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dU=5Q+5W oQ

HNFE2EL;

dS=dQ/T

S=klogw (k:7 R LY TEH)
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AG = AH — TAS

AG = —RT InK
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X+P=2PX K= - K =—
[P][X] K;
AGP= —RT In K¢ log Ky = ~log Ka = PKy
= —5.708log Kf K]mol_1(25°C) pKy BA1FEITREBEAG DELE—5.7 Kjmol™?

3
BRPTOHFOFHEHTRILEF— —5ksT ~ 3.7 K] (or 0.89 kcal)(25°C)
Ky =10 (AG°= —5.7 KJmol™" or —1.36 Kcalmol™) gt )2+ SNFOHEHIR)LE—
EH3 NI LEEISET, DBEHES

K = 10* (AG°= —22.8 KJmol™") 238 NAMEE IR

Kr = 107 (AG°= —40 KJmol~tor — 22.8 Kcalmol™) 97 »oh\EES K



NaCIhKIZ AT AEDE N

AH/KJmol ~1 AS/KImol —1
NaCl (s) >Na™ (g) + ClI~ (g) +786.3 +0.227
Nat (g)+Cl~ (g) >Na™ (aq) +Cl~ (aq) —7g87 ¢ —0.184
Total +4.3 +0.043

SBFEEN AH=+786.3-782.0=+4.3 KJmol 1 T H I Zh

I kAOE—Z{E AS=+0.227-0.184=+0.043 Kimol ™! T hOF—1& Xk

==;525°C (298 K)
AG=AH -T A S=(+4.3)-(0.043 X 295)=-8.5 KJmol 1

AG <0 NaCIMKIZIART HDIETorOE—DERKDE
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3. ¥ RMERRENTE

3-1. A ERE

F.2EEREE AT (Isothermal Titration Calorimetry; ITC) (Z#EE N ZF1EM D FITH T LIRICEZS1EER
B LLITEERIGEES AT IR NFHNAETT . MERETNEETHEECITBOREEL LIRS FE 57
H.COBEZRATETHEICKVBEEROEEERH (k) RICDFESLE(n), TURILE—Z{E(AH). BXUT
VhOE—ZE(AS)ERERBICENTEET  MOFELELGY ., AHADILFEHOMEBEMEEILEEX
BLET . BRRKEIGEWVRETCAETEET, -, IHOEBR THFEEEERORELGENFTO
T7AIVEFREBETELEEHFRD—DEWNZTET,
ITCHEBAIBIZIEHUTILEILE)ITZFLUREILOMEDLD>TEY . FED—EREICRNI-H T ILE/LHh
DEM S FBRICHLT. BEIIOOHDUA VR BRERIAODYINLT DEREELE T UA VLY
VTN EILANBEESN THEMENBEERTHE. EEECELAILI-BORAEFT-(XRINSAEBIYET,
AURBEDETIZSH>THUTIILEIILEDEM D FOHEE T A taf IS, B2 FILILED L THEREMIC
AVREDFHFRBDAHMNERBISINSEIITHYET, Fig. 4IZFDERARETRLELT -,

ot

HaT=o(BES¥0)I—MBT -0t
nL~BBzhd7Zs—Frie2®8H
{ Differential Power=-DP) 248 &, BEL
-MEENET Tk,

YITLLAE—SEY—E
ORH (BE) ERE.

{ Reference Power)




Fig. SICHEIMRITCT —2EE R B TEMBEERLET . ERIXVAHURBREZ YT IL LD DD FBRA
BET18EICH =D TR T LIzEZED T2 RLTHEY. FREE—VDOEBIIZTDRBEICI >THRELI-A=IC
FILGYFET . T BRBFTEORERESZTEILHIZE TAIA VR EEN S FDOEILEICHLTTAOYNT 52 E
[CEYAERIDISHLBEERDOHKEFRENEGONTT , COBIDIZE . h—T T4 vT12% 1Z[1E0ne-Set-of-
SitesET ILEFERAL., BONT-RRN T4 YN A—TEZFHBTRLTHYET . KRIAVTAVT INTA=EDG EE
EHM.EEL, TVAIIE—ZLERODHENTEET,
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BEDT —INSMREEELKZUTDID(CKDHDZEMNTEFT . EFEHAVCL 1 1IORIGICHH LT,

M+X=MXDfEEFE (LRI TRtk =NF I,

(MK
K = _[X][M'] (f16)
Xiot = [X]1+[MX] (f17)
LMX] (F18]

Mtot = IMX]+[M] = [MX]+ KIx]

C ZCKIFFEEEE T,
MXIEEDZEL(E. B E U TR EEEMTENET,

dQ = dIMX]A H°V, (f19)

CCTAHIFFEEDEILIFILE—, V, [FTILERE. QERINEERELHETT,
(f16). (f17). (f18). (f19)KKXDXRENEHNINET,
1 - (1+r)/2-X./2

1 el 1
VoldQ/dXtotl AH (2 TR 2K1-r)+(L+r)2)12 )

(f20)

T, r=1/(K M)s X =Xo/M TT o
EERAEATREE CUT SNSRI (S5 A —5 [FRERIQ/AX,, (EBICIFAQ/X,,) TT. AHIEEERS T OMREE

73‘5%%“?3“0 FREDOLSCLT, BIFEMBEE LU TAH EKNAROSNDDT, (21)AKDFIXIRILF—AGET
OE—ASHEHENDZECIRDFET,

AGo= AH°-TAS® = RTInK (f21)
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(b)aDIILCHhLEB=ZARETIREHT,



(a) ELMV=[FLZ ERILIEE X DFEH E1I.,
(b) RCNLBADHITIBEEXNZRAERI=LD,
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E6.11 oligolAl-oligo(UIni@& o, —Eo4AHBROER, —o0FTil, bRAREA54—5 (2 0T
THWTH), BNEFETITEL, ERE-154—5 B2 107 /mole T, ¥EEFEK=Ff-sTH2h3
ﬁﬂﬂﬁiﬁﬁitﬁﬁﬁﬂfﬁﬂ.%hutﬂﬁim153+rﬁuuﬁlﬁf,xﬁw+rfﬂﬂﬁﬁu
K=sTREHEh, BEIsing @R IZ L1245, HEO~2 . v rEHTIA v F2: 22274 (H6.9)
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CARICBTOEE - BESSOBELAL, BOEEHOBEY S5, [SU]L
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Tm&ld ?

DNAIXEE . —AEHSBAEEZE>TET,

TURE. TUOF O REORGEHIER (T TZUEFIV, VRV ETT7ZU) TKESE
BIZE>THELZLTWET,

ZARSEDNADBIREMBT 2L COKEHEEINTIFESh—KREEELYET,
CDIRREKEEDRLAR (Melting) EFETS . DNADFDS0%NNEM L T—AREHELBREMN
RERBE . 9B Tm (Melting Temperature., BifZEE) T,

TMTIE, ZAREHE—KREDOHFEHET HENEINFLILGYFET

BEBOEES. ImELEEBEXEINOREFILOHETIABDIREICE>TELYET,
—RERIIZTM D EE (TmfE) (. LTFTOESIZERLET,

IEEENELETMEIXEMNS

BREOEENAGWLEIMEIXTTIS

ERIDGCEENEWNETMEIXENE (T / FIURBDKEFEIT2KR, 2/
S7_UBDKEFESIEIAR)

ZHRI(FRILLT IR, DMSO%E) FHE T TIXTMIEIX T A5



TmEERRNFE/NTA—F—DBER

REEOBEZEMEICDOLTIE. TmEDM., To42/)ILE—Z{E(AH) . T FAE—ZE(AS). BEEHIRIL
F—Zb (AG) TEFHMIEEINE T, BAFICEVWTEHIRILY—ZE (AG) L BETEEXEE) 0N,
UTDEIIZEEINTLVET,

AG=AH—TAS

RERBREPTIX. 2DDELS—AKREEH(AL A2)EZAREHAIA) DB IZIXFEREAFZEMNABIILTEY. AL,
AMDEEITEHELWLERELET,

A1+A2 & A1A2

“REHDOREE—KREORED2DDIKEDHA TENERINTHEY . BEEDQDLRIZHFE-TIDM2DD
KEDBHIRIILF—ENEILL IFEHOFEHERDOANFEET H_EITLHYET,
ZAREDIKREEZAREHDKEDEOBAHIRILFZILAG)IEUTORICE - TRT CENTEET,
AG=AH—TAS= —RTInK* = = (1)

(R:UATEH. In: BARAXE, K: FHEE)

EETERL. ROEEREZYWEDHERLLTRLE-IDTI DT, ZAREHOKRELAKBE S FEKRIZH
HBHLLFEZF[N], IREDIRENGDHAHLEZD|IETHE, FHEEHKIILUTDLIIZERTENTEET,
K=[D]/[N]==*(2)

CCC.ZAREDEILDES o, BEBOREEZCETSAEFHTEHKIIUTDISICRT IEMNTEET,
K=[D]/[N] =2a/((1-a) 2 X Ct )= = *(3)

TMETIXIZAREE—KRED HEHBHEENELLLGY ., COBETEZAREDEI/ILDFRalX1/2(12HYFE
DT, B)KZED)RIZKAL., a=12F BRI HEUTOXEBTLSIENTEFET,

1/Tm=(R/AH) In(Ct/4)+ AS/AH
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6.16 D. pneumonia (R-36A) DNA OREHED 1 + VIEEHFE. 7= BEEGHE pH 7.0 ¢ KCl B2
FEeTH5. [5649]% b,



| J A
’J

0-15 m-NaCl + /

0-015 u-Na cnm;/

60 70 80 20 100 10
T (°C)

®6.17 WAWAEEISWEDNAD Y T=v+ v (G+0) SREHTIERRARE T.okiE.
DNA 120.15 MNaCl+0.015 MNa- 7 = v B pH 7.0 W T\ 3, & 1 12 poly(dA - dT), A 41X poly
(@G -dC) THH, MITAIC T.=69.3+0.41 (X GC) CREZhB B2 REORILRTh TS, [549)]
£n,



6.19 DNA O@F#h&R (L) & To—&k#H dA/dT(F).
B, RE, EE EBTEESHLRE92o0E -2
o hTtuwd, A260nm oD UV B ARL, dA/
dT +7cbHH AA/AT H, BEEZT BT 1 XETH
5, €E—=70MBRHBMCIOBOATVS, RENLT -
ZIoWTHE [557] ¥R k.



®6.9 HWERINIOTFREhic DNA —HLEAOKEK ([555] &£ b)

(A) B-DNA#ETOEENC 7 7 v 47 VhOBRER 2 » ¥ v 7 OREETI

—

3!

—

e —

5’ A T G C

T 36.73 54.50 54.71 86.44
A 54.50 57.02 58.42 97.73
C 54.71 58.42 72.55 85.97
G 36.44 97.73 136.12

85.97

¢ FFI1L19.5mM Na*r

bt T X CTRLTHAS,



(B) —EDEFNZ b > =EM DNA £V =— KN THIEERTIICE 5 TuflloFH

T (°C)
RAYVRZUvAFF

Sl e -

Poly(dA-dT)-poly(dA-dT) 45.0 46.9 -1.9
Poly(dA-dA-dT)-poly(dA-dT-dT) 49.2 49.4 -0.2
Poly(dA)-poly(dT) 53.0 54.5 -1.5
Poly(dG-dA-dA)-poly(dT-dT-dC) 64.5 66.5 -2.0
Poly(dG-dT-dA)-poly(dT-dA-dC) 66.8 64.3 2.5
Poly(dA-dA-dC)-poly(dG-dT-dT) 70.2 69.0 1.2
Poly(dG-dA)-poly(dT-dC) 71.3 72.4 -1.1
- Poly(dG-dA-dT)-poly(dA-dT-dC) 72.0 66.1 5.9
Poly(dG-dG-dA)-poly(dT-dC-dC) 76.3 76.9 -0.6
Poly(dG-dT)-poly(dA-dC) 77.4 76.2 1.2
Poly(dG)-poly(dC) 87.8 86.0 1.8
Poly(dG-dC)-poly(dG-dC) 99.2 104.3 -5.1

A0 F v EETORREBEOERY 19.5mM Natic/hL i,

P ERY = —PORBAE LT 6.9ADM» LR LI,

¢ Tn (ERfl) — 7, (BHHfd).
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£6.20 KRHOLBONERERE, T, (6.9 & B-DNAOSRYCOMENT X vi+ FORKHE
TRIDONICAZ yF v V=3 F— (3£6.8) OMOHEBME, M UMEIZVTO 2 2DOR S, 8
BIGREL 0.97 L MR CEARRLE AL, ZOTe» FEMDhATWAS R 7 LA+ FREDRAZ o ¥ v 7=
FNF—XE6.8D7T— 2 LETFTRRLS [536] ORI TVS, [555]Xr0.
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(a)

Figure 23-30

Model for binding of ethidium bromide to DNA. (a) X-ray structure of a 1:1 complex of ethidium and iodoUpA. Ethidiums are intercalated
(colored) between the base pairs of the dinucleotide phosphate duplex, and also are stacked at the ends. [After C. C. Tsai et al., Proc. Natl. Acad.
Sci. USA 72:628 (1975).] (b) Schematic representation of the structure in part a extrapolated to an excluded-site saturated DNA duplex. Note
that alternating sugar puckers destroy the dyad axis of the DNA but leave a C, axis between each set of base pairs, as shown. The pattern of

puckering also leads to a regular alternation of two classes of potential binding sites. (c) Two views of a more realistic model for the

ethidium-DNA complex, showing a kink and a displacement of the helix axis (the vertical bars indicate the local helix axis). [From H. M. Sobell

et al., J. Mol. Biol. 114:333 (1977).]
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Scatchard D ¥ 5E TS v= ﬁ
(BEFNE) t
Kl + a, + as N . )
bt =pA nEDEESH A DEBTHHET BE
K, PABRZDWTEYBBELGHI-FEERBEDHnE
PA+ A = PA, X a n(n 1)
X 278 PA B DWTEYBDERLGH-FEERBEDH &
PA, ,+A=PA, al
PABZDWTEYBI RG-S BEDH m@
[PA]
K = —nr [PA] = K4[P][A]
Y ! FRTHEERERET BE
[PA]
_[PA,]  [PA] _ —— =K, =k
[PA,] n(n — 1)k? (n—1Dk
K. = [PAn] _ [PAn] [P][A]z =K1K, = 1 2 2
" [PAn_1][A]  KiKp - Kp_q[P
g oo+ Dk
POEENEKEP], HELIADTELSE[AET 5L l i -
#oT _ Ty i{Tley () wilar
V= T
[P]¢ = [P] + [PA] + [PA,] 4+ +[PA,] n (i (PR I\
‘ D 1"‘21':1{ j=1( i )}k[A]
= [P] (1 +; .[A]l> i (n —j+ 1) _ n! Fy 2IEFE I n
) oD (1+KlAD"=1 +Z( 7 (KA

v

n .
N K G KD | gyt = 1+;m<"[‘”)“

n!

1+X% 1m(k[14])i

QIEFHEKY K[A] -
- n _ -
v=—1+k[A] |:> m—k(n V)



I. Independent site model BINDING
+ SITE

]

A

l./ Z.V 2/ L;/ WJ_ZJ LATTICE

ﬂ ﬂ LIGAND

II. Excluded site model: bveriapping binding sites
(a) Direct exclusion: large ligands

l-/7—-/1 EXCLUDED
H LIGANDS

.
b

{b) Indirect exclusion: binding at one site induces a conformational
change at an adjacent site.
EXCLUDED

VT TET
SITES
, o
(ﬁ LIGAND

) Possible ligand interactions with a linear lattice such as DNA. Exclusion models
involving binding site elimination through direct blockage of lattice binding sites by large
ligands (Ila) and through indirect blockage caused by a conformational change induced in the
lattice (double helix) by the ligand interaction (IIb) are shown. Classical independent site
behavior is shown in 1.



BEIENGMGES

Yok - nv)( i )H

c 1 ~(n— v
BRSNS ZI5E
v_ K(1 — nv) ((Zw -1l - nv)+ v~ R)"“(l —(n+ v+ R)Z

c 2{w — 1)(1 — nv) 2(1 — nv)
R =[(1 - (n+ 1)v)? + 4ev(1 — nv)]*~

Idealized Scatchard plots as predicted by Eq. (6) for different w values. The w value
for each curve is indicated at the bottom of the figurc. When @ = 1, which indicates no ligand
cooperativity, Eq. (6) reduces to Eq. (5). For the illustration, a X value of 10 is used for all
curves. Changing K values over a fairly wide range do not dramatically affect the curve shapes.
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