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KM—HABCEIC K D 2 /N7 EOREBEK D 4 &

BRAKMEEICE D < B

REFEZ, ELBX, ARHE—C, FR B

(1993 #£ 6 A 21 H=%H)

g vy BREAEOBKER, RV ZFL Y 7)) a—/T*A M7 (PEG/Dex) Z%MN5K
MO RERICE D, —HREICFET 2EEWAOBKY%E, PEG/Dex RICHA 4 v M5 EMH

Triton % #0 U 72 Triton BN IC & VKRR B IC A L 7.

F vy BE LT, lpase, a-

chymotrypsin, cytochrome ¢ £ EZH W2, ThoF VNI HOBKEIEZEAFEPH 0V, BEELR
REEOHEERICEVE(LT S, COEERAWVWT, 0 EOMBN ML TRETH S, F—X
RL—-HDESY VNI ETH 5 a-lactalbumin & B-lactoglobulin ZFIZ & 0, FEBKMEDSHTRER
WWEDWT, WMEEHROICHMTEHIEA2RUIZ. EDTA KL% C27 4 A Y DRREITE->TH
RS BT AT /37 B DR S BOKMEICED < HBEEICHRNTH - 12,

1 & E}

BR - 7N - BN TF K & oABEEY
HORHEBRAKME IR ER & IS B IS & s
REDOIHIZ, RLEELRTO—2TH 5. Hlzid,
WIS FRAER B 4 2 SBRED ) - DBE, EHER
MRREOBKESBEREE CEEYET S, X, &
ETEYOMEAE ALK (BHERE) »osEER A%
XRELU - N8 - [T o R BNTIE, BXREUDH
EORMEBAMEEASKE SEEL Z-> TN B,
X, &7 HOSMREM GBI eoicdh, ¥
VN7 EOREYE, FICREBUKGED IERE /R Z 15
PNENHDH. INET, Bukruaw bk, B, #
HENELZELDRAEELBRESINTLAEY), U
U, IhsREmnFORBRMEEERBEIC L > THE
MICENT . -T, KOZL DRIEERAE
FRIZOVTIE, BREEOE%2ER L TR 514
EHHL, BEBKEICOVWTD, ¥y EEEICE
9 2REOHKEOMTH 5 XHELEKOBKMEL, B
BT BROKFE DR U 724G & AL DBk M D — > % BRE
KRV THET L& LB EAER SN,

KEZHESERIERY = F L 7Y a—-v (PEG),
THALTY (Dex) 75 EDHAERY) v —» B CHEL
RIS REL TR T A K-KRAD _HOIERRTH 5

*OKRBRAEER LR TR 560  KBRFEh LS
FLLET 1-1

W, YN EOBEREEIC R ETHELR/NNRICT
&, TN HEELREIRTEL S o REBM 2 B4
HIENTEREVOIRMI S S, Rz HHAMES
DEBOKEZHSERZHNT, § v/ B0 M
S HEREEEROBKE %, X, A4+ v HEREEE
T %% Triton & OBAKEE DK E 3 £ 0 BHTHY /4
EEALOBAMEEKD 5 HEIZODNTIE, BITEEL
7219, Triton 1, # VS0 BOERBEEE(LIE D
LAY T =Y VT ERES VS0 E S Bk
BTHIENHMENTINSYY,

AKPtgE i, ZABOBIKEZE (5 E R OBk,
HF) %, BKESENTHET I ) BOYEBRED S
FE'BTHEHIZ, ChiZESVT, REBRTFF- 5
OB OREBKMEDOERZIT- 2. 2 BEOKME
NEEEBAV, &S v BORBEKOBKER O
BRI s BUkEAXBIL T, W& E2TEELL . B,
o 2 EEIOBUKEZEICE I ¥ VRO R
BOBKHE LT, F—ARL—HDES VISVETH
D, C®" COIEWMNEL DI EBMONTVS a-
FONTNTIVEB- T TUuT Y vOH LV
Tut AR

2 % B

21 K3 -BH |
2¢1+1 KRYIFL>FUa—I (PEG) Ao —
MAERZBKRT 5 KAEERY) v—& LTHWT PEG
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&, PEGI1540, 4000, 6000, 20000 C, FESFEILF
2N 1500, 3000, 7500, 20000 T&H Y, AT
¥ (LUF, FbBErsED) —BRaREKTH 5.

2412 FXZXAFF> (Dex)
56 —DDKBUEARY)—ELUTHW Dex 1, 5
F& 60000~90000, 100000—~200000 DRIKELTH 5.

2+1+3 & VB AHY Y A (KPi) (Y v BTk
RAV I L+ VBKEZ AT L), HBEEFT R YL
(NapSO,) (DL EMSEBRERAIK), M~ 74 7 4
(MgSO, 7TH,0), (RESIEMERAIE, LT, e

EWEFD), AT B YU DA (NaCl) (B ABUSEBIRRA

X)) RzhZnERHLUT.

2°1+4 73I/B SHEWELIUCHOVET IV B
&, glycine (Gly), vL-threonine (Thr),
(Met), L-phenylalanine (Phe), L-
tryptophan (Trp) T&H YV, HEETH 5.

2¢1e5 NTFFK  HEMEEULCHOEXTFF
&, Gly-Gly (G-G), Trp-Gly (W-G), Phe-Phe (F-F),
Trp-Phe(W-F), Gly-Gly-Gly(G-G-G), Gly-Phe-Ala(G-
F-A), Gly-Phe-Phe(G-F-F) TH YV, Sigma B TH 5.

2+16 Z>/N78  SEMEEUTCHOVRZY V8
7 B&, Chromobacterium viscosum lipase (BRVEREESY, LI
T C.V. Lipase &B&EC), lysozyme, a-chymotrypsin (1)
b, F¢#!), malate dehydrogenase (MDH, )TV
FMERB) ThBH. ZOMDY Vs Eid, Sigma BT
& 5. Apomyoglobin OFE L, 2-7 % /—)VIT k5
myoglobin 7> 5 D ANLDHBIZ L VT - 12,

2:1+7 ZOMNDHEIE  PEG/Dex £~ DM I
&, FEA A Y MEFREEEHITH B Triton X-405 (Sigma
) 2V Z0OMOREINEERTH B.

L-methionine

L-valine (Val),

22 B 1F

2¢2¢1 Z“HASERORB &5 B R O B Kk #%
(HF) =%{t3e 5129, REH T8, BEOD PEG
L, Dex 5 VIEEZREL, DEVEZSOHED
FEREZRBMLU L. ROBE K, SO0 (5000
rpm, 20 min, 25°C) Z& 0 THICHHEL 2. THESED
FOD pH FAEILHED HCl F U NaOH OFHMIC LD
fT-tz. X, Triton BRINFRTIE, “HRFHEEIZ, Tr-
ton X-405 % PEG 4000 (9%)/Dex 100000~ 200000
(9%) RIT 0~5mM OEETHERMUL .

222 HEHHEREOCTER 73/ BEER, o
T7INTIT e R (OAP) Rtz A WI-EREE 7 O
2 N7 (BHEBERRE, TIVBOWYAT L) %
MOWTERLL., X7F FBEEER=ve ) vy RISz

KA 2 R T

Vol. 42 (1993)

WTEBLED., X, #y/37BBER, <4270 TP
TANTI-ZHNT 600nm OERNE LV HIEL
7z,

223 a-ZI7MFPNTILEB-ZF7MVTOTY
DO 221 OKEZHABERERV, &5 30
HBEE 1~24mgml ™" & U, X, Triton ZMNFRIZ
kB HETIE, YNV EREICEESLTVS Ca?"
AFx Y 2BREST S0, 100mM O EDTA 250U
fo. RERIE, FEEREBIELE S v/ BREMRADSEIC
DNTHETLTWAD, BEY ¥ /37 BOHE SR
DHMEEILSHBLT NS &%, BEBIERR
Shim-pack DIOL-150 # % 4 # F \ #2 HPLC
(LC-6AV, BREWEE) ICLVREREL TV 5.

3 FMRRUEER

31 XKMEZHIAEROBEKY

B- R _ABRIIBOT, BEODEEEIKILT 5%
BT, ZHIKBI2BEOILERT VY vy VISEL
<, BEOTHETESRE:2 K £L$5&, BRI AL
F-dR(1)TcEINS.

—AG°=RTIn K (1)

KM ZHESERICE U 5 OEGREE, BEE BT
IRV ERIEBESMM T, ERSRsER T, K(2)
THETENTESL,

In K=In K +In Kp,ppop,. (2)

GUE-HIBHEIRILLIFESE2EL, DHEYEOE
HER & HEOBERT ¥ Y v VEIKET . S8
RIZBOTIE, ThoDd bE—HEERT L ENT
%, BTIHOBUKSRIZ L 2FSOHTHEPTE S, it
2T, HEROBKIEE HF, 5SHEWEOKTBKYE %
HFS &35 &, DEREARKRATEZ 1A,

In K =In Kyphoo, = HF X HFS (3)

2T, DHEMENST I/ BOBE, HFS I Tanford
SEPINK/TAFH VRROK/ TSI ) —NRITBNT
AIE LT 2/ BRASOBUKYE RH ITHIET 5. o
T, #13% RH ZFOT7 3/ BEAKEZHABRR TS
BCL, ZO7EBEERBET A EII2X0, FHEADEK
KM (HF) %2 —8HA»OBBICEETHIENTE
%12,

PEG/Dex 2K U PEG/KPi RIZ 7 EEOT7 I VE%
TRUILEED, TEERICNT S RH OREYE %
Fig. 1 IZ7RT. WTNDRIZBVTS, 7 I JEBOHE
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T 1 I I I T_] HF / mol * kJ™"
B (@)PEG/Dex T 0.4 —— SALT
I ] [Na2S04)
. Thr Val Phe PEG/MgS0s 1M
100§;;£§i§5221¥§;;ﬁ3@F:::£F§ 0.3 [PEG/KP
= Gly Met Tyr Trp E pH M Conc.
I T | { | | 1 | 7] PEG/KPi pH 10 F;i%i%%%%’gi" PRGESINP: PEGMgSO4 0.5M
— PEG/KPi pH 8
& 101 & [ ! ! ! ! ' 5 0.2 —— ) PEG/M so[NzaNcl:”
X - (b)PEG/KPi PEGIPIPH T oecoookpi  PEGHTHIKPI e
: PEG(14%)/KPi
v
I~ 01 —— PEGAQoKPi | ECGH1O%)KPI ;Egmgg: %' om
1 00 = |PEG/Dex | PEG/Dex 2M
] PEG20000/Dex PEG/Dex 1M
1 _ PEG4000/De; PEG/D oM
- 0.02 1/ cecrowmec )
-1 s Fig. 2 HF ladder of PEG/Dex and PEG/salt sys-
. ys
10 0 5 10 15 8

RH / kJ * mol™’

Fig. 1 Effect of the relative hydrophobicity (RH)
defined by Nozaki and Tanford on the partition
coefficients of amino acids (K,,) in (a) PEG/Dex
and (b) PEG/KPi systems

(a) O: PEG1540 (10.8%)/Dex 100 K-200K (9%),
A:PEG4K (9%)/Dex 100 K-200K (9% ),(]: PEG6K
(9%)/Dex 100 K-200K  (9%); (b) O: PEG1540
(14%)/KPi (14%). pH=6, &: PEG4K (10%)/KPi
(14%) pH=6, &: PEG4K (14%)/KPi (14%) pH=
6, [J: PEG6K (14%)/KPi (14%) pH=6, V:
PEG20K (14%)/KPi (14%) pH=6

R K., & RH ORICIZEREBOIEIL L, ZDER
D HEHBFERDBEAYE (HF) /2%, KERTHE
F L 72 PEG/Dex 2RO PEG/BRICEWVWT, HF #&
ORECHHETE{LTE S0 % Fig. 2 1IX/RY. PEG/
Dex 2D HF i3, Rz 20 FEPRBEOFRY v— %z
HEDEBIETEIREZIENTESY, PEG/E
REHNRT, EMEROELTE ZHAOMEILE BIC
NXW. PEG/IEHR T, —fli ZMOEOBERIE
it 258E, ZOpH IZL->TH HF WEALT 5.
X, REERTHEUNOEZE RS E LTHEMT S
ZEIES>TRELLELZIGBIENTES. HlXIE,
PEG/MgSO, 2D Na,SO, DEIMDIFE, HF 1% 0.1
5 0.35mol k]! LB,

32 NTFFNOBKYE

FERDOYRTF FRUO MY RTF FOFERFH K.
%, 3-1 TROLZDEROBUKYE HF LT 7oy b
LR %, Fig. 3 IKART. EXTF LT,

tems measured under different conditions

101

10°
|
3
X
1071}
- [a]w-F
V|F-F G-F-F
Ol W-G|m| G-F-A o
10| G-G |®| G-G-G -
-2 I i !
1070 01 02 03
HF /mol * kJ™

Fig. 3 Effect of HF of phase systems on the parti-
tion coefficients of peptides (K.)

(HF, InK,.)=(0, 0) @2 ERBHEGELINH L
»eH, RTFRIZFUTHR(3)PWILT 5 EHnH
5., BEREDOIHWMMBRTF FOBKY HES #%4. <
nEvsket- X7 F FOBKMY HFS & Tanford' I &
57 3/ BAEOBKYE (RH) OREME L TRDT

FHEE S R T B &, TR ORI i BT BB

Bohnt, H-oTHRREIZE-T, BELOEEIZTF
FOBKEDERPRJRETH 5.
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33 ZN7HEOBRKH

331 ERELBOEKYE $Or»0F VI HD
SEAICB Y B HEARE (K, % 52H R OBKE
(HF) oL T7ay b URERE Fig. 4 1IRT. 7
FEVPEESOREALZEDI VNI HIIOVWTS, T
IBRATF FERE, R(3)DEMRBERABILLT
Wb, -T, TOIHBRELY, ¥V HEORERNK
OBKMEE LT HFS 2R3 2 0T 5, BADY

10"

100K -
! .
~— |
a
X
107" v -
E Q| C.V.Lipase 7]
— | O Cytochrome ¢ N
| v | Myoglobin N
< | Papain 1
-2 I | | |
107 1 2

HF x 102/ mol * kJ™*

Fig. 4 Effect of HF of phase systems on the parti-
tion coefficients of proteins (Kp;)

HFS / kJ * mol™’

200 T -40 —— Lysozyme
-+~ C.V.Lipase Chymopapain
100 ——
- Papain ~60 = Ribonuclease a
0 ——
_80 R

a -Chymotrypsin

100y o giobin |- Ovalbumin
Apomyoglobir_100 —t=— Cytochrome ¢

=200 ——pga Hemoglobin
—-- ADH (yeast)
-300 ——
-400
-~ B -Galactosidase
-500 ——

Fig. 5 HFS ladder of proteins and enzymes
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VISUE - BRIIOVWTAERKEIC L VKD 2 HFS 2
Fig. 5 IORT. —#MIC, & v /37 BISBUKE 2z NRIC
HOBGEIHILEXRBEPER I NS LY, a-
chymotrypsin, NEZ UV Y, SEBHAKRMRLE, 7
FEBOAXNVKIEAD Y V87 EHD HFS SADEE S
VPN ERE B D. —7F, lysozyme W LB AV BE K
MEATRC, N, REEOBKEEHMNARL, BRENE
DENFEMIRIED C. V. Lipase X° papain XERE A&
EUTHBUKMENKRED. DEokdiT, &5 378
R O REBUKY: HES #b 5, HFS (CEDPH H5E
121k, BfAkiE (HF) OKRERDERZERT S &I
EoT, BHBUNC S Y I BENEET B L ENTEB,
332 BN LEEKM PEG/Dex % IZ Triton
X-405 2T % &, Triton & PEG fHIZR > THELT
% t2Iz, Triton EBKEET 55 /37 H i PEG
IR > THEET B8, -7, ChEFRHEL T, Triton
BEEOBINCHT 55 ¥ N7 HEOFRBEOELD K&
X5, Triton & OBUKMHEERORI ZERT S
ZEMTE B (Triton HIIEE). REWE S V37 HE
BUkRy 7 a— 7L OMEERERIBL TV A2, R
EThHHBAKIUT NI T T 4 =R PEG O XK % BR
KM Y FTBEH L KEZRRERAT 5 5%
EERE, ¥V EORFN BRI Z ERT B I &8
HRETH 5.

l ’Ca ‘ =
E _
QO —
| | —

102

| 11

O C.V.Lipase

L A ADH =
a -

4
109 O BSA =
v Myoglobin =
& Papain _]

1 |

107% 2 4 6

Triton X-405 / mM

Fig. 6 Effect of the addition of Triton X-405 on
(a) the increase in the natural logarithm of the parti-
tion coefficients of proteins, Aln K, and (b) the
partition coefficient, K,
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Triton BEAEINI 712 E2DRK Y ¥ /N7 BOHHE
REZAL & Triton FETRMEF E ODEFKDE (Aln
K,.) ZPF¢T Fig. 6 IZRY. &% v /37 Blakmatk
DBUKYE (HFS) MR15 5128512, Triton JFRMEED 5
FBCRE DB 1L 5 555, Triton (5 mM) ¥R &
RO ERBOER & 5 2 &, BFTH/2BKYE
ZH—RICRT LN TERLEEXOND. BADY Y
NTH - BRIIODVWTEREREICLOKRD 12 AnK,,
(5mM) % Fig. 7 IX/R9. Fig. 5 L #9456 &, BF
s Bk X RE AR OBRKY: (HFS) DIES &%, #
DEMPKELBE->TVS, BIEAHIZ, myoglobin &
TDTHRE V37 EHTH 5B apomyoglobin T3 HFS »¥
BEAERUTHABIzb b o, BETR S BUKEIE
THREDEH N 7 EREEAE .

EREBEIDLZEDOHHEREVPEETH S mol-
ten-globule REXHRIBEDEN L EHRED 7 > %
7813, RFESBAKMEZRD. X, BBIKTH 5B
KEEENLZ DT EBMBENT VS BSA, RUOKE
Bik#BHR s EDZRBIKIE, KESEKOBAY (HFS)
AN WS, BB IERD. chadt ) T —
F YN BIdY Ty MERMBEMN T ICROBKES
Hizb->EELHND. —F, FLAEOHBEKTIE
5 Fr ) 75 BRAKME 3 /N & <, HFS O K % 75 papain,
lysozyme HHISLTIE 2 V. T, HFS ITEN LWV
CATY, RIMSBAKEICESS B & & 0T ATk
TEBHHEITIE, Triton IWRIMEMHET D, FEIRKEL
ZRHT 2 0MEDTIREE 5 5.

AinKpr / -
3___
~I- Cytocrome ¢ (Molten—globule)
oI Apomyoglobin
-- BSA
—— C.V.Lipase
- ADH(yeast) Hemoglobin
1 —— LDH 02—
- MDH —-  Ovalbumin
—- Myoglobin ek Papain
Cytochrome ¢
0 (Native)
0 —— Lysozyme

Fig. 7 Aln K, ladder of proteins and enzymes

KEF, EHil, AR, BR KM THESEEIC &5 5 V8 BOREBKE DS & 58 677

34 a-Z7bMFINTI2 (a-LA) & B-57 50O
TV (B-LG) DEKMEICE D /L

F YNNI HD 2 BEOBAKEERFHLULSBOR
Bl LT, a-LA & B-LG D58 71 v 2 DKE % 1T
Sz, B, IV BEORROGEMFE L TRIE
SNTVEF—ART—FHROEIVIINIETHO,
Ca?" L OMEAEBRLZ D T EMBFMEN TN SO,

a-LA & B-LG @ PEG/Dex RIZH T HBUKE 70 v
b (DEFRE K, vs. DECRDOBUKYE HF) % Fig. 8 i
Y. a-LA, B-LG ® HFS ¥, &4, —31.4, —83.8

10’

T

a /-
=3
M
ke
S
R

LLLid

17

= Ks-ta =

- PEG/Dex —|

— Protein 1mg/ml —
10-2 I | |

0 1 2

HFx10% / mol « kJ™

Fig. 8 Effects of HF of phase systems on the parti-
tion coefficients of a-lactalbumin and S-lacto-
globulin and separation factor (@)

10!

1

I (a) without EDTA 102 = (b) 100 «M EDTA

TTT T T H I

R

s 10! -
' = =
~ o 7
2 1 F100 -
X — =
PEG4K(©O%) | =
_1 | Dex100K~200K(9%) -

10 = ’ PEG4K(9%)/
= 1071 | Dex100K-200K(9%) -

I =R A

Triton X-405/mM  Triton X-405 / mM

Fig. 9 Effect of the addition of Triton X-405 on
the partition coefficients of a@-lactalbumin and
B-lactoglobulin and the separation factor (@) (a)
without and (b) with 100 uyM EDTA
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Kjmol ' THY, WIhbFAKEDREEZ S D, W
ZEHBTAHE, a-LA OIF >0 2 SREBUKE LR
V. WEODBERE alK(a-LA)/K(B-LG)} &, RO
BOKYE (HF) oBEinc->hTHEML, PEG/Dex RIZH
WT 5 TEINULT. BHIZ, HF D Kk%7s PEG/IER%
HAns &k, PHEERRONFEIARELEALON
%.

Wi v /87 B D Triton RN R % Fig. 9(a) TR
T, BT S BACHEE IR U T, Triton BIIZIRIEZ
BIEKTH B B-LG DIFH MW KEL, DHEFREIL Triton
BEEORINICXVPICED U, F27, BITRZBUK
MIZ LB DM A WNEST S0, J VRV EDT R
DL %S L 12, EDTA & Ca?t S8#EZERT 5
EmD, Ca¥t EMBIERT B VNV ED D Ca®t
EBREL, TR VRNV BERERT A5 ENTE
%19 EDTA # &MU 72 & % O. Triton R % Fig. 9
(b) IZ7R¥. 100uM ® EDTA ZHMT 5 EICEKD
TARERSER L, a-LA TIRBFHZBAKESEEML,
Wiz, B-LG CREA UK. #-T, Wiy v/ 37 BDS
BEREIIREBAICEM L, —BOBIET a-LA & B-LG
HIFIFREC DM TEXHIEERLTVAS. KOBEE
EEEEROBKMEZRHE UL 7T ALY HIE50IK
BERTH D,

AP 5 EEGHRERFEHARBYN S (AW
BRI E No. 5-1333) OBBI#Z I . T iH
BRELZET.
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*

Evaluation of the surface hydrophobicities of proteins using aqueous two-phase
partitioning systems and application to the separation process. Koji YANo, Akihiro
WakayaMa, Ryoichi Kusol and Isao Komasawa (Department of Chemical Engineering,
Osaka University, 1-1, Machikaneyama-cho, Toyonaka-shi, Osaka 560)

A systematic investigation of the surface hydrophobicity of proteins was carried out.
Hydrophobicity can be classified into at least two groups: one is the surface net hydro-
phobicity, which can be quantified by examining the partition behavior of various pro-
teins with differing properties in polyethylene glycol (PEG)/dextran (Dex) systems; the
other is the local hydrophobicity originating from the hydrophobic binding site on the
surface, and can be evaluated from the increment in the partition coefficient of proteins in
PEG/Dex caused by a nonionic surfactant, Triton. Some of the proteins examined were
lipase, @-chymotrypsin and cytochrome ¢. Each protein has its own characteristic hydro-
phobic nature depending on both its conformational change and the interaction with its
environment. These hydrophobicity differences can be systematically exploited in order
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to achieve an effective separation. As a case study, the separation of @-lactalbumin and
- B-lactoglobulin, the major proteins in cheese whey, was examined. A highly effective
separation was achieved by an enlarged difference in the local hydrophobicities of the
apo-proteins formed by removing calcium ion using EDTA.
(Received June 21, 1993)

Keyword phrases

evaluation of surface hydrophobicities of proteins; determination of surface net hydropho-
bicity and local hydrophobicity; separation using aqueous two-phase partitioning
systems; separation of a-lactalbumin and ,B-lactoglobulin.
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