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Comparative Proteomics Analysis of Changes of the Milk Protein during
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Abstract; To investigate the changes of milk protein after treated with 75 C/15 s, 125 C/4 s,
135 C/4 s and 145 C/4 s, two-dimensional gel electrophoresis was used to separate proteins
samples and mass spectrometry was used to identify differential protein spots. These results
showed that four protein spots were down-regulated after treatment with 135 C/4 s and 145 C/
4 s compared with raw milk and milk treated with 75 C/15 s in which protein profiles had no
difference. These protein spots were identified as a-lactoalbumin, beta-casein variant, k-casein
and Ig v chain. Content of IgG from raw milk and thermal treated milk was detected using ELISA
method and in consistent with data of two-dimensional gel electrophoresis coupled with mass
spectrometry. These finding indicated that milk protein contents were not affected by treatment
with 75 C/15 s and affected by treatment with 135 C/4 s and 145 C/4 s.
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BRLZ.AHBEAEN 3% ABEA T «F A
A B30 AELBAEREAMDREIEEREA Y
b AN LA E O A E IR LT S
FE IR (AN 2 —F e aEA™ .

AFLh S EBR T A2 WA R iR R H
MR W FLIBY B A R 2R 52 e A, 3L S 6 T
AW EEmMAPEARSENELERNRZ . H
Hif s 5 R JAE GE 1 ETLSA J7 A6 I $4 4k #3631
PERE A SR, ARk A& O R =7
B BT 1 B O 3L AR A 2 A8 1 5 e O B AR
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PDQuest 43 #1 4% 14 (Bio-Rad, 3£ [# ) , ultraflex TOF/
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Table 1  The common methods of heat treatment in milk

product industry
T A e/ C IFa] /s
Method Temperature Time
Primary sterilization 65769 b
i A N B PR T (AR FLD
High temperature and short 72~175 15~20
time pasteurization(milk)
fea Yl S I 2 TS T D
High temperature and short > 80 1~5
time pasteurization(cream)
AT
Super pasteurization 1207138 2
Tl R T C O
Superhigh temperature 135~140 4~7
sterilization
PRIE R TR

115~121 1 200~1 800

Keep sterilization

o U T 8 g B

The data is from Guo'*
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mmol « L™ "ER SR BEEE ) 0. 5% IPG 2% wh il AR fE
R EORA A E R E 5 min, REHE R
BEEFEMBSMARERRERN ., BREERIK
B 10 min A2 A7 400 T BE 2% 09 DR AP 6L 400 T Tk R
E2HKE 17 em pH4A~7 TPG BRI AT & TRAEM
KA B RE S L B DR RS Sk T H AR R R R i
koSl ) | R =R 7 R 0 o = T 1) 1 R T R
58 TR R IKAOh BT — S R AR
1.4.2 skitk VAo R A P AN e s B
NS BRI E87K4E 12 h,

1.4.3 A RAERFE)T J:250 V HRE 1 h,
1 000 V& 1 h,9 000 V Z&t: 5 h & 9 000 V R fE
80 000 Vh, fir A #F#7E 20 CTiBf7.
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HCI pHS8. 8 J& 20 % H ) 1, 4 B 248 %% 12 min,
1.4.5 SDS-PAGE Hi ik il £ 12 %0 143 85 i
LS i 1 e 2% P R U VRIR T 5 4R e R B B 3
B By AR SO BE R [ B 5 HEAT 5 )
FLUK 43 8 1 B S Ay B IR Z M AN Re A <. T8
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TR 1 B S AR T I — AR R SRS R R & 200 V),
HLUK29 5 h B R FL K T A BRac
1.5 RoEea e

KA G I % S 52 5 G-250 J (a3 4
16 h LAY SR E B HR KA.
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SEAL.FIVEHERZE L5 mL BO0EF, MillQ
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R BRI 3 7, T MR 2 eI URLAE 5 2R
S s TR BERUR N 10 «1.(20 ng » pL ") R F1 G
37 CHEERE A 1% TFA &0k v . e da - FE i
JH ultraflex TOF/TOF Ji §#% {X (Bruker, Germany) 43
Mro RAEH 337 nm, Jz B2 43 B K8 S0 3
B gl MASCOT #fF48 &= NCBI HE T4 (ht-
tp://www. ncbi. nlm. nih. gov) ¥4 £, I8 RS EiK &
HAVFIRY) 1A BV — RS Y i iR 2 N T
100 ppm., #5735 14 5T 1 1% 26 /N T 50 ppm, [ 4 &
W Ry 2 e 2 R 1 Ok Y 6 Ak AT AR 48 S R 2 R 1Y
Ak,
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HmREERE 1 G(1gG) ELISA i 7 & (Bethyl
Laboratories, Inc.. USA) M 4= L A1 3 ¥ Ml 37 4
IR FL v TgG & & . 1 0 R & b ok Al
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TG AL S B L AR 5 T AR o 4806 ) it A i 1Y
YU E G4 DAB A 5 B R A BRARR
MERA 6,25 pg « pl ', ARHE ELISA 355 & 150 W]
FHEAT H A, 10 Sk E s, 3R A SPSS 16. 0 fil Excel
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A shows the protein map of raw milk, B shows the protein profile of thermal treated milk at 75 ‘C /15 s,C shows the
protein profile of thermal treated milk at 125 ‘C /4 s,D shows the protein profile of thermal treated milk at 135 C /4
s,E shows the protein profile of thermal treated milk at 145 ‘C/4 s, protein spots 1 to 4 were identified by

mass spectrometry

B1 #:MI4ZES2-DEEE

Fig. 1 2-DE maps of milk protein during thermal treatment

2.2 ELISA MRS

HEmE A REH 22 75 'C/15 s.125 'C/4 s.135
C/4 s f 145 C/4 s AL BLS  H ELISA Jy 3546

FLrp 1gG & & A 45 R & 2 Fras s gt el W, AR
BEFLA 75 C/15 s MALTRRITL T 1gG bt B 5 T
125 C/4 5,135 C/4 s fl 145 C/4 s oAb F 23,
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Table 2 Identification of changes of protein spots in gels by mass spectrometer

HA M SRR By 4y F i ht/ku A (G
Spot Protein name Accession No. Molecular weight Isoelectric point Score
acF HEH .
1 gi:68 14. 603 4.8 210
o-lactoalbumin
BMs AR 8 S A , _
2 gi: 248147 5.512 9.52 60
beta-casein A2 variant
k- H .
3 gi:27881412 21.269 6.29 169
k-casein
B RRE M v BE 4
4 gi:89611 36. 590 8. 04 128

Ig gamma-2 chain C region

o
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C C C
P | | I | | |

AR 75 °C/15s 125°C/4 s 135°C/4s 145 °Cl4 s
PAbFI 77 Methods of heat treatment

[eGHYyHeJEE/(mg-mL™") Content of IgG

(=]

AR [ B R R 25 5 .3 (P<T0. 05)
“>  Values with different letter superscripts are signifi-
cantly different at P<Z0. 05 level
B2 S#z R#ALERI G IgGC & E 1 ELISA &7
EEES
Fig. 2 The results of ELISA detection of IgG level in raw
milk and heated milk
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L F IR IKF SRS, T AR 2 8] 4 A AR
SR 4878 5 H 5 ) A6 -5 40 A= i 36 2h B0 A
BR800 Larsen 40 LA EG AT [C A (72 C
15 ) B 7L Sk Sk a4 i 7L 785 A0 6 1 2 1 oR T
FEATRA F LW T Bl o 0 A B %Rk
. ORI L G i LYk (2-DGE) ik,
FEAR R SR A A W B 5 % R R L2 B
TARABSRTERG L RS EnEaESw.
W B R R (TR % S kT e o, He

BT U RN TR T A L A AN [ R B 4 40
16 2-DGE FByAH R & . it L5 F0 1 5E i 2 1 20 40
XTSRS TR P2 A T R E 22 S E B A
TERGEERE S VA b s o TR AW a1y
fne g BT X s S Y SR 0 BEEH .
E R T B FLIE H as - 3 A IS 28 7 B o Y
I 33 86 B BT At Hy TR L U0 Y 45 R T HLAE
X FPFL 3 b PP3(Proteose peptone component 3) £l
FLEZRRH) & w AR, X RUINE G . PP3 58I Bk
B 45 A 36 m T . Pinto 585 5L 5 4 Bl 0% i Tk
HL G AT I ] J5T 3 45 2 /D i A () i B A 4R L
% 4% H #5 f8 Ik (Casein phosphopeptides, CPP), %%
R A [A] 1y B 3107 00 b CPP Y 52 i 4%
K PRI s #RA B A 7L, v S8 s e T 5 1 B3 TR B ] A=
by L AL 3 5 R RR R 00 A 48 AR 4R bR Z — . Che-
valier 8- 2 FI AR (1 T 41 2% 7 v 0 o 1 & 4 45
PMTAIPEAN mEREY. SR LW,
90 C 30 min A HfF 4 W5 rp A B L B-FLEK A B A
e T 2 A3 I R AIR T 85040 .75 0 1 75 06 s [ B AR
HERN 2 BRSO, Arena VY 2 HE M
FT A 2E T ST TR AR AE B R AR R A L
WAL B 76 35 DR % T 157 dETUR B 1L
M. Cavaletto SR FEE 114124 O vk 40 T 3L
B 7 BR B AR 1 AE B B T AR AL,

TR A B AN A5 W A= 3L Y T RE S [R] ER EL
L i 0 B 2 S B 7 A s e i AR A
1833k L5 Ak AT g S B0 BT g BE L pH O B LB R
FHUTTE FLIE 8 09728 M S OH 5 R 2 0 BN SR L
TEAE L (I AR S P 45, PR B v BT e AR i Ak AR AR
A R A T R R AR T 2 A AR TR 2 R
ANFIHY . BETEES R R W], 2L & A0 R e Sk
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30 min B, SR REER AR AR PRI B 70 C L il E
B EHBAEPER Y 74 CL i B-FLERE M o AL H &
P14 72 P T B AR R A 430 A 90 96 C 5 H AT
W,k E AN THEAFHERAE S B
PRV AR A P Y AR s LS Tk R R ARG 12 Fl
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75.80.85.90.,95 C ZMFTFmk, A IgG &K
ARELAHEPE T CEMAT . HEEREEN
(0.315£0.036) mg » mL',95 CHHE&=mILH
(0.03040.001) mg » mL ', 120~139 C,4 s Jin
T 434 IgG & 5 4 (0. 008 £ 0. 000 3)
mg « mL ' U A EEEFL R 2. 40% . £E 15 s N
R AT A R0 T 3 BE [R AR X L 3 o 5 i K
v 3 B UL R T R R R R A 120~139 C,
4 s T4 T, 3 LI & & Jy (0. 008+0. 001)
mg + mL ", Y A i A FL R i 4. 6226, Dupont
LRI ELISA Jrikine B R OR W AL FLEk 2 A
5 L 25 R R B A R KR .

4 & it

275 C/15 s BIRAR A EA & A
BICHT B AR R K (135 C/4 s Fil 145 C/4 s)
A LT o FL B BT AR AR A T R
R PEBR A % W REAIG DR i A 7 28 0 EROR
REM R MBI P EAA S G5,
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(1] Zas How k] Wotmwl PFARA2ER2
BIMIL 25 3 %, BOFHE, X 7 ERE, B PKE EW.
J 5T B2 AL 2009 2310.

B RS E R ZB T A B AR
B 4R - 2004,3(3) :91-93.

FAE. BT I T AN AT LM st
A2 Al AR . 2003 . 144,

SMIT G. BUCEL &I T 5 B 4 i [ M. AT K B, 36
e, 2ok M, 4F R b at. i B ROl R R
#t, 2006.

DEBORAH P. Two-dimensional gel electrophoresis
and mass spectrometry for biomarker discovery[]].
Proteom Clin Appl, 2009, 3(2):155-172.

F 4, K. NY/T 5050-2001, J6 4> & £ 5 2F 15
L ARMIELS]. Jbat: h E ROl 3 iAL . 2001,
CANDIANO G, BRUSCHI M, MUSANTE L, et

[4]

[5]

[6]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

al. Blue silver: a very sensitive colloidal coomassie G-
250 staining for proteome analysis[J]. Electrophore-
sisy 2004, 25(9);: 1327-1333.

ANDERSON N L, ANDERSON N G. Proteome and
proteomic: new technologies, new concepts, and new
LIl 1998, 19 (11):
1853-1861.

PETRICOIN E F, ZOON K C. KOHN E C, et al.
Clinical proteomics: translating benchside promise in-
to bedside reality[J]. Nat Rev Drug Discov, 2002, 1
(9): 683-695.

LARSEN LOTTE B, WEDHOLM-PALLAS A,
LINDMARK-MASSON H, et al. Different proteomic

profiles of sweet whey and rennet casein obtained af-

words Electrophoresis,

ter preparation from raw versus heat-treated skimmed
milk[J]. Dairy Sci Technol, 2010, 90:641-656.
PINTO G, CUOLLO M, NICOLAI M A,et al. Lac-
tosylated casein phosphopeptides as specific indicators
of heated milks[J]. Anal Bioanal Chem , 2012, 402,
1961-1972.

CHEVALIER F, KELLY A L. Proteomic quantifi-
cation of disulfide-linked polymers in raw and heated
bovine milk[ J]. J Agric Food Chem, 2010,58(12):
7437-7444.

CHEVALIER F, HIRTZ C, SOMMERER N, et al.
Use of reducing/nonreducing two-dimensional electro-
phoresis for the study of disulfide-mediated interactions
between proteins in raw and heated bovine milk[ J]. J
Agric Food Chem, 2009,57(13): 5948-5955.

ARENA S, RENZONE G, NOVI G, et al. Redox
proteomics of fat globules unveils broad protein lacto-
sylation and compositional changes in milk samples
subjected to various technological procedures[J]. J
Proteomics, 2011, 74(11) :2453-2475.

CAVALETTO M, GIUFFRIDA M G, CONTI A. Milk
fat globule membrane components—a proteomic approach
[J]. Adv Exp Med Biol, 2008,606:129-141.
AW, F IR X6 E . SF. FL A I TR R X FL b
PERREE R [T ], b B & 4B R 2007, 34 (9)
64-66.

s R B IS B A O R4 N A LR A T
sz m )] &A% .2010,35(6):74-77.

PR, EINE 2RI, 5. AR B 307 ZOX 4 0
t 1gG MRS E AR L] b 4%, 2010, 25
(D 2 170-174.

DUPONT D, ARNOULD C, RPLET-REPECAUD
0. Determination of bovine lactoferrin concentrations
in cheese with specific monoclonal antibodies[J]. Int
Dairy J ,2006,16. 1081-1087.

G B



