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The effect of heat treatment or hydrolysis on cow’s milk protein

distributions and antigenicities
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, Myung Hyun Sohn'?**, Kyu-Earn Kim"

'Department of Pediatrics, Institute of Allergy, *Brain Korea 21 Plus Project for Medical Science, “Biomedical Science Institute, "Department of Internal Medicine,
Yonsei University College of Medicine, Seoul, Korea

Purpose: Cow’s milk protein is one of the most common and strongest food allergen. We investigated the effects of heat treatment
on the distribution and antigenicities of major allergens from cow’s milk. We also compared the protein distribution and antigenici-
ties among cow’s milk formula and its substitutes.

Methods: We heated a-casen, B-lactoglobulin (BLG), a-lactalbumin (ALA), and crude extract of cow’s milk in 100°C boiling water for 1
hour. We prepared crude extracts from cow’s milk formula, partially hydrolyzed milk formula (pHF) and extensively hydrolyzed milk
formula (eHF). The protein compositions of all the samples were analyzed by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis. The antigenicities were determined by IgE immunoblotting with pooled serum collected from 11 patients with milk allergy.
Results: After heating, no significant alteration was found in casein, and the aggregates of ALA and BLG were detected with molecu-
lar weights of about 30 and 45 kDa, respectively. The antigenicities of newly detected aggregates were increased. The new aggre-
gates of BLG with increased antigenicities were also found in heated milk total protein. Major milk allergens were not found in pHF,
and residual components with a molecular weight below 10 KDa did not show IgE-binding activity. We failed to observe the residual
components and antigenicities of eHF.

Conclusion: Changes in protein distribution and antigenicity of milk total protein induced by heat treatment may not be significantly
different from those of each major allergen. The residual components of pHF could have little IgE-binding capacity, and there may be
few or no antigenic components in eHF. (Allergy Asthma Respir Dis 2014;2:259-265)
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Table 1. Clinical characteristics of 11 subjects with milk sensitization

Age . . Total IgE  Milk-specific IgE

No Sex (y?r) Diagnosis (kU /8 (I?U m g

1 F 812 Atopic dermatitis, food allergy 1,110 732

2 F 332 Atopic dermatitis, food allergy 1,465 >100

3 F 354 Atopic dermatitis, food allergy 1,594 478

4 M 298 Atopic dermatitis, food allergy 630 80.0

5 M 356 Atopic dermatitis, food allergy 310 449

6 M 343 Atopic dermatitis, food allergy 789 46.0

7 M 461 Atopic dermatitis, food allergy 662 495

8 M 094 Atopic dermatitis, food allergy, 148 377

asthma

9 M 355 Atopic dermatitis, food allergy 1,021 255
10 M 072 Atopic dermatitis, food allergy 308 403
11 M 170 Asthma, food allergy 1,950 469
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4. Sodium dodecy! sulfate—polyacrylamide gel elecirophoresis

Z}z}9] Al 259 loading buffer (60mM Tris-HCl, 25% glycerol,
2% sodium dodecyl sulfate [SDS], 14.4mM 2-mercaptoethanol,
0.1% bromophenol blue) Z A7} 2, 95°C o] AFof| A] 587} HE-2-A]
Z k. 10% E+= 13.5% polyacrylamide gelof] £H| % A| 253 load-
ing8h % 50/180 VoI A 27|95 AA|3t F, coomassie blueZ ¢
Afslo] Tl el e) 1S ) L Afelsick

5. IgE immunoblotting
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
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Fig. 1. Sodium dodecy! sulfate-polyacrylamide gel electrophoresis and immu-
noblot analysis of milk proteins. M, molecular weight marker. Lane 1: milk total
protein; Lane 2: purified o-lactalbumin; Lane 3: purified B-lactoglobulin; Lane 4:
purified o-casein; Lane 5: IgE immunablot of milk total protein with patients se-
rum; Lane 6: IgE immunoblot of milk total protein with control buffer.
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BLG, ALA©| 2= Z3}E]0] QL= & Eelskglon, 71 &) tokgh
=719) TSt A sk Zlo] TSIk (Fig. 1). - &
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Fig. 2. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of heat treated milk proteins. After heating, The 30 KDa band of ALA and the 45 KDa band
of BLG were increased in intensity (arrows). M, molecular weight marker. Lane 1: a-lactalbumin; Lane 2: heat treated o-lactalbumin; Lane 3: 3-lactoglobulin; Lane 4:
heat treated 3-lactoglobulin; Lane 5: o-casein; Lane 6: heat treated o-casein; Lane 7: milk total protein; Lane 8: heat treated milk total protein; Lane 9: milk total pro-

tein after boiling.
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glof| QlojA = 738t HE-S-S LEF It (arrows). Alpha-casein®]
)

[e)
78571 A A% jhE- Atol & 79] #ld < gl1aL, milk

TH=0] SDS-PAGES A|3j5}
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150 a
75 ——
50 ..
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Fig. 4. Sodium dodecy! sulfate-polyacrylamide gel electrophoresis analysis of
milk proteins. M, molecular weight marker. Lane 1: ultra—high-temperature pas-
teurized milk; Lane 2: low-temperature pasteurized milk; Lane 3: cow’s milk for-
mula; Lane 4: partially hydrolyzed cow's milk formula; Lane 5: extensively hydro-
lyzed cow’s milk formula.

4
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Fig. 3. IgE immunoblot analysis of heat treated milk proteins. M, molecular weight marker. After heating, the 30 KDa band of ALA and the 45 KDa band of BLG were
increased in intensity (arrows). Lane 1: o-lactalbumin; Lane 2: heat treated o-lactalbumin; Lane 3: -lactoglobulin; Lane 4: heat treated B-lactoglobulin; Lane 5:
a-casein; Lane 6: heat treated a-casein; Lane 7: milk total protein; Lane 8: heat treated milk total protein; Lane 9: milk total protein after boiling.

262 http://dx.doi.org/10.4168/aard.2014.2.4.259



ol 9f « dxa] W Fhsiael S-frehal gele) Wit

KDa M 1 2 3 4 5

0 s T
il :
75 x sy
50 i
37

4— o-Casein

25
20

4— B-lactoglobulin

4— a-lactalbumin

Fig. 5. Inmunoblot analysis of milk proteins. M, molecular weight marker. Lane
1: ultra—high-temperature pasteurized milk; Lane 2: low-temperature pasteur-
ized milk; Lane 3: cow's milk formula; Lane 4: partially hydrolyzed cow's milk
formula; Lane 5: extensively hydrolyzed cow’s milk formula.

259 £ LY =419 a-casein, BLG, ALAS- 3£5}5}= ThoFsh
Gl SR A 21 02042 B2
O} §13-% HUBILTE 59 A9 Uik 5
mula)ofJ A= $-F-of| A2t 7E*°l a-casein, BLG, ALAS| 3 Tl
w7} B QI T8 U F 85 7k 58l B-fr(partially hydrolyzed
cow’s milk formula)of| A= o]o] sjgsh= TS 2215k 4= glg]
AL, th 41 10 KDa F-Hof| A GA] HAIQl= Tl S0 2= ek
A 7142 E-8f H-f-(extensively hydrolyzed cow's milk formula) 2]
A9 25 e A T 4 ot

B-(cow’s milk for-

F B350 mE IgE g BHSA Hw
ofe] - 2 £-7-2) IgE A 1S nlusly] 918 34 SDS-
PAGEE E3f thil-& 2.2]5l 2152 PVDF membrane . & ZAFA]
71 % IgE immunoblotting& A3+ Av(Fig. 5), SDS-PAGEO]|A]
R SIIGHE 7o) HE Sulo]A] Ig ] 93-S Helg
ATk TR T2 7 sl 2-2] 737 SDS-PAGE||A] 21
&l 10 KDa F20f| 9]2]3} thil 5-0] IgE immunobloto| A+ IgE
Uﬂ.—__-é‘ﬂ’%-giolxl oLoh;]_ QFA 7]_ 3H = 0947510 v%«%%%
o] 7] glof IgE WH-g-/ %= A 2] #akek 4= giglct.

11

-

K

|
[

% casein} ] UFQIBLG,
glo] QL Zgﬂ%}oi’ ]Xﬂi ﬁ]lfl
Al AT} 93-S Ho| AL B o) Qs FA)o] BYsh=
AL 23 casein?} BLGO]| 2J8t A0 2 oFed#] Qo) K ol Lo
A §-5-ol| A F=Z3t total protein ©. 2 9-f A 27] Fhof 117H2]
GAZ o]-8-5ko] immunoblottingS §F A7} a-casein, BLG, ALA

Allergy Asthma Respir Dis AARD

of s g8tz F-Lloll et g
2|3 ALAO| AR - L 27] ghole] 3

A& 7L 3= eIk
“iiﬂﬂ“% T o] hel/dol U] ]—t— T o Foll ot
a

eheie e

Rk wabA] a-casein, BLG, 71
84 1gEe} Atete o

9
O
ne
o
N
:101‘
HU
*x
ot
s
O
-
N
N
olr

U e5]d o] S| ek wgo] 328 kel Arah
29] 7% dAEE P off Yolihi= B3 (glycation) O & 21

°H o3| Fdo] A= A& e §lom, > uko] &
2 100°C o] 1GojlA] 6057t ]89S wofli= IgE W43

o] A2J A AL AA| ‘*‘O‘Eﬂ 7] gk }Oﬂ/ﬂ T/ RS
= AAE Bk S-ftue] e, RS Fofl Bk
S RPH caseine J*“*Hﬂ 7}"1 o= ‘é-% A= Ao 2 o
274 QUeE> 2 Aol A= - 4 T2} 715l vA= 9
T otz H3f tf A -k 3714 S L5 100°Cof|A] 1

AZE &9 SRO = dAfE|skgich 1 ApE0] Alggh ofr|¢dtol A
P SR 100C FF2E Aellel A2 1
B ] WISl A 2T 4 1A 1SS o) e B
o] Wiah Lhehtor] ol 7k Euat wap} wEA) ootk &
Lo 0= ZE]—’@‘]—X] oFa1 A 71935 }_t_ 4SS 71 W3} ol A
-4 3} total protein
SHoh= S *Piﬁ}oﬂ
} 5o 1"415 “HO}L Z85= A4 8
U 7FaAE ol P% e = EA AU f.ejof AHg-5HA Q"

T7FH|aA] g A A 7HE - kS
= 14011/\1 4“]% & 4= Qlck

Alpha-casein®] 9 141719] 71 Helo]s chale] WstS A
o gheldt 4= qlglom, dexl v = 71 Ae] A9 IgE vH3-
ol Ajolg Holx] gloleh. do] QAT casein®] £t pHeia)
o, heated milko]] |2 7] ZAFS Hol= 3R} Lof| A caseino||
gt Sol Igk 3} 3557} 574 Liehb, 8% casein So] IghS
S8z 20| heated milko]] gt 10} A 27]9ES- o] 5
o2t §-85tche 2 o] ek Caseingh &
ol EePdsitial 4ol BLGIF ALA= FA2] & 8. HHE°1W
70| BstE 1018k 4= 91911 ALAS] A< 30 KDa, BLGS] %

45 KDa £-9]0] thilu]7} 71 2] 2 o5]e] 25|l Zlo] urxam
Tk 1gE W54 sk ALAS] e} Abefo] alah whula
o] k32 T} oFa2l 2 ROl BLGE A Wt gk, 7}

HA2lof| oaf o] %5l WA= H Tilu] -2 IgELke] Bh-g-of 9L
oA &= B|1A] 73t AgkS UERH I Total proteing 7FE3HS
2 ujofl i ALASHBLGS] 912 2ol el chul 18]o]
37} A9} Holx] ¢hgkom, BLGS w2 7FEsS o Hld X
20 ) elo] A1 BRIk ALAS 7AE9S ) 2

2
Ho
4 do
mlm
E =3

http://dx.doi.org/10.4168/aard.2014.2.4.259 263



AARD Allergy Asthma Respir Dis

AY3t Tl = a-caseind} 74 25| TAE|A] ¢FgLow, SDS-

PAGE H IgE immunoblotting®] E/34F H]S=g1 EA5k0] thal B

518 4555] T 4 G o] 9lo] Aol §RE A

ozt SRt e A 2 o

2]} #3519} total protein & 2 ZA S} W 2] Hoj 2J3t HS}H=100°C

1A S8ollA 2 2tol7t gl Ao & 58 4= Qlrt BLGH
¥

Uk o 80'C-100'CoA] 15571 740551 7% BLGE] gk vt
$490] gasshairkss B ISk T} ol S0CH
A 90°C7HA = 52 ALAT} BLGE| 3} /o] 5717 90°C
c} 301 2451 245128, 0 R 50°C-90C ApololA] ghafel
QA FLZ(conformational structure)”} HEFHA] S} UL 7121
U247 | (epitope)7} =2 7] WZO 2 AdrgSlaL QITR 0 ERt
90°Cof|A] 3057t 7183 BLG7} 55 Aol AFuto] of Algt
BOINES-S QLA 1L GJef 2}y - frue] 720
LAl AR} B3I QS BobelE Hel I ofels
019 7} £ 5 A2k A} MYes B T ko) A
S8 W A b ool kel th2 Ast e
QTR 1 Lol A] casein LEXITHR Hofl Tl Qb o]
SRIE|L oL BLGHF ALAY] 7-9-100°C Fof| &fal] ZA| 7120
G WA ghglon] dojl ofsl} ol U HE| = (peptide) 5]
th4] 22150} 212} o 45 KDaz} 30 KDa®] £4j3p0] wlw| 2.3
IgEe} 7o Aghet= Fe= Ad 22 HalISS o
QI3ick E3F G425t total protein AT}o| A= 30 kDa 0]A4F2] Tk
] So] ARk o 2 Aok (degradation) = A] IgE Zg} ¥H-3-0]
OFt S7Vot= WSS Halrk Z7F 24 wj e} 2] total protein
o= ol 7teid off ThlE 7Ho] o Ago] 2T 4= 3o
7+ Al G- ATe B e H A casein} Aokl AAS &S 3kch
AL A QLo AR 2 At Aol A= E Abololl & Zpo]
2 B 4 2loich

7H Bl S-gehule] ol S BAJS] Hojmeli: Ao 4
A

[«
)

]

24 Ik 2] FollA] ofuh= 7h4 Rl flatel] g o]
H A (pepsin)of| 2J7t -F O] Fafj7} v sEAo]H, o]t
U2 7)/Jo] il EAfRFo] 2 thiigkle] oigh 23431
tobg= kS i 19j 9 totolla] L2783k o
AFske Aw o)k fAkel 9wl 7}
Fi 7heael W e 7hEa)
T}, F5 7he R Efroll A= et
ol jfol] sl walj=]o] WAYEH 2o
52 BRI = gl9lon ¢ 7k
TRE|A] ol =53] Afito] 5019
F-FolAl 10kDa o]3}= o} 9]
o} A} 10 kDa o5} -3

]

o 3o
e o [|r

o flo flo
L

ok

T

N oot &
N

N

ix

achA

iz o

jgi i

ot
o,
&l
iy,

<l

{0

o = re
{

do do
1o 1o
rop
1=
o

o] 7}

oo fdr KU oMz odr e
o <L ip
2 Hr O
04y o
yo = 3
mr_lF%—
T s
=z 2
e & St
Ny B
> ozmalﬂt
T
A

ue)
1= o
|

rlo

1gEe} 7o) Ageix

264 http://dx.doi.org/10.4168/aard.2014.2.4.259

LeeHS, etal. + Heating or hydrolysis on cow’s milk protein
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