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Electrophoretic Separation of Proteins and Peptides in Bone Extract and

Bone Extract Hydrolysates
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Abstract: Bone extract (BE) and BE hydrolysate proteins and peptides were isolated and purified, and the differences in BE protein, bone
protein, and muscle protein were compared. Bone protein and muscle protein were used as the controls, sodium dodecy! sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was used to separate BE protein and BE hydrolyzed peptides. The effect of different running gel
concentrations (5%, 7.5%, 10%, 15%) on the separation of BE protein, bone protein, and muscle protein was investigated. The results showed
that bone protein and muscle protein were separated successfully, while BE protein was not separated by SDS-PAGE. In contrast, BE
hydrolysate peptides were separated by N-Tris-(hydroxymethyl)-methylglycine gel electrophoresis. Analysis of the relationship between the
electrophoresis migration ratio of BP and the running gel concentrations for SDS-PAGE revealed an extremely significant (R%>0.996, p<0.01)
correlation between the migration ratio and the running gel concentration. Combining this correlation with the correlation equation of the
molecular weight of the proteins and the migration ratio allows us to choose the running gel concentration according to the molecular weight of a
protein, or in turn to calculate the molecular weight of a protein based on its migration ratio.

Key words: bone extract; electrophoresis; hydrolysate; protein

BEERAREEMIEY), HEFRNES. RNRAGRZL, SPECE AR S RN A2,
BEERAEEEENEAR. R, WHE T BAE T e  R E R, T ek
(45, BRI RE DA, EEE  ERERS DR AN EIZEE. BN
BECRIE R, E R R R AR TR AR RAIMGMR. 2Rt RSy st F RS 2%, A1)
HE R TR, mEAAESE, REGIPIEER RO A H O ORI, B R A T3
RBEER— AR SRR R TR R (R T RS B B R A SR A
TERRER . R ERER, R T RS AW,

WS RAA: 2014-09-24 AT BRI, KRG EE AR A —
BEWME: M)IIEHAETAPRE (142A0320) 5 1 SR B 2 A IR 15 5 AR I
fEEREM: HE (19810), B, W+, FEUE, TENFESRMTSRE EERAKAE D%, B AT PN ANIAH R T RE B . IR
LS BRI PIOET 2IEEER, HA X R I
EREE: TDA958), B, #%, HEABHHIEMT SRENE R R R HEAT A 200 B alidl, 7 Rt HL S e R 1k

178



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

1TVEY.  E AT AR TR 23 B 7 v 3R B F k2
HEYE. BERENT. BT HENTE SEMENTE. K
FURBHI AR . BOKIERENT S (i,
LA g A oA VT R A AR, T
T BIFR B Bcn s, ik, T @S R4y
B A 2R B R AR I e R 1) FRLK o B, RS
DB 2% AR R A R IR A B Ak, AR SR A
SDS-PAGE FEJkVZE, b2 S B AT 7
B, DMEAHE— A a5 R RIR R (it 77
fitho

1 MR5RE

11 A

G R T AR 2 E MR K Tl T . S
FOEE, bR (SDS). MEEEE . N,N-TE
AL . HE . BlE. TEMED. = (&
B FRERBANAENRG . Hlh. R, SRR
B, EhIR. VKSR, WEE. % HiiE-R250 K AR
R Hr et

12 i

121 FERR

BBV TRk, SRR K 2~3 cm [
BUbR, AR5 LA 7K 1 15 N BB B i i (0.15
Mpa, 121°C) 7% 4h, HHEEURA 200 B 3.
FHE 2 h JE R AR S BRI R
1.22 @ik LEE

W UK BB S R BRI, SR
LK-600A #EAEAR AU 15 min. FREGE 40 H Y
B 29, A 18 mL5% (5¢/100 mL) f£) SDS ¥& ¥ -
7 85 CHI/KIEHhn# 1 h j5, #£20 °C. 110009 &
0 5 min. ERAREEMAATRLE 11 SFE R SRR &

(0.5 mol/L 1 Tris-HCI, pH 6.8, ¥ 4 g/100 mL ] SDS,

20 g/100 mL fyH- Al 10 g/100 mL ) p-#idE 2.1%)
#5 3 min.

T PRV : FREX 2 g 48 S BEIVLIA, I 18 mL 5%

(59/100 mL) ] SDS ¥ VA1 FI-200 HJ5AL

1F 2000 r/min T35 1 min, 35K 85 C /KB
b 1h 5, 7E20°C. 11000 g FELr 5min. WA
FEMZARALL 11 SRR S (0.5 mol/lL ]
Tris-HCI, pH 6.8, & 4 g/100 mL #J SDS, 20 g/100 mL
(P H VAN 10 g/100 mL [ B $iE 282D & 3 min,

R SRR IR EH 2 mL R I
i, o 18 mL5% (5g/100mL) ) SDS K.

7£ 85 CHIKIBHIN# 1 h j5, #£20 °C. 110009 &

O 5 mine FEREMRE S FAARILE 11 SRR MR A
(0.5 mol/L ] Tris-HCI, pH 6.8, ¥ 4 g/100 mL f#J SDS,

20 ¢/100 mL [y A1 10 g/100 mL [ p i3t 2 /) &

1 3 min.

123 Wik B

+ e R IR N FEYK (SDS-PAGE): #R¥E
BRI, b % A KA T 2 B BRZIR 20 pg BRI
FER_ERIER |, 7E 15 mA [RIERIR T BT LK

N- = (& F &) B & B & R &K HB

(Tricine-SDS-PAGE): HR#E SCERM®, of % Fih vk ke
AT A
124 SRR HT
K Gel-Pro Analyzer 4.0 X Fa ik i 1 0 %5 i
(O.D) HEATHMT, R4 BRI 1) 56 B Sy A 6 2% iy
15> F R TE .

M2 & (O.D)(x,y)=(-log (5 & (x,y))- = )N
EHESSIE)

A5 5 (x, ) Fi UK s () A DR s 25
FaTCICE I I (RS s NSOG8 BT FH IR (o
1.25 wrEwiIAAIESR

W UK E A B4y pdf ScfE, SRJE T Adobe
Acrobat 7.0 Professional X432 %5 1 FH 2 HEA T
TGRS EL (SRR BhIE B2 B TR KD o
1.2.6  ZIESHT

K H Excel2010 &1 T i B Geit-7#r .

2 HR5VWS

21 ABRKEMNEEAMEREONDE

NTHEEEAMNEREANZESR, HoHAFE
Iy BRERFEERT B S R ER AR B R, R FRAEIE
WRIE 4%, 3B 7N 5% 7.5%. 10%F1 15%
S B REARTOE (B D, BhE&HEnR, F
AETEBRIRE T, HEA (BP) SRR,
AWM, HEEFRER (BE) AR BRIk
JET, WML R . B 1 BoR, R A E Mok
WG, TEVURANFRIREE 7 B, 10%I1 73 25 1%
X EE 193 B R AT

SDS-PAGE VKON HE B 8 H I 4 B BURAT, AL
23 SRAENS B 2R A (R kil o A, R
SKEIREW, BRI %Rl (H2
1A aE B R, W R SHISHEN 72 A8
MR, SEOX IR RE R AR S ] & T
SHER . BEAREE WS SDS Hi G fil15 i sk

179



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

ERPNIIRE S o e e e UNEE S VR HIEC A LA
SDS ¥ JE T . k%A SRR AR B A AR
MU, AN, EERTERE KR E MR AT R TR
REATENERA.

A A A 'y L S )
)
‘ g
) Es
9 By <
g :
5 A E
= -~
S ¥ 8
5 El
=}
2 3 3
— oo <
T
- = °
valf

BP BE BP BE BP BE BP BE
5%%3 B 7.5%5 B e 10%73 B2 15%%> B i

E1 BEEANBREARKTEIRIEER
Fig.1 SDS-PAGE comparison of bone protein and bone extract

E: EH¥BPAEEG; BEAFE.

K 1EoR, BERARSE 0 LIRS &
AR FE RG> o A T 3 A AR > B R T S R
HFUTREERS G R,  DME TR PR IE 1 7 BB
X R A BTS2 1, B i AR B AR LR )
BRI HEAT DA T, IS4 R L 2.

07r o w2
0.6 y1=0.0017x"94

= 05f R?=0.9963

5 P=0.000096<0.01

= 04)

’EUIEJ — -1.891

2 ol ¥2=0.0022x""

8 R2=0.9969

H o2} P=0.000073<0.01
0.1}
0-0 L 1 1 1 1 1 J

2 4 6 8 0 12 14 16

IR / %

B2 nERRESEEOMEREARIKTERURMEXR
Fig.2 Correlation between running gel concentration and
protein migration distance ratio

E: BYLABRLY % —4&BPW; 24 % —4&BPW.

B 2 thig Rl s R R, PRI
EEIY 5 07 BRI B 4RO OC . H B PRk R A
“F7{H 0.9963 A1 0.9969. EZEME4rHr p 15 0.000096
#10.000073 AT %, £ A BRI HL 570 B L Ak
REAI (p<0.01). Bith, IR E 2 FEETHRE,
W BOHE TREAR IR, vk
TR FEE 110 43 B JE T SEEBIRT B 11 o 4 939 o

180

2.2 AR 2 R BT AR A R Rk

FOR PR

\ §
66 ku \ ?

45 ku

36 ku

29 ku

24 ku

20.1 ku

14 ku

3 BMERRBIKTER D BHRER
Fig.3 SDS-PAGE of protein from bone, bone extract, pork, and
marker

E: BYIARERG; 2AFEEG; 3ATES; 4AAK
a.

RAEE 1 PAFE S BRI T A 7 1S
L, R 10%H 7 BN EEA. BRER. JINE
T SRR (B3, Bl 3 B4 R R,
1006 73 =8 fEout 1 2 A A A 2 2 e 0 18 IR BT ) 2%
i, AR ERVRARER A R N T s
BRI ARSI B DL, o F PR ) R AT
e EET (B 1~4). I 3 FrfiZk 1~4 AT LA
HIEEE S, B EAMNE A A YRR,
AR I LI

LB 3 b R A AL & A B R K SR AL
FEoAaT N, B E AR I R SN E
HEAMAERTRES. mH, HXTUINES, &
AR EDTIANER. XAReE b TR
R H BRI AN FIPTE. M R &
AR URREE AT, HOOETEE B LR
H: AN EABVURSgEEAR (BRFEIRES.
WMEhiE e FENEREA PUSEAD. PERERR (N
Vil WLLERED EFEAR (REEE B,
MAWEARREEEA+FE, XAt SREEA
KSR R LA R A R A

N T2 HE 3 A AN E AT
&, AFMER AT LA B TR, By
TR Z K 4. 18] 4 e )3 S 201°F 758 0.9912,
ST p {9 0.00016<0.01. HMATHI, ITRELL
5T ERRNEC W BA R E A, Bk,
CEACIE Yy Gl e e o S RN S SR i



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

e

AR 4 PR RS, HEEEARS 1
2 Aoy TR, 435N 88.42 il 84.87, iX—4ER 5
BRSNS 4 AR &8, (B AT R
SRR W L PRI S E 3 T
B TR ZEVTE, PRI 1. 2 24510
SR ZE N 5.11%A0 5.05%. HHEAIA, ASFES:
B R A A TR LR N . R, B 4 R
FrAR1E % L5 43 5 R0 (] A O M B AT il
PE, REHYKEAH—3, #inl IRIFE 4 s 7
e, WER LT — 4 1 T &

B 2 ENIAZS R 5 4 fRIAZS R s A M,
BRI LASEIL o F- AT R b, i ik 2 0
TRE R 7 B AT DA SE A CL o R Ya Bl B T
HHTE R B Mk, EOmE—0BEiRE N EA
R LU, St Sk nT AT 8 1 BT 7B
JUE ARSI E 0] 10%I1 43 B AR 17 - Sl ik
ITT 00T, (HRASEGIZAR, NG SR At
T ITVEFERARHE .

20r

1.8 F
g 16f
214t
§ 121 y=-0.9021x+2.0616
£ 10} R*=0.9912
g 0.8 P=0.00016<0.05
N 0.6F
j: 04 |-
02}
0.0 1 1 1 1 1 J
00 02 04 06 08 10 12

IEFEER B L
& 4 IBESLLS S FREENXR
Fig.4 Correlation of protein migration distance ratio and

relative molecular weight
23 HRERMEIRN IR B

FH ] 1A 3 e HL ik I 45 R mT %N, A1 F SDS-PAGE
ML EREAITARSE. A TR —PREEER
RAMEIKIES B, KB RZBE, DR
i %oF EEL K 2 B RIS, HRFH Tricine-SDS-PAGE i i
REAM T E, SRR 5. B 5 SR,
Pt 2B e, ARMECASEEE R R AN S, H
& R AN AP =TI S, BT =
FEED R L RIE M R 26 rs . LR 5 RS 2 A
AT ARG IR AR, E A, B, B
B 2R TR A5 AN A2 TR A I B g R 1) 8 9 B
.

ARECRRE T NYIRG, "KM T2 k+

HIR R BRAE ZIRFR I i, JFREDL ST/ K AR AE IR BE R
N-3i HA NI IR BT By L-Z SR 1k o
PRI, AR R /K B R R B X R 58 E
iR B 22 R RS 701 6 S /IS (R R B 20 1 e
B2o WIFURIL, ANER BB R v AR s R
KAREE, IR R ks . Rk, K5
TR KB RE R T R A R, it — 2Dt
TR R BEE P IR IR RCRBE T 250

HIGEARER B R E A TH RS, EXER
BEARREN RE SEENELIT 4y B . S B0X 45 SR T B S5 A
K&, ERM S TR R AR,
B EAMRE R E AR, XS E =M
VKIS, e LU G T 25 o (H I I AR 1Y
Jiids, TRMEE R PR E R RO, TR TR
A ELAEER /IR, DT B R BT LK 73 I
IR BHHI R -

..'
e

Bl
-
1 2 3 4
[ 5 B RERRARIK DS
Fig.5 Tricine- SDS- PAGE of bone extract hydrolysate
E: BYLABIER X, 2948, AT EBMER, 4HK
INE € By,

3 g

FI A3 B E (5%, 7.5%. 10%. 15%)
ff) SDS-PAGE XH&EMA. B HEAMIAE AT
B, K, SDS-PAGE AJ AXTH & FHAIVLIAIE A
e, HARREXT B REAN . RS B X
HEAMPIREAR S ERER, K 10%H5 3Rk
FEXT SR F LN AR A SRR By, B B Ak
WRAMAREAMD . BEEBEMEXH
Tricine-SDS-PAGE 4T/, 255 &P Tricine-SDS-
PAGE g% i 2 B Al 1 IR A3 206 20 & . X
SDS-PAGE H 25 [ (RS LU 20 B8 i R AH S 2 b
RIL, BEAMITRE S ) BRIk AR T 1
FEHH M (R%0.996, p<0.001), HEAG MM, F
FAZAE M 25 6 B A R 2 TR I U S 3B R2 LU I AH
Kb, FTLMRYEER AR 2> T RE B A 2L 7 B I

181



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

Z,

B LIRS LE T AR A R 5. KR AN

R IRE AL LE 2 B SR B 1 S DK 0 R A T 0
S TR 1A K.

P

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

182

KARAKAS P, VERSTEEGH H A, HONING T Y, et al.
Nutritive value of the meat and bone meals from cattle or pigs
in broiler diets [J]. Poultry Science, 2001, 80(8): 1180-1189
X, NS M 5 T FE[]. & A AHZ,2003,7: 99-101
ZHAO Xia, MA Li-zhen. Study of enzymatic hydrolysis of
bones [J]. Food Science and Technology, 2003, 7: 99-101
TRASH B 26 A L AMSZOR T FE[D]. 7 Ak 7 bk
K%:,2011

ZHANG lie. Preparation of refined bone extraction powder
and its supplemental effect on calcium status of rats [D]. Jiling:
Jiling University, 2011

K sz, T T A S Al B R MRS 5 IR L M T
PAR[I]. & fh Tk ARH2013,34(9):233-237

ZHANG Yin, WANG Wei, OU Quan-wen, etc.Optimization of
spray drying process ofbone extract hydrolysate liquid by
response surface methodology [J]. Science and Technology of
Food Industry, 2013, 34(9): 233-237

PINCLH, TR 2 0, 55 A 2K S HL g A Maillard S i
Vi o ik 7. AR i RH%[0].2013,29(8):1872-1876
SUN Hong-mei, ZHANG Chun-hui, LI Xia, et al. Taste
compounds in maillard reaction products of chicken bone
extractand its enzymatic hydrolysate [J]. Modern Food Science
and Technology, 2013, 29(8): 1872-1876

LINDER M, FANNI J, PARMENTIER M, et al. Protein
recovery from veal bones by enzymatic hydrolysis [J]. Journal
of Food Science, 2006(60):949-952

I FR L LR JIR AT 9T K FLAE R A it v 1K) 2 [9. R T
2010,5: 88-92

LIU Jia. Research and application of present flavor peptides [J].

Meat Research, 2010, 5: 88-92

TR, BN A B 2R 1 i s A v R M BRI 9 S HL Tk
SIHT[I] A ARl 22,2011,32(5):111-114

ZHANG Heng, WU Ying-long. Nitrogen and taste changes in

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

chicken bone protein during enzymatic hydrolysis with
flavourzyme andtricine-SDS-PAGe analysis of polypeptide
degradation [J]. Food Science, 2011, 32(5):111-114

H RS A, TR AR A R RS AT AR R 46 BORBI FE [].
AR, 2005,5:5-7

XIAO Zuo-bing, NIU Yun-wei, ZHANG Jian, etc. Research of
technology on manufacturing precursor of meat flavor [J].
Flavour Fragrance cosmetics, 2005, 5:5-7

e R DL, SKARZE 8B S ORY S SRR 7U(1)- g
T B T AN & i R2,2007,28(9):210-212

YANG Ming-duo, SHEN" Chun-yan, ZHANG Gen-sheng.
Study on flavour

components = extraction in  pig

bone(i)-optimum . processing  conditions of pig bone
enzymolysis [J]. Food Science, 2007, 28(9): 210-212

SU Guo-wan, CUI Chun, ZHENG Lin, et al. Isolation and
identification of two novel umami and umami-enhancing
consecutive

Food

peptides  from  peanut hydrolysate by
chromatography and MALDI-TOF/TOF MS [J].
Chemistry, 2012, 135(2), 479-485

R T ZE B A IR IR 23 B AR Sk JE [3]. 3L T Hh R 2%
£,2012,39(1):180-181.

LIV Yu-jun, WEI Yong-li, DAI Long. Research progress on
isolation and purification of peptide [J]. Liaoning Journal of
Traditional Chinese Medicine, 2012,39(1):180-181.

S M S B e N e S LRI L SATTRE S R e N) B
£ Tlk,2012,33(5):57-59

ZHANG Yin, WANG Wei, ZHANG Jia-min, et al. Application
of response surface method to optimizing the hydrolysis
processing of pig bone extract by papaya protease [J]. The
Food Industry, 2012, 33(5): 57-59

LAEMMLI U K. Clevage of structure proteinsduring the
assembly of the head of bacterio-phageT4 [J]. Nature, 1970,
277: 680-685

HERMANN Sch&yger. Tricine-SDS-PAGE  [J].
Protocols, 2006, 1(1): 16-22

BELITZ H D, GROSCH W, SCHIEBERLE P. Food
Chemistry (4th revised and extended Edition) [M]. Springer,
2009

Nature



