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B3 HABPXXREBHEICEZ 2 NITEORT
T 1 2 T EEOREBSKEL O

7 F=Jb

ANRORRET P ORRS, R BB

-7 7 bTNT IV (o-LA) EHEIEY) VF—24 (HEWL) BEWCHRZLZY Y32 BThHY, =kiE
BEIBOTHEPL TR I LPFHONTVED, =T, TRLDT Y 74 —NF4 YT+ YT+ —=VF4 VT
BRI RZ o B ENFHERT I EFHLPICENT VAR, 0B L EEER L OO EMITH
LRSI TR, T2T, ZOHETIE, pH7 DBEHEFIIBIT S o-LA & HEWL OB EEB O
7 X BEHEELEC L > THEBMET 5. BUEHE (SR) BB EZ AW A/ X BEELE (SAXS) HEEH
TOY NI EOBERNT, HICF VN7 BDT7+—NF 4 Y TOMEICHEISNTE ., KD SR-
SAXS ¥ TI/NMATHIBO 7 — 7 2> 5 FHili 3 % Bis R R 2 EOBRMRREOBEERE BT 512 EEoTWw
72, AEFZETIE, 3 A SRAHEZ AL A X BEELNE (WAXS) ICEoT, 25 A5 200 Aizh
RARCERFERTBRL, 2REMEE (- =ZKEE, N4 UE SREE) ICREL-EESERE

BOFBOFEMERNT L. 22 TRT SRWAXS F— ¥ T2 Hvws &, ¥ U2 8DT7 Y 7 +—ILF
A YT T+ —NT4 Y TBRICBTIBBEENORL, BEBEMOEROWRENE, RN EEE

b & BRMIZHSMIITE 5. HPEOBEENF#HEL L ¥ — (SPring8) D& I %% 3 #4L SR

HBEOFMIZ & T, EBRT— & DR - ZRSHRESE L EFE SN B REEEOBIRZ R T

1

HEEDE VISTEDT +— VT4 v 7T BE%RIE,
AR 5 37 BOEREM L, BHAREBE (NMR)
FRH-a%E (CD) & LoshZENMEENORE, it
BRERZOBBIZLY, 74— VT4 v 7 BROBERL
ML TOBRBURRPEBRITEE > T0BY, 78y
DT+ —=NVF4 v 7 OBBOMBOI-HIZIE, BHIRE
RTF—NT 4 VT OFMEL EOERRIRBORE, 1#
BHEBOBROFMEZHO2IZTHLELRD L, [HE
FH | BHORBLELRLDR, My o0 BOEKR
REBIZBI L VAEBERRTHY, ChOBEEBTICE
VAW T OB EENE T2 /N X RELEL
B (SAXS) BWIROEELFED—D LR -TWVAE.

LA L, RO 2 A BEHORIEZ FIH L 72 SAXS #
(SR-SAXS) Z & ZHFETIZ/NAHIRD T — % (Guinier 58
B: gR,<1, qZHEANRZ PVOKEE, R BFT DIl
EAE) &z RE R, R MO B 0T &
POFFOBLEDOENY (MK - ZXKiEE) 0ELx#

i

' BERE TGRS LSRRI 371 -8510 HEEET
SEACHT 4-2

P B AR AR SRR e v 4 — 679-5198  REEIE{EFIE
ZHARAEAL1-1-1

WA ENEL, M ST - BAMICESEVARE
R OBELHRESERIRIBL X NS 7 237 BEEOR
Bl (Sk#EE, FA4 U8, ) CRERT A9
FABEHBEBEL (2A ORFTHEED S 20~50 A D%

F XA EAHEOEHR) 2 REICHA LR 2.
FEOIE, B3 ARSI REL R LKA X SEELE
(SRWAXS) ZHWB ¥ U NV BORBHE % KL 7>
BENY — COBTHFRTHALI L EZMOTRLY, 4
2, NA R BAPSB O BVEHEEOBELT
—ZZHMHALT, ¥R HOEN - T ELBRICBT
55 YR HOEKHERE, FAL CHEHEE, ZXk#BEoZ
NENDOEAL L HBERBROBERERICB I 2R &
flicEszeZ2RB0AELAY. LHL, BEZHDS SR-
WAXS W7 ¥ U 2 BOBEBERBRITOLZDDAY
Duiof WKBXT, ZORF Yy VEFSICHIEHL
7S VEEW,

Zlﬂﬂf T, RENLRRSY //\7’§ (o-lactalbmin,
hen egg-white lysozyme) ZH Y LiJ, TR HDFRTIC
B LB ERBERITZIT, ¥ N2 HDOT VT 4 —
VA T BBEORBHEERREZER T 2Lk, B
WEARIZBT 5 BB OBEMEZ B Lz, AfRicBwY
CORTHEBREANT & BRI, 7+—VF1 v 7o
R R EEER O ERER T 5 L CEEREH
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2525, T, AN FEZ X BERBGELEE W
5 N BO— BRI RV RHLERD
has.

2 E Bx

2.1 & #

#BHE, SIGMA D o-lactalbmin (a-LA), hen egg-
white lysozyme (HEWL) % H w7z, &% Y37 H#Z 50
mM HEPES {N-(2-hydroxymethyl)piperazine-N'-(2-ethane-
sulfonic acid)} BEWIC, 5% w/v THES 7. BEO
pHIZ 7ICHE L. BBREIKR—-F TV T AL -5 —
(S AL F2 TEH MDA-015) ZHWTREL, #E#Th
CETNLREEBRELL. WO pH Id pH A — ¥ —
CREER TER HM-60V) 2HVTHELZ. —KICH
VISVBDT VT A=NTA LT T A= VT A TR
TS V8 BREER A 4 VIRBE T & OWHWSIFITARAT L
T, LIILIZBREZELL7-DIHBBEBRE A TiIrbh
%, Lal, %3t SRWAXS HlEZ AT
BT 25 BICBVTE L, RBED Y ¥ /37 HIBEH O
BT, BINICHZ SNAMEPEED T — 8 2/ 572012
—PEN ) OFHIEME KIRICHENME L5 28%0. £
O¥tr, W EE AV IREZENE T X RBREAHC
IHRROF A -V ORBEIAEL L. BELIROBRERLT
HEHE L TRBEANOIEZ TV, R4 XX o TR
T 55 5/MNEBOBET— ¥ (Guinier #HIH) ZHWT
BlEPEZ M L CHEELE2mTAZ LR TH D
A, WTNEOEMFIFZEALERONZWEEFIIBWTDH
BT WEBOBEEES GO L ) HEmPEEIIFELLE
kL, F, #IKRFIIEHIELL THNIOBEEE DT
Ai DEAL & AR S T HEERICA S REES TN L W
HEHFET S, T o2 HHT 5 IR VREHERE O
7= RILAERTIUE L THEZL e #RmT 5 LB D
b, T THRMIETIE, BERVERE#T 572012, +
VHEREORBES v BER W TlER T o 72,

2:2 R X RIEBEELRIE

SR-WAXS 1, FoHERER 2 AR ICH 5 B
RHe2Mf s8¢~ ¥ — (SPring8) @ BL-40B2 7 1 Y IZRKE S
NHELEE 2 BV TiTo /2. B AS X BoEkER
0.729 A, B rOoBRMBETTCOHEMET 41 cm &L,
~003A7'<g<~25A " FTHWEHMPAL LIz, BRI
®IZid, A A=Y Y7 7L—1 (P) (RIGAKU # R-AXIS
V) V. RBE2HATLIAT Y VABEOIL DK
BiZ1mm, NAERBIE~B50uTHY, E—205EBTS
BOWSITIIEL 30um L TOAERZMEH L7, A
OREE, VALY —-HICHIEE (LAUDA 3 RC25CP)
DOREBRIELZLICL VAL, /2, ARMLET

KAGAKU Vol. 55 (2006)
DOAE X MO — 44 4 X~ 0.1 mm X 0.1 mm IZ5E5E
L7z, F72, FEERICB2EEE#HAIL, 284K
538K ITEL, BEMICBLIZ5KTORERL, KR
BIZTHELXITo7. 1HoHERRIZ 30/ E L, EH
DWEZTEWXH VTN ERBESETXBICIDZ T A=
2z 7.

2:3 H{E.7T — S HERVEITE
BHAROBEGIETMBE L G2 5720, /RON:
TREF -7 #HATHT A LIS ) —RILOBE T —
& I(q) WEWRT . Bl Lc#EELT — 5 08 (~ 0.03
AN g <~25A7") I, HE2HBEHE 2.5 ~ 200 A [2HHY
T5., ZZTqREEANZ PLVORESTHY,

q=751n§ (1)
TEHKSND (0 3HFEA, 1 EXHOWKE). HEP»S
DEELIRIE 1(g) &, BROBEIAE La(q) 2 HEEOH
FBIE Lou(g) 251Kk oTHBNL. LAL,
WAXS F— % DNy 7 75 v FILEX, - OHHZE
AIEEDE L X %275, EAROF—5 %155
TrETERw. 2R, BE K FHROMBEY-2)
WRERT S, KOMERTIX ¢=~08A " BLETHMZ
BOT g=~ 20" IZBWVTTa— FLaGFHMEY —
ZERRT. TOKGFHOSFHHEBE -7 OfLER,
984 K 75 358 K DIREIRT ¢ =1.95A7"' 225 205 A7~
LV 7T A, FDRD, WAXS F—F DXy 2 75
v NBIIE, ¥ 87 BT OPRARRE & FREEIZBT
BARGSFEOSTEABYE -2 2 ZET5LEN DB,
Z2C, KRUTE D & o8y BEESRE 1(g) 2187,

1 La(q) Leen(q) (I-cva)
I(q) = sol { q - q - solvl
1, peak Bsol’-rsol Bcelllnelll I peak
i Isolv(q) _ ]cell(q) } N
{Bsolstolv Bcell’I::ell ( 2 )

ZIT, cRUTIRY NI BOBRERCRILE; T,
Toorws Tean 1, ZNENZBEICBIT 2EW, BERLOR
BN D X BEEF; Bo, Biow Bem EENENEH,
BEEOCBEEVOMERDOAFE — LG RETH .
& VXY BT O MR Ry OFFMEICIERA & .

@:ﬁmﬂm%v&ﬁmﬂmﬂ (3)

TITp(n &, I(g) w#E7—Y xA&H (T30 2L
BOENLERAHEETHS.
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Fig. 1 Theoretical WAXS curve and three-dimension-
al structure of protein (HEWL)

WAXS curve was calculated by using CRYSOL pro-
gram. The correspondence of different WAXS curve
regions to different hierarchal structure levels are
shown schematically. A (g<0.2 A7%), quaternary and
tertiary structures; B (0.25 A7 '< ¢< 0.5A7 ),
interdomain correlation; C (0.5 A1 <¢<0.8A71),
intradomain structure; D (1.L1A™!' < g < 1.9A7 1),
secondary structures including closely packed side
chains. The details are in the text.

_25 ,
Py == qul(q)sm(rq)dq (4)

BEBED A B p () &, BRELRR T OFIR & NER O BEL
BESM XBOGEIETEESMG) ZRBLTWA,
i, BEBNTFOBRKES Dp £ 58, 72 Do T
p(=0&%BDT, HEESHEE p(r) 725 Do KD
BT ENTE D, HEEGABIE p(r) FIV7-ERPEE R, D
FHiliid, Guinier 71 v P 2FIHT 5 HEICKT, Bv
57— 8 ODEDIEEIIEZ WD, KETHEEDRWEE KD
5HZ EHNTE, Guinier HIBIZH N 585 F R EEH Rk
B EOEEEZIFIT W,

2-4 SFIRBIREITE
SRWAXS IZ & D &SN 2 BELMAR A 13, SEkEL4EB

AR, FIE, FEL B3I SRWAXS IZ X B8 Y2 OBT V7 4 — VT 4 ¥ 7B O R BRI 413

B s YN BOREBHEECHEHT2BHEI SN,
Fig. 1|2 HEWL O #H T O HEL AR & T A% o
BERRIR O£ R4 5 F AR 2R3, el sl s
I(q) TH Y, BBMIZHMEAZ PV g2 RLTWVS,
HEWL O X 9 ZERIR S ¥ 82 Bogé, KFBELHERO 7
—Z 3B EZFig. 1ITRLAL) LEEEREL 2L ER
KBELTWD. A) ¢<02A7": 5F0FK (MK - =X
W), B) 025A7 < g<0B5A7: HEE N AL A,
C) 05A7 < g<O08A™": HENALHDONY v R
RY—PORF, D) 11A'<g<19A™": a~Y v
ARBY—POEERVEETZHMBEO Ny F o7, A
AL B O FHE 1L Svergun S2SBR L7270/ 5 A
(CRYSOL) 2 LY. Zo7/urZs ATk, ¥v5y
B MEET — % —X—2Z (protein data bank, PDB) |2
B8k S NSRRI RO &, BROBRE A
BUER GORET) ZHHLTKMY 2 V"2 EE L5
YR HOBEPTOBELMMIFHTE L. Lidto
T, EBIICE A EHEB CHRELIRS BT U, &
HHTOMWBIZELT, FTORKRSES F X4 % - =
FREEIZE DR EMEBOMEERE —EICHMETE 5
EIABFIC, BEGRBLELEIGRR & OXERATRE L 2 5. A%
b, &Y HOMEERICBT 5 RENEEREL, 55
N7z WAXS 7 — % % B\ B L IREMEAT 3: (transition
multiplicity analysis, TMA)'” & B\ CRFffi L7z, TMA ¥
iE, KRS L-TERENS,

g9 9 q;
%=Zl@ﬂ/2nww{@@nvznww

=4 a=4; 7=q;

9
+1-a)I(q,Tv)/ 2 [(q,TU)}

=9

(5)

I, B native REDREE Ty, BHEOEHIR
BOREL To & +5. Zho0REOBEBBICLD,
RO AL E 7 4 v 74 Y Lk EOFThE
FrzALTH, o, PEHBEBICBITILY VN2 ED

99 99
native REDELGKEZRT. D 10T, Y Igh),

7=q =4

79
DI To) FERIEO LMD ¢~ g DHERIZHT 5

=1

BRALN T 5. EBOFE T Ty 2 W ERIBOERRE,
T ZMERTOEEE L, HREREROB 2 % 1(g,T) 12
DWTAPFRNMIGRD L) o 2RBILT S, ZORKE,
Qg DEBD o & ADVBEOHEE LTKRE S, KB
FTIE, Tn = 284K, Ty = 358K & LTI 2475 7-.
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Fig. 2 Comparison of main chain conformations
between HEWL and o-LA using FSSP data base (upper
figure)

Comparison of experimental WAXS curves of HEWL
and a-LA (5% w/v in 50 mM Hepes at pH 7, 298 K)
with theoretical ones obtained by CRYSOL program
based on the atomic coordinates from PDB data base.
Marks, experimental data; full lines, theoretical WAXS
curves.

3 WMRLRUER

3:1 HEWL & a-LA O/EARELHE: BRERBRLED
L

HEWL RO o-LA i, A T&, 73/ BEREBPZNE
N 1.43 kDa, 129 5%, KU 1.42kDa, 123REDO"DOD
BEFALY (@FxXL Y, B-FAL V) BOHRAEUY
V2 ETHD, BLAST /a7 54"k 5 T3/ BE
PloMERBITICL S E, HEWL & o-LA OMFEHEIZ
68.1% LB THE. MAREOHEE L&, Fig. 2
(a) W AHEEREN Y YR EF— ¥ —X— R FSSPP %
AT SN HEWL & LA O E#HO AR ERE L
¥, Fig. 2 (@ & (b) CZNEFNHEWL & a-lA DE
I, pH7 BT 5 EEREEL MM & B AR EEL MR O LT

KAGAKU Vol. 55 (2006)

FRFRYT. BREELMROFTHEIZIZ PDB BE&Ha—F
® 6LYZ"™® (HEWL) K UF1ALCY (a-LA) DR TEE%
A L7, Fig. 2 (b) »oMbRR LI, BEASTH
OMEEFOFEIBRND ¢ <~ 0.05 A DFEBEERWVT,
HEWL T3 B Bl i AR & SZBREGEL I I RV — 3 &2 n
TH, alATR—-BEPHEY RIGV. FIZ, ¢=0.25
~0.85 A7 O#EPHIZB VT, HEWL ﬂifﬁ"ﬁ%& VA%
BROLND D, LA TEENLTERLPIZR o TV,
Fig. LIRL72 X )12, ZOHEBOBEMBIETFHRO F
AL VEOMEE FAL U BEEZRBL TS, 72, &
WHEBETEONL DI, HL T THEENTOHBEDT
VHYTNEHTH L, LzAoT, BEEENrOEES
NAHEBHEBBICEICHELR ) v TV PHE D
5, BBRHPICBWT a-LAZ HEWL & BRTHEENFES
WTWAEZDIZF AL YEIOMBPRHEII R Tnb &
FxoNA, ZOX)RIES X, TRIORTHEORE
EROBNICEEES L TWwEHLELZOND, BIZHEL
72512, BXZ ¢=08~11A" OEBEY ¥
BONHEEDHBICITLALKELEY, ¢=11~19
AT OFBRIE R, BNy 2 REY—FOFREIC
T 5. HEESE T — & —~X— X SCOP" 2
A, alA & HEWLE (a+p) & ¥ 737 HIZoHES
nhTBh, "NUYv A/ vy—1rOERKIT30.2/6.2
(HEWL) & 30.1/6.5 (a-LA), ~VU v 27 A/¥— FEBRO
BoOZkic 4/3 ThH D, 2070, ¢=11~19A7" D
HBOYE Y — v RAFTIRZRA L TH Y, HEREEL
M b —HT 5.

3:2 JRAEELBHIR DB E KTt

Fig. 313, 284~358 K OREMBMBICB T H%K5 ¥ /37
BOHHMBOLTAERL TS, BElfmHizR(2)
DOB/EEToTWAS. @) BT (b) EEhETh, 5% w/v
HEWL (pH7), 5% w/v a-LA (pH'7) OEEHMRTH .
Fig. 3 (a) RO (b) ® ¢=007A" RV g=
0.05 A DT O — P ¥ — 7 ZIEE ST B ORI
FRMEERZEBLTBY), COE-—JOMNERHS
X, WEIBER pH RV Y v BoSE S (BREM)
CARTET A, WEOSESIE, 11.0 ~ 114 (HEWL), 4.1
~48 (@LA) TH5. BISRLZLIC®, ¢=01A""
X0 B o BREL M AR IR T A AR OREELRIREE
TALDBE RS v, ¥ U7 BOLKREEE ER
) OREERBT 5 ¢=01~02A"" OFBOBELM
BoOEbE BT 5L, HEWL Tid 344 ~ 354 KO T
REBHTAMLE/ZRLTBY (Fig. 3 (A},
HEWL O =Xk O BB EEB S RBEBNTDH S Z
LERFBLTWAS, —7F, aLA TId HEWL LB L T&
RER TR, 2 EHROENICE> TS {Fig. 3 (b}

- = v
o« ¢,
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#ox AN, PR, JEE SR SRWAXSIZ L % 5 XSy BT V7 4 — VT4 v 7 B OBEH R 415
e — 284K — 284K]
~ — 290 S
10° E \\\ — 294 T T T T T —ee égg
F (a) 2% —— 299
A ‘ ————— 304
2 S
5 2 ——318
8 102:_ ;E, oo 324
5 g
= I ::?i - 344
e 349
10" 354
E e 357
Ll " 1
T T T
10° E
2
2 | 5 ]
5 o
S 2 =
2107} 8 i
B =
=~ s
S
o
10" L
0 10 20 30 40 50 60 70
. . : riA
0.1 1 . . Lo . .
q/ A Fig. 4 Distance distribution functions p(r) of HEWL

Fig. 3 Temperature dependence of the WAXS curves
of HEWL and a-LA

The solution condtions are as in Fig. 2. A slight
decrease of the scattering intensity below ¢ = 0.1 A™'is
attributable to a repulsive interaction between the
solute molecules.

B, 299 ~ 304 KT HEMAMEE D, 314~ 333K D
HWH TV o T2 AZBIAVNE { e o 7218, H O 210 %
Wb, Tabb, ZXEEOEBEORMHILIRENTH
HIEERBLTVD., TTHAMBELMRINT S ¢=
0.25 ~ 0.85 A" OHPHTIZ, HEWL T = R 0l
MMEEL D R RfEv 844 ~ 349 K DM TRBM AL ER L,
LA TR EREBTHERN L2 EE > TS, 2,
TREEENEET S 11A < g <1987 oI L
T, HEWL Tl 319 KEfE2 5 OFFE Mo 7o 7 7 4
WOEALHIRE D, 344 ~ 349K DB TTa— Fip¥—2
DRLEN g=~145A7" 75 g =~ 153 A ~BE#T 5.
o-LA TIZ 314K EEDP S DOBALIIEE Y, g=~1.45A7"
DYE—=7OfBIE g =~ 15A" ~NELACBETAH. Zh
5DEALITZREEDOEROEILICHIE L TWv5. HEWL
O, pH QT (4.5 ~2.2) (2fEv, KR 0 BLELH
MOBBREICKE RIS ELLZE, BIZ 2D
4V OBEERIEVD DL I EIZERICHRE LY. 72,
HEWL O =kf#i&, 5 FWRER KB EOERIZH
N THL LWL TBY,

and «a-LA calculated by the inverse Fourier transform
(Eq. 4) of the WAXS curves in Fig. 3

3-3 BRI ERRUEEEEOREKFY

Fig. 4 (a), (b) 33X (4) %M\ T Fig. 3 O ikl i
I(q) ®7—=") TP A SH/4 57z HEWL KO a-LA
OB p(r) ZIRT. p(r) HBIEHER D FEZH
OREHRFHREEREL T D, HAHRICBWT, WFRN
VIO p(r) BIBRD 707 7 4 WIEH— 1 IR BIELTE BE 47
MEET HHEMR T HRREEL L 22 L 2 ERT 5.
AV, HEWL KO LA D p(r) B O T 7 7 4
WOV I & REBERN § 2 25V~ LT 5. &
L, FRICE o TY Y87 HOIRREEE DN CTIE A -
PPN L 222 L R LT 2. Fig. 4 (a) @
HEWL T, W FFIZHEW p(r) BIEUT 344 ~ 354 K D
B CRBMTAERM R ZMERd. £/, Fig. 4 (b) @
o-LA Tid, HEWL & B L CERN R ERL TV 5
2%, 314 ~ 333K DHEE TEAANEL HhoTWAE, Th
O DOEALDOMEIMIL, 3-2 THER/z ¢=0.1~ 024" D
DOEELHBOZAL DM & —F 5 5.

Fig. 51230(8) »HEMti L7245 » /87 Mo lnldz 5%
Ry DIRFEAAFE 2 RT. HREE R G H AR T
WHD T DR % T 5720, LIFLIESY Y82 8D
SRBHEEOBBICHA SIS, WP oXEEBE X%
DEALIGIRIE (T.,.) 2R LT3, HEWL Tl T,, i&
343K ILFICH D, T L) HiRTREIZHEMNT 5. oLA
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25 \ I T

—a— HEWL ‘ o
o LA ‘

200 /**f .
By D D /
7 {/- —~oCer / |
c,, ST
A

R /A

B
15 Lo 57

g ~p— AL -
? V Vﬁ;\ﬁ - - —ES/* W

[ ST NS WO N S |

10 L : - :
280 290 300 310 320 330 340 350 360
Temperature /K

Fig. 5 Temperature dependence of the radii of gyra-
tion R, of HEWL and a-LA obtained from the p(r)
functions in Fig. 4 using Eq. 3

The arrows indicate the apparent on-set temperatures
Ton showing evident transitions. oa-LA has two T,
temperatures.

T R 1%, 208 KB HHIL 72#%, 313 ~ 333 KD
HWHTW o AZPRONAE L RY, HUHEME KD
B. Ry R p(r) T EO=KMiR & < S A RSB
5 A= —OELDOEN A5, HEWL & olA Z#T ¥ 7
=V FBRICBW TR L EEROERH L2 L%
RELTWS,

3.4 SEEEBIMIEIC & 2 BEEROREMOFE

HEWL & o-LA OB SR 12 B1) 2 R EHEIIRE L
4%, 23R L2 TMA B {(5)] R THEM
M TX 5. Fig. 612, TMA I & - T Fig. 2 DL
F— P LEERKDZZ HEWL & a-LADT ¥ 7 4 — VT

4 V7 BRIIBT A KIRETO native IREEDE VG E o

%777, Fig. 6 HIZBWT, #Eflid native IREED E VI3,
BIIRE AR L TWA, ELGHRIE, 320RLZ2- /K
7% ¢ % (01 ~02A7 025 ~08A7", 1.2~19
AT RAWCEHFMAET o7z, 223 TRLZEIIIC, Th
S OMEEIE, ¥ V82 H O REEE, ST NEE
WERAAL COEBME, FXA4 U, AEECER
ERHIELTWS, S2T, BEVSE b 0.5 OHEOIR
JEid, SBEEEOERRLRE (1. CH4LTVES.
HEWL [Fig. 6 (a)} TIE=XK#E#ED T,,13~ 349K, F
AA VHEER KD T, ZA L~ 346K TH Y, %
R T OMEEBANTIFFEFICREE Tna,. ZRBERY
FX A U EEOEALDOPBREITINC 343 KIEHETH D,
R TR L2 MEEERE R, D Ton &~ T 5. ZRAERD
AL O BIRIRE MKV 01, K pH &M F O HEWL OHf
TR L LD DY, B-FAL Y OREEIMMN T & %

KAGAKU

Vol. 55  (2006)

—6— g=01~02A"

—8— 3=0.25~080A"

Molar fraction of native state (-)

Molar fraction of native state (-)

PN IS TN NN NN SRS NUNY W USRS S S S

280 290 300 310 320 330 340 350 360
Temperature /K

Fig. 6 Molar fractions o (@ =1) of native-like struc-
tures at intermediate temperatures in the heating
process

(a) HEWL; (b) @-LA. The o values were estimated
by applying Eq. 5 to the WAXS curves in different ¢
ranges in Fig. 3. The ¢ ranges of 0.1 A1 < ¢<0.2
A7, 025471 < ¢g<0.8A and 1.2A7 ' <¢g< 18
A7V were used. These ranges mostly correspond to
the different hierarchal structure levels as shown in
Fig. 1.

KL TEY, ZXEBEOWECEZ LR, 7= T
BRI 19 2 cD™ DEBEE R L —~HT 5. F
72, T7A—NVF4 Y TORERNEREREOTET
5%, aLA {Fig. 6 (b)] Tix, ZXBEOKE RE(L
(BE) 2o TR A4 VSR O RIEEDOZEALHH
BIcRETEY, BEBhEEE . ofzZEhZh~ 336
K, ~306KTHY, HONICEL L, PHILER 313 ~
333 K TV o 2 ABLA/INE Y, BUEILZIRD 5.
Z ORI LA O E R, O R & FAR OB
HERLTWS., Thbb, alA TR TOEEEHE
FEIC IR A S K E SR B Y, PRI
HREFFALTWAZEZRIELTEBY, BEOHEL
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Fig. 7 Two-dimensional hierarchical maps of the
unfolding transitions of HEWL and a-LA

These maps show the molar fractions o of native-like
structures at different temperature and at ¢ values.
(a) HEWL; (b) a-LA. The contour lines are plotted
with & = 0.05 interval. The thick lines show o = 0.5
corresponding to the transition midpoints.
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Thermal Unfolding Process of Proteins Depending on Structural
Hierarchy Clarified by Wide-Angle X-Ray Scattering at a
Third Generation Synchrotron Source
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As is well known, o-lactalbumin (@-1LA) and hen egg-white lysozyme (HEWL) are homologous
with each other and closely similar in their ternary structures. On the other hand, their unfold-
ing-folding processes were clarified to show different thermodynamic characteristics; however,
the details of how such a difference relates to their structural transitions have not been clarified.
In this report, based on an X-ray solution scattering method, we discuss the difference between
the characteristics in the thermal structural transitions of o-LA and HEWL in solution at pH 7.
A small-angle X-ray scattering (SAXS) method using a synchrotron radiation (SR) source was
used for analyzing the protein structures in solutions, especially for studies of protein folding.
For a long time the SR-SAXS method had provided us with low-resolution structural information,
such as the radius of gyration obtained from SAXS data at a small-angle region. In the present
study we observed the structural transitions of the above proteins in the wide-distance range
from 2.5 A to 200 A, and analyzed the characteristics of the structural transition processes of
the proteins, depending on all hierarchical structures (quaternary and ternary structures,
domain structures and secondary structures). By using the method of SR-WAXS data analysis
described in this report, we were able to analyze quantitatively and respectively the structural
changes in a protein unfolding-refolding process, depending on different hierarchical structure
levels and the structural transition cooperativeness between those structure levels, local structur-
al changes, and so on. We show the recent development of an X-ray solution scattering method
with significant improvements of the experimental resolutions in both time and space due to the
use of third-generation SR sources, such as SPring-8 in Japan.

Keywords : synchrotron radiation; wide-angle X-ray scattering; protein; folding; hierarchal
structure.
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