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1.2.2 LG e L2 E 1

Fi 1 mol» L™, pH 7.0 [WHREh 22 oI (PBS) ¥ i 4
ZL B-LG. 43%I7E 20, 70, 80, 90, 100, 110 F1 120 ‘C 44 F
1H7E 10 min,

1.2.3 DSC %%

fi1mol « L', pH 7.0 (¥ PBS #f#4E 7L B-LG, il DSC
TESEAE RSN 2 . SEIR AR BE YU D 0~200 °C,
TR 5 Ko s, LL99. 999 % A NS, i 50 mL -
min ',

1.2.4 Ho&kitsk

BORFAN R AR S, I PBS(1 mol « L1, pH 7. 0)F B
WK 0.125 mg » mL ™' (IR, AAR B A 58 AP X (190
~250 nm) (1) CD O3, BAHE M H# = FIAM L
CONTIN /5 73 B 545 18 EHE A . XTRE T A5 1 o 15
BE. BT BHE M A TS AL 45 | ) bb A B AT R
;é;“z']'ﬂ .

1.2.5 RAKEZRE

HUAS [) Ui B Ak ¥ A B o A Al W BE ] PBS (1 mool
L™, pH 7. OFRFEN 0.05 mg » L1, SRR 2O0GIE.
A3 RILABE £ 280 1 295 nm (3 & CIE . BES & LR
K3t Bl 2 300~500 nm,

1.2.6 ELISA %%

PSR4 055 SR MG ] H2 ELISA 3L 3F4 74600
BURES (L ng « pL DA BIFLAR . BALINAKE SR
100 pL, T4 CFEMERE. WHIEM PBST ¥tk &L
A 100 pL BSA-PBS(290) B 473 AT, 37 “CHR 2 h, ¥
B B FLid SO FH s 1 s 10 fEL . ) BSA-PBST
(1% BSA-PBS, 1: 2 000 Tween) #:47Fi B, &FLINTA 100
pL. 37 ‘CHri% 2 h, F PBST ¥t AW EIRICFESA RE
BuiAse bl 1+ 2 000 f BSA-PBST #4775 B¢, & fL 437 hn

1

A 100 pL, 37 CHRY 2 h, JH PBST Witk ; HRP pric (558
EMZEH 11000 ] StrTav-HRP buffer (50 mmol « L7}
Tris, 0.15 mmol « L' NaCl, 0.1% Tween 20, pH 7.5)#f
1 RE s BALAY A A 100 pL, 37 CH&% 1.5 h, H PBST
Ve EALMA TMB A H, O, B, 37 “C I 10 min;
BALAAMAMRIE R 2 mol » L7 H, SO, 50 pl £ 1k [ i
D BALAE 450 nm BYOBAE.

2 HR5E

ELISA 5230 454> Mg 20, 70, 80, 90 Hl1 100 °C
B, 4431 B-LG £ 450 nm WGBS FEEARCA K, Yk
L 110 °C ol gs B 2 AR . D% B A 120 5 110 °C
FHIE 2 0. 215, FH X F o #0852 20 °C B Y56 % Bl
0.510, PEAGT 57. 8% . LALLM SNPGRS 110 CHt,
43 LG 5 IgE M A REIA IS . SEUFIL BLG K
P I PR BT REAR
2.1 I pLCHEBSEHEMERAM

Wi O HGEE AL BLG B RIS R . SR E A
K ZREERE B (CREEER G D » @S AR AW
B R S A2L BLG XA HER JLE D, HER
AL B-LG BB B ER (Trp) & A 1E 8 EH RS [R5
%61 & BT R, 5 19 MBI G 5 61 fifiTEA
Fem . 5519 b F—E B E MUK RS, A &R (Tyn)
HO LE 2R AR 2, 565 20 67 56 42 7, 56 102 )@ g 97
TR, 5 99 AR TCHIN G, A TR ARE . RIECHR
TEMRALEE T T2 IgE R 1A REER 1—8, 25—
40, 4160, 102—104, 149—162, f&E 1 a1, 1—8 £% R
o BRHE, 25—40 o2 o« BRTE, 4160 iR 2 BINE: A
WA~ Tyr fE EERHUR LS H .

109
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SAEPEQSLVCQCLVRTPEVDDEALEKFDKALKALPMHIRLSFNPTQLEEQCHT

[

a -helix, [l: B -sheet,

: epitope

Fig. 1 Structure and epitopes information of milk -LG

2.2 43 FLG WAKREN
43 LG 1) DSC SEBR 25 5 g 1 fiR. i 1 w5,
43 B-LG AR PRI M IE(E R 113.2 C,

Table 1 DSC information of milk p-LG
T,/C Tw/C
BLG 83.7 113.2

T,/C
141.0

T,/°C; Initiating denaturation temperature; T,,/°C : Peak value of

denaturation; T»/°C: Termination denaturation temperature

2.3 E-f&it
EHR RSP IR R & A P 0. IKEEHES

FIJT PP e T KR 2 A B A M G oL B, |
FIBR Y SRR AE R ], 7= A i I o s 7 5 L IR U
SREERAAEE o AR BTSSR SR AN B A, AR R
[ = e AT O = S e V1= 4= e = 4110] ]
TSR 216 nm AT — 7 B 835, 7F 185~200 nm Ak
A—IER @k A MM R 354 206 nm [ff i
S — TR a3 s B o BB B A3 AL 192 nm Fff
AL — B a3y, JFAE 222 F1 208 nm b 23 BT AS
T RAE R W LB a5 0 (HAE 222 nm AL Y 44
SHEREA, W B EE RIS A L. 4
A LG # AR R P g CD gl 2 s .
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Fig. 2 Far-UV CD spectra of milk p-LG
1—4. LG at 20 °C, 100 °C, 110 “C, 120 °C respectively

FHIE 2 7R (70, 80 #1190 “C fA%HmE ) . 20, 70, 80, 90
11100 “C Y CD ik 4 BeAr & i 284 110 fi 120 C
1 CD ST 2 AL, EIEAIE(ES 20 CHY CDOLIEH
AR A R A . ST IE BT, RBEART 100 TR, 4
FLRLGEA —RE W AR AWK, JLFA
WEIELE A A=A A . HiR A 110 TR, 47 LG EH -
PR R A B AL . M CONTIN #PEgeA it 48, 204
HAEFL BLG EA S F RE Y o L RNk 2 B
No HIFR 2 R, 3L B-LG i 20 CH 100 CRINHAE N
HEAR R EATIE . AE] 110 TR A o IR
TRAS AL 3-SR LS #1425 kB2 el T B A AN TE L 5
i 4 WA RIS I . B RO TR BT B AN o IR ESS
3 B S LR 22 I P AT R R B AR T 110
CHEs AT IEIPEMIESA R e 8 FUA 5 ik
BEw T 110 "Cf s SEA BT LY .

Table 2 Secondary structures of milk -LG

treated at different temperature

Secondary structure 20~100 C 110~120 C
o-helix 7.6% 2.6%
B-sheet 37.0% 7.6%
B-turn 1.0% 25.0%

Random coil 54. 4% 64. 8%

2.3 WKL

E AT IR AR & ST 9O Trp, Tyr FIZETN &R
(Phe) , B3R SR B 554K KA Trp, Tyr Al Phe, & A5
M7 63 AE 280 nm B K A P KW & . 1 Phe Mk
WO WK 257 nm, T L Phe 7E 48 K 2505050 454 T A8k
Wk . TE 270~290 nm #E I, 26K A F Trp fl Tyr; 24
BRI KR T 290 nm B, ATCHZORIOKR A F Trp k%,
B I AT LR AS [ A T K R R 1 R ) o e i . 43l 7
295 F1 280 nm MR WK T . AFNEE A2, B-LG 1Y
PG UNE 3 Fis.

12004
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Fig. 3 Fluorescence spectra of milk B-LG excited at 295 nm
1—7: B-LG at 20 °C, 120 C, 70 C, 110 'C, 80 C, 90 ‘C, 100 C

respectively
25001
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Fig. 4 Fluorescence spectra of milk B-LG excited at 280 nm
1—7: LG at 120 °C, 20 C, 110 °C, 70 °C, 80 C, 90 ‘C, 100 ‘C

respectively

HIPE 3 7 s A2 110 “CLRUR it Bk BE 4R . 430 B-
LG POLZ W55 . il E#Id 110 Cif5eieas Bt 100 C
A PTHESE. 110 "CRYZOLIR T 80 °C, 120 CHHYZEL
SREEHLE 70 °C o fhIE 4 ATAT, 7E 110 “C LT A B A 4
s FL LG ZOEB W . IR RS i 110 Cmpae
JGHRIE L 100 “CA BTG, 110 CHF 2R BT 70 °C,
120 “CRF I ZEE5R B BT 20 °C o RIGE A = HEHIIIEL
. A5 BLGEE 19 4 Trp &b F—E R ALK RS, [tk
SIS ORI RO LA . S BRI R
FIfE 110 CRUN gk, MR 4E #2430 LG AR R A
BK M S SERIR, (4 FL 3-LG & E ML 8 TR EL
FEIRAL Foi R FRETH 1 Trp FREE R G T M, Trp sk
LN SR BT 2R e 27 BN G ot S I T L 4
KF) 110 °C, ATREZ i 2 AR A RS ROVTE LR
P A TO0A: € (¥ SRR IR B B R0 R T B
Wi, MR E A = REM R EE, FFL LG B Tyr #
(i TR GIMPGREET 110 °C. Ra RV EI%5E
T G G K , EE 280 nm FURPF 120 T
MR A POLRE E 2 20 C,
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454 DSC. CD il RF %fis al 4fieill 4= 71 B-LG 7E4% T 110
ComEAms IS [ I KT REA SR H R BK
WELEHO e . 47l BLG NEAM R EIT, (H 025
BoA A A ks 110 °C, A o RBELSH A
BTERAMI R, MR FL B-LG 1Y [ A A B A
ERPURRAAE AT A, 1—8 {1 25—40 AR LN «
SRBEAEHY . 41— 60 (iR LIRRAL N BT EAE MY, ik AL B
TR BLG B o BRBER BT B L A 0K D R BE T 2L
A XL R FL LG EAPURR MM R AL T4
b, FEEAY IgE WA a8 ks . Ft 430 pLG &4
RS A AP ERR (Cys) 5k . Horp U454 SR 55 N B
B2 A ThiE, S R B S R EL LG R
F 110 “Chnfams . NERIEIT FiH i a2 (8] % AL
H L IR 110 °C L TR IR S R BITE L
Rey, MR AR, hFEEA E 4
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Spectroscopic Studies on the Relationship Between Heat Treatment Process
and Immunogenicity of B-Lactoglobulin in Milk
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Abstract The thermal denaturation of f-lactoglobulin of milk was investigated by using DSC, circular dichroism spectra, and
fluorescence spectra systematically. And its corresponding immunogenicity was tested with ELISA experiments. In addition,
bioinformatics methods were also used to explain the spectral characteristics and its corresponding immunogenic change, analyze
the conformational changes of the protein during thermal denaturation, and discuss the relationship between conformational
change of f-lactoglobulin caused by heat and immunogenic change. Results from this study should be useful to the establishment
of a spectral method examining the extent of thermal denaturation of the food allergen, and be helpful to the understanding of the

mechanism of immunogenic change of food allergen treated by heat.
Keywords p-lactoglobulin; Immunogenicity; Spectroscopic; Heat treatment; Bioinformatics
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