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Aripiprazole (ARP) is a novel antipsychotics agent with quinolinone
derivative. It has been used worldwide since its launch, and its use is expected
to increase even in the future. Because ARP is taken by a wide age group and
for the long term, patients who take ARP may be affected by multiple diseases.
However, information regarding the plasma protein binding of ARP is limited,
therefore, i1t is difficult to expect its pharmacokinetics, pharmacodynamics
and side effects in certain disease based on information of protein binding.

In this study, we characterized the ARP binding to human serum albumin
(HSA) and evaluated the effects of post-translational modification of HSA and

change in the concentration of endogenous substances on ARP binding to HSA.

1) Characterization of ARP binding to HSA

The binding parameters obtained by an equilibrium dialysis experiment
indicated that ARP strongly binds to a single site on HSA. Investigation using
the main metabolite and derivatives of ARP suggested that the chlorine atom
on the dichlorophenyl-piperazine ring in the ARP molecule plays an
important role in the binding of ARP to HSA. CD spectroscopic study also
revealed that the chlorine atom at 3-position of ARP is a factor to determine
the orientation of ARP in the binding site. In addition, isothermal titration
calorimetry (ITC) data suggested that hydrophobic interaction contributes to
the binding of ARP to HSA.

2) Microenviromental analysis of ARP binding site on the HSA molecule

Competitive binding experiments using fluorescence displacement and
equilibrium dialysis indicated that ARP binds to site II on HSA. In addition,
a study using mutants of HSA suggested ARP binds to the region closed to
41Tyr at site II. Species differences in binding of ARP to albumin were very
similar to those in diazepam which also possesses a chlorine atom, suggesting

that chlorine atoms may be responsible for the strong binding to HSA and the



species differences. X-ray crystallographic analysis of the APR-HSA complex
clearly revealed the structure of ARP at site II. ARP was surrounded by
hydrophobic amino acid residues in site, and the phenyl group on
dihydroquinolinone ring of ARP was suggested to form = -z interactions
with phenyl group of 411'Tyr. The distance between the chlorine atom at the 3-
position of the dichlorophenylpiperazine ring of ARP and the sulfur atom of
392Cys in the HSA molecule indicated the formation of halogen bond

interaction.

3) Effect of post-translational modifications of HSA and endogenous
substances on HSA-ARP binding

Binding of ARP to HSA was decreased by the post-translational
modifications of HSA (Oxidized HSA, and glycated HSA) and the increased
concentrations of endogenous substances (indoxyl sulfate, bilirubin, octanoic
acid and myristic acid) in vitro, suggesting that in chronic disease conditions
such as renal disease, liver disease and diabetes mellitus, free ARP might be
increased. Bilirubin and myristic acid were found to allosterically inhibit ARP
binding by binding to a different site from ARP, whereas indoxyl sulfate and
octanoic acid which bind to site II strongly displaced ARP due to competitive
inhibition. Thus, the accumulation of uremic toxins and fatty acids as well as
the post-translational modifications of HSA in renal failures might
significantly reduce the plasma protein binding of ARP, resulting in the

changes of pharmacokinetics, pharmacodynamics, and side effects of ARP.

In the present study, we clarified the mechanism of ARP binding to HSA,
and the effects of post-translational modification and endogenous compounds
on ARP binding to HSA. The data obtained herein provide useful information
to understand pharmacokinetics, pharmacodynamics and side effects of ARP
in the patients. In addition, the data based on the structures of ARP and its
related compounds could be used to predict protein binding characteristics of

certain drugs which are not only on market but in preclinical stage.
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Fig. 1. Chemical structure of ARP
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Fig. 2. Crystal structure of rHSA. The subdivision of rHSA into domains (I-
I1I) and subdomains (A and B) is indicated, and the approximate locations of
site I and site IT are also shown. Atomic coordinates were taken from the PDB
entry 1TUOR. The illustration was made with PyMOL. This figure includes
main binding ligands for each site.
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Fig. 3. Chemical structures of ARP, its metabolite (dehydro-ARP), and
structurally related compounds (deschloro-, 2-deschloro-, 3-deschloro- and

dimetyl-ARP).

Table 1. Binding parameters of ARP, its metabolite, and structurally related
compounds to HSA at pH 7.4 and 25 C

K, (X10°M™) n nK, (X10° M)
ARP 7.51 £ 1.36 0.80 = 0.05 5.94 £ 0.79
dehydro—ARP

. 3.19 £ 0.55 0.98 = 0.10 3.08 = 0.27

(ARP’ s metabolite)
deschloro—ARP 0.17 = 0.01 0.63 = 0.03 0.10 £ 0.01
2—deschloro—ARP 0.65 = 0.22 0.97 = 0.16 0.61 £ 0.11
3—deschloro—ARP 1.55 = 0.09 0.84 = 0.02 1.30 £ 0.07
dimethyl—-ARP 0.45 = 0.02 1.16 £ 0.03 0.53 = 0.02

The results are means + S.D. (n=3).
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Fig. 4. CD spectra of ARP-HSA systems at pH 7.4 and 25 °C.
The concentrations of HSA 40 uM, and ARP concentrations were 5 (a), 10 (b),
20 (¢), and 40 uM (d).
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Fig. 5. CD spectra for the interaction of ARP derivatives with HSA at pH 7.4

and 25 C.

The concentrations of HSA and ligands were 40 and 20 uM, respectively. (a-f)

ARP, dehydro-ARP, deschloro-ARP, 3-deschloro-ARP, 2-deschloro-ARP,
dimethyl-ARP.
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Fig. 6. Thermodynamic analysis of interaction between HSA and ARP, and its
derivatives (2-deschloro-ARP, or 3-deschloro-ARP). ITC measurements were
performed in the presence of HSA by titrating with ARP (a), 2-deschloro-ARP
(b), or 3-deschloro-ARP (c)-HSA at pH 6.0 and 35 C.
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EiRE (FEX) 2577, WTFnoY—7 7 AL ES (b2 ERTE—I 0N F
METHHIENL, TOMHAEERANEAISTHDL Z ENHLMNE o T,
I, B ONTFESEIRE 2T L, HSA ~0 ARP B X OB EROFE S /T A

—H IR NS R T A —2 2B L7- (Table 2),

Table 2. Thermodynamic parameters for the binding of ARP and its
derivatives to HSA

Compounds K, (X10° M) n Al TAS
(kJ/mol) (kJ/mol)
ARP 1.6x0.8 0.96=£0. 15 - 2.3+x0.2 —-34.9£1.3
2—deschloro—ARP 16.8*£6.9 1.06£0. 03 - 2.120.6 —-28.4%1.2

3—-deschloro—-ARP  16.1%+2.4 1.01£20.04 -26.5Xx7.0 —2.1£7.6

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

Table 2 1TRTHY ., FONATHEY A Minid, 1ZEX1 ThHholZ enb,
ARP B L OFBERITVFTALHSA & 11 TREALTWAZ ERHLNE o7,
7o, MREEESR K O S, ARP (X HSA (28R < FEA T 5 A5, ARP #5E{K 0> HSA
2R DREEPEIR ARP LI L TIRWZ R ENTe, fa/ N7 A —ZIZET
D ZIVD OFERIT, FEICR LT g TiE 2 VTR U7 R & [RAR O]
ThHoTz, WIT, BIVFEHRT A =2 Zo0nTE, WTFRORIZBWTHTZ X
NE—Z4k (AH) TR, = bue =21k (AS) FETHDLZ b, HFEMN
IR Z DN TH -T2, S 5HIZ, HSA ~DfEA X, ARP 35 L O 2-deschloro—ARP
IZOWTIXEICTY ha E—THORF 5N K E D> 7243, 3-deschloro-ARP TlI—
VHENVE—HOFRENRREL, 2O LB, ARP B XY 2-deschloro-ARP &
HSA OFEAREARITIELL L TH Y | 3-deschloro-ARP X2 & & 135722 B AR
T D ATREMES IR STz,
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72%, Table 1 & Table 2 ZH#T 5 L2508, ITC THOLNIZFEGEE

C1/fRBEESD A, SEEENTE TR O NZREAER O/ 100 53D 1 Tholz,
ZOFERIT, JIEITIE, BEEOE R EOEBRKEOENC LD LD EEBEZ LN
Tz FIE PEBEITEICIT DB EEOFEER pH & 1TC ORIESRMD pH 6.0 T

DFER) ICRE LT L Z A, FMEERDOIK TR sz (Table 3),

Table 3. Binding constants (K. values) evaluated by equilibrium dialysis for
the interaction of ARP with HSA at pH 6.0 and pH 7.4 and 25 °C.

K, (X10°M™)
pH 6.0 pH 7.4
0.094 £ 0.015* 7.51 = 1.36

a These values were obtained from the experiment performed in the presence of
2 %(w/v) DMSO at pH 6.0, which is the same conditions as ITC measurement.
b This value was according to Sakurama et al2"

The results are means = S.D. (n=3).
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ARP D IHE S 2RI FEAERIT 99 $LAEE &<, EITHSA TS T2 2 &3
HITNDDS 0 ARP N ED L 9 ek T HSA IHEAT D D0 & Vo 7oA
PEIZRET 2 A IR 2D e, T 07 EEE TR & 2 RYEESLI 02
HLRIEH ORBORIN 2 EET 281, # o7 A OB B H®RE +45F)
HATETWRWEMRTH D, &2 TRETITE T, HSA ~D ARP OFEEHEED 72
MCTHERFETH D, MG/ T A —Z DR N ARSI,

SEARBHTIEIC X 0 B H S 72 ARP O HSA ~OFESEEKIL 7. 51X 10° M TH Y

(Table 1), HSA RMIGHDOEHE X L RV BETHHI L axExFbEDL L, Th
FTICHE SN TN D ARP O@EWISEY 37 G399 %L E) 2V 1%, HSA ~
DFEFICEVBHAFREE B2 b, EHIT MatA MUl ThDHZ &2k
PS4, ARP X HSA & 1 L EHERATRT 2 Z &3 nE 7z (Table 1),

WIZ, ARP & HSA & DRSS OHEME ) 2 E 43T 2 HY T, ARP O EZEAHY
T & % dehydro-ARP J UV# # {& (deschloro-ARP, 2-deschloro-ARP, 3-
deschloro—ARP, dimethyl-ARP) IZ2W T bFIZ1T>7 (Table 1), dehydro-
ARP {Z HSA |25t LT ARP & R OFEGBFIMEL R LT b OO FFERORE A B
PEITBAZE AR < | BRI, SR T 2370 F BITAFE L 72\ deschloro-ARP O FIE
R BIEN - To, ZDZ ED D, ARP 4y 1 EOHIHEF 128 HSA OFE G EE afk
TRl L TWd EEZ NI, B IGEHAEY T % dehydro-ARP 2% ARP &
FISEOREGBIAMEA R L 2 L1k, R ORNENRESIS) ORI HSA ~
DFEEBEE LTV D AEMEN S D Z L 2RIET 56O TH D EIREN,

ARP I3 HSA & DFEAIZ LV IE (265 mfHir), & (300 nmffir) D= > F%h
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REFE LT Figd), £, TNHIEAD =y MR OEEEIL, ARP DR
RAEAIZIEIN L, 282 nm AHIIZHFRIEDNBIEE S L7 2 & 203D . ARP 23 HSA &

D1 OEBEREET D 2 LB THR STz, TD X D7, ik D A7
R L iX dehydro-ARP J% OV#% E {K (deschloro-ARP, 2-deschloro-ARP, 3-
deschloro-ARP, dimethyl-ARP) THMER TET &b, TNHLDHEIZLDY
HSA 73 F L COREEIREBEZHELZ L7z (Fig 5), dehydro-ARP 3 K U 2-deschloro-
ARP TlE, ARP CTEIZ SN DI CD A7 ML EHERO AT Vv ER LT,
ZDZ LD, FEAEALIZE T D ARP, dehydro-ARP 35 2 OY 2-deschloro-ARP
L PRI EL L T 2 ATREMEAVRIR S, FRIZ 26 04y 1123l L CRIET
Hyrsman 7 =) BRI VU 3 N OEBIRFNEREEZRESIT TS D
DEEZ BT,

ARP D HSA (T4 D EhkalZ LV FEIMeaTd 5 2 & 2 HIIZ LT, ARP-
HSA 72 5 ONZ ARP 538 fR-HSA IG5 C I1TC & AW =3l 2 N 2 7=, 1TC & AW C
AT A—2ERH LR (Table 2) . SPHREHTIE & [FIAERIZ, ARP 23 HSA &

1 OBEEERER L, ZOREIITERIR TR EEREEZ R L TnWbH 2

ERRBENT, TNETICRES T THMHE AR & 12520037
— 2 OBRICL D L BUKMRAEERTIEm Y e B—HOF SN RE L, —T7,
KFEFESR van der Waals fEAICB L CII= U XAV E—THOFENKEL 725
EWVb TS ?, ARP, 2-deschloro—-ARP & HSA & DFEAIZHBWTIX, =2 k
0 E—HOTENRE S BUKMEHEAEAER DR G OHEET T 72 > TV % AlRetk:
WRME ST, —J, 3-deschlor-ARP & HSA & OFES TiE, = Z /L E—IHD
FENPRKRELKFBREEST7 7 0T NVT— VA OB L RBI N, 250
FERIT ARP OREE T DY 7 mr 7 = L ERT DU 3 O E T SRS AR

KERESIT TV D A[EEM L /R L TED ., D AT MUz L0 L 7282 Mk
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DPRTER T & —E L T,

VLEDRERIT, o1 L OB OALESE N Z 37 E & O AR
(ZBIT D, MEEBANE, B, AR SICEET LI LARLTRY, MiE
B BBRZR VL E B 2 B,
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AR INE

1) EBEIEZ AW RENC LY . ARP I HSA IZIRLSFEA L. 1 1 0EE
KEERT DHZENHALMNE ST, EHIT, FOFAITIZARP 23+ L
FZIRANEELRRENZ I L TWAZ ERHALMNIIR o T,

2) CD AT MLiEZE WGtk v, HSA 43+ EIZR 15 ARP OfE A IkEE
T ARP S EF O 7 7 2= L RT3 OEFIFR TR ES T

TV D ATREMED R S Tz,

3) ITC Z W #EHT X 0 ARP @ HSA ~DFEA1TIE. BiAKMEF AAEH N5
LTWb EEBEZXONT, £z, HAERAKEXORER & LT, ARP fi&E

DYr7unT =)L T Uk 3N ORI O SRRR ST,
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3% HSA 3+ LD ARP AT A MDD I 7 v BRIEMENT

B1E

AIFETII. ARP 25 HSA & 1 @ 1 ODEEEETET 5 Z LA LNIT/2 D | HSA
T ARP ORFRIZRFEE A FIFIET D Z LAVRS Tz, S HIT, ARP HEH
DOYrBERT ==V ERT YU 3N OEHEIF TN HSA ~OFEA I BB 2% E
ERIELTWD Z DRI N, HSA 3 F B3 A P I RBTNTY A R &
PRI D 2 SO FEEIMFEE T A FBFET 2 2 LR F BTV DA ARP 28 2
DWTNDIHEART 200, HDH WX, Thb EIFRR YA MIKAET 200
[ZOWTIEIIRETIX 22V, E72, ARP 53 7 D W T 3L ORI 123, e A
MIBWTED XS RRT I/ RRIE LA L T ONIHONTHAER S
TR,

W) —HSA BLEIRD X HRE SHERRT 2Tl TR W B TOREE YA B
DOFRECIX, WF, A b1, MICFFRISHEST DU T R e OREERNT
bbb, £, MHAEERICEET 27 2 BEAOHEEICIT, 72 BE (e
fifi L 72 HSA ~DOFEGMEEMAS A A TH D3, K 0 HeFRITHREET D IS IRy
IR HSA Z W= HEPHWON D, S 62X, Bl iy 7 I v
FOREEY A NEMERT DT X BN R D Z D, ERER T
AR ET D 2 b, BYMAFES LTV A EIMORE (27 nREE) 2H#ET
5 ETHHATH S,

FIZ T ARETIE, FTVA M I BILOY A FIICFHFENICHEET DI TR
EOEERZE L T, HSA 31 LIZBITF 5 ARP OFEA YA R ORIE &R AT,
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WIZ, FES NI A MIFET HDRERMRT I BREELT 7 = TER
SHTEC AR RAYERIK, RO ONCEMWIFET L7 X o ~D ARP DA Z il
52 LT, ARPHEAT A bR 7 mBRE AT Lz, PR C. P —HSA HAK
D X Bk S ERENT 23R A, HEE L7z ARP f56V A hO I 7 mBREEO Y M %

WREE L 7=,

% 2 Hi ARP DFEE VA FORE

F1HE BT n—TERERICLOEEYT A bOHE

HSA 75 EIZE 1T 5 ARP OfEAT A FEHEET 572010, # 7 n— 7 EfHE
BRaiTo-2 %, @ re—7L LTI, VL7 Uy (A N1 Fu—7),

BrOox LAY Lasy (A4 FDFu—7) AN,
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Fig. 7. Effects of ARP on the fluorescence of warfarin and dansylsarcosine
when bound to HSA.

The concentration of HSA, warfarin, and dansylsarcosine was 2 puM.

Closed and open circles are the effects on the fluorescence of warfarin and
dansylsarcosine, respectively.

Fig. TITRT X, ARP AF(ET T, HSA-UAT 7 U VIERERTHE SN
HIANT AL ZRD LR o 203, HSA-Z 2 v P b a v URA SR TITE ot
BREDOE LVME TR SN, 22 E0h, ARP A FILIHEA LT=X v
DAYV EER LTS EHEE S ARP 13 A FILICREAE T A b D EE
z bz,

B 2H FAHERRICX ST A FOMER

FeDd T v — T EMERIZ B D HEE 2 IE RS T 5 BT, S ATIA
EHWIZERRZIT T2, A4 b1 OREWNREDTHLINVT 7 ) YA

NI OREWH R THHIA T IO 7 2 R T B NLDFES % % ARP
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DAF(E, FEFE T TRl L7z (Fig. 8),

T)VT7 7 U AZEIT D Scatchard 71 M, ARP OAFE, IEAFAE F CTiEWE
RO oTe, =, AT TR T2 BIORPTERADEAIL, ARP OfF
ETFTT Y hOBXPEOLITR D FEEESR K) OIRTA#R I (Fig.
8. Table 4), —J7, X®lhbl )T (&4 Nn) 1%, ARP OFF(E, FEFET T—
B Lz, FAFEAFETIZBWT, EYOFES T A MEIBED LT, G ERME
TLEGE, TOEMEHEAIHEA L TNDEBE2LND, LEER->T, ARP
EAT T T 2 BLOVTENALT HSA 57 ETHALTND Z EDURS

AU, ARP 3% A FIICHEGTAHZ EDBHLNE -T2,
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Fig. 8. Scatchard plots for bindings of warfarin (a), ibuprofen (b) and
diazepam (c) to HSA in the absence (closed circle) and presence (open circle)
of ARP at pH 7.4 and 25 °C. The concentrations of HSA and ARP were 40 u
M and 10 u M, respectively.

The concentrations of warfarin, ibuprofen and diazepam were 2.5-40 uM and
10-40 uM, respectively.
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Table 4. Binding parameters for bindings of warfarin, ibuprofen and
diazepam to HSA in the absence and presence of ARP at pH 7.4 and 25 °C.

Ligands ARP (inhibitor) K, (X10% MY n
without ARP 0.19 = 0.03 1.76 = 0.23
warfarin
with ARP 0.20 = 0.04 1.74 = 0.23
without ARP 4.30 = 0.13 1.05 = 0.02
ibuprofen
with ARP 1.99 = 0.22 1.07 = 0.02
without ARP 2.69 = 0.32 0.91 = 0.01
diazepam
with ARP 1.49 = 0.13 0.83 = 0.03

The concentrations of warfarin, ibuprofen and diazepam were 2.5-40 pM and
10-40 uM, respectively.

The results are means += S.D. (n=3)
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5 3H FALRREVERKHSA ~D ARP DFEEH A h DHERR

ZIVETIZ, A M1, B SRS, 22 M Trp, M'Tyr BMFEEL
TWDZERPHLNIRoTND ™, 22T, MTrp BL O Tyr &7 7=
(A B ST R R R BAR (B2 W214A 38 KTV Y411A) & HVWT ARP @
T e tEA RN L7, ZRAEOFHEIIMO THOETH ST LD MEETEDRE

21X CD 227 RLiER -,

a
b
[
—_—
2 | [
250 300 350

Wavelength (nm)

Fig. 9. CD spectra for the interactions of ARP with HSA (a), W214A (b), and
Y411A (c) at pH 7.4 and 25 C.
The concentrations of albumins and ARP were 40 uM and 20 uM, respectively.

Fig. 974Xk 912, T/ILT I U-ARPIRAZR CHIZRENHFHE €D A~ ML
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1Z. W214A [ZEHB W TIT HSA DA L KX 7 BEWITRER S Lo =08, Y411A 12
BWTIL CD HEDBE RN TAMRINTZ, LEORERI Y, ARP 394 R

O MTyr IHITHE S LTV D ATREME DS /R STz,

BI3E BET VT I TR D ARP KR deschloro—-ARP DS A HEME

%1 1E EEBSITEERAWERESNRTA—ZDEH

LB O MIET VT %, TR BESNCE L COIER IS @V HEE (R
80 %) &t W, —J5, MM TIIT AT I EORE YA RS S T
R EBBEEN R ORI aBRREOEWE KL T, Y OFES
PEICREDNRENDHAENH DL 2, 22C, vy, UHF, 79 hBIUA X
TIVT 2T B ARP 3 LT deschloro—ARP DFEG /8T A — & % 55Tk

WX WEH L, HSA D4 L el LT,
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Table 5. Parameters for interaction ARP and deschloro-ARP with mammalian

albumins
Albumin Binding Parameters
Species ARP deschloro—ARP
K. (X10° M) n K,(Xx10° M) n

Human 7.51 = 1.36 0.80 = 0.05 0.15 = 0.01 0.73 = 0.03
Bovine 0.69 = 0.39 0.85 *= 0.38 0.10 = 0.04 0.70 = 0.05
Rabbit 0.89 = 0.08 0.92 = 0.01 0.06 = 0.03 0.83 = 0.24
Rat 0.57 = 0.53 1.23 £ 0.62 0.03 = 0.01 1.01 = 0.28
Dog 4.36 = 2.61 0.70 = 0.06 0.05 = 0.01 0.69 = 0.03

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

Table 5 IZRT LI, WTFNOEWRET L7 I IZBWVWTH ARP &
deschloro-ARP OFfEAH A Man X, 1ZF1 THoEZ B, 1 1 OEAK
BB LTS EHEZ STz, £72. ARPIZEBW T, HSA A X T /VT 2 v DfE
BEBPMOBYFET V7 I LR U CTEEZ R L TWD L HIT, ARP DT L
T I UAOFERIIIFEEDNGFET D LR LN E o7, F72, deschloro-
ARP OFEAEHIL, WTHOBHFEOIB T H ARP K 0 IKEZ R L, HEiC HSA %
AXTNVTIVTHBEFEIE T L, 2OZENE, HSARA XT AT I ~D
ARP DA ICIIER A DRI EERRENERIZLTHD Z LRGN L -
7=

#5218 T CD A7 MLVEEE AW B A O R

WIZ, BRET VT 2 EOREEY A MZEBIT D ARP 72 5 NI deschloro—ARP
DFEEIRAE AL T H T, BT LT I L ORAZRTBE SN FHiL
CD A7 ML &l LT,
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----Rabbit
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250 300 350
Wavelength(nm)

Fig. 10. CD spectra of ARP bound to various albumin molecules at pH 7.4 at
25 °C. The concentration of albumin was 40 uM and ARP concentration was
20 uM, respectively.

Fig. 10 1Z/RFT LB A XTINT I NIBT HFEE CD AT hVid, 38,
JEARILIZ HSA DOFEFREFBIL TB Y | #aBifttl L&A b ToRm Mk
IEHSAIZHERRIL TV A D B2 b, £, UHXT LT I 2BV T,
HSA D& & Hlk LT, JREE DR T 2R S L7223, T OTRRIZEABIL Tz Z
EID, MEABRMHEIIE TS5 bo0, AV hToRAMEE HSA 1IZHEBIL
TWhEEBEZbNTZ, —FH, VeI y bTAT IO, D A7 |k
JUIXTRIE FARILIT HSA &3> TRV, HSA LXK REETH 5 AlHE

PEDSR STz,
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Fig. 111%, &8MFET /L7 2 > —deschloro-ARP J&A % THUM S N HFA K CD
AT RIS, WD CD AT hVERE Y | ARP D354 (Fig. 10) & LRl
THENEL, ESITBIRL B 5722 L2256 deschloro—ARP 15 & Bl 72
SONZEIAMEE HIT ARP LITERZRDbDEEZEZ LN, ZOLIIT, WTho
IV TS ARP 3 F EOMERIFF 25 G E MM & & bR M &2 R E D
F% 9 A CEEREEEZRIZLTWDLZ ENRBINT,

e obs (mde g)

300 350
Wavelength(nm)

Fig. 11. CD spectra of deschloro-ARP bound to various albumin molecules at
pH 7.4 at 25 °C. The concentration of albumin was 40 uM and deschloro-
ARP concentration was 20 uM.
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%5 4 81 HSA-ARP AR D X 4355 B S ARyT

TNE TORERNS, ARP IZHSA 53 1 LW OO Myr IfHIZHEST D 2
ERHLNE oo, I TCARIETIE, 2D ORREZREEL., Z ONLIRHEE%
FEHNZ RIS 5 7212, HSA-ARP BIAR D X A s WG M 217 - 72,

AMFZE TAEY U 72 HSA-ARP ARG AL O X #fift 7 — 7 36 L O e &b o
Mtz Table 6(ZFC9, HSA-ARP MHEMRDRESIL, ZEMBEP2LIZE L. #T
EHE a=59.2 A, b=184.9 R, ¢=59.3 A, -+ =106.7- ThH-ol=, £z, Fdh
TRt b DR R RREIL 2. 28 A T, #EdWN OIS FREALHICIZ 2 23 F D HSA (4
TAEDT B) BEEN TV, HSA OLEEEIL, ZhE Tos &R,
e ~NY I ATIERESNAHEEEDE W3 DD RA A (1, T, M) HSRERL
SNTWT, ZNEND FAAL NI, YT RAAL A YT RAAL L BITHG
fbsiv Tz (Fig. 12a),
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Table 6. Data-Collection and Structure Refinement Statistics

Values in parentheses denote the highest resolution shell

Data set ARP-HSA complex
Data-collection
Source Photon Factory BL-17A
wavelength (A) 0.9800
Space group P2,
Unit-cell parameters
length (A) a=59.2,b=184.9,¢c=593,
angle (°) £=106.7
Resolution range (A) 50.0 —2.28 (2.42 — 2.28)

No. of observed reflections 361 307 (58 618)
No. of unique reflections 54 292 (8 793)

Multiplicity 6.7 (6.7)
Completeness (%) 97.7 (99.1)
Rumerge(%0) 8.3 (46.8)
Z40)) 14.2 (3.3)
Refinement
Resolution (A) 48.4-2.28(2.32-2.28)
Reflection used 54291 (2 793)
Ryor (%)° 20.7 (27.3)
Riree (%0)° 25.5(35.2)
Completeness (%) 97.8 (94.0)
No. of non-hydrogen atoms 8 920
Protein 8 466
Ligands 80
Solvent 374
r.m.s.d. from ideality
bond length (A) 0.002
bond angle (°) 0.424
Average B-factor 51.1
Protein 51.7
Ligands 449
Solvent 38.7
Ramachandran plot
favored region (%) 93.63
allowed region (%) 6.28
outlier region (%) 0.09
Clashscore 7.0
Twin operators (L, -k, h)
Twin fractions 0.48

® Rmerge = 100 % Sy i | Ii(hkl) — (I(hkD) | Swia Zi I(hkT), where (I(hkl)) is the mean value
of I(hkl). ® Rwork = 100 X S| 1Fo | = 1Fell 7 Zma |Fo |, where Fo and F¢ the observed and
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calculated structure factors, respectively. © Riree 1s calculated as for Rwork, but for the test

set comprising 5% reflections not used in refinement.

(b)

Fig. 12. Overall structure of the ARP-HSA complex. (a) Overall structures
of the ARP-HSA complex (PDB: 6A7P)*". The HSA molecule is shown as a
cartoon representation, and the sub-domain structures are colored in
magenta (IA), pink (IB), green (ITA), palegreen (IIB), blue (ITTA), and cyan
(ITIB). The ARP molecule (yellow) is shown as a CPK
(Corey—Pauling—Koltun) representation. (b) 2m F,—D F, electron density map
of ARP is shown as a blue mesh control at 1.50.

HSA-ARP AR D#E ik Tld. ARP OFS ALY 7 R A A A ITFFAE L
TWT, ZOEALIZ ARP 53 THOROHIR R BT EELZBET L2 N TE T,
HSA D% 7 RAA MA X, YA R 72 D ONCHEMIEERE &Y 1 & (FARSE A
R) 3BEV4 EMEEND 32DV H Y REEGEMSFEE S TS % ARP
FEAEALIE, A POBEIRFAYA M4 DliFEEALTNC, PISAT 0T T Ak
W CEMET S L HSA & ARP Ok FEIL 513 A Th o7,

ARP & HSA OFFM7R A EIMRAZ BT 5L, ARPDOY /7 mn 7 ==L E
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R HIT BLeu, **1le, *Asn, **Cys, **Phe, '“Phe, 'Tyr, *’Leu,
Byal, ¥Gly, "BCys, "Ala, *’Leu, ®Arg B L *®Ser THEN TV (Fig.

13a),

(a)

\_LY)QB\

Phewg»l.aww?l%‘ QF} Phﬁoqbeudw Tyr41 }

s Lysd14
L_‘ }r"/ y
o

Asn391 "489
Arg435
Leu387 !
ﬁ‘__ —

el

Diazepam

Fig. 13. ARP binding at subdomain IIIA in HSA. (a) Stereo-view of the
binding of ARP at subdomain IITA. The ARP molecule (yellow) is shown as a
ball-and-stick representation. (b) Comparison of the binding position of ARP
(yellow) with that of diazepam (magenta stick, PDB: 2BXF )17 at drug site
II. Chlorine atoms are colored in green and hydrogen bonds are shown as
orange dashed lines. (c) Comparison of the position of binding of ARP
(yellow) with myristic acid (orange stick, PDB: 1BJ9 ) 32 at FA site 4.
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SHICVARP DY 7 a7 2= T VT A FOART v FOBRIZAL
B L TWT, 3NLOEFEFF & HSA D **Cys ORER DML 3.4-3.6 A TH
S7= (Fig. 13b), ZOFEENDL, ARPDY /7 nn 7 ==L BT VD 3 i
DHEHRIFTF & HSA D *Cys FRIEDHEFFII v 7 o fiazr UTHEER L
TS ZENRBINTZ, 2B, k2 a7 e, V7 B ANLDOERT
EHSA DI THEEREINTND ™ 9 ARP OV E KX/ U/ UEMLE butoxy
U h—EhniE, MTyr, MLys, ""Val, “%Val, ®Leu, “Ser, "Leu, *Leu,
®Phe, BEIO"Leu IZPHEN TV, £/, ARP DOV E RuXx /2 U 2 A,
HSA 531D "' Tyr 35 ED 7 = = NV HATHET D L) ICHFET L2 &0 6, o 1iE
L > TREAMEICOLENEENE - s MHAEEREZERT L2447
LIFET S Z EN TSN,
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EoHE B

AIETII. ARP 23 HSA & 1 @ 1 OEEEETER L, T OFMEITIE. ARP i H
DYran 7 o=V eERT VU 3 ORI N EEREEE R LTS
ZERHL NI o T, —J7 ARP 2N HSA 43 - D E DOELICHEA LTV D D,
FET720 ARP 318 D WL S ALOMFE T3, AV A MIBWTED L7227
JFRIE R EAMER LT D ONEOFEIZ W IR ST 7220,

Z T AETIEET, AT A MoREERZHE LT, faT A MR
BET 2DV H Y REDOHEFEREITo 7, BT m—7BE#HIER Fig. 7) BX
OV AT 52 O 7o BRERER (Fig. 8) 12XV ARP YA FILISFREAT D Z
ENHALMNE ol A 77T 2RV TERAD L YA FILICKHEST
LI ETIFAHEFLSI SR T ZEnD, Zh b OEYZIFARFZIL ARP O
KEhRE K OEBCRNEM ORBUCER T HIRLENH D LB 2 bz, KIZ,
AR R BR HSA (BN W214A BEOVVAL1A) Z AW/t (Fig. 9)
(&Y ARP 39 A T D MTyr FREGTHITHR G L TV D AREMED 8 D & Uy O
EIRBBOFEMAR STz, TAT I U ~OFEYOFREEETIE, U ULITFEZEDEE
D HID, ARPIZOWTIE, HSA B LA XTIV T 2 UAZIEERRE O BFIME T
BTHN, vV, UHX Ty NTAT I UAOBRIMEIL 2B LR
RN Z ER B E o7 (Table 5), Kosa HiE, ARlFk 4 23 ET L72F U
T L7 I (e b, vy YR Ty RBIXOAXT AT ) MW
T, A PIORKRNR VT RTHDZA T TR 7 2 BLORYT B RLDRE

OPEZFEL TS (Table 7) 2,
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Table 7. Binging parameters of ibuprofen and diazepam (site II drugs) to
different serum albumins estimated by equilibrium dialysis at pH 7.4 and
25 °C from Kosa et al. (1997)

Primary binding parameters
ibuprofen diazepam

O
OH

Albumin e (s 108 M) ny Ki(x 105 M™") ny
species

Human 356+0.325 1 1.75+0.626 i
Dog 3.15+0.176 1 0.81+0.057 1
Bovine 2.25+0.154 1 N.D N.D
Rabbit 159+0.238 1 N.D N.D
Rat 1.09+0.067 1 N.D N.D

The results are means + S.D. (n=3) N.D; Not determined.

ARFHCINIE, A 7707 = 3T XTOEBYMROT VT I T EE R
HETHEGT D, =T, U7 ERLTE PBIOA XT AT I AR FERT
BN, T THR Ty FTAT I UADREAMEITE L BV ERB BT
2o TGS, BBREWNZ L2, ARl ARP OT L7 2 U ~OFEG MR TR S
7ofi7E (Table 5) I, Y7 E/RAIZB T HHALELL T (Table 7), ¥
TEB/SLHY ARP [ARR, HEETPICHERIRF 2 AT 5L EaBERL L YTEARL
& ARP D HSA ~DFRVNRE AR 22 D BRI R DAFAE S B 2R 58 4 L
L TWD EERBND, FFE, HFREIFTMF(E L 720 deschloro-ARP D&M
IE. WTHOBEWFET L7 I TH ARPIZHEE LTI R L7z (Table 5) 2%, %
DIETFORREIL, FHZ HSA BEOA XTLVT IV THETHY . LOHHmDOZ

LPERIR ST, TS EENENTIE CTE O LT RS R & [FIARIZ, ARP-HSA K2 TY ARP-
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AXTIVT I NTBT DB CD A7 bV ORI 72 b NS IR ITEEL (Fig. 10)
LTEY, #EEYA FTREROEMZ & > TWADAREEE L RIB Iz, S HIT,
WP OBEFE T deschloro-ARP DFEE CD 222 kL (Fig. 11) 1%, ARP O
e (Fig. 10) L3R ->TEY ., WHREF, FEY A MIRIT 5 ARP DR
] ZIRE DT TV D EHEZR S 4L, RT3 MEDIERIF T DAF(EIL HSA J A X7
VT B L TTREL M OBEBNEIC S N AR FI2 b o TV D EE X BT,

AIalFe & 1Z. HSA-ARP # AR D X MRS db S AT IO L. & BICFEM 722 &
AP TE e (Fig. 12), kDt o —7 @RI, FnEiTEL v
P FZBR CIL ARP I HSA 73+ LDV A FILICHEG T2 Z LA BT LI, X
PRAERAEIEIZ L D & ZORATAIL, YA FOIB L FAREY A K 4
D7 % G e KEPFIC R S 2 E DB B MNIT/e 572 (Fig. 13¢), & HIT, ARP I,
FEART Y NNICIFET DBUKIET X/ IR LICEN T Y (Fig. 13a). Hi
BCHESR LT BUK AR A EH OB G R ST, ARP DUk R ) U ) LA
PIEHSA 3 7D M Tyr DO 7 2 =i b - n MEMERT2 2 ERIB S,
ZOMEAEMICE o Tay FUORBTHE S RN ST, AT,
ARP #EIEF DY/ mn 7 = =)L T DI 3 WO R & HSA 45+ F **Cys
OFEE T L OFEET 3.4-3.6 R T, "o AU iEAOEENRIL S, JiEs
HBONCAEIZBWTHZRE L, AR IUWAEY A FToRMIZEBITS 3 Lo
WHERT OB MR SNz (Fig. 13b),

[FER D 1 7 A Z I LT EAERIT HSA & 2T B R AR & DO/’
OHEERICB N THEE (Fig. 13b) SN THY * ¥ ARP T A FOITY
TEANLEHUOHKATHEA L, ZOZLIZL Y [FEROEMFET LT I v ~D
/N =R LIbDEEZIDBND, & ZAT, HED ITC Z W)

FHIFEMNT (Table 2) 1Z2BUNTIE, ARP, 2-deschloro—ARP & HSA & Of5& 2B W
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T, =2V E—HDOKB SN D RN & D 1 7 UG % O R BRI A
TEROBIGI3R STV, ZhUE, ITC & RV 7o B EHOfRAT & X RRS Sl
BT CEBRROENEH D LEZEZOLNLN, T Z AV E—HITKM I AT
2N 1 DOFREME L LTRSS 1L O AEERRE 2 bivd, ARl DTz fk R
#EZDHE,ARP & HSA OFEGITIEL, BUKPEMHEAVER & S BRI B/ER B EAR
WCEBE L TWB EEZDLDORRYETH DL EEbILE,
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56 i /INE

1) #t7 m— 7 EHER LU HEETE 2 OB SZBRIZ L Y | ARP 23
YA FIITHET D 2 & AERR S iz,

2) EALEFERAEREMAEHSA (FRFNW214A B L OY411A) ZHW-KEHc &
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(2L IRBEWE ., BV B ROMREIRIAER D L O e NREMEIC X G E0 %
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b HSA OIS 2 A5 FRFEIZ L 0 FFf L 72,
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L OWEILIZfE 5 HSA OREEZEAIZOW T L7z, Fig. 14 1ZR3@0 ., Eb
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Fig. 14. SDS-polyacrylamide gel electrolysis in the presence of B-
mercaptoethanol of HSA samples. Protein samples (0.5 png per lane) were
loaded onto 10% polyacrylamide gel.

Lanes: © molecular weight markers; @ HSA; @ CTimmin-HSA; @
CTimM-2nr-HSA; @ CTiomm-1nr-HSA; & CTiomm-oneHSA; ® control (without
glucose) HSA; @D Glycated HSA; ® MCOion,-HSA; @ MCOsg4n-HSA
CT-HSA was prepared by mixing 300 uM of HSA with 1 mM or 10 mM of CT in
phosphate buffer for 1 or 2 hours at 37 C.

MCO-HSA was prepared by mixing 300 pM of HSA with10 u M of FeCls + 4H20 with
100 mM of ascorbic acid in 50 mM Tris buffer (pH 7.4) for 12 or 24 hours.

Glycated HSA was prepared by mixing HSA (5 mg/ml) with 50 mM glucose at 37 °C
for 30 days.
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Fig. 15. Carbonyl Contents of HSAs

(MOHSA; @ CTimm-1nr-HSA; @ CTimm-2neHSA; @ CTiomm-2neHSA; &
CTiomm-2n"HSA; ® MCO12n,-HSA; @D MCO24n,"HSA ® HSA incubated for
30 days without glucose; @ Glycated HSA

means+S.D. (n=3). *, p<0.05 as compared with HSA

Fig. 15 (TR & 912, HSA &bl LT, BR{K HSA DA /LA =)L &4 &I 3N
L7, F7-. DARZAEGEIT. 705 30 T OFEEE L FOSHRICEE L T
EE R, B2, 10 M D7 15 32 T EEET 2 BRRES S B8 L7~ HSA

(CTyomon—HSA) TIHAEIZCEWH LR LS ENRINT, 12 BIL O 24 FfH

St S 74 B gt e b HSA (MCO,5,—HSA 35 X T MCO,,,,—HSA) 2B W TIE, K
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FLlbig L7z (Fig. 16a, b), ZTORER, WITNOREFEKIZIH W TS, Bk,
FERIZE D €D AT MAOEITD TN ThoTe, 2O &0 D, b I
FE(RICAE D k. = REE OB (RIS W EEZ 2 b,
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Fig. 16. CD spectra of HSAs at 25°C. (a) was Far-UV CD. (b) was Near-UV
CD.

The proteins concentration of (a) and (b) were 2 uM and 40 uM, respectively.
Spectra were shown for HSA, CTiomM-2nr -HSA, MCO2: -HSA, Glycated HSA.
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RTWREZFT D2 &b, rp EOEDOZE L ZFHE L. HSA DRk 5N
BEAGICPE D S L A HEE Lz (Fig. 17), T OREHE, HSA L i LT, M{bE
L OWE(L HSA 0 *Trp OEIEIRE T DT I Lic, 2O &b, ik
W M B0 7 aBEIIEL LTS EEBEZXLND N, FOREIZD TN
Thobre&Ex BN,
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Fig. 17. Tryptophan fluorescence emission spectra of HSA, CT-HSA,
Glycated HSA, MCO-HSA at 25 C.

The proteins’ concentrations were 20 uM. Spectra was excited at 285 nm.
Spectra were shown for native HSA, CTiomm-2ne -HSA, MCOa4ny -HSA, Glycated
HSA.

% 38 BRI X U%E(L HSA DEMRE S M FEH

HTENC B W TCHERR S=, Bk, BRIz & 729 HSA Db o7 iifid&E 2k
ARP DFEAMEIZ E D X H IS B 0 E 7 L 7=,
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b HSA DA I HSA, (L HSA DA 1T control HSA [Zxd 2 R{bd 2\ T b
HSA T ARP IEfE G R Dt (EfEGI) 2 WA L7z, ZOf5%R. Btk
FOHEE HSA W RIZEWTH, HERERLOENTROLEEMET 5 2

&R S vl (Fig. 18),
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Fig. 18. Relative ARP free fraction for binding to native and modified HSAs

estimated by equilibrium dialysis at 25°C. The concentrations of ARP and

HSAs were 20 uM and 40 uM, respectively.

@O HSA, @ CTiommzonr - HSA, @ MCO24n: - HSA, @ control (without
glucose) HSA, ® Glycated HSA

means =S.D. (n=3). *, p<0.05 as compared with control HSA
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BREE D TAR T L2y, A7 MV ORGIRIZERL L Tz, RIEISRI@Y | B
b, BEHEIZHE ARP OFEAMEMNMR T 222525, D BMEDNKTIXZZD
faAMEOIER T 2L TWD EE X b, fiE- T, ARP [3lE{k IS KL UWE(L HSA 43
F BT, HSA 43 B & RIERDBLA A & - TV D EHEE STz,
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Fig. 19. Induced CD spectra of ARP-HSAs at pH7.4 and 25°C. The

concentration of ARP and albumin were 20 uM and 40 uM, respectively.
Spectra were shown for HSA, CTiomm-2n -HSA, MCOz4n: -HSA, Glycated HSA.
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DB L R LTz, Fig. 20a, b \RTHEY . A > REIILEIRE, ©UE
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HOENE7R0 | ZOREITA » REIIUEBE THHE Tholz, 1~ RF VAR
YA FILSHEES Y L, EUAEEY T RAAL U IBICHEAT S Y L)
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Fig. 20. Effect of indoxyl sulfate (a) and bilirubin (b) on ARP binding to HSAs
at pH 7.4 and 25 C.
(Dcontrol (in the absence of toxin); @ in the presence of indoxyl sulfate
(20 uM); @ in the presence of indoxyl sulfate (40 uM); @ in the
presence of bilirubin (20 uM); & in the presence of bilirubin (40 uM)
means+S.D. (n=3).*, p<0.05 as compared with ligands 0 pM
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%2 PHEB X UORFBIROZE

RN B FR R TN 2 BRI SV T, ARP O HSA fiE Ao x4 % s
BRI L, BRI CH DA ¥ ViR, RV TH D I ) AF UEETIE
WS, EOIREOHEINCEVY ARP OIEFEEHEN LA T2 WA LNE
ST, TOREIIA I X R THE CTH- 7= (Fig. 21),

Free Fraction (%)

[Fatty acids] / [HSA]

Fig. 21. Effect of octanoic acid (O) and myristic acid (@) in ARP binding to
HSA at pH7.4 and 25°C.

The concentrations of HSA, ARP, and octanoic acids and myristic acids were
40 uM, and 20 uM ARP, and 0, 40, 80, 120 uM, respectively.

means+S.D. (n=3).*, p<0.05 in comparison with 0 uM fatty acids.
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Fig. 22. Effects of octanoic acids (a) and myristic acids (b) on CD spectra for
the interactions of ARP with HSA at pH 7.4 and 25 C.

The concentrations of HSA, ARP, and octanoic acids and myristic acids (a)-(f)
were 40 uM, and 20 uM ARP, and 0, 10, 20, 40, 80, 120 uM, respectively.
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ARP [IHT L OFUREMIR A & L T Eiifei 20 a3 2208, KR, HHRP TR
SHERIhTWD, £72, ARP X, RIS, 220, RIEWFE CIRA S TR
D, SHBBEHEOWMA TR S TWD, —J7, ARP OISEX /37 fEE 1T
THERILRON TRV | BERS 5 WIMEEO O RO KW ENRE, 35D A 8
REWER OFBLEZ 2 v X7 $EE T 25 RISV TR 2 Z & (XN EET
D,

TOXH Y EOL & ARIETIL, ARP @ HSA ~DFEGRED#EIAAZ1T 5 =
ExERE Lz, BT, MEaFRMEOFEMZ A LN T 272012, a4 o
FE7R B NCHEE A FOI 7 nBREEAHEE Lz, £z, WRERHZI5 1T 5 HSA O
TR AN R M LR EE O ZEEhAS ARP D AP KIE T BN SV TRk
L7, LTI DN m a2 #iEd 5,

1) ARP @ HSA ~DiE & ReFHME (55 2 )

HSA ~0 ARP DFEGHRMEA TS Lo fE R, #5637 A — 2%, gtz A
WERET L VA EENT 7.51X10° M E W) EVEZEZ R L, BBES T 2 L
WHGMNE RS Te, o WEYA FMUX1 THLHZ L6, ARPIIHSA &1 ¢
| OEARERT D 2 EDVRENTZ, ARP OERBWLFHELREZ W -REHT
TV ARPHFEDOY 7 nn 7 2= LT D OB EF A HSA DOFEAIC
R EZRIZLTWD EZEX BT, 61T, D AT FviEz VWi iEt
2k, Yreu 7= eT U 3 OB ITAE SN TO ARP O

BLR 2R EDITBIRF Lo TWDHZ E VLN E o7, ITC 2 W T Rdtn
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5. HSA ~ ARP OFEAIZHB TR, BRIV AER 2N B /% E 2 B2 LT
B A[HEMEDN R S T,

2) HSA 43F_ LD ARP f5 &4 FD I 7 o BREEMAENT (B8 3 &)

HSA 431 EIZH1F 5 ARP OfEG Y A FOREZ B E LT, w7 m— 7
FEER7R & DN PRI IE & -V T B R 24T o 7o SR, ARP IEY A N LIRS
THIEBHLNE R0l S BT, AR RN RIRZ AW RRFHT L 0 | ARP
YA RO O My FEEGEHITRES L T2 AlREERN HEZR Sz, ARP DT LT
RUNDOREICR T LEET, FULKERRFZ26T20 T ERLAOEE LM
LLL T\ Z & D25 ARP @ HSA ~D3RUEE A MESCHE 22 O B RN R R 123 5
L CWDATRBMEDN R Svle, UL EOREROZ Y2 MFtd 5 HAY T, X #isfmtE
TERRNT 24T - 725 5. ARP (X, A R IR WTHUKMED T 2/ BRI £
THEO, ARPOVE KX /U ) LD 7 = = )LELE, HSA 4310 "'Tyr FR
D7 2=Vl n-n HEERTLZ ENRBENT, £/, ARP DY 7>
T =V ERT VU 3LOERIFT & HSA 537 Lo PCys DR T L e

T UG DGR TRR STz,

3) ARP @ HSA ~D#ERIZ KT TREBRSELERTFORE (F4E)

B, RO RIE DR RE TIZI1T 5 HSA OfEIEZ(L (HSA Ok, B
b)) 725 NCNREWE B (1 > REVAREE, U ey, A7 2
AT W) DAL ARP D HSA ~DFEAGYEIZ KT T B LA MG LTz, WTio
5itr b ARP OFEGYEITIR T2 Z LG E o728, FRIZ ARP & [RIER DR
YA NEHETHA Y REIVMRBE L OA 7 ¥ UBRITEAEEFEIC LD, B
IZ ARP OFEAZIE TS, —J, BEUVAE LRI URF U T ARP &35
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B A MIEARTHIEIZEY, TuAT U v 712 ARP OFEAZEEL TV
HbDEBEZ BN, ULEORREID | JWRERFIZISWT ARP D MiEZ /X7 i
BNEAT DR A 20T Lz, FICBRARIZI VT HSA ofEEZA L
(N A, IRTFEDECHRIIEE DOFREDS ARP OIAEH v X7 G 2 BHE LT &
. ARP OIENENRERCIE S D2, BIER DI D723 5 WREMEN R ST,

LLED X ST, ARP DX 37 G | R HSA ~DOFEAFFECHE GV A R
7 B EREIZOWCEEHIICH L, S BIZHRBRFICEIT S ARP O X 37 fEG M
(ZOWTORMABREF ST, ARP X, REINIIRM S, RISWFinE TR S
HZEe0b, HERBAORBOFEELE X HNLD, BT, IAGEEH DLW
3A U H B a—T 5 —HIZE T L IFHEECR BRI OEEHRHITD 220, 2
DI, AHIE TR ORI RIE, EERRIZIN T ARP O FRYEhREOHAL) D 2L
B LOBEWERZ THIT 2 ECHRAZRERERICR D B2 615, 61T, W
A FHICHEE T 2EY OIS LORESCHEDOER B SN2 &b, K
FRE, TAREICIR & 37, BHFEERE IS 1T 23D & X7 FEGFHED TR

ORNDLEEBRBERICRDITHA I,
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KERDOTR

£ Bk

Recombinant human albumin (%, =7 et L vtz O L
2o Chen™ 23 L7e Hik &2 U LIz FIEAZ FHWT, 77 X v ZKIR TIETER
ZINA, HEET pH 3.0 (CHHHE L CHENIER 2 W AEBRE (BiAR) L7, 2ok, K
Ak N U 7 ATpH 7.4 ISR L TAM L, BIUKICK L CEITR, B
W7z, £ BAE HSA (X, SDS-PAGE I[ZHRWTH—D NV KRR S, &
T3 66.5 kDa & BIE IH72, Recombinant dog albumin |d, HFRKZFITI
THER ™ 12> TR SNz b O &R L TRz, SRR BRI IR HSA T
& D W214A B L OV VALIA 1T, REARRZFZICE W TEER ™ 126> TER SN - b
ZBAE L THW, B b, U3, UFXFBLIUNT v MJET V7 2 1%, Sigma
Chemical Company(St. Louis, MO) XV BiAREAD D EMEA L7, ARP IZHAH
bR EDVAFELEZ, VT 7V e H B a2 id Signa Chemical
Company (St. Louis, MO) X WWEA LTz, A7 X, IV AT U@, U7/
BLOA 77w 7 03, BRASHIET I L0 AF L7, ARP OREHY
dehydro-ARP X, Zeidan H DL ™ IZHEt> THAM L7, 2-deschloro-ARP I,
Toronto Research Chemicals(Toronto, Canada)’SHEA L7, deschloro—ARP
1% Banno & D51 ™ THERE L, 3—deschloro—ARP 35 & T dimethy1-ARP (%, Oshiro
SOFE™ TIERR LTz, & ofh, RIE, WEAIIHTIRRF RS 20 L, Wik
L COKITEMAKZEN Lc, Z "7 /EFEBIZBWTIL 67 mM U o ek
R (pH 7.4 7213 6.0) 2 H L7z,
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. &t % AT

FEERT — Z IR AERERZE TR LTc, ARZEBREICOW T —oil &S
BOT#IZ, ZEEERO7Z®IZ Dunnett’ s FEZ AW T T o7z, fEIRAEAS 0. 05

UTTHDEEITMEFNCHETH D LRl L7,

- 5 %5 AT ¥

MBI FERRIT. 2 nl @ Sanko T AF v I BT EALEHNTITo7, 2O
DY V5 E % Visking B m — AR THEEL T, 7K (T A7 I B X
WY Ty RER) TR LTHRE (0.5 nl) OFEER (L) Z2 T 24 R
BB 21T, T D%, EEIRIN OB Y 77 RIRE (C) BROH 7
DY 7 R QT Y 7 > FIREE+REERL Y > R ;C+C,) & HPLC

THIE LT,

B T — & R

WO L FOEYBEZREL, (1), (2)XEHWTHEEREZEH LT,
F 7o WEEERL 3 ERIE, 100 05 (2) RTHEOLNTEEZFIK ZEICKVER L,

AU L REBE (C)
= YU NEERMO Y F o RIEE (C+C,)

-V UEEREETRA O U v RIREE (Cp) (1)
EEE (%) =C / (C, +C) X 100 (2)

FEA/NT A—H—%, ScatchardzL (3) IZE>Tr / C vs r v b
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EARIC2 D 2 & g, X (4) ITERSWTHEE L, 8T — %X, GraphPad

PRISM®Versiond (GraphPad Software ft) & FVNTHEMNT L 7=,

r/ C=n+K, -r-K, (3)

r=0C/P=n-K-C/ (1+K,-Cp (4)

Tt XA UNIELEABEVICHERT D) T ROEALETHY

PIZZ UV BEOENMRETH D, nldfay A M KITHEGERTH D,

HPLC #I| & &

AWFFEIZFNT HPLC (X, BANA T 7 A = 25418 D-2000 Elite HPLC
system Zffi ] L 72, YMC-PACK ODS AM303 (ki 7485 mm, & & 250 mmX NP 4.6
mm, YMC #f) ZEEME LM L, IREEIE 40 CITRE L7, WHEA (50 mM Y
VIETKETFT Y L) BLOWEEB GOomM U T KETFT R T ABIOT
¥ h=hk U, 30:70 vol / vol) D2ODREABENMRE L THHLEZ, v—
I BT DIZFIH L 77 V= MIWIZRT#EY THhDH, 0-7 47 (30 %
100 %B) . 7-10 53 (100 %B), 10-15%) (100 %30 %B). 15-20 43 (30 %B), &)
FHOWIHIZ 1.0 nl/ 75 T—E L L, BHERIE 210 nn (ZEE L THEYI 7

DUNT 20 ZrfEE Lz,
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CD AT b Vg

CD AT huid, HARD YRS AER J-720 BIH M WGHE EH L CHl
ELTZ, B, B AT MVET AT I =0 H Y RERRD AL kL
MO, TIVT I UVEADART M EELSIW, 2AXT hre UTHEHR L7z,
PEICIE, BVE L em OfEEALZ R, CDFREIL, BT OFEME (0 4.)

ELTFEKLE,

BT a—TBBRER

HSA %4 b T BV A FMloEN7mn—7L LTIALT 7 U BRI
IOV VA sk T, SRR X HITACHT # F-2500 8% 43 Y6 B8 f iz Tl
E LTz, 256 CleBW TS LAY v MEIZ10m & LT, V77l
YEBIOF v v ay o olEREIEL. £ 320 nm B X TVN350 nm (2
RE L, MNEEX, VA7 ) U BIOX ALY T, ERER
350-450 35 LT 400-600 nm D RICHBITHE—7EE LIz, 2B, T r—7
HSA DF NIRRT L « LICHER LIE 2T o 72, #0070 — 7 OEHMORREIX

AT (6) & MW TR L7z,

F, /F, X100 (6)

FUFEE T m—7 =T V7 I RAER TBIN S N D HEOGRE, FIlXZhIE
BWE 20N LTS 5E B S L 5 SO 21T,
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BNZFEWNNTRA—F

BV NT A —H [T~ )b — 8 MicroCal 1TC200 (2 CHIE L7, HIE
F—XZ X, Y7 b7 =7 MicroCal @ Origin Z{fifl L. One-Set—of-Sites &7
VTN 21T > 72, AR 2 % (v/v) Dimethyl sulfoxide % & 50 mM pH 6.0
NaH,PO, ¥&#& % TY 150 mM NaCl ¥ 2 L 40 uM HSA ER L 72, B¥#&; Dimethyl
sulfoxide TI&f#E L 7= ARP % 50 mM pH 6.0 NaH,PO, &% K& T8 150 mM NaCl ¥&#% C
AL T 400 uM ARPAERK L7z, ARE Y2 7B /WIZ AL, BIRZTRES Y &~

BT L35 CTHIEZEIT- T,

BaRgEHE T VTIvoFAM

Fe{t HSA OFR%
s I 0TIV b LTV 7 3 (CT-HSA) L. Anraku & O FIEITE

TOEREZMZFE LY, T72bb, U U BEER (pH 7.4) 1T 300 uM @
HSAZ 1 mM 7201310 M D27 1o > T ERA%., 1 7203 2 BEf S S E7H
R 7=, &SR X 0 ER{L L7z HSA (MCO-HSA) 1%, Meucci 5D HIEICHET- D
BEEZMZFAR U™, FEHNCIE, 50 pM Tris $8fEHK (pH 7.4) T, 300 pM @
HSA % 10 uM FeCl, + 4H,0 B XL V100 mM 7 A 2 /L B R LiRA R, 12 7213 24

PR SO S TR L 72,

¥t HSA 3%l
BE(L HSA (Glycated-HSA) 3. Nakajo & D HFIEIZHEWVGHBELL 7=, pH 7.4 O

67 mM VU U U 7 AR T, HSA (Bmg / ml) Z 50 mM 7 /L= — 2 L 30

AR SR L7z, B L HSA fflick il 2 ar ha—L b LT, HSA DA
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(72— ZFEAHE) DRIFTIB N THRIEZATV, Control-HSA Z ff TR

L7,

SDS-PAGE

SDS-PAGE {Z. 10% RYU 727 VLT I RFLVEHWTIToT-, tB. HfFE~

— 37— X WIDE VIEW Prestained protein site marker MZfHEH L7,

ANH=NVEERHE

HSA. F&fb3s X OE(L HSA D 771 VR = L& DO HIEIL, Levine H D HIEITHE -
TIT-7= 7, £9°, %702 10 mM @ 2, 4-dinitrophenylhydrazine & 2 M HC1
Nz CTHRE R, bV 7 o o FERAKERIR 2 N 2T iz 0B U7z, W2 B Y bR
6M 7T =V URIR (7T =V R KHLPO, KSR E N2 7=1%., NU 74
DR Z AV C pH 2. 3 ICHREE) 2Nz s, S5, mOoEEEITV., BiEEER
BMLT6 M T =Y uiRiia) 77 L A& LT, UV / VIS4 ¥E (Jasco V-
550 UV/VIS Spectrophotometer) CllE L7z 280, 360 nm DWESEEE % W TH

H L7z,

Y P r T 7 R BERE

HSA @ N U 7 v 7 7 UERFEOSNMEIX, BYnA T 7 %A = 248 o
Fluorescence Spectrophotometer F—2500 % H >, 285 nm Z £ & L. 300-

360 nm OHEJEWERZHIE LT,
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iS5 ik HSA IS D38l . HSA-ARP B & K o i 1k

FERAEICfE 92 HSA TR, -80 ‘CITIRAF L7 BLIR 5 720> HSA WS 28
EEL, ZVAEERAEK G0mM Y UiEH Y v LFEEE pH 7.0, 150 mM
KCl) THI20mg/mL & 725 X O ITWEM LTz, D%, 2 &IKD HSA ZrET 5
72 %, Hiload 16/60 Superdex 75pg 77 7 2 (GE Healthcare) Z W TR L7-, 1
HlL72 HSA I%. Vivaspin 15 (Sartorius, 475> : 10,000) & 50mM Y > E&%
U 7 MEMERR pH 7.0 Z FAVC, IRHE & AR A0 K3 2 & OB A 1T,
BREHIIZ HSA OEFENNK) 200 mg/mL (272 % F CTHEAME L7-, 125 L 7= HSA 8K
A5 E EIC 3% £ T-80°C CRAF L T2,
fam bIZBER 95 ARP DA kv 7 ¥EHRIL, DMSO ZH\WT 50 mM & 785 KL 9
IZIAfR 7=, ARP-HSA #HAMKIEZ, 50mM Y >l U w7 LFEEK pH 7.0 38 LY
10 % (v/v) DMSO THSA & ARP % 1:5 DENLERD L IICHAL, £
D%, —WE 20°CICHET D Z & T ARP-HSA AL TR ST, KA X
OREAME ARP (30508 (20° C T20,400Xg T 1 FEHE) 12X v BEREL, 50mM
U lE7 Y v LG5 pH 7.0 & Vivaspin 500 (Sartorius, 774y -5 : 10,000) % M
W, DMSO JREED 1% F &7 D X2y 7 7 —RHZATV, BoERIIC 1.4
mM O HSA JB L 725 X 512 ARP-HSA #AIRIATR 2 1266 LT,

HSA-ARP # A RO IR BbIL, LR TAY T T Ry 7RG IEHOE
EHWTITW, AN —27 v —F ¢ U BRI L DR b 2 RidEd 5 Z & T ARP-
HSA #HAEERDOHEH 2T S ED 2 LI LT,

XREIFT —F OIRE, #ERT, BEKEL

Table T/ 51317~ HSA-ARP S A OHEIT., 7 9 A4 F—TF T, #+
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DEFREERIRET Z L TH T ARITEHFE LTz, Z OB L7ofdb 3Rk
FEHIRAE L72IREE T Photon Factory BL-17A (B, HAR) ~#ikL., KE
0.9800 A, JEJE-173" C OSAMFT, Pilatus 3 S6M g (DECTRIS) # VT X
MEHTT — 2 ZNE LT, Bz X BETT —Z O/RBIX T 1 7T LNy -
— Y XDSOEEH LT,

RS E 13 FEBEHE TIT o T2, —F 7 /121 PDB: 5YOQ80 % v,
[EliRdS K ONEERR O RICIZ T v 7T LNy r— CCPYND T r 75 I
Molrep8? 7 U7z, fE& kg%t 35 X T8 TLS (Translation Libration Screw-rotation)
TN—TDREL., 70T L%y lr— PHENI WD 7 11 7' Z I phenix.refine.
71 7 I phenix.find_tls_groups ZAEH L7 83, 53 &7 VO L OMEIEIX
Ta g T A COOTPEHER Liz, £7-, K& EORYEIZT T s T A

MolProbit®® % FIWTHERR L. 0 FHEERIOAERIL 7 v 7 F I PyMOL® Z i L

7=
Table Crystallization conditions of the HSA-ARP complex

condition

Droplet: Total 3.0 pL
HSA-ARP mixture”! 1.5 L
Reservoir solution 1.5 L

Reservoir: Total 0.4 mL
32%(w/v)PEG3350
50mM potassium phosphate buffer pH
7.0

Temperature: 4°C

#lcontaining 1.4 mM HSA, 7 mM ARP, and 50mM potassium phosphate
buffer pH 7.0.
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i

ARMFFEZAT D IZBR U RARTEZRES 70 255, TR A 15V £ L 72 3R
FERAMEN R AT EE IR 2 R, M AT HEENR. SEMORT ol
DDS FE  /NHEY) R FHEEERICRER DIEHOEER L ET,

ARLOFEI D12 | HEREIE LRI 28D & LIS R 770
WIMLERE T R% HdR, RERIEASENEE PN KO #iE,
FA(CERTES K3 % MBI Lh DB OEE R LET,

ABFTE D FE RS U, ARP 38R & AR ORI 272 & & U el 3k
IIRMCFRIIER A BT BRI L £,

AWFFED X SRS EREITICER U, B3 ) W72 & £ LI ER KRR E T
5 MEM TR A BN BhEUCEGHEL L £ 9, Eo. AWFZECHERR L7
Photon Factory =° SPring-8 |Z331F B i e 2 FIH L7 X BRETEER T, & X
JL X —EH A ZE86HE  Photon Factory O JL[FEIFIH FZBRGEME GREE 5
2017G554) I ONMZ R K5 B E M IE It o S [m R FEBRERE GRERE 5
2017A6715, 2018B6812, 2019A6911) & L CTHEMEL £ L7=, #1720z
K IR DR S TR GH B L B £,

ARWFIEDO R EEREIZER L, W72 S £ LIZRRAR R R A
PN A T B2 B AR SAE EdR. W ME ek HEE
R L £

ARBFFEDEMIER LT, SR RAVA SR HSA 2 ERR R ORIt a2 £ L
TZREAR LI FE A Ul e BdR. [W R WS MEEIRICK
HELET,

ABFRDEIIBE LT, A XT AT I (U av Ty bE) %R O
WILTEE E LI PR T AS LERER A TS M R
MR, WORE K BYEUCEMEL T

AWFIERAT O ICBR LT, AMRMEBE Ll 20 £ LI BERR AT
FERAE R IR ATERE  RI SERERICIR B OB 2 R L ET,
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FLDOWFFE~DIEZ BN T2 E | RSB W T OB 250 £ L7z5E
PRI PR A e W & iR, kst —F 7= b
R —RB AUERHRRAS D BIGH B L £,

AT ZAT OB L, 2RI A2THE £ L8N BEaf KOBA B

K WHEREZIT LW, SRR B R TE R O R0 b T
LEd,

WRICZ ZETHRSF- T NEEFR, KANTLE 0 EGHELET,

AT 243 A
BRR] R
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