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Sodium 4-phenylbutyrate (PB) is a phenyl-substituted fatty acid derivative that is
clinically used for the treatment of urea cycle disorders by its ammonium scavenging
activity. PB has many pharmacological activities as an inhibitor of endoplasmic
reticulum (ER) stress and histone deacetylases (HDACs) and as a regulator of the
hepatocanalicular transporter, therefore extending its clinical use to the treatment of a
wider variety of diseases. However, our knowledge of the binding of PB to plasma
proteins is not extensive. Furthermore at the stage of development of PB as a drug to
treat described diseases, data from preclinical testing using experimental animals will be
necessary to verify its efficacy and safety before human use.

In this study, we characterized the binding of PB to human serum and investigated

its differences to other species.

1) Characterization of PB binding to human serum albumin (HSA)

Binding experiments showed that PB mainly binds to HSA in plasma. PB was also
found to bind to a single site on HSA, which was identified as site II by fluorescent
probe displacement experiment. Furthermore, an appropriate alkyl chain length and a
carboxylic group in the PB structure were required for PB binding to HSA, suggesting
that hydrophobic (and van der Waals) and electrostatic interactions are involved as
binding modes. The contributions of hydrogen bonding and/or van der Waals
interactions were also indicated by thermodynamic analyses. Tyr411 and Arg410 were
identified as being involved in the binding of PB to site II, based on binding
experiments using chemically modified- and mutant-HSA preparations. These findings
were confirmed to be certain by X-ray crystallography. It became clear that PB binds to
the same binding site as ibuprofen, a typical site II binding drugs and interact with

competitive binding in site II. In addition, binding of PB is affected by the presence of



endogenous compounds (e. g. fatty acid, bilirubin or uremic toxin) suggested that the

effect must be considered in the diseased state.

2) Binding properties of PB to mammalians serum albumin
PB mainly binds to albumin in plasma for all species. PB was also found to interact

with one high affinity site, which corresponds to site II of human albumin and several
number of low affinity binding sites in all albumins. The association constants of PB to
human and bovine albumins were relatively high, compared with those to rabbit and rat
albumins, and those to rabbit albumin is lowest. Experiments using site probe and
structurally related compounds, and molecular modeling study suggested that such a
species differences in the affinities is due to the differences in the structure of binding
site (e.g. charge, hydrophobicity or size). Furthermore PB and structurally related
compounds also interact with Tyr411 and Arg410 in albumin species as human. In
conclusion, microenvironmental analysis of site I suggested that bovine is most similar

to human serum albumin.

The results obtained in this study provide useful informations for understanding the
mechanism of PB and its derivatives binding to human serum albumin and other

species.
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Fig. 1. Scheme of metabolic pathway of PB.
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Fig. 2. Scheme of role of PB its HDACs inhibitor (a) and chemical
chaperone (b).

IR A N U RREEHEIE, RERAKOT ¥ R— A EEa I REN L SR 2 Sh,
INRRIZBT D8 RV EDT7 +— VT 4 TR EBHESE D 9. RARIELE T 5/
fafk 2 b L RET AR b= ZOHIRE 2 TH O S, FIRRAEMINA, RAERUS, AR
A NVAREGL T2 E SRR R OFEIR & 72 5 910, PBIESy vy Xm b LTHEET 2 Z & CTIE
WIRZ VR IEDT 5 —NT 4 T HMBIL, /MaEA LA ZBH S5 341012, F 7z,
PB [IAINZMRAS Ay KEGHS A, IFRBIGAS A J OV IBIERENE 72 & D723 AR B\ T, 4060
TR b= A EFHESE S HDACs FREAI L LCHIERET 2 9. BEIZ, PB 1X HDACs FHFZE
& U CH R MR B IE VIR DB b TR Y 1819, I 51T, ~NUF U h RS



BREVERFZEMIE 23T B MR E b, PB © HDACs FREICESSEHTH B 2 & 2SR
X T 5 1810, Hayashi 5%, PBIZJEE N T VAR —Z —OFREERARSH 2 Z L 2HWE L
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[CERARREL 5 2 519, HSAIZIE, 200N Uiz EEAEMRE AL E LT, ¥ FEH
A FIIRFEAE L2020, ZH NS 7 R A A CTIA & ITTAICHLE T 5 2 & DSXH G b HE S AT 1
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Fig. 3. Binding of PB to human plasma, HSA, AAG and y-globlins examined by
ultrafiltration at 25 °C.

The concentrations of HSA, AAG and y-globlins in pH 7.4 buffer were 600 uM, 45
uM and 150 uM, respectively, corresponding to the concentrations in human
plasma. The concentration of PB was 100 uM. Values are expressed as means+S.D.

(n=3). ** P <0.01 in comparison with plasma or HSA.
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Fig. 4. Chemical structures of PB, its metabolites (PA and PG) and
structurally related compounds (PP, PV, PC, PH and M-PB).



HSA (2817 %5 PB, £ OREHY M OBERIE LA OREE /T A — & OB HITITIRINEE
B, JonlemBitEt A MBI 284 FMin KO EEH K & Table 1 &
M 212-F. PB XU PA OFEET A M1 Tho7228, R TH D PA X PG @ HSA
BT DA IR, K2 PG IZOWTIIHRAEROR LN TERnoTz. £z, PA OFEE

EHIL PB O#) 25 43D 11K F LTV,

Table 1. Binding parameters obtained by ultrafiltration for

binding of PB and its metabolites to HSA at pH 7.4 and 25 °C.

Metabolites

Parameters PB
PA PG

5 -1 #
K(x10 M ) 13.7+2.12 0.53+0.35 —

n 0.87+0.03 1.11+0.35 _

# The affinity to HSA is too low to determine the binding parameters.
The results are means + S.D. (n=3).

Table 2. Binding parameters obtained by ultrafiltration for binding of PB and
structurally related compounds to HSA at pH 7.4 and 25 °C.

Structurally related compounds

Parameters
PP PV PC PH M-PB

K(x10°M") 4862064 20.1£6.93 29.941.73  25.8+0.44  0.52+0.22

n 1.09+£0.12  0.90+0.08  1.30+0.10 0.91+0.03  1.08+0.18

The results are means = S.D. (n=3).
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Fig. 5. Effect of number of methylene in PB and its structurally

related compounds on their association constants (K) for binding to
HSA.

Association constants are the value at pH 7.4 and 25 °C. Each point

represents the mean+S.D. (n=3).

—J7C, PB OB EREE LA OFER LY, PB X0 & 7S LAIBHOE N PP L O PB O
VAR F VNI E A F AL LTz M-PB OfEAEHIT PB & ik L TIK<, PB OfEA T,
KU D T3 VIR DOVIEDFEOBEEMEN IR I 7. PB L0 b7 L% LD E W PV, PC
FO'PH OFAERITPB Ll L TEho 72, E5IT, TS AMEEICE R LT, PA, PP,
PB, PV, PC X O PH OB ERZ BT 2 &, 2O LEMOBIRIMEIX T = =L & L
RNV DT VT NAUBAD A TF L BIHEAF L TR Y, bR mro T DT AT
LR 5 @ PC Thoiz (Fig. 5) . PH XA EIHWALEMITB N T, kb EW T LS4
HEATHIZHEDLLT, PC LY bIEWEEEREZ R LT,
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Sudlow & 2VBRE LUV T 7 Uy (VA I Tr—7) ROt ay s (F
A NI Fr—7) &7 —7L LTHHL, 2hboatrn—7 EH#IER)G PB O
fEatA NOHEEEIT 572, Fig. 6 [IZR" T X 512 PB OWMEOHEINI WY 2 Y ras
YOWKMEITLT L2 DD, ULT 7 U U OEERE DTN L. Z 0% E PB
[T HSA DY A R I ~ERT D2 &R ISh-.

PB O & OB S (L A CTH 5 PA, PP, PV, PC X' PH IZEBW\TiE, & it
N OENEEZE T SETEY (Figs. 6b XN 6d) , 26 DEEW S FEIEKIC HSA
DA NI SFEELTWASZ ENRBRINTZ. PG XU M-PBIZBWTHEEREIRIZE AL
AL TELT, ZOHMMEDRE NS LAY Lay @ Lot B2 BT,
& 512, PA, PG, PP,PV X O*M-PBIZEB T, UL T 7 U OEEFREIZELN 20D, 55
B L7272 (Figs. 6a X1 6¢) , $5IC PHICRB W CIREBEZ ICEEMENHIML THY, U
NZ77VDREELTHNDEYA FTICH LT, PHRTRAT U v 7 B2 RITLTNDH D

EovRE sz (Figs. 6a KO 6¢) .
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Fig. 6. Effects of PB, its metabolites and structurally related compounds on
the fluorescence intensity of warfarin (A) and dansylsarcosine (B) bound to
HSA at pH 7.4 and 25 °C.

Displacer used are PB (@) and its metabolites, PA (O) and PG (A), and
structurally related compounds, PP (A), PV (@), PC (), PH (+) and M-PB ().
The following concentrations were used: HSA, 20 puM, warfarin, 2 uM and
dansylsarcosine, 2 uM. The percentages in parentheses indicate the values at

displacers to HSA molar ratio of 4.
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%48 HSA-PB Of5A Kt

4-1 BI1FERIRRNT

HSA-PB O AAFMRERZ M 2720, FHEEIC LY, FREIZB W TR Lok
BNT A =B BT FZIfENT 21T >7-. In KIZx LT 1/T %72 > L van’t Hoff 7
2y NEfER L (Fig. 7) , ZOEMROBEE LR N6&2AH KTNAS #5H L THRHEE
Table 3 (2779 PB O EHRNT OGS, HSA-PB A RO I, FESE K VT & L
E—NEENTHL Z ERHLNE o7 (Fig. 7) .

15 -

In K

14 -

13

32 33 3.4 3.5
1/T(x10" K )

Fig. 7. van’t Hoff plot for binding of PB to HSA.

BHINIZTRTOES)FRI T A—42 (AG, AH KT'AS) 1ZADEZ R L, AS 13l & k.
WL TRYNESRIETH -7 (Table 3) . THETITHE STV DA & BT 2N
TA=Z ORI KL D L O BUKMMAEEMCE L TiZ AH KO8 AS I3 IEDOE 2 -3 723,
van der Waals tHA/EH D6, AH KOAS IZLICADE L 72 5. —T7, FEMMEAEMZ,
EEDAS WA FIT/NIRIED AH 27" d. 61, KA ORI ZE OREEEL O LA &
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NEALT D X9 Ga1E, KREREDAS 2757 HSA-PB OfHAEH TH LN KE A D
AH B D/NE70 AS O, —#XAYIZ van der Waals 150Kk EfEAIC I VIR ESND H D &
IR X415 404D,

Table 3. Thermodynamic parameters for HSA-PB interaction at pH 7.4.

Temperature AG AH AS
-1 -1 -1 -1
(K) (kJ=mol ) (kJ=mol ) (kJ=K =mol )
293 23484023
298 -342+04 58.6+5.5 0.08 + 0.02
303 234.0+04 e ‘ e :
310 -33.6+04

The results are means + S.D. (n=3).

4-2 REEHRROBREORE

HSA &V 7 FEOHBAEMCKIET, FimliEEACEREIRNOREZ RG22 &1
L0, U FPRET LA FORERENHEE TE 5 249, PBOY A F IL~DFEEITO0
THeRT D720, A A HREIEEAE L TRV AFv=F LI v ) ro—7 )L (PLE)
KOVEME L LT NaCl Z W TR 217> 72. PBOfEAIZPLE IC L WK T L (Fig. 8a), %
72, NaClfFfE FICBW T HIR T 5 Z L3 bt 72572 (Fig.8b) . 2D & H, PBD
A UK MR AR M ORI ALE R 3B 5- L TV 2 ATREME S /RIR STz,
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Fig. 8. Effect of PLE(H) and NaCl(@®) in PB binding to HSA at pH 7.4
and 25 °C.
Each point represents the mean+S.D. (n=3). **, P < 0.01 in comparison

with ligands OuM.

4-3 ¥ KA I T Fe PBRIOHEER

PB 0% A b ILICE T DiEARE MR 5720, RENY A N IEAEDE L TbR
HATTa T 2 ERNT, ZES%R (ZR0E, UH L RA, UFY RB) OMEER%
Kragh-Hansen 2328 L72 &7 WG TRIMT 21T o 72 (EBROES ) 49, Z €7 VI
U FAEBDOX Y55+ ETCOMBIEMRAZ ERBIITHT T2 b0 TH Y, MLk
OB 28 U 7= BREm AR & SEBRAE O LI ONCHI AAER DFRE L 72 5 71 » 70 U 7 EE (%)
DFEH R ORI & WAHEAER 2T+ 5 6 DO TH 5. q=1 K y=0 IZMZ R OB A 2 B
L, £72, 1 KO >0 OG5 1345 2 EORFE M RO RFEG TH D, 2FED U 77

RINE IR DENA~FEE LFDOMOTa 2T Y v 7 RMEERAZERL TW5,
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Fig. 9. Binding of PB (8-16uM) (a) and ibuprofen (8-16pM) (b) to HSA (40pM)
in the presence of the other ligands at pH 7.4 and 25 °C.
(a), in the presence of ibuprofen (16uM) (@); (b), in the presence of PB (16uM)

(O); - - - -, theoretical curves assuming competitive binding between PB and

ibuprofen(y=0).

Fig. 9 R L7ZEIICPBRUS 770 7 = ANIHWOFEAEZNE L, ZOFEE O EILH
BENE LT HR AR (=0) & —E L, PBEA 7707 =3V A b I NOE—ERICHE

ATDHZLENRBINT.
4-4 (LFHEMEICBIT S

Fehske 1%, Z % T2 HSA(LHEA A Z FWZHFFEIZ K 0, 214Trp L OV 41 Tyr 234 &
ARI RO A N ILIMETDHIEEZHLMNTLTND 464D, Z 2 TARIFEIZE T,
214 Typ KON UTyr Bk Z Z 24 2-8 RaXv-5-=huxrULrr7rI R (HNB) KO

T RToUEE 4-= a7 ==L (NPA) ICXVIER L (EBROESME) 1648  Z OhEETER]
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533 % [RAMIERIEIZ Ko THRHT L, HSA & DH# 21T - 7= (Fig. 10). Z OfER, M Tyr EAfi{A
(3 PB D& & A EICHE L7y, 214Trp BERICEB T DREE IR o7, T b D
KLV, PBAY A b IO NTyr SAHAAEH L TWD Z LR S vz,

*k
25 4
— 20 A
&\c’/
g 15
g
>
© 10 -
o
=
Sa
04

HSA Trp modified Tyr modified

Fig. 10. Binding of PB to native, Trp- and Tyr- modified HSAs examined
by ultrafiltration at pH 7.4 and 25 °C.

The concentration of HSA and modified HSAs was 20 uM, and PB
concentration was 10 pM. Values are expressed as means+S.D. (n=3). ** P <

0.01 in comparison with native HSA.

F7o, VA R TR A b IICFERAIHEAT DU T REHOCTRBROBRH (T 72 &
ZAH, HA NIV A RTHDLUNT 7 U OFHERL 3-1% 219Trp {LHEMIRIZ L D 3.1 1%
HAIN L7228, 4auTyr fL“HERRIC B O TEE(L Lo - 72 (Fig. 11a) . T LT, A
NIUH Y RCThLAT T 7 = QU 3T, M Tyr L AHERIRIC K > T4 158 L
723, 2MTrp {LFHEMRICIB W TED T 1.2 50N Th -7 (Fig. 11b) . ZOZ &b

b, PBITA 7707 = LI OREEHERTY A P I ~EE L TWD 2 ERNRB I
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Fig. 11. Binding of warfarin (a) and ibuprofen (b) to native, Trp- and Tyr-
modified HSAs examined by ultrafiltration at pH 7.4 and 25 °C.

The concentration of HSA and modified HSAs was 20 uM, and warfarin and
ibuprofen concentration was 10 pM. Values are expressed as means+S.D.
(n=3). ** P <0.01 in comparison with binding of warfarin to native HSA. ##,

P <0.01 in comparison with binding of ibuprofen to native HSA.

4-5 WAREROEEBICRITOMEE

P A b I EEA~O U T FEEAITIE, B TR L UTyr (212 T, 410Arg S EEREH
ERIZLTWDZERHESINTND 1950, 22T, TRETORNT 7 — 7 BEHRER LD
HSA {LFHEMIRIZ 1T DFEB ORE R A MR T D728, HSA SR RAZRMAE (Y411A KO}
R410A) ZAEH L, PB OFAICONWT S 62 5T 21T -7 (Fig. 12) . 4UTyr K * 410Arg
BT T =BT RR RV E AR, £ Y411A KO R410A (2B T, PB Oft &
(KT L7z, ZO/ES, PB3Y A b I FEIICALE T 5 0 Tyr L M 410Arg LAHAEMEH LTV
e RIBR I T,

-17-



100

80
S
= 60 -
S
2
£ 40 -
(]
2
~
20 -
0,

Wild type Y411A R410A

Fig. 12. Binding of PB to wild-type HSA and mutant-HSAs (Y411A and
R410A) examined by ultrafiltration at pH 7.4 and 25 °C.

The concentration of HSAs was 20 uM, and PB concentration was 10 uM. Values
are expressed as means+S.D. (n=3). **, P < 0.01 in comparison with wild-type

HSA.

Tz, REMYA FEAEMTHDLA 7707 20O Y411A LT R410A IZEB T HHEA
IZOWTHER L7z & 2 A, Y411A KON R410A W HUIZEBWTH HSA &l U CTREGME T
LTEBY, A 77e 7zt PB ERERIC UTyr KOV 40Arg FHA/ER L, A N II~FEA L
TWAHZ LR ENT (Fig. 13) . A 770 7 = ® Y411A KO R410A (231 % bR
SYEROEENZ, PB & H#E LT, 2T HSA (2B il R b b H e X 5
2, A 7770 HSA ~O#FfMEL PB LI L TEW. 202 EnD, MTyr KO
1W0Arg L OB EIEMALUSNC S, PB & OfEEZERIC X 2 BUKMEA EAEAS van der
Waals N7 ERRESFEELTNDL D EERZ BN
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Fig. 13. Binding of ibuprofen to wild-type HSA and mutant-HSAs (Y411A
and R410A) examined by ultrafiltration at pH 7.4 and 25 °C.

The concentration of HSAs was 20 uM, and ibuprofen concentration was 10 uM.
Values are expressed as means+S.D. (n=3). ** P < 0.01 in comparison with
wild-type HSA.

4-6 HSA-PB B & knkEdib, EEMmIT

AT E CORMEND, PB 2% HSA O A b II FEIRICHE ST 5 2 ERE R Iz 0,
Z DAARBLEIZ DWW T X0 FERICAEI T <, fh G 2l o, MEfitr 2 Bav & L
7= HSA O HEIT, #E EAlE L < PEG3350 & U VEREER # W -4 ciibhns 2 &
MZNED, 72, Kouno HIXHSA & A7 % g RY 7 A (Oct) ,N-7EF/N-L-AF A=
> (N-AcMet) O35 AL D BRI HER ORESFALRAFIZ 2-2 F)v-2,4-~0 0 DA — v (MPD)
UM UM T X MBS WTREZR R d 245 0 Z L ISP LTz 5. £ 2T, HSA-PB
BAEKROILRE I, 2 < 0 HSA O 5TV PEG3350 & U o Wtk 2

To &AM 2 T, MPD 230 L7256tk 2 04T L TRt L72RER, WThuofEd bRzt v
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ThHismEnEo (Fig. 14) , 2 b DfEHICHOWT PFBL17A T X B EBR ATV,
TR FR L2825, WiF e b PBHKREEZ DNAETHENEETE . Lo LAan
B, TERDFE LA T BRI R R RAED 8.0 A 725 7-D12xf L, MPD %N L
TS IR IRAE 2.65 A 207 L, HEXEMEIT 2 HA9 & L7- HSA-PBE A A D 3k i
{EIZIZMPD % JI0 L 7= f LS 0 28 L TV B L9 IcB 2 bz, 5o T, AR T
IR FRED VY MPD 2300 L 72t b S F T B U T2 il i I DD THEEFT L 72/ SR &

T

Fig. 14. HSA-PB complex crystals.

The best crystals of the HSA-PB complex. Crystals were obtained in the
reservoir condition; (a) 32%(w/v) PEG3350 and 50 mM potassium phosphate
buffer pH 7.0. (b) 28%(w/v) PEG3350, 50 mM potassium phosphate buffer pH
7.0 and 10%(v/v) MPD.
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Table 4. Data-collection and refinement statistics.

Values in parentheses are for the highest resolution shell.

Data-collection

Source PF BL17A
wavelength (A) 0.9800
Space group P2,
Unit-cell parameters
length (A) a=58.5,b=181.9,¢c=59.5,
angle (°) $=105.2
Resolution range (A) 50.0 —2.65 (2.70 — 2.65)
No. of observed reflections 232,151
No. of unique reflections 34,871
Multiplicity 6.7 (6.4)
Completeness (%) 99.9(100)
Rinerge(%0)" 10.3 (68.8)
d/a(l)) 35.7(2.8)
Refinement
Resolution (A) 453 -2.64 (2.71 —2.64)
Reflection used 34,833 (2,547)
Ryor(%)" 23.3 (28.1)
Riee(%0)° 25.6 (28.5)
Completeness (%) 99.5(95.1)
Number of non-hydrogen atoms 8,441
Protein 8,407
Ligands 34
r.m.s.d. from ideality
bond length (A) 0.002
bond angle (°) 0.418
Average. B-factor 86.1
Protein 86.1
Ligands 79.7
Ramachandran plot
favored region (%) 96.2
allowed region (%) 3.8
outlier region (%) 0.0
Clashscore 3.2

merge

=100 XX, | 2i| L (k) —(I(hkD))| / 2, XL (hkl), where (I(hkl)) is the mean value of I(hkl).

b
Rwork= 100 X th1| |F0 = |Fc | / thz |F0 |, where FO and FC the observed and calculated structure

C
factors, respectively. R__is calculated as for R, but for the test set comprising 5% reflections
free work

not used in refinement.



4-7 HSA-PB#HEKOEAEMEIER X UHEIERKRRX

AW CIERL L 72 HSA-PB #H &AM O X BIElTrT — & B L O EREE(LORHEZE
Table 4 (ZFC 7. AMFZE TIER L7 HSA-PB EGIRORE ML, 22MIHE P2 ICE L, BT e8I
a=58.5 A, b=181.9A, =59.5 A, B=105.2Th % Z L R LMoo 7=, F1=, BOHNTfE R

B RIRAEIL 2.65 A C, fEGNOIERFREALFIZIL 2 470 HSA (557 A 41 B)

S

BENTWz (Fig. 15) . FEMFRHEAHIZE LD HSA 551 A L4531 B Ok % E i
Bb¥s L, ®ET 55577 2 RO CARFHMO rm.s.diEld 0.63A LEHEH S, WiF
DEEREEITTET RN T & D3R S 7z (Fig. 15b) . HSA O KH#EEIE, ZhE ToOWE
[FRE, o~V v 7 A TR SN DMEEOE W 3 2D KA 4> (I, 11, IID) 2SR ST
T, TENENDRAAL T, YT RAAL Y A LT RAA4 2 BlZisfbainvTunie (Fig.
15a) . PB OfEAT A NIV T RAA » IMACHFEEL, ZOFAEY A MiE Sudlow 52k -
TIRBSNEYA I E—F LTz (Fig. 15a) 2. PB & HSA Ot 2 A%
BET 5 &, PB DB LR LT 410Arg, 41Tyr o O 489Ser OHIEE & ¥R E/EA L, 7
= = EET T LR LRI, 3¥7Leu, 3%8Tle, 391Asn, 392Cys, 403Phe, 47Leu, 41°%Arg, 41'Tyr,
430Leu, 431Gly, 433Val, 437Cys, 433Cys, 449Ala, K&\ 483Leu TR S N-BUKMER 7 » MZ van
der Waals fHE/EHZ M L CTILE > TWD Z ERH LM/ ->7- (Fig. 16) . ZOMAEIEH
2%, HSA & Oct OFA/EARENE —E L TRV (Fig. 17a) 52, PB & Oct 23454 L7= HSA
DEAFEEZ I LT, XS d 5 5557 2/ BRI O CafFH D rm.s.dfins 0.63 A %R
L, WEOEFREEILBTHDZ EBHOLMT o7, £, ZHETIZ HSA LR
PG 5 &, HSA R A A U ORLMZE L 2R T 5 Z L 2V HE STzt 5369, Oct
(12 OISR BER S e o 1o 2 Lin D 5259, [RIEE D HSA ~DfE &R ARR 3 3

DT IVFIVHDR S R AA AEEORIAEGICZBE S LTV 2 &EHERI S 7172 5159, PB I

-22-



WEPIZ 7 = = VERFET 5720, Oct L L TA LI EWNBEL 2> T D, Lo T,
ABFFERE R, PRITEEAE 512 K 2 HSA ORESERIIS, 7 = = VKON EmWEE DS D
RNZ EERL, TNETHEINTW@Y, BIBEO 7 VX LEHOE S HSA ~D i
BROMEAHNEE CTH D Z L 2T DRR w07z, SBIT, A b T fEEGIEHE LTH
BNLHYTE L (Fig. 17b) O 777 x> (Fig. 17¢) OFfEARRA LT 5 &, W

NbY A FILICEWNT PB HUORESHRAZ TR T Z ENHLNE 2o T,

Fig. 15. Overall structure of the HSA-PB complex.

(a) HSA is shown as cartoon representations, and the subdomain structures are
colored in blue (IA), cyan (IB), pink (I[A), red (IIB), green (IIIA), and palegreen
(IIIB). The PB molecule is shown as CPK representations. (b) Comparison of the

HSA structures in the asymmetric unit.
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(a) (b)

/ Cys392 \
c

ys438/ \Val433

Phe403
Cysd437 e
Gly431
lle388 Leu430
Asn391 \ Leud07
AIa449\ ~_26A

~| Arg410

Leu38'h\ ~ 29A

I Sso
Leu453 :2.7A ~ Tyr411

\\ Serd89

Fig. 16. PB binding at site II.

(a) Close-up view of PB binding at site II. The PB molecule is shown as a
ball-and-stick representation. Hydrogen bonds are shown as yellow dashed lines. (b)
The schematic diagram of the PB binding site at drug site II. The amino acid

residues involved in hydrogen bonds are surrounded by red boxes.
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Fig. 17. Comparisons of the binding sites of Oct, diazepam and ibuprofen.

The structures of the HSA-Oct-N-AcMet complex (a, PDB code 5x52°Y), the
HSA-diazepam complex (b, PDB code 2bxf °®) and the HSA-ibuprofen complex (c,
PDB code 2bxg56)) are superimposed on the HSA-PB complex. The HSA-PB complex,
the HSA-Oct-N-AcMet complex, the HSA-diazepam complex and the HSA-ibuprofen
complex structures are shown as ribbon representations colored green, pink, orange, and
yellow, respectively. The PB, Oct, diazepam and ibuprofen molecules are shown as stick
representations, and their carbon atoms are colored gray, pink, orange and yellow,
respectively. Hydrogen bondsare shown as yellow (between HSA and PB) or orange

(between HSA and the other ligands) dashed lines.
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EEHi PBOREAICBITAY T FOBE

51 HNEM®HE L PBREOHEEIER

MAEF O HSA JEEE T, FFRA, 37 v —8 KON IR 72 & ORERHC T8 L 17, iF

HENENIE, © U RORBEEDE R ST 5. 2o X 9 24K 0L0F T, PB @ HSA ~
DFEAMENZE L, FYEREIT N EH RN LT LN E 2 oD, £ 2 THRERME
WMEE L TENRE, BV AVEYRORBENEE LTHOND A RFIEERIZDOVNT,
PB ® HSA ~OfEAIC 5 2 5 Bt L=,

SN Ch D A7 # VR, PB OFEA ZARIRE N BIAE L olskt LT, RSN
ThHHIVAFUBKOA LA AR, RIREICRIT DHEMANA 7 & ol & el L TR
<, W EFIZHD PB OFEEEZET D Z EBNH L LR o7 (Fig. 18) . Ziud X Bfk
EEERAT N D b B K00, FHIENIR ChH LA 7 X A N TTICHEE L, PBO
FEEEHRAPICIHEL WD olcxt LT (Fig. 17a) , E#HIERRIL, 4 T EOYA I
DS DRERAEERE &V A MBS T2 2L T, HSA Do 7 4 A — a VL%
FELTHAYT A NOMBRRICEEZRIEFTEDEELLND 960, £ BV LEUIEE
BEIZBWT PBORELZHEL (Fig. 192) , REEME THH A > RE T IUEEEIZ DUV T
t PB OfESEE L (Fig. 19b) . 2O OFER LV, HRERFICH W TIE, NIRMEME O
HINMZ L0 PB OR300 L, £ OGRS L E RIZ T ATREMEDS R S 47z,
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Fig. 18. Effect of octanoic acid (), oleic acid (A) and myristic acid (ll) in PB
binding to HSA at pH 7.4 and 25 °C.
Each point represents the mean+S.D. (n=3). *, P < 0.05 in comparison with ligands

OuM. ** P <0.01 in comparison with ligands OpM.

(a) (b)

15 7] 15 7 3%

sk

—_—
e
1

10 A
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Free fraction (%)

0 T T 0 ; ;
0 20 40 0 10 20

Bilirubin concentration (uM) Indoxyl sulfate concentration (UM)

Fig. 19. Effect of bilirubin (<) and indoxyl sulfate (@) in PB binding to HSA at pH
7.4 and 25 °C.

Each point represents the mean+S.D. (n=3). **, P < (.01 in comparison with ligands OuM.
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BeHi B

b NER TOERYREGE o TV D EEX LN ETH D HSA I, miGHicikb %<
FIEL, FIZHBHEEMEREAT D NG, PBOEEX I TH L AREENE X NS,
L L, FEHESFREEAMESNDS HSA ICBWT, PB A YD L 5 2R THET D00
ZBET 2 WAII D, FEAYA FORIEEZIL LD &35 PB O HSA ~OfE S0 I,
PB DM ENREN B R A RFTT 5 2 X TEREV. £ 2 TRETIE, PB oG ic
BUILEFES R TE~ORERETHET 5 & & b HSA ~Ofi KXo T2, & b
MAFR REDFE L R T F e HOTERERLI D, PBIFAAGRy- 2707 U o CldZa< HSAIZ
faLTnsZenraniz (Fig.3) . ZHb D7 —# 1% Boudalas HO#E L —H L Th
D3 vy a7 OEFEIZONTIIH MR Th o7z, PBIZHSA E@WBIFMETT: 1
DEAERER L TNDZEBHLNE o7, —J, PAIXEIC HSA ~EA LW, £
DFEEIIE LS, PG IIWT LD F R 7 HA~bfEE LT 727> 72 (Table 1). PB i3 PA (T
ENTeth, FAVZIVEREELTPG &Y, IAREROYHENREL 225 (Fig. 1) . Th
HUZ PA KOV PG DARWEFMEL 7 v 7 X B IROTER % O 272730, PB OJRFE
YA 7 NVEFIEICKT DB RIZFHE L TWD D0 LILZRV.

WHT v —TEHRIER LY, PBIZHSA OV A R ILICHEAG LTS EBX bR, ZOff
HRER RITHES T A FOEZA ST 5729012, £7°, PB OB EMELEW A i
BEta T o7z, ZORER, M-PBIZEWTHEGMMET LIZZ &2 h, fEIZiZ PB O LR F
VVEOFFENM AR OB ENRBEINT-. £72, PBO 7 ==L L VR F VIR O
TFRMIBENIE U T, A ERNA S MCEML, 61T, TAFAMEHDOATF LK
% 5 (PC) £ THIIMSE D & ZHUTHEWVREER b HIN L T 7z(Tables 1, 2 X ' Fig. 5). 7
FRNVABEO R SIE, F A X ROFOBUKME & FEREIZER L TWD. 16> T, PB O
A b I ~OFEAITIE, BUKPEMAAER £ 7213/% O van der Waals I35 L CTnHZ &, &
I, A NI PCITHET 20 A XD FAHFETL2RET A XLRHLELE TV
TEMWRB I, 2D ORERIE, Wanwimolruk 5723, JEIAEE & N2 EERIZES VT
LR & K< =L T2 5. Roy b, /et OV F8 ) FiEz2 i L <, PB
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DY A b I ~DOREENE, A b LIEFHIAAAES 2 24Trp EL OBUKMEZ NS5 2 L 2
HLTND 0, SREIOHRIZEBWNTIE, A FLICHAET DUV 7 7 U O®ESEHREN PC K
O'PH 1Z & TR0 23, PB HINEEIZHI K LTz (Fig. 6¢) . 2D Z &b, PB, PC XU PH
DY A~ I ~OFEFIL, A N TIZHET DY Ty NEFORELZEIELE VWD, TH

ATV w7 IREBNREINT. LLED X ST, PB OfEEIZ L - T HSA 1281 DR AHNL
OIEEEANFIE R S, -, TOMAICE, BEOMEERANEE LTEY, KEHKA,
van der Waals /), BUKMAREAEH R OBEMH MR ERHE L TWD LRI, &

ST, ZhHOMAEERICEE LTWD HSA 1 L7 X ik IE 2 RET D720, (bHE
Al (SO R TS AR Z AW RREH 2 AT o 7258, PBIEY A b I 0 410Arg Je (Y 41Tyr &

FEFEM L TWD Z &R S L7z, HSA OREEIZIBWT, Yo b ITIEE O K-8 EAbE: 0D
N7y R TohY, 10Arg KO UTyr ORISR > & LTRSS >y hOAY RAHEICHFEL
T2 50, PB & & b I fEBOREENSHEE T D &, PB OB ILERF L IVEED VR
ZVERE U Tyr O 7 = ) — WHKERES L KEREA I L, VR F VDA A ALlE
R WArg DT T =V oy EFFERICHEFER LT boLEXx bz, — 5, PBDO 7
= = VE R OT VT VRIEEIT YA & I O IR sE il B PEAR A AE S van der Waals /71
FVENLLTWD EEZ LR, ZOHEwIT, HSA-PB HARD X #ii MG miric X v

FRES 7. (Figs. 16a & O'b) . £/, A4 P ICHETHZ DN VT ERLE

MAEEREXZEETDE, PBO 7 2=V EIZY T ERLADOR Y DT B E B OANER
oy L Eig o Tve (Fig. 17b) . RIS, Y4 N ILISREET 24 7 7 r 7 = v L AERER
REWT 5L, PB AT 707 2 NAFET DIV ARF VR, 3RIT 10Arg & 41Ty (Z
AKEFEALTEY, BT F/MEE B IZIER UEHAICHES LTz (Fig. 17¢) . £» T,
PBIE, ZNETITHME SN TWD YA FUFEGEY, FHIA 77 v 7 = LREROFHEAEM
R CTHSAICHEA L TWAZ ERHLMNE T,

LIED X 57291 b I ~0 PB ORFEAGE G 1L, JFHESOA TR BRI E R S Lo AR
WEHDNIH RN BIEMICEESND. AT T a Ty, ViaT et s, PTENL
L7 a7 47 7—ME, Wb YA R ILIZEAEASL 19, PB 2@ET 5 HEMENH 5.
BRZA 77 a7 = 0%, AR THY A R ILICEWT, PBOMES L BAMICIRET S 2 &R
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57 &7 o7z (Figs. 9a K U'b) . iz, BHREEE OERNICER LB OIRFBIEDE &
OEBEREIR &, YA N IL~0D U T FOFREEHEFEMN &7 576269, KBFFEIZIHV T, PB
DFEBITHT D NS OMEERNH LN E o7 (Figs. 18 XN 19) . 72/ THABNERIC
BT HMFTIE, PB O A HEORERXDNGNIEED 7 v MAAEHEIC L 0 872 > T\ (Fig.

18) . MEMIEERS &Y M, HSA 43+ LITHEEBUFAE L TV 5. PEJENMRIT, PB 36T 25
Y7 KA A v A OEBFNET A N ~MEEMICHEEGT 228, RSNENERIL, HSA XL T 2
BROREETIIY 7 FAA CITALSMISBAEY A b2 AL TWL 2 LB3mbhTnD
60, > C, RENENERIC L5 PB OfEE OMEIL, REEMBENEIC RAL V TITHFET D
NEMAREARE AT A P ERT DI LI TR AT U v 7D ThL EBELLND 6. 4K
NIZITZA VA VB, SV TF Ui EORBEBMBREITFEL TS 0, —fi%iZ, mH T
HSA (2%} LT 0.1~2.0 5 & D E/PRE TIEAE L TW D ARIGERIE 67, 72 5EH), FERP O
BRARRRABIC Lo T 6 EREICETERAT 23BN TS 687, F7e B UL U
TSSO 5 S HEIC L 0 i PR BR- U, FRCERIERBE TH S Crigler-Najjar JEFERE
IZEBWTE, AR UL E L RENK 100 (£ TEFT2 21, v LEe v ommBlintt
YA NI A NI THDA ™, ZHIEMRERER, SREICSNT, PBORAEMET LI L
MAEOERLI VAL 727 (Fig. 19a) . —J7, BTAFICBW T, 1 v R¥ LA
O MAPPEN 60 HREE TEATLZENREINTBY ®, ZhbliZk->T, PB OIfl
BH VR IFERDNEBEZ T DRI T DICEZLND. UEOX SR B RICk D
I AT, HSA OZLIZ L 5B L BET 2XLER S H. FlxX, EHTEE TIX, HSA ©
FRALIZ L D0 A N ILEOREE DK T 3OLFEEFERE ICBNTS, ¥4 FII~D Y H > N
AR L CHE R ENRE SN TN D 3789, I 5T, BRI MAEH 2R BORELE
BIZE > TH PBOF AT FEEITELT D, AAG 1T MEFIZEIT D PB O F 37 G~
DFEIE, SIFEREL VA (Fig. 4) , REMIMEREEE, RIED D WITBYWREDS S
13 AAG O IHEFIRENSEFM L I LT 10 f5ICE T EFT2720 67, Z 0 X5 70 RE8IC
BWTIE, HSA O A2 69 AAG I T 5 A IC OV T ORI vE LD, Zo koI, 4
6N PBOE MSEY R FEGITBIT 2 HRIE, BRx ZRERRIRIBIZI1T 5 PB O3y
e K OB R B OMPHICERTH D L EZBND.
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BTH NG

KE T, HSA 1235517 % PB, Z OHHMW I OB (VA O FE S FRIE 2 BRSNS 5,

7 — T EH IR N O X RS SRS AT I &0 AT U, BRSO BRI B AR
ONTHBREREIT o 72, IR LNk 2 2T 5.

1)

b MEZIRWT PB OEEREE X /37 5 FHEIXT VT X o Th -7, PB, Z O
K OB EAEE LA, HSA IZBWTHA b I ~FERICHES LTV, 20X
7 x =V E VAR F VRO T VX AR L, Fo, BAICIEEE YA XD
ARSI L 7.

HSA-PB#fi&iL, BT U L E—DHEENKE L, AKEHE van der Waals tHAH.
VERI DN EERRE 2 R L Q0D RS,

PB Of§&1E, A A MR EENAITH 5 PLE XM ' NaClf#E FTHEIND Z &0 b
BROKMEAR AN e O R BRI EAE OG- R Sl

PB O 71 VR % 2V HIE HSA I8BT4 b 11 fEik D 41Tyr, 410Arg K O 489Ser DHIEH
CEEMMAEERL, 7 2= VEKOT VS AEITB KR 7 » b & van der Waals £
HEFRALTEY, £, A 77m 7 2 EFLPOERTHEE L TWDL Z ERHLNE -
7.

PB OffA1E, Bk, €Uy RO o R VERIEIC & - THE S, WRERFIC
(% PB DAY EhRE K OSBRSS 8 & K AT I AT REME D VR S LTz,

LLEDORER 6 PBOFEEY A b OMBREEDEI S Fv, SRS D RIS H OB, 2K

20 B ORITEFEBUC DWW TR 2 BRI s s Sz,
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EI3E BWMRETNT I ICBIT 5 PB ORARRNT

1 &

AT TIE, PB Ot MISEHZR T A REZFEMICREI L, PB23Y A R ILICKET D2
LREDRER, HHAIZIBVT, PB OFMENRE N OB RN A B T 5 Al REMED R S 4L
7. AR D@D, PB X, ZDZEEAREGN D DAk A 22 RBA~OERIC AR ST g 519,
L%, PB -2 BISEIST 504, B MCBU 2 E#T — 2 04 b3, KFmRETHY
W RN BEIZR Y, T ORI, EYEEEZE LIZRENLETH L. WY
DT NT I, B hTAT IOV A T ROV A B ILICHYS T B 8EA 5 A OGFIEN R
BENTND 0, LMLARRE, BRI L > TRATM OBENZER BRES TR 3,
b MBI ORERMEDRTIEZR L, AT 28GR OB AR R Th 5.

ZITARETIE, V¥, VHXROT v NHKROT VT 2 2B 5 PBOREAFEZ G
L, &b, Rux o/ vIalb—va 20T, PB #EEEAICE T DM AERREE e
s L, PB OfEAICRIT D DRI A 5 72,

w2 WLEMOMEIZEIT D PB DS X L BORIE

2-1 RAMEGIE

HIZOMS & REEIZ, SRV Y, 3R T v FoIEcB VT, PB OfE& X v

INOFEBTNT I Th D0 ERAMEREIC XV R Lz, F8HOMER T VT I I

X9 5 PBOFARE, BIEICTELIN-E FTAAT I BT H O & HEk L7 (Table 5) .

ZORER, WTHOEBYFEICBWTH PBIX, MEFH CTEICT AT I UICHEAEL WD EE X
L.
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Table 5. Binding of PB to plasma and albumin at pH 7.4 and 25 °C.
The concentration of albumin in the pH 7.4 buffer was 600 pM,

corresponding to the concentration in plasma.

Bound fraction (%)

Species
Plasma Albumin
Human 98.15+1.20 99.68+0.60
Bovine 98.57+0.08 99.65+0.05
Rabbit 98.43+0.02 99.60+0.04
Rat 97.52+0.25 99.65+0.13

The results are means + S.D. (n=3).

%38 PB, Z DRBEMRUOBEEREEMDORKENNT A —F

3-1 BRAMEEE

BT VT I BT D PB OFSA /T A— 2 R T 572 9IZ Scatchard fi##r 17 -
7z (Fig. 20) . RETIE, @BFIMER OMERBFIMEY A O FIZOWTHE L, £ O %
Table 6 (27~ L7z, PB O EBFMEY A M (n) 13X, $XTOEYFRT LT I 2B T 1
Th O, KBRS A ML (n2) 1, B CERNA LN, B FEOY BT 2 EH
ey A MoxtT afaEk (K) 1E, VXK T Y h 7 A7 I el Ta<, £,
UYFTATIUPRBKREL R L. 20X, PBOT VT I UA~DOREEITRBWTHEE

DAFAED TR S U7z,
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Fig. 20. Scatchard plots of the binding of PB to human (@), bovine
(O), rabbit (A) and rat (A) albumins at pH 7.4 and 25 °C (20 pM).
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Table 6. Binding parameters of PB to albumins at pH 7.4 and 25 °C.

K1 KZ
Species n; n,
(x10°M™) (x10°M™)
Human 1.00+0.04 13.94+0.7 4.494+0.83 8.15+2.35
Bovine 1.02+0.03 12.8+1.7 5.744+0.58 6.45+1.07
Rabbit 1.26+0.05 4.11+0.72 5.38+0.58 8.33+1.59
Rat 1.16+0.05 8.94+2.15 6.18+0.25 6.93+0.29

The results are means + S.D. (n=3).

SO, BWFET LT I BT S PB, £ OREH &K OBEEE (LAY O mE e 1 b
DFEE/NT A—FIZOWNWT HIERZToT=. KW THD PG 1, AiEOE h T L7 I U
BRIZ, WTFho#EmET L7 I 2BV THBENMELS, B EBROE NN TH -
72128, PG UM OWT ik 247> 7= (Table 7) . T OfEHE, 26 0/AWIE, WTho
BFET L7 X BT S PBEER, @MY NI 1 TH L Z &R SNz, —J5,
TNT I ~OBFMEIEE 2 2720 PA, PP X O'M-PB (%, PB LV bRWFEAESHZ R LTz
23, PV, PC xO'PH 1%, PB X ¥ @& EH % < Liz. PA, PP, PB, PV, PC & O' PH (8517
Lt EER T 5L, B bT AT IVARRICH T O T = =V E VAR F LVIEH O A
FLBIEF L TR Y, BUKMAHAEERNORGEN RSN, £72, ©E RROY YT LT
SUCBWTHEAEERN KL E DS T-DX, AF L8N 5O PC ThHh-o722 (Fig. 21) , ¥
PELRT v hT AT I UNTBONTIE, 20X 2 2AfRMEOE VIR TE R0 T,
M-PB &, WITNOEYFET LT I 2B NTH PB JOBFMENE LMK FLTW=Z &
NG, B FTT I URERT, PBOALRF VENHENMHAEMER LTS Z L AURIE S
7z (Table 7) .
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Table 7. Binding parameters of PB and structurally related compounds

to HSA at pH 7.4 and 25 °C.
Parameters Human Bovine Rabbit Rat

n 0.87+0.03 1.02+0.10 1.17+0.04 1.20+0.10

o K (x10°M™) 13.742.1 13.2+1.5 4.0120.70 8.42+2.05
n 1.1140.35 1.12+0.11 1.03+0.18 1.05+0.18

A Ki(x10°M™) 0.53+0.35 0.45+£0.17  0.42+0.12 0.49+0.27
n 1.09+0.12 1.17+0.05 1.04+0.20 1.160.04

o Ki(x10°M™")  4.86+0.64  3.91+0.56  3.01+0.18 4.76£0.31
n 0.90+0.08  0.94+0.02 1.24+0.10 0.960.09

Y K (x10°M™) 20.146.9 16.4+1.36 12.1+1.9 16.1+3.9
n 1.30+0.10 1.16+0.05 1.26+0.03 1.21+0.03

e Ki(x10°M™) 29.9+1.7 26.942.3 18.3+1.3 20.242.0
n 0.91+0.03 1.22+0.10 1.25+0.09 1.28+0.17

o Ki(x10°M™) 25.8+0.4 21.842.9 17.6+1.3 18.4+1.8
n 1.08+0.18 1.12+0.15 1.11+0.21 1.10+0.13

M-PB

Ki(x10°M™) 0.52+0.22 0.44+0.17  0.46+0.19 0.34+0.15

The results are means = S.D. (n=3).
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Fig. 21. Effect of the number of methylene units in PB and its structurally related
compounds on their association constants (K) for binding to human (@), bovine
(O), rabbit (A) and rat (/) albumins.

Association constants are the value at pH 7.4 and 25 °C. Each point represents the
mean £ S.D. (n=3). #PB was used in the form of the sodium salt. a)p < 0.05 and 0.01

b
in comparison with PV and PH, respectively. )p < 0.01 and 0.05 in comparison with
PV and PH, respectively.
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3-2 W Su—TBHREER

INETOMERNOEIHRET VT I BT, VLT 7 U RO b as g,
ETNENE T AT ITHBITHA N T RO A N ITIZHEYS T 2L ~DFEE DR S L
TV 303 FiEDE T T I BT oME LRI, ZhbaH 7 e—7L LT
FHEL, BT V7 I it 5 PB, 2 OREY K OBERE LA OREEY A b O
4172 (Figs. 22 K11 23) .

PB %, WTHhOEHPHT /L7 I BN TH X b ay v OstRE Z2 b &
H—5T, V77 U OENBEL, DTG WIEELESERholz. 2 &,
Ty, UBEXRORT v hTAT BT 5 PBOEAEMNLIE, B N TV T I AZBIT AT A
NITICHYS T 288 TH 5 Z L3RR Sz, PB OBEEE LA TH 5 PA, PP, PV, PC
KON PH b WFNOEMRET LT 2 AZBWT, XU b a s v O ERE 2 &
TEv (Fig.22) , 2h ookt e 77 2 2B 59 A b IHITH YT 2 AL ~D
AR SN, £/, Xy AP ay v OmEBERDOREIX, e ey T AT
Y, UHRL Ty NI AT I URENERELIL TV, PA, PP, PB, PV XU PC D556,
ET VT I BTV NLT 7 U OE R EIIMEEH D WXL o T — 75,
PH (3t N ST AT I ATBWT, UL 77 U v OEEEELZE L <EMSETEY
(Figs. 23A K O'B) , PH OFEBICE VT AT 2 v DIRHEFAREEZSIC L 5 b 0 L HEE S
=, £72, PB OFfEAFHERR, VT AT I URRBE RT AT I UAZFEE LTS Z EN

~ENTE.
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Fig. 22. Effects of PB and structurally related compounds on the fluorescence
intensity of dansylsarcosine bound to human (A), bovine (B), rabbit (C), rat (D)
albumins at pH 7.4 and 25 °C.

Displacers used were PB (@), PA (O), PP (A), PV (A), PC (#) and PH (<>). The

following concentrations were used: albumin, 20 uM and dansylsarcosine, 2 pM.
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Fig. 23. Effects of PB and structurally related compounds on the fluorescence
intensity of warfarin bound to human (A), bovine (B), rabbit (C), rat (D) albumins
at pH 7.4 and 25 °C.

Displacers used were PB (@), PA (O), PP (A), PV (A), PC (#) and PH (). The

following concentrations were used: albumin, 20 uM and wartfarin, 2 pM.
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3-3 FyFrrvIal—vayv

BFRyF LT Ial—radlly, TAT7 -0 Hy REAEKROREAEICRIT 5
FMRAMERICET 2HEHREHGLZ LN TED O SEAWVEEMRET VT I ORNT, Ty
RT7 LT D X SRS XA S E o TR, X B S M S h T b
Eh, UVKOUHFHROT VT I v EHW TR EITo7c, £z, #t7 m— 7 EHFE
BROMER LY, WTFNOBHET LT I BT PB, OR#EH & OBEREE L EWIT,
ERTATIDHA N ILITHEE T DREBMARE L TND I ERRINEI Enb, ¥
A b ONEST Y7 FAA L A OFREEFEICBIT D Ry ® 7y Ialb—varz217
-7z (Fig. 24) .

BoONTZRyF U ITR=LY0, WTFROBHET LT I 2B N TS PB O7 == /LK
JOT V% NI, Leu, Tle, Phe & UM Val 7 & CHEAL S AL 7z BKPESEIRICAZE L CTH Y, PB
DA IVIRF IIVERT, BN~ FAD D Arg = Tyr, Lys fFUTICAZE LTV, BiEO
HSA-PB &5 507 X SRS e ST ORSRFERIC, & 717 280 T PB
DA IVRF LOVET, 40Arg/A N Tyr (ZUTH2 L T2 (Fig. 24A) . UV R OUHXT LT I v
12BN T, PB DI LR F 2L EITZ AL 2 09Arg/410Tyr/422Lys B Of 410Arg/*14Lys | % L C
Wz (Figs. 24B KO C) . BfEE(La% CTh 5 PA, PP, PV, PC KO PH O LR F 2L
FEOALENE, PB OB VR L VEEOALE EFEL L TV, —5 T, IHOIERICHWT L
AN ONZ 7 = = VS, PB ST R R DM ETHAEHA L TWD Z ERH LN LR o T,
F72, PCEUPH D X5 27 VFAMUED RWEEMIZR N T, TOMEIZE LW ALK
DB BT,
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Phe403 Val433 (a)

(A) A Phe403

\

Val433

Leud30
Leud07

Argd10 Argdlo S G R
Tyra11 Leu387 Tyr411 Leu3s7
) % Lys414 ?;;:/Ly?élM

B
( ) Phed02
Val432 Val432
Leud29
Leud06
]16387
A /E N
Tyr410 Leud52
‘; Lys413
(©) PRed05 Simians (c) Phed03 =i
Leu429 Val449 Leu429 I Val449

&=

Leu4%
Tyr4l1 Leu386 v Tyr411f

Lys414 Lys414
Vtﬂ?hems V@*hems

Fig. 24. Molecular docking of PB and structurally related compounds at the site in
subdomain IIIA.

Albumin species are shown human (A, a), bovine (B, b) and rabbit (C, ¢). Docking poses
of PB (green stick) and structurally related compounds (PA; cyan, PP; magenta, PV;
yellow, PC; slate, PH; orange) are shown in A-C and a-c, respectively. Hydrophilic and
hydrophobic amino acid residues mentioned were depicted in white and gray sticks,
respectively. Oxygen and nitrogen atoms of the ligands and hydrophilic residues are

color-coded in red and blue, respectively. The illustrations were made by Pymol.
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Fig. 2512, 57z Ry F v V2R VFXF —OfEREZ 7T ALEWHIO Ky ¥ 7= L%
—IX, TAFAASFEIEFL TV, BE PR T AT I AZEBNT, kb RLX—
MEL BEREGEZ R L TCHNEDIE, AF L4 © PV THY, L0 7S AIOE N
PCKU'PHD Ky ¥ 7=/ ¥—|L, PV LB L THONTHEML T\ e, £z, vi¥
TITINIRBNTUE, 20X 2R Ry o 7 22— OB ITHER T 2oz,
EHIT, RyF v T opg X —2@8WET V7 I B THIRT S &, DX T LT I U
bE<, B REUTTATIVOMEMPEBLTEY, 2k, VXTI 7 I ~0 PB O#
itk 7o RO RT VT I U ~OBRIE L D BV &0 S IRIMNEIRIEOFE R &~ L T

Wz

OH
m

(0]

Number of methylene (m)

270 A

-80 -

-90 -

Docking energy
(U_Dock by ASEDock)

-100 -

Fig. 25. Effect of the number of methylene units in PB and structurally
related compounds on their docking energy for binding to human (@),
bovine (O) and rabbit (A) albumins.
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Bathi B

FEHRET LT 2 0F, mOHRIESSEEIER S 212 BB 5T 20, 20 EYRE AR
(IFEAEDNHE STV D 308180 = D 19 e & LRI FERICEBIT 2B O 2RI, K
BB W THZZG S EZTERICR VS5, AIETIE, PBOE MTAT I 2B 5
ERHEE MR LT, PB X, £ OXARRIEBEA NI L OB L~V CTHEGE S LT\ 5. &
B~ PB OERKIS A AR AN 56, BB 27 — & 23K Bhie & BT
TR T D2 LEPENE LT D, 22 TARETIHE, PBOY I FEEIZBIT D AEIZ OV TEEM
iREE T o7z, B RT AT I URIERIS, PBIEA BV SEMREOMMET TT LT I T
FEALTERY (Table 5) , WFNOERET LT 2 v b @ mtES A b &, EEOE
YA PEFLTNDZ ERRBEINT. SBAEY A MBI 2/EEERIE, & MRV T
TITNT I VREL, UNRT AT I URRBIE»oT. S oI — T E IR X
D, Uy, UBFEROT v F T AT I UAZBIT S PBOEBMEYA ML, B F T AT I
BUDYA RIS T D2 ERBENT. Kosa HiE, ZHETIZ 5 >O@MFET L7
(e b, vy, A4AX, UBERORT v ) ~OYA NIIEYTHLHA T T 72 KOYT

BARLDOREEIZHOWNTHE L WD (Fig. 26) 3V,

Human
(@_@
Bovine Rabbit

=)

Fig. 26. Proposed model of drug binding sites on different albumins

modified from Kosa et al. (1997).

[]; warfarin biding site, B; phenylbutazone binding site, FF; ibuprofen
binding site, E; diazepam binding site.
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ok, A b IS T 24 7707 = o OEBFtEY A ML, T XTOT7 VT I UITHF
ELTWDR, PTERLOGEBRAMEY A N, vy, UFFROT v R T A7 I 2B 0
TRELTVDZEE2RHLTNDS 3. SREIOKHT, WTHoBwET L7 I8 PB O
ERFEY A A L TR, fiEO X SR mEERT O REZ I E 2 2 &, X ToEY
FET N7 I BT, PBIIA 77 a7 ERERIS, B T AT I OH A b ITITAHYS T
LY A N T UTyr O 40Arg EHHAAEH LTV D EHER I L.

EZAT, vy, UBFKRORTy b T AT IO NTAT I LD, FRER
75.6%, T4.2% K% * 73.2% T Y 20, PB OFEAEMLALET DY 7 N A A o TTIA #5 (& |,
Y XRNT v b TIiE 384-485 (i, VL TiE 383-484 1) BT LYY, UFERAT v b

OFEFIMEE, ZH2I 82%, 85% % (N T7% & iV (Table 8) .

Table 8. Alignment of the amino acid sequences of subdomain IIIA of albumin species.
The identity of rabbit, rat and bovine to human albumin is 85, 77 and 82%, respectively.

Data was analyzed using the BLAST.

384 410
Human PQNLI KQ NCELFEQLGE YKFQNALLYVR
Rabbit PKNLVKQ NCELYEQLGD YNFQNALLVR
Rat PKNLVKT NCELYEKLGE YGFQNAVLYVR

383 409

Bovie PQNLI KQ NCDQFEKLGE YGFQNALI VR

411 440

YTKKVPQVST
YTEKKVPQVST
YTQKAPQVST

YTRKVPQVST

441

PTLVEVSRENL
PTLVEI SRSL
PTLVEAARNL

PTLVEVSRSL

GEKEVGSKCCKH

GKVGSKCCKH

GRVGTKCCTL

GKVGTRCCTK

460

PEAKRMPCAE
PEAERLPCYVE
PEAQRLPCYVE

DYLSVVLNQL
DYLSVVLNRL
DYLSAI LNRL

DYLSVVLNQL
DYLSVVLNRL
DYLSAI LNRL

PESERMPCTE

471

DYLSLI LNRL

DYLSLI LNRL

500

DRVTKCCTES
EKXKVTKCCSES
EKVTKCCSGS

EKVTKCCTES

LVNRRPCFSA
LVDRRPCFSA
LVERRPCFSA

LVNRERPCFSA
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Mo T, PBOTILNT I U ~OREIZRT 2725, fEEVA b O— IO I % LI FFRT
LZLIEREETH Y, MO ONEEEL N E R MRS LEEEZ 2 bz, 22T, 4
FRyF T Ial—ra R DBEEITo TR, PB O AVRFUVRE, B N, U
CERTHXT T I OWNTIIUICEBWN TS Arg, Tyr KON Lys fHTICfiE L, 2607
J BRFRILE E FFERMEER LT D 2 Eoire S 7e (Figs. 24A, B X O°C) . —J5, MAAE
HLTWAT I VBEEXOMAEDLREI, BN, VIERTHFXT LTI KA THRRST
BY, T 10Arg/AUTyr, 409Arg/410Tyr/418Lys Jx X 410Arg/414lys THh-7-. £72,PB D7
= VIR O L UHIEEIE Leu, Tle, Phe K O Val THEAL S 41 2 BOKPEREIRICAZE L CTvd
0, BRI L > TEONEEEITITEVDRERINTZ. U EDZ &2 e, I RF VL
EHEAERT 27 2 BIEREOMA G DOERHKMER 7 > b OSLIRKEGE D72, PB OfE &
BT HEEZFIESHI LTS LRI, FyF o 7o —i%, 77X/ HllgHo
BIMZEEVME T L7223, #712 PC KON PH IZBWTC, Ry v 7= prX— 3k L7 (Fig.
25) . ZHUL, mr o tinaEERT Ustrain 28, Ry XU T XA~ CRxHT 4 T IR% 5
Lzl LBz N, 7800, PCRPH DL BRRERLGTN, HHVAXEHTDH
KTy MIFEALED ETABICAELDI D TORUNDRKFEZZOND. ZOFLE|ITHS
JiE, e RO U T A7 I o PBRFEY A ME, PVITHE T LY A X051 27FAT
LYV A RXEH/TDHEEZ LN, —J, Fig. 24 THRTEL X )12, X7 L7 IR
F 5 A EAL O ZE BRI IIE, MO T AT I X B LIRS, T D, HEkEIES
FThHhoTHHTORUNNEL, RyF L T2 AF =N NEOT T LTI LD
EL o2 b D EHERINT-. Ty FTAT IO X RS IIREE LN TE LT, K
FRTIE Ry F 7o Ialb—va &7 H 2 ENTERDoTZ. LNLARRD, BipfEi
2B 5 PB MUOBEEMELAYOREEBRIZHEASNTERTNL, VRO T LT
RVOHREITHY (Fig.21) , 7y 87 A7 0O PBREATMLE, VAT FXT LT
YOFBOYA XEFLTNDE0E LR, REOKRF T, 7/LV7 I ~OFMER KD
EOBLERE L AMIT, BETEKRE DRy V23X =TT 5 L ZhFh PC KO
PV L e oo it L 7e o7 (Figs. 21 LV 25) . 2, < OBREMESY VX7 EI1X, Ry
XTI alb—rva BT AT TR, VT RBEST 2RISR D2

-46-



D XD RFHAEEZAE L TWAEDTHLEEZ LD 8,

ARETOBRBMND, B FEORT T TAT I ~D PB OFEAIZEIT D BFMET N HES
A OREERRFIC BT 2R S Ll otz £z, AR LNZPBOT AT I Ui
LR HMAEDT —ZITESTIE, PB OEWERE R M OCENFHT -2 20X ROT v
e HWTHE&S LZ%E, ©OT —XORIRIZIE, VX ROT v T AT I AT 5%
DIEEREDER L BRET HVLEN DD EEZOND. B 2 ETHR/EY, b v T
IUCBNT, BROIFAEENIIE A b L AIZBEET 2KEDSE, A b I OfiEg~
R LR % RIET WL DD DR B EIE ST 5 36386268 fif 5 C, AR AEEN ) % ]
N SR BN RE R M OSSR P ROIRAT 24T 9 35518, 2O X D Ik G R REY 22 R 1 O AF
TEICBET 2B EZBE L2 T UEe 620, EHICEETIE, PB OAR LT, ZOFEED
RPN BT BT H PR b A STV 5. Entin-Meer 513, —#0 PB 71 FF v 7 OHhT
b (TTF A FY) AF /L PB HBRIBIEMAKIZ W T, A RFEEEELF T2 2 L%
Bl 5202 L7282, F72, Mimori & 1%, PBFFERE L TT7 = = OOV IZRR DT V¥V
MISEER, pr BRI R O 7 2 Lo e 5T DA EEH LT 5 128880 4 5513, PB 38K

IZZDF Y v e AR L o T, MRS 2T S5 ER A ML AR S, S
THUUHERIT, PB LY bRWEEAFET LI EEAWRE L CWD. LD Z L0, PBIA
BRICA TR BIRR O A2 AT E LT, Zh O OBEERE AW UREEIMIC
e R OBRFE D b & THREND. ORI, AF%ETHE L7 PB kO O R#EREE
{b54% (PA, PP, PV, PC, PH XU M-PB) ® % > /37 fES RN DN FEZ 2B 3 D A RIS, 4
ROZ Lo, EHREMET — 2120212459
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BEH /NG

ARFETIL, PB M OBERE A OBFE T L7 I BT DREERHEIZ DUV CREM 722 1

AEIT -T2 LTI O IR 2 M1 5.

1)

PB [3Wif#EY (U, v¥FROT v ) oz, b M & R V7
SUBTFEFEE A NI ETHL I ENHLNE RoT.

PB KUBEMEELEMIL, TXTOEMHET LT I BN T, B T AT IV F k
OF A b T ITHETHHMA~EAELTEY, b M7 V7 I U RBRICBKPER AR &K O
FREMMHAEEADNEAE L TWD Z EDR Sz, £, ToEMEIe hevy, U
XLITY MTATIVN, ENEAFLLTNDZ LB L.

Ny X ZR—=ZX 5 PBOIVARF VT, Arg, Tyr X O Lys EAHAAEH L T 223,
ZTOMAEOEITEMEIC LY Biro T2 T2, TAXFAMAEE DT = = /VEIT,
Leu, Ile, Phe % OF Val THEAL & 41 2 BOKPERRIRICALE L TR Y, £ O HEE ICIZE)TE
IZ X ERENHER I

E AR T AT INCEBNTE, MAEEEENR Y X2 7 =% )0X—7 5 Bk
BV A FOEEY A AOFENRBRINT-. 72, BWET LT I v OEEY A MBS
BHH A AR, BUKMEZR & OEREED PB OGO ZOERK TH DL LRI L.

U EXY, PBOTIVT I UREAICITEEDIFENRD DL, AFFETHW BRI

TIXT T NAT IUN, BERRZ NI REEORTRbE M7 A7 I UAZEBIL TV &

HEZ 7=,
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Ba4E W

PB I3BUE, RFEV A 7 VEEIEDIRFIZH W BTV, HDACs FHEVER /M A& 2
FLADWER EZRRFENCIY, SORDBEIRICHAPHRHEIN TS, L LRRb,
EOE R FERICET 21T 72 <, PB O MBI 2K ERE K OEER) - BHWER & o
BfRaE2 %9 2T, £z, HFREERBMIZE T LM EREFEH RO EH T — 2 2 b
(ZAMET 29 AT, FUonNIfE0OFHMEERE L T ZENEELRD. LTI TAIZET
iZ, PB @ HSA (25T 25 FIEI NG Y A MEE O 21TV, AR iEe 22853
LZHNEMEE D PB OFEAIZRIETHEIZOWT MG LIz, 512, PB O#EWET L7

BT DREIZOWVWTHE L, TOMEDHEHZIT- T2, LUTICE LN EZRET 5.

1) HSAZ&1J % PB DfEE YA  DMEREEMNT (58 2 F)

b MR T S PB O EERE S X o8 TR L7oRER, PBIXEIC HSA ICRE LT
BY, MOMIES R E~OFREEIRITE A EHRTE R o7z, PB, £ OMREY) K OBE
WELEME AT RET LD, Wb HSA IZBWT, 1 b I ~FERMICHEA L TEY,
ZOHMMEE, 72= Ve WVRFUNVEBOT VR AMIBEEICEREL T £, 3
A b I OREEICIE, PR TED0FOREA ADFELTHWD T ERHBI L. HSA 1Tk
T % PBOf B REZ MR 2720, BT 2rIT-CREE G (LB, S vA f OVEMRE
ZAWTZRFORER, PB ORFAIITEBOMAEFENAREE L TR Y, KFEHE, van der
Waals 7), BKMEMAER R OBEMEIERR ENRFELTWD EHEINT. ZhbiC
BG L TWA7T X VBEREEZRET 5720, HSA (LB K ONAN R 20 BAR 2 Fl v -
FREtOFESR, MTyr KON 410Arg WEETHDL Z ENPA LN E -T2, & 5IZ HSA-PB HAK
D XA S TSI OFE R L 0, PBO W LR F I IVERITHSA IR T 591 b I fEE O 41Ty,
410Arg TN 489Ser OIS & FFEAFHEAEA L, 7 = = VIR O L 5 U8R B KM R A7
k& van der Waals HHE/ER L CTEBY, 4 7707 =2 0007 B840 LEBOBEKTRHEG L
TWAZERHLMNE otz BroA 770 7 = 0%, MAEERAERXOBRG S PBORA %
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BREMET D ENHLNER ST, S5, BRUOMEERICEST2ANREME TH D
TENEE (RRlCh8HIEIAER) , B ULV E VRO v REIUEREEIZ L - CTH PB Of G0 HEF X
NAHZENHAL. LEDORER XY, PB ® HSA 28T 2FEEFHEW RS T A O
ENRMEI ST, £, FARRECOF SR P12 & o T PB OWEHERL SR8 FH L, Z O
ERE TR A AT TR R S T

2) BT VT I BT 5 PB ORAMENT (5 3 E)

PB OWHEN (v, VXK T v ) OMBEIZEB T DG 5 37 5 ROREZT
STAER, B MSER L FRERIC WThOBREICE N THL T LT I UREEFE X N

HCThodIENHLMNE T, BINERER CHE T v — 7 EHFEROFRL LY, PB XY
BEME L AIL, TR TOBWRT LT I Tk b7 VT U F EOW A b ILICHY T
DENL~FEA L TEBY, B T T X BRI, BRKPER B AR & OFH RN AR 235 5-
LTWD ZEWRBINT. 7z, ZOBFMEL, e hevy, XL Ty RT LT IUN
TNENHFEL TWDZEDHH L. PBD Ry F U VR—X) b, VR F VT, Arg,
Tyr X O Lys EHHAAEH LTV, ZOMAEDOEITEMREIC LY BipoTWe, £72, 7
VNG R N7 = = VEEE, Leu, lle, Phe &KUY Val CHERL X 412 BUKMESIRIZALE LTV
2. E PR T AT I BN TUL, B EBLA P Ry F o 7o xrd—5 0, Bk
AV A NOEEY A AOFENTBRINTZ. ZNDOFERNS, BT L7 I BT
LAY A FOY A XRLEM, BKMERE, Wb Dd I 7 vlREDOER)N, PB OFEAIZHBIT
HHEZEDERTH D LHEENT. U EOFRKEREY, PBOT LT I UfEEIITHEZEDIFEN
R B, RFFETHW-EBMREIZB VT, PB OFAET 2914 FoEESCH v X7 fBE0
BLEND, UVTATIURKBE FTAT I ICHEE L TWD Z BRI ST,

UED XSz, TA7Ir0%A F ILICBIT5H PB OGN, S bIC20/AHELE
T B B OB I S DA IR Ko TR S iz, 72, PB O X VX7 fEGICRT D%
IZOWVWTHHSEMNL 22D, BEISIER 2RI ANTZBERT — Z DR b F~DSMFD
BRCH S RIEMRAE D 2 ENTE 2, L Len s, PB OREBHCEIT 2FAS PB 8 kD
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RHRIEIC DWW TOFHRITR LN TE Y, ZABIET 2H -2 ARSI, PB XY
ZOFBEROBEHRISHADOAREMEN L VN L TH A 5. KBFTRIE, 20K 0%2 46925 PB&
OZ OFEROE MBI 2 EWENRE R OB R OB &\ ) 4T, Bix 7R BIRE A~
RIGH SN DO ARG 2D L B2 b5,
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EBROW

EX v,

Eh, Uy, UBPKEORT y MITET VT 2V, AAG, vy 7T Uy, ULT )y, By
v ay s, B e s kO HNB I, Sigma Chemical Company (St. Louis, MO, U.S.A.)
MBHEA L7z, Chen® 3 #iis Lo HIEZ WA L FIHAZ AWT, 74v7 I % 0°C TIEMEK
Z %, HeSO4 T pH3 (T U CHRIMRERE (BIR) L7oisiRz &bk, s Sz, i
e L7277 213, SDS-PAGE [ZBWTH O/ RRFFLIL, T b O FRITE /iR
JEFRIZ LV 66kDa L fHE Sz, A v REF VLR K O'PLE X, T4 74 7 A 7 #kath
£V AF L7, PBIZ, LKT Laboratories ff: (St. Paul, MN, U.S.A.) 7»5 AFL7-. PA, PP,
T B, AvA W, SVRAFUBB A T 7T a7 = 0%, b7 I AV E0EA LT
M-PB (%, Frinton Laboratories . (Hainesport, NJ, U.S.A.) »Hb AFL7=. PV, PC KO}
NPA 1%, BrUbak TEKASH L W IEA L7-. PH L, Santa Cruz Biotechnology #1: (Dallas,
TX, USA) LW AFLE. B PR gL, £ ZF 1 Interstate Blood Bank i

(Memphis, TN, U.S.A.) KU — FERASFELVIEA L. v FEOT v M, HEo
ZTNENHARAAFEL Y SD 7y M2 b8 L CRLGEEL b O Lz, Zoff, )
S, REEIIHIRERRL 2 L, e L CoKITA F oK EMHA LTz, # X0k
BEBRIZIBNTIEL 67T mM U U EEREEIR (pH 7.4) A L7,

et ARAT
EBRT — X I E A EEFEE TR L., AEERES W UL — A0 8o 0Bt
D 7= ® Dunnett’s i€ Z AV TITo 7=, fElRfEN 0.05 LA R TH D & EITHFHENICHE

T &R LT

FRAMEIE A K& O ZEAT i

[RAMIEE T Ultracel®-30 #@.LX 7 4 VX —=2=v h & L T{H A7~ Amicon® Ultra-0.5

mL (Merck Millipore ) Z{#H L7=. 500uL O > 7 /L% 25°C, 2,500g T 5 4y L0 B
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L, KT OB Y 7 N (C) 4 HPLC IC X D flE L7,

VAT ERRIE, 2mL @ Sanko 77 AF v VBt v 2 W TIT o7z, 2 DDV %
Visking B/l u— AL CToHEE L7, 7)WL T% & (1.bmL) @ U sz 2 T
12 BB 21TV, £ 01k, U BEREETIRIX 5y OWFRER U 7 R 2 HPLC THIE L
7. TT X UIFAE T TORIMNER K O G ERIC B W T, IREITSRE~D U
Y ROWEIBETEHIELEORBETH 72, DI, FWBEHNZOEKE S 7 M
Giacomini & M ik 899> THIFIE L7z,

AT — X RN
RAMEIERIEIC L VB ONT-T —2 00 Fitd (1) RAEHW RIS REZEH L, £7-,

A% (Bound fraction) (%, 100 205 (1) X TEHELNZMEEZSIK Z LKV EHLT.

C
free fraction (%) = ﬁ X 100 (1)

b f

Celd HPLC I L 0 BH Sz iR E CTH 5. ColIfEATIRE TH Y, BRIMNERATOR
B RBE (C) D Cexpl ZElckv, £, Fdi CIOPESBIaioR Yy 7o K
BE (Ct) 76 2XCexBI< ZEI2X Y CoZRked7-. [RAMER & Ot o7 — & 2 v
TUHT ROTNANT I NIBITHMEENT A= EE N LT, EBRT —#1X, GraphPad

PRISM® Version 4 (GraphPad Software t£) % T (2) iz X v fighr L=,

b " PN (2)
r= _ _ i f
; 1+Kicf

I I NIELIEADTEVICHEET DOV T ROEALERTHY, P& 78
BETHD. nildi1FHORAKDTITBIT DAY A ML, Kl 1% HOREZICEBIT Di
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BT THD. BEIMEE MRS A F~OfiAIE, m=2 ZHWTHa2iT-o7-. &
FES A MCRET D FEA I DOV TOERR K OFENT I, (KBFIMEY A F~D U o NiEA % i

INZT D722 v<0.4 L 72 554 TITV, ZO%EIEI m=1 7.

B FROEAT

B NT A — 2%, 15°C, 25°C, 30°CL TN 37TCPH 4 SOIREICHITHHEMEIZLY
van't Hoff 7’2 v k Zf# ] L T Pederson & ® 51k 802 L » CTHH L7z, AR CIXEIRIER
Pl & W TORERENT 21T o 1. SHE B3 57z 25CICEB T 5 PB OfG /N7 A —4
1%, FRAMNEBRER CHRONTMEER —ThH D L 2R L. BT L > THE LIV RE
B EBOWRERAENEN SRR T 2B FH NI A =2 2 H T 5 Z LR TH
5. TUA N E—Z b AH DEBRIBEFHICBS W TRES L2V, AHE = b Y
—Zt AS 1%, LR @D van't Hoff X (3) ICX > TRDDHZ ENTE S,

AH AS
InK=— + — (3)

RT R

KITIRE T GEXHRE) 2B 28 EHTH Y, RITXZABERTH L. AH B L AS ITH
HEnfaEiz7 oy b5 8ICE>THRLN, BHEZ VX2 AG 1T, LTD
(4) ApoitR s,

AG=AH—TAS 4)

HPLC HiE4%4t
AKHFZE12 3T HPLC 3 HITACHI # D-2000 Elite HPLC system Zf#/H L 7-.

YMCPACKODS AM-303 CHif% 5-mm, & & 250 mm X NEE 4.6 mm, YMC 1) % [E/E+FH &
LCHEMUEEIL 40CTHREL. B A (50mM U o —/KkFESF MU vLs) ROYRE B
(50mM VU > = KFF NV AT =KV, 30: 70vol/vol) O 2 >DIEEE% )

ELTHER L. ©=2ORBED OB L2 7 Vo MIMEEWEIZ FRlorRd i@
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W T %.PB, PA, PG, PP 2 U M-PB: 0-7 %3 (30%-100%B) ,7-10 43 (100%B) , 10-15 %3
(100%-30%B) , L1 15-20 %3 (30%B) . PV, PC XU PH: 0-6 43 (50-100%B) , 6-10
4y (100%B) , 10-15 43 (100-50%B) KU 15-20 43 (50%B) . BEHOHiHIZ 0.9mL /43

T—EE L, BEEEIZ 210nm IZEE L TEH v F o0 T 20 2 BiHE L=,

T o — T BHRER
HSADY A FILEOY A P OEETa—T L LTINLT 7 T bas

452 O HOETRE 13 HITACHI 8 F-2500 #3060 6 EFHS TRIE L7z, 25°CIciBnN T
RO A Y » RIEIE Bnm & L, U7 7 U ROZ i ras il Rix
4320 nm O 350nm (ZRXE L7, ATV AL T 7 U U KNE v ray oKk
350-450 nm MUY 400-600 nm OFPHOFE R E— 27 ZJE L1z, £z, #b7 v —7 ORI
WA ORBER/NRICT D720, 7r—7 =T/ 7 A 1 10 1ZHEFF L, PB R OB
WELAY % 2 ORIE~RIN L CTRIEEITo 72, 87 v —7 OEBOBREIZLLTO (5) X

Z FHV TR L7z,

2 X 100 (5)
F

Fi O Faold, #0670 —7 &7 NVT I OB M OLIEBRYE 2N L7256 ICHE S

NI 252 R LTS,
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Y A~ FEOMEERDO#E
2FEDY T R DZ X7 Gy+ BB T 2 AAFH OfEHE Kragh-Hansen D€ 7 /11T

PV T 72499, U RA KO BRF NI E PICHEET D56, € OFMRIT Fig. 27

IORTET L TERDEIND.
A
P €<—> PA

K,

Fig. 27. Scheme of interaction models
B <>| K, K.|<=B ® , . o

P: protein; A, B: ligands; K: association constant
of ligand.

Uy FAROBMNEAD T LICHET L Ly 5 L

[

AT PAY (6)
[BP]

K _—

» = PIB] 2
[BPA]

K - —-

" [BPIA] ®

g _IBPA] ©)

AT [APIBY]

-56-



[P] = [P]+[PA]+[PB] +[BPA] (10)

ZIT, AR BEENLMT Y ORE Y L FIBEIIRRTRTZENTE S,

[PA] + [BPA] (11)
[P]

. [BP] + [BPA] (12)

[P]

ZOEIRETNTRIND HERIZEWTIT

KBA I<AB
I<A KB

DOEENRANLT D, 22T g OMEIIT v 7V T EREEIND DO THD. ZOEGREH

WL ERNTRIZLENTED.

K, [A]+7K, K, [A]B]

1+K,[A]+K [B]+7K K, [A]B]

KG[By] + xK, K, [AJ[B{]

1+K,[A]+K,[B]+1K,K,[A][B]

x DIEIEZ OMHAEAER 23 il 2 72 DICHERMETH D, x=1 KO ¢=0 13 Qi & & &

BRBWL, £, 1 KO 1>9>0 OBRASITEOHFEN R OB OHERFES TH Y, B ok

AV A NS LT 2 O Yy REIOT e AT U v 7 RMEEAEwT 5. o8, K8
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A N OREZ F/NRIZT 5 729, Kragh-Hansen O 525k - fi#HTIEIC IS & Y T REG TR

BEIX v<0.4 TEBREAT o7 449,

HSA DAL AERT

HSA |[ZME—1F(ET 5 214Trp (X, Fehske 5 O 51k 40129t > TERF S iz, 1g ® HSA % 10M
PRFEEE 200mL (ZIAEfE L, BERRZ WS L pH4.4 IZFHE L7=. IRWC, HNB ® X & /) —/LiE
R 25mL ZWIN L, f$6NTERARIE L b 2 REF S & 7214, RiEEKIZx LT 60
RFFIEHT U CORASREMEE L7, 3 G EERY 401k 6D 72 214Trp OERiZ1X 93% TH V , HSA 128
IF 5 2MTrp IXIFTZRITEM STV D &F 2 b v, HSA @ U Tyr OERYESRGIE, Hagag
BHOFE ®OEYE L THToT. T h=hULZEEE L% Lz 20mM  NPA 375mL
Z0.1IM VU g R YU o AEEEWR (pHS.0) (Z¥EfE L 72 100mM HSA ¥ 60mL ~HEHe 12
WAL 7273 IR U7, TR BOG S W7o ik 2 KT LT 60 IRFRLG AT L, BRfsi L7z, &
DFFETIE, 7> T =a A N HSA O U Tyr (ZEHRICED IAEND Z ERH BT
W5 48, SN AW TEMFELZRE L E ZA B, Tyr ® 5.7%ME SN TND Z &
PRENTZ. Zhick v, HSA @ 18 HD Tyr ® 9 LK 1, S F v, “UTyr OEMA RIL
Sz,

HSA = — FEBR~DORRBREEDEA
R Z BT HSA (WT-HSA) M ONZ HE—FR S8 FK Y411A O R410A &K T 272

\Z Watanabe o D FIEIZHEWERL L 7= 4959, o 7 L id%l] (1L10) % & ¢ HSAcDNA % EcoRI
THLEE X 7= pKF19k X7 % — (TakaraShuzo Co.) D7 /L2 — /)L A% ¥ —¥ 1 (A0X])
TaE— X — PSR L CEREAZIT 572, RA10A N Y411A D4 BE A DOFEIZ W=

TIA—IETROEY ThHDH (FMRIIIA~T Yy TFZmRY) |

5’-CTATTAGTTGCTTACACCAAG-3’ for R410A

5’-CTATTAGTTCGTGCCACCAAG-3’ for Y411A
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DI FE NIX, Perkin-Elmer ABI Prism 310 Genetic Analyzer % F\»C, HSA = — Rigik
2RO DNA FEFIREIC &> THERR L7o. BpAR L OVGESRZE BLER 78 ST AW 2 i &
A X ) —)VigEM pHIL-D2 X7 % — (Invitrogen) (27 v—=127 1L C HSA BH 7 ¥

—pHIL-D2-HSA % K5 L7-.

rHSA O,
FEE DrHSAZEIRAE Bk % 21— R 5 pHIL-D2-HSAR LR ¥ — %, bV F U AEIZ X
Y Pichia Wtk (GS1158K) (ZHA L7z, £ ZNYEAARDNAIZZE L THZSA -3
ty hEE0EER7 2 — 2 % EEL 7. 100mL ® buffered glycerol-comprex medium
(BMGY) (growth phase) THE:EZITV, TD%, FEREZN THDL A X /) — N EETr1L
®Obuffered methanol-complex medium (BMMY) (induction phase) (ZF-/&#& L, #lifuz
& HIZ9BIFHIMIIH S B 7e. FELOHEZMFFT D720, AKX ) = ZRAEIRED0.6% & 72

% & O 24F I CHIN LTz

rHSA D¥EH

SIS AT THSA ZHEEET I B LU T O K O ICHBEL 72, Hiiha 60%fafn =+, mifg7 o~
EF=ULATERIZLE. RONT, IBEZ 4°CIC FIFCHSADEESATH D pHA4 IZTRE LT
89, It L7 % v N7 B Zim 04y EE (10000g, 20 4y, 4°C) (2 X v [ENR L, 2K I H%E
S, 4°C T 48 REEHTAT - 2. il T 200mM FElE - b U 7 AREfE (pH5.5) T 51T 24
BRI L=, £ 0%, 7b—k 77— CL6B (T~¥y Y L7 7~y TH) OBT A
WZIRINL, 517 5% 10°CTHEE L7=. 200mM FEfET R U 7 AR K (pH5.5) THEE L, 1M
NaCl X O 10% (v/v) =% ) —/LZ&&Te 20mM Filg T bV 7 LEEK, pH6.5 T rHSA %
W L7z, tat S vz rtHSA Z i A 424k L, Chen O IEICHEVE MR ALERIZ THiAE L 72 8.
"o )7 '81x, SDS-PAGE EIZH—D N> RE/R L7, 3B X, SDS-PAGE £
DI ~v—=TYIVT U NT =Yt 2 R EN ROBESHIC LV HEE L. &5 08
JEAN T IATHE 9T% CTh otz X I EDONKENT 2/ Ffids % Perkin-Elmer ABI

ATTIA Z o7 E— Y —TCHRE LT,

-59-



s en{b A HSA iR 03RS, HSA-PB & 0 ks iik

fEm I % HSA T#RIE, -80°CITERAF L7l D HSA Bifs iz 2 &L, 7
NAEFER AR (50 mM U U EE U U AfEERR pHT7.0, 150 mM KCD  T#J 20 mg/mL &
D LM LT, Dk, 2 ERD HSA #FrZ%E3 572, Hiload 16/60 Superdex 75pg
#17 2 (GE Healthcare) %W TR L 7=, 8L L 7= HSA I3, Vivaspin 15 (Sartorius, %3
5y : 10,0000 & 50 mM U »EE7 D U SRR pHT7.0 2 VT, R & AR AR D K
T2 L TR 24TV, AT HSA OFREEDHK) 200 mg/mL 1272 % F TRt L7z, i
L 7z HSA T3S GIZEER 32 £ T—80C CTlR1F L 72,

HSA-PB 8 &R DI gL {kIE, Table 9 1250 L 7 flidbbRAE T F 7 ey TGN
EERAWNTITY, AN =27 —F 0 U 7RI K0 b 2R+ 5 2 & T HSA-PB AR

DHfEEE TS TS Z LIk LTz,

X #RIET 7 — & DIRLE, HERNT, MERRL

Table 9 condition 1 T#3 5 #1172 HSA-PB AR O A 1%, fidfbisikic 7Y tr—v
AACIREEDY 10%I272 5 K D INA 7o, ZO@EF 76 HSA-PBEAKROILR A 7 T A AL
—7TT W, ZOFEFRAERITIRT Z & TH T ARICHHE L7, Table 9 condition 2 TH5
Biv7z HSA-PB A RO IHEM X, MBS O NIERND 7 74 ANV —7CThifaa 3 < W,
ZOEFREEHRPIIZT Z & TH T ZARICHRE Lz, 2 OBl Lo i Xigis 2 R Pic ik
17 L7=1RHE T PF BL-17TA ~#iik L, #E 0.9800 A, i 100 K D4 T, Pilatus 3 S6M f#
&y (DECTRIS) #HWT X #RalT — & Z#UEE L=, 1567z X BETT — % OB
Ta s T sy r—2 HKL2000% %1 L.

MG E 1Ly FEHRIETIT o 72, b —F T /M S 25T L 7= HSA-Oct-N-AcMet

BEAEROFE SRS 22 W, MR L OWERROFHE X T v /T LAy r— CCP4
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WND T v 7 Z 5 Molrep W% L=, #i&ER#E/L, &, TLS (Translation Libration
Screw-rotation) 7 /L — 7 DEEIL, 0T T L)Xy — PHENIX 9NO 7 v 77 A
phenix.refine %, 7’117 < I phenix.find_tls groups Z M Li=. 73 1FT VO K OME
EZ7 w7 Z 5 COOT &R LTz, £z, RiEHIEDOZUMETT v 7T I MolProbity %

ZHWTHEGR L, o FEEROIERIE T v 7T & PyMOL 99 %AE/H L7z,
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Table 9. Crystallization conditions of the HSA-PB complex

Condition 1

Droplet: Total 3.0 uL
HSA-PB mixture "' 1.5 uL
Reservoir solution 1.5 uL
Reservoir: Total 0.4 mL
32%(w/v) PEG3350
50 mM potassium phosphate buffer pH 7.0
Temperature: 4C
Condition 2
Droplet: Total 3.0 uL
HSA-PB mixture *' 1.5 uL
reservoir solution 1.5 ulL
Reservoir: Total 0.4 mL
28%(w/v) PEG3350
10%(v/v) MPD

50 mM potassium phosphate buffer pH 7.0

Temperature: 15C
I contained 1.4 mM HSA, 14 mM PB, and 50 mM potassium phosphate buffer pH 7.0.

Ry /v Iab—vayv

PB K OB EME LAY OB T VT 2 o ~DSF Ry X703, HFREEEY 7 k
7 =7 MOE (Chemical Computing Group t£) @ ASEDock??% I\ CTiT>7=. MMFF94
NV —FMUIER Lz, e b, RO FT 7 I (PDB entry code
1E7A, 3V03 }x T} 3V09) O it % Protein Data Bank 2> 5 AF L, 431 Ky ¥ 71ff
L7209, RyXrr7vIalb—rariod, PDBEETOTXTOKG LRI H R
S F PR L, KB Z A L7, MOE @ Alpha Site Finder # F\\CT7 V7 2 U EED
ARENED & HFERML A RB LT-8, KT VT I UEEDOT 7 KA A > A IZBWT, Bk

TNTIOYA b INITHET L RiELR M 2RI U, @RS ~D Y T R
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DRYyFXFUTX, WNTA—EZDOT 74V MEEH W T2, RyXFo 7 2a7 X, #EMH
HAEM (U_ele) , van der Waals fHA/EM (U_vdw) F7213V T ROEHLZ R F—

(U_strain) O#FITHL/37 A—% (U_dock) ([ZXk->TT 7 fHF Lic. falizas Ky ¥
JR=ALLTRbEW Ry X7 2237 (T72b5, KHIEW Udock) 2H T 5N —2%
BIRL, S50 M L.
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Ef52

ABFIEZAT OB L, RARTEIZRIE 22 D4R, MIHiEA Y £ LI SR

g g e

REEHTTEE /Y] B BARICRER DI OB ER L ET.

nw
i
Ny
&

rm‘:

AMFFEZAT O ICBR L, RARETEE, HHiHEZ Y £ U ERORFE I SR (il oz
BRI OEH OB 2R LET.

AL OBFEINZHTY, ARRRHE SEER 25 Y £ USRI K2R L
X A%, [\ M ORI Bd%, R OREE R MEEERIT O BRI L 7

AWFIED RF 7y ab—a 247228 L, BB £ U 7m a2 R eASRae 3K
FROEAR F— BRIEHE L ET

AWFZED X BEAEAAEIE AT ICER LU, B o2 & £ L@ 30 s) a
BN BhZI Bl £,

FLDORFFE~DBEZ AV T W72 & AHFZRICEB W T BB 2050 £ L 7m 22 KR
R B0 fB BhEUT L K0 B L £ 9.

AWFZEITER L, ZRIRDETH SN2 E F LT BRI T E R AT TR ORE R
(D DREHE L £,

KWFEEAT O HT2 0, /) L2 W72 & F LIk R 7 v —7 fiale —
BR AREHf, =— 3R/ 7L—7" /R #hiw] RE B OB OB AR EH O &
ERLET.

/)

RIS, BT 2TV AT VS QNS i & 3R B 2 L £ 9

SRk 299 H
HHE &/’
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