134 L DD C
LS, F7 I ERERIC X ) R2 RIS LAE L,
BAMPET T 20082 515, F-NI39ALERAEKT
IHEEBRMEOET AT E A LD SNRNT 25, 139
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Table 2 Thermodynamic parameters of c-Myb R2R3 mutants binding to cognate DNA, MBS-I, at 20 C.

protein n K./ M~! AG° [ kJmol-'" AH / klmol-! TAS°/ kJmol-! AC, / kJ mol-!K-!
wild-type 1.01 2.0 x107 —50.7 —52.3 —1.6 —2.6
N139G 1.00 3.3 X106 —46.5 —47.3 -0.8 -2.5
NI139A 0.99 1.3 x107 —49.9 —52.0 —-2.1 —-2.3
P140G 0.99 3.3 X100 —46.5 —52.0 —5.5 —2.6
P140A 1.01 3.9 x10°0 —46.9 —51.5 —4.6 —2.4
E141G 1.01 1.1 x107 —494 —48.2 1.2 —-2.7
El41A 1.00 2.1x107 —51.1 —49.9 1.2 —2.6
The n value represents binding stoichiometry of DNA to protein.

WMOT 3 7L IO A F IV EF THR2 OBk 7 a"“ge“ a““ge“
[T H D Z EATRIE S NIz, —JiP140 BT OB

DT AT ASe DWW IR S Z L1, DNA H*ALT

WRWIREETD Y VX7 BAlO T o E =R

bDLERONL, $TbH) ¥ —Hr b DNAFE: Jk

TIEHLET /oMt x L A7), IEGAIRAETIZ 140712 protemG/' ~—protein G
Profiiidp % Z L CHHENIIZ b, #EiRE LTHE Fc/

DHMT AN F—ZL (AG) 2P SEDLLEVH)ZETH /

Bo CNEY VISVET +— VT4 YT OREPS L &, pmtemA% #\pmtemA

Pro FRIEDE AR Gly FILDZEIZ LY, ZMREO =+
T —%Tl Tf%[@ku%iﬁiﬂzb, PRV iy
1t35 (V5K mol-13E) LwvIitar b B %
T5.4 F VNI EDDNA LHEGTHILTHILET 072
Wiz L 2 (HAMEIRNTEO kST K ENS)
EWVIOBIRIE, [T—=A)V - Tx =T 1 7] EEENRS
! E'JDNAEL;?& CBWTEES
AHGERD B S BJFINEE S 7z,

3. ADHUREBHAEE SABEZ1L

IgGHURE DD 5 R RTF NS %5 555 i
K150 kD8 X7 BT, 2@EFT OPUSHE G A & D
(Fig.2)o ERNTIREERIERIC, &5 WVITRIEDHD
WU & o T, [~ ERDSEAE S 2 PR DTS & BRI

B B BRG] LV BRPASN TV D,
NS BHURDOPUE SR O 2 LI 3As0D THIBRGE , &l
MR DRIEL L Vo725 ¥ a FIVTFH AL I fRr> 2
MR SND, EHESIINT T UPRO—DOTH D (4-
hydroxy-3-nitrophenyl)acetic acid (NP) (Zx3 %D
PINP £/ 7 1 — FVHUROHUH RARSERE T 2 17> T

b TOWFREDO—DE LT, HREILDTTIANE % BT,

B X OMBERRINIIENT L7ze 7 X BERCHN 2 & 0 5 22 [F]
—7 U= PR L EEZ SN D 4 FEHOPINP PR
(9T7, 9T8, 9T10, 9T13) DEPUFFERFEIEIC OV, ITC
2 X BB AN & FRIE 7T AT VBN, TR =12
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Fig.2 Schematic diagram of interactions between mouse
IgG1 and antigen, streptococcal protein G or
staphylococcal protein A.

L BRI 2T o728 25,
FIIZASe NS B AFIA, BEEFRII IS G e
B (kon), THEEREETEL (ko) & qﬁMT%ﬁrﬁJ’\Z{ft
LTWBZEDRHLNIIR 572,00 T AUSHIPER S GEEE I
BWT, YRGS [V 5= s [ e R
TN T B2 L R LTBY, EWFENREL Hbt

TRDO L) IFRTE B BEE OBk, BRon7zLo8
— M) = TEHEERRDOPUR LAEET 2 LENDH Y, 5074
5 BRFEREDIL VA RD S b . ZDFER, FeEo
m/, iﬂ,ﬂi M2 bz k) [V v i—] 0 X)) 12
G LIRS 5720, #ENHBRTOAS DREL 25,
*73, mzwmmm, & BIFEOPUSII LTl < F A
TE5L)MLT 5720, THEHER] MICHURA TS
iR L L, FAHIBRTOASDINE L D LIRIRT &
%o INOZPURD AN EosdiE, Mt
T SN L7722 805, WO THIHNE, 50
EEIY S ORNTH ), FOREEDENAE: 2 PR
RICHEGFTHLDEEZOND, T/28PUE (9T7, 9TS,
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9T10, 9T13) Tld, HIFIZERZERIC LY BRIMEABEA L
TWDLY, 73 EREB SN E2 ko 5 &, P s
EEAEVEH S BEML2ST Th L, FOIMIIZ L % < o
LTWb, INHEEMTOT I /7 BEEHRS, ke LT
PUEKE ERLORERE R, PURZ DS DDLEMHIZHFS LT
WELDEEZLNL, [AEOT I/ BiEfuIobikc
DRO LN, TNOPUFREEE A O BN 7k otE %
BoHPZLTw 28, PRIy aFviyA vl
SHOIHNIZEIC O RECEMT 20 EEZH5N5E,D

PURISB R OBUEAE G0 (B 2 131G Pk <ld 2 T,
IgM UK TIZ 10 1) 2455, FRCHURI RO it
JIzx LT, SR A 2SI G35 2 & T,
R LOREBRAEIERT 2, SOTET 1 T4 OF
Hd, SPUEHE AR O BRIVER W EEIE, JUROKE S
RHUE AL, PUETE b — TOREER EICHEENS,
P51, NT T THHNP &R AT, KEEDHR
Gl Dy VNI EIEGEEb O PR & L CHiR
L, SNOHEPUEE, BHEOR L 2HNPE/ 2 0—F )L
otk & OMEMEHBN?S, TET 1 714 LHEM# 130
DT D EREHNT-& OMBEEH S 2 L7289 F il
T, PUE - PURBEAHE RS, s O e o 7
ExREMAL, FTEOFMEOTILHHEOT 17> T
50100 BLTJFEFRIT O ML SR & G0 C, ZenoillE
FHHED DY, BA N MBI DA HROREERKRE
EFTICETETIFA SN b DL E2 b,

M b COPURITUR & & L 7o Eia e ~ME 2 %
ZERRE LTORIED AT 50 ZOMIEN S 7 F IR
FEZB LTI, DUROREEZ OB AR ) ik
A SILTWBA, K D\, Bl 23T 4 O AREE
FERNTRER S, DU E L) 2 LA%80 & 2 s
W Bo—7, 1T& A EREEBALDTRD SN WE b
ENTWVDE, IHHOREIE, FUSKEGICEE D g2t
FFNNELFREND, HDHVIIHIAD A Lh
L AR LY, BAAOMITTE TR LV 2 & &R
T5, EHELIE, DEOMERNOT 70 —F bt
L, PUROEREBIEET 55 2808 (7 Ko EkE
HEOTOT 4 v ARESEEHRO 7071 G) 27
O—7% LT (Fig2), PUSHEAIC L B8 A T L7
bbbtk 7us 4 AR TUT A v G EDOMEERER
Wix, PUEOTFAET, FFEAETENENTITo72L 25,
YUBAFAE T CORABRMEDE S KT L7z, 112 2
b ORERIE, PTUERE S I HTUR O AT & h 02
Y, 7T VARTETA VG EDATE— FHE
1642 LRIRTE D, FH2 7O 74 A ISHURFe S5
GTLIErs, HHEOEWIRL ¥ VRZB2 T, 1t
R R IHE S ORISR T 5 2 L 2Rz L, Hifg
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Fig.3 Structure of Hb peptide covalently bound to I-

Ek (PDB code, 11EA). I-EX o and S chains are
shown by ribbon models, and the anchor residues
of Hb peptide, Ile (P1), Phe (P4), Glu (P6),
and Lys (P9), are indicated by spacefill models.

Ny 7 FIVEBEICES T2 2 L 2S5, PilkeiL
ey T FIMEZICE LT, MU a1c & DM LoE
BOPURD LG SN D LBEEAE SN TV LA, i
JTIRY R EHEZ 12 Lo & § 5 BAHUERE A1 kE D
TIEILEBIBUIHITE v TE, & v 37 B
ELTOY F—L4, BLXOZFOF ) I —I|2 & D HIHE
PALOFFIDEE S 721D ZRED D A L & b HAf
PUEGEERE D ¥ 7 RIS, PUROBEZE LRS-
PLEEEZ HNDD, T 5 IPEE A Oy 7 ¥ 7
4T 4 LPURREZEAL L SIS A TR E A MR TR,
e %t b,

4. MHC class || MTF RER:HME S i8EZ1L

MHC class 1173113, Z2DKYXTFF FEEr 542D,
HURL /NI Y SA F iz o v X2 BHUE RO~ 7Tk
IHEA L, IhE THBICHURIORT 50 O iR
WA B Y — b EI2AD a1 v 7 ADNLEL, b2
KO a~) v 7 AIHUE R T T FONFEED T &
T3 (Fig.3)o AARNTH L { A S 1L72MHC class
45 F1E, MHC class B A >N 7 > MEAPRART T
F (CLIP) &AL THY, ZhAMMpH O/RNREAT,
CLIP 7% B U HIRAR 7T FIZZH L, ffaaRm o ChHus
WRT %o ZONVAREE ECHETNE M, PURRR~X
7'F RAMHC class 11 D% FHidEo— & L TRIRT
HY, XTF FHIHEEG L TR WIREECIRZEER %) 2
EDBIF oA, WiFEEREE LT, MHC class II =X 75
FIEREARRETIIEL S 2 Z L YO THEECTH A 2 L 0,
FOENTH D, #5513, Y7 AMHC class 11 D—21-
BN TG E LT, NEZTE Y (Hb) HRONRTF R
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Table 3 Thermodynamic parameters for denaturation of I-EX-Hb at the denaturation temperature at pH 5.5.

pH Ta! C ATq / C AG / kJ mol ! AH / kJ mol ! TAS / kJ mol -!
5.5 75.4 0 723 723
7.4 67.2 —8.2 —11 874 885

%, 1-Ex BEHONMIZY) » H—%AHh L TOoRIFI-b0%
U, L, B Lo MG TE2EDTHOhD
MHC class II &X7F F & OBGRORE RS HT s
TV B A, 1500 JRIZEMEELM T TR FASHad 2 fliE
DV CIEH 2 VARGEER CIEBE T E 2oz, £2
TEELIL, HELTWARTF FHMHC class 11 D%
EVEICEET L2 E2FIHLC, I-Ek & Hb, KUFDT 3
J BREIAHD X7 T N & OBEAROBZE L EIZDSC &
FCIAT L, 8% pH OWEE A ET L72, 1719 ZOfER,
WFNONXTF FEEKICBWTY, BN pH TOLEMHRE

(To) 3PikpH & 0 A Eh o7z, &5 IEEEIEICHED AH
ET EOMBEE AL L, ORISR (pH 5.0 ~6.0)
EEsEIE (pH 6.5~8.0) X7 V=TT AHIETE,
FEVERRIS C ORGSR P IO 2 L 3 B 2 &
AR &7z, 1-Ek & Hb BARDAH & Ty & OIHBIEILRA
5RO ENDAC, 1L, BEMEFETILI K mol -1 K -1, ik
FT15.9 kI mol ! K- 1 TH o720 KIZZDAC,HE
W, [ DR T oM pH & ik pH OZEEI Rk ) B3
BEHHLEZA, BRMEpH TldipH IZENTZ Y b
0= L ENTWD Z EDHSL N7 572 (Table
3)o AC, HERVEpH THIX IS 25 TH DGR L H b
TEET 5L, MHC class 1193 T 3B pH 40 T Crpk
PHEMT L0 HFIICIES WE [ =T U] # & o
THBY, AN TRTF FEcd 5 &) g
FROHHTE S,

MHC class IT HEARTF F & ORBRGRHEIE, XTF
Fo7 v —FkE, sHEd5MHC OFERT v + (P,
P4, P6, P9) L DHALGLETHIN I ON L, FESIL
CLIP L HURHBRARTF N E DTG, b b~ 7 F
F & DA OENEH S 2123, ¥ AMHC
class 15T I-Ab 23R & LT, BEAEROBISENE % fFT
L72020 FRCI-ER E[AIRRIS, T-Ab & XTF K& OHEEKIC
BWTh, BMpH TL YV ZETHY, EHIZWTNOpH
FIHIZBVThH, JURNRTT N & OBEESRO L E VD
CLIP L DBARL Y dmd, W7 T FIHE T Tl P
PR T F RIS EN ) 5 T EDTREE Nz F72
CLIP DPL R v MIFEAET LT v i1 —kHMet %, Pilil
RTF RO T HFEEPhe ICEIEL7-E A, ZDI-Ab
BEROBEEIIPRRTF FEFAEEICETLAL,
ZOPLFMOFGIMD TRENWI LD I 572,
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ZDHDI-A-CLIP RO SRS TR R 10T hH, <
TF FREROFEEE— FIPERTF FEeEDY %<, )8
FREIZE DS, 74 F 2 7 A% & Iohgrs LR e e
L, AW MERERIC LS TV D 2 & AURIE
ENTz, EHICLER EKRET I/ [REHHD T F N &0
BRDOBLEVRNHERIZB VT D, FEXTF FOT 3
J BRIECHI DN AHARIZIRE N 72 25 SN i 2 L &
ELSELZENHS IR 272,19 THIRZHERIL,
MHC class II_EOHURRTF FOEWIC X D02tz
WL, BARBVITFNE AL bDEEZOND,

5. bW

Pk, ZhE CHie o5 AH VRN Bl S 2 8 L,
FEAF D STARREEFRAT 720 T3S S e Wil RS2 b
O EOFGICHET 2 HHME IS L, & 37 otk
PICEE LM EZETE T, e O RN5, BT
VNZED [FoHha] L) A BGES S, Bk
M ORERENHED LTS 2 LT 23 U 5wl
FHRETH L L RS ON D, HABEHENOD2H S
JEF- L AV T O ARSI SO THH 2 A 52 5
B, ThHEH L F TS VT WL Y VY B EEED
AFvTay MITERV, L LT, &2HUKOH
S — D DR E R A%, 20 SN E BTSN
MNEZT T4 =8N 153 FTEICBIET 5L, FeXFab
DET — DI L EE L > THIELTWE T LS
WTEND 2 & VX7 G TARIEI R CEM e LARREE
BEROWTHIELTEY, 05T & OMEERREIZIED
BIFEOMEICPERLZY, Ha%AICIdu—AL - 77
=T Y T RGO AMEEZALSHR S Y, F72
b LB BIEIPIAZAL T2 2L b H Y ) HTH
B FORRE LT, ey 2 EOBEENRILS
5B EV)FETG R A = A LDGFHET b o AR TIRRT
E7BEEDT, ¥ N EO—HOWEELE, BED
TR TIRZAOND LD H L, iy A+3Is A%
GO TN ZAIZEIZ D b DAL <, HERRE TR
T O E #1700 7 &S BREL T, ZMIIC
RIS BTN D Do RANTS I LELT [5280ED
T HHEfEN] LV ) BERREEZHS 2L T ET
5 N7 B O H BN s s Lo, e Tk
DFGEL H b THBRDT — 7 DERIFEI2ND EZHT
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Hhbo 82N BRI BV RO E D H 72 2R
Weh25ZLIdE) TTH RV, & HISLRMEIEHH
& OERIFFIEDOME R, W THRIET 54 > 37 ]
2L o THERELRKGFOFGOMNG E4HET TR
OOND, FFHGIEMRE Y 230 BOBI )T ATV,
Y N B AR, DWTUIEMRFBEIRL 5 5 v 8y

BOREREREHINICHB L 720 EE R TV D,

B om

—i o FRCHIZEIE, FSA O AR & SRR
REAITTT, PRAIE L CRBOR), Bl Ol
THEARE) 3L, &L ofkEFEECRFEREED S £
L DRFIFEDOEN TH %o IiRISEL THEEZE L,
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