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Conformational Stability of Proteins in Colloidal Food Model System
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Abstract

To elucidate the conformational stability of proteins in colloidal food system, molecular properties
of various proteins such as chemically modified B-lactoglobulin, bovine serum albumin (BSA) structural
intermediates, and B-casein under chaotropic conditions, were examined using circular dichroism, S-
S bond content, and hydrodynamic radius determination. As refolding time increases, BSA intermedia-
tes approach the conformation of native BSA. And succinylation made B-lactoglobulin have more aperio-
dic structure by increasing net negative charge. Also, under chaotropic conditions, the conformation
of B-casein was affected by hydrophobic interactions. This study clearly indicates that hydrophobic
interactions and electrostatic interactions are major contributing factors in conformational stability of

proteins.
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2 37l 24<) bovine serum albumin(BSA), B-lacto-
globulin, B-casein2- Sigma Chemical Co.oll 4 T3]3t}
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BSA refolding intermediates & . BSA refolding
intermediates & -F-31ubH* %) ajz} wHE¢icl. BSAE
0.2 M Tris-HC! buffer(pH 8.6)/10 M urea/1 mM EDTA/
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50mM DTTel 509 Ao 64|70 Wx]3t 5 pHE
4022 A3k Urea 52 A171317] 218 ve) 001 M
HClZ ¥ X]7) Sephadex G-25 A% Erzl %
A &3S wol regeneration buffersiAl refoldA|
ZTH0.1M Tris-HCKpH 8.0)/1m EDTA/1 mM reduced
glutathione/0.1 mM oxidized glutathione). o) aj regene-
ration -§-fo| 2] BSA ¥ %= 1 uM=E 2+ 7 interme-
diates2 77] 0.5, 1, 2, 3, 5, 24 hol| 4] free-SH group&
iodoacetamide 2 block3to 24 ojzl fodo =gt
¥ 52 AxAA Y

Succinylated B-lactoglobulin #j : Succinylation-&
Franzen@} Kinsella ¥h "4 wglr). o2 b2 oo} gu-
ccinic anhydride(0.025, 0.05, 0.075, 0.1, 0295 H33
75mM phsphate bufferel ¢} 9J& 1g B-lactoglobu-
line| F7}3lx pHE 7.05% 8.0 *}O] NaOHE 7}
224 FAh ko) By & gde =g e
FTAZAzYc).

o|33tE AY 5 24 : BSA intermediates®] o] 3
35 A 5 &AL 2-nitro-5-thiosulfobenzoate
(NTSB) #®o 2Jg)c}. 0.1g 5.5'-dithiobis(2-nitroben-
zoate) (DTNB)E 38T, pH75 =74 10m/iel 1M
Na,S0sell 52l F 44 E 2 AAS 3| nitrothiobe-
nzoate”’} NTSBEZ <+d3| wlagl w7}=| aeration’]Zich
NTSB £-o.e- ¢ uhy °i wHE stock &4-2 02 M Na,
SOz 0.2 100w 342z & pHE 9582 ‘“‘—?JL Hax
E7F 05mMo] FA #it) o|g8E ARSE 02m!
izl Lolsl 08 mi NTSB g8 e 5 %“édl 25%
o Aot 412nmell A FREE gy 3
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Succinylation H% %4 : B-Lactoglobulin®] succiny-
lation =+ trinitrobenzenesulfonate(TNBS) ulb@'o]
et &3k TNBS(0.02 ml, 1.1 M) <82 sodium
borate bufferell Sl 1m/ A £0(0.1%, w/w)ol
Wi owe] e F ARd 5% wWAE F A2 urs
1.5 mM Na,S50; 25 m/&- A7t oza uee 278
% succinylation ©}g3} 7to] Falc

% succinylation = [ {App(native)-Aps(succinylated)}/
A420(native)] X 100

Circular Dichroism(CD) &4 : chal 2l o] o] a2 2
Z418}7] 34l spectropolarimeter(Cary model 60, OLIS
Co)E o] 43} Cell pathlength= 1 mm, bl ep
0.01%% 3}l 2E spectrum-S AW scane] HFx &
et oA ddoial spectrum © 2 ¥-€} Chang 59|
H100)) 23 22} % 3heks FA gl

Hydrodynamic radius &% ! Hydrodynamic radius
+ column chromatographyoﬂ s =Agctk 25 mM
phosphate buffer(pH 7.5)2 &% Sephacryl $-300 co-
lumn-g o] g3te] ofz] FEuAde A T 243
AF she b Ae] g s E43ke 24 hydrody-
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Fig. 1. Effect of the ratio of succinic anhydride to -
lactoglobulin on the extent of succinylation
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Refolding timeol] w}& 77§2] BSA structural interme-
diates® "5 3 succinylation #}A o ¢l succinic
anhydride/B-Lactoglobulin ®)2 W& A7 © 2 4 succin-
ylation®] A =7} v} 5789) succinylated B-Lactoglobu-
lin A|&E 9%t} Succinylation %} %% succinic anh-
ydride/B-Lactoglobulin H]5- Z7}3}el| uwle} Z71ali=y]
0.2 g/g succinic anhydride/B-Lactoglobulinel| 4] <] 99
%2} lysyl residue® W7AAZ £ glgdch(Fig 1).
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BSA structural intermediates : 771 ¢] BSA structural
intermediates®] ¥-2+4 JAE-& F4317] ¢sled CDE

o] §-3tod 22725 uhgr) tfH+-9] CD spectrar} 207
221 nmell A negative ellipticity minimaS 7}3 1
£-3] refolding time<ll w2} alpha-helix #&aFg Vel =
221 nmol| 4] ellipticity zko] Ak Z7lets 74 2y
thFig. 2). 221 nmoll 42 ellipticity valueol| w2 of
90%2} 2371-%7} refolding time 34]7 ko] o] Fo] R 2=
A B 9l =3 NTSB o] we} == disul-
fide ko] refolding timeo] wet Z7)=& 7L & 4
%S rhTable 1). o]7& k43| A= A% BSA7}
regeneration bufferoll /2] refolding-$ %3} o1& refol-
ding intermediates® 2= A& i°4 Foh F oprlieak
Z4 9 iy, net charge o] &5 7toi} whx 2z}
3x 27 ohE il o) mtermedlates 58 ubsel
28k PR alelrl oW FRelrn Ml gl
kil A ot A Aol o 87 X = 718 H. 312} 8+ Zle]th Re-
folding timee] ZHol¥42 A native structures 2t
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Fig. 2. Circular dichroic spectra of BSA intermediates.
Spectra were obtained in 20 mM sodium phosphate
buffer (pH 7.0). The path-length was 1 mm and the
protein concentration was 0.001 to 0.01%
Intermediates: O; 1, 2; 2, @; 3, L; 4, @; 5, a; 6, H;
7, ®; native BSA
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B-Lactoglobulin®] succinylation®] 57§¢] ©}2 succinic
anhydride/B-lactoglobulin w]el] 28] o]Fej g 1 u]
§0] Z7}3ke) wle} succinylation % 7F # Hck B-Lac-
toglobulin®) 12422 %] 18] 1 succinylationel] 2|3}
lysyl residueszte] W7 Hcia 71ad o oja] w9
succinylated B-lactoglobulin®] 4= -2-%&}+= Table 2ol 4
el whe}l o] succinylation HErb Z7iele) uwhe}
Z7vskadel

Native®} succinylated B-lactoglobulin®} far-UV CD
spectra® Fig. 3¢ 1}elylc}. Native s+ 219} CD spect-
rum-2 208~215 nmel] 4 %-& negative peak & ¥ F 1.
L%} 194 nmoll 41 2] intense positive peakS 7zt o2
ZF & B-sheet 328 o]F A glckar B 4 ). Succi-
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Table 1. Structural properties of BSA intermediates

Refolding time %[0 Ja01 Number of S-S
(h) recovery bonds regained
0 36 0
0.5 49 7
1.0 29 9
2.0 72 13
3.0 90 13
6.0 95 14
24.0 96 15
Native 100 17
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Fig. 3. Circular dichroic spectra of succinylated f-lac-
toglobulin
Key: ---; native, -+--; 29% succinylated --=; 50% suc-
cinylated, ; 69% succmylated -1 83% succmylated
—3 99% succmylated

nylati0n° negative maximumo| A& s}ako 7 o] =]
Al 837, 99% succinylated B-lactoglobulin-2 198 nmeil A
negative maximum-g 7}%c}h Native B-lactoglobulin®l)
o) &k 2212 FA -2 14% a-helix, 57% B-pleated sheet,
5% B-turns, 24% aperiodic structure2 vebfic}. ol gk
FH 2= opp|xAl AR E F3E £AS =ln
2 X4 A4 A0e) o 2k}, Table 2+ succinyla-
tione] o-helix®} B-pleated sheet 3}eFS 74 A|z=}
-]l aperiodic structure ek Z7FA7)E AE W
o &t

o} &) succinylation % %ol w}& B-lactoglobulin®} hyd-
rodynamic radius®} #H3}E Table 2o 2933 aperiodic
structure &eFate] AA-IA = Fig 4o vliebych B-La-
ctoglobulinol| 41 2] aperiodic structure”} succinylation
Awe) Frtell Auledte] 7o wheted hydrodyna-
mic radius 7 $ole 50%0 4 69%FE Z71e uw Ao
207} Z27VEle 78 BodFEal Qi) ol A2 compact na-
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Table 2. Conformational characteristics of succinylated B-lactoglobulin

Succinylation Radius Net charge a-helix B-sheet B-turns aperiodic
(%) (nm) (%)
0 1.63 -8 14 57 5 24
29 1.71 —16 ) 59 1 35
50 1.81 —22 5 46 4 45
69 3.27 —28 3 30 12 95
83 3.90 —32 3 20 17 60
99 3.90 —38 0 11 20 69
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Fig. 4. Effect of succinylation on hydrodynamic radius
and % aperiodic structure of B-lactoglobulin

Key: @; hydrodynamic radius, a; % aperiodic struc-
ture
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B-Casein : chaotroplc salt &3} . chaotropic salt =
Zdell A | H-E aperiodic 72 Z ZtE B-caseino] ojuj 3t
T34 H3bs 2erts As Rz 98t olgl sodium
perchlorate %ol B-casein®] CD spectraZ %33}
o} QlatelEg-olof 4 2] B-casein® spectrume shoul-
dergie]l 198 nmoll 4 trough& ‘Jeplli=d] o] o] ©t
WA e] o 2-2o] aperiodic structured z+i= 71-& )4}
&kcH(Fig. 5). Sodium perchlorate®} #7}= 198 nmol| A]
9 ellipticity valueZ 734A1713 % A]o 215~230 nm
&2l Z7}Z el o]i= aperiodic structurez}
X} ordered structure® WHAFH ZE& RoiFm E3
4 M perchlorateol] 41+ 221 nmeol 41 2] =3¥83%l shoulder
£ HojFrth 0|8} 722 perchlorate H7}el| ojgh 5%
Wsle Table 3o M 9] 22172 FAdo 4] viehgiie] 1
M7= B-sheet &Fo] 15%ol A 35% 2 ZF7}3) o
2 o]4fel M= B-sheet-u-helix Zeol7} dofifi= 718
HojFr

Fig. 5. Circular dichroic spectra of 3-casein in the pre-
sence of various sodium perchlorate solutions
Key: —=; OM, —; 056M, —; 1M, -5 ;2M, -5 4
M

Table 3. Analsis of secondary structure content for (3-
casein in various sodium perchlorate concentration

NaClO, a-helix B-sheet B-turns  aperiodic

M) (%)

0 0 15 20 65

0.5 0 25 15 60

1.0 0 35 10 55

2.0 5 25 15 55

4.0 10 15 20 55
B-Casein %o] 3lH¥ N-dgda 444 C-ogtog

o] Zo A ¢l=dl" Val, Leu 5 bulky side chaine] 3l
oln|iAbe wWol FR-3lal 9lo] HAG ddgdH =4
shell A B-sheet structures ©]& 47} itk Perchlorate
Z 2 &lol| 4] B-casein®] 35%7}%| 2] B-sheet structure
h=th= AbAlS chaotropic saltq] perchlorateol] 23
chld Ezp =91 B EAke] e Eaxiel oA
¥-217ke] %\‘iéf{} ’% W 51 A) A Bsheet TRE &
A7l 2AE el Foba gzrer ¢ 9lo)h ole)

& 23R tﬂﬂb o] v} detergentel| i3t
¥ 31e] oo A Zroll 4= Qi) of| & HH k-casein®]
F-Zof v]xi= alcohol?] <d&kolv} SDSel| 2)&F a-helix
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