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Abstract Deer antlers are the only known mammalian organs which can periodically regenerate from
pedicles. Antler regeneration is known as a stem cell-based process and antler stem cells reside in pedicle
periosteum. In this study conditions of two- dimensional electrophoresis for antler stem cells in sika deer
(Cervus nippon) were optimized in the following four aspects including cell processing, staining, isoelectric
focusing condition and protein purification. Results showed that comparing with ultrasonic, Bullet Blender
had a better effect on cell breaking. It could get more and clearer protein points by combining coomassie
brilliant blue staining and silver staining. When the total volt-hours of isoelectric focusing was at 15000 volt-
hours, the vertical stripes were relatively lighter. By comparing six kinds of protein extraction and purification
methods, the one combining the manual lysate and 2D cleanup kit would get more protein points, lighter
background and clearer map. After the comprehensive optimization of two-dimensional electrophoresis, the
acquired maps had more and clearer protein spots, less stripes and better reproducibility, meanwhile, they
could accord with the requirements of software analysis and experimental treatments. The optimization could
apply to the study of antler stem cell proteome. All these researches could provide foundation for the study of
comparative proteomics in different developmental phases of antler stem cells.
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oA o 2 S T A A R N i i DR 2L B
A B ZRE, Ho TR 97 NP0 TR 22l
WA o EE/EH . O'Farrell(1975) & 37 7 X
[f] HL Yk $2 AR (two- dimensional electrophoresis, 2-
DE), %+ A g [F] I 0 K & 2k R Rk = ik AT R %
G3 AT, AN T HoAth By 3 5 40 SR AT TV TR
2 B, R S B A 4 SR AR EEOR AN v, R H
A8 B BT 2B T B B 7. 9O ZE e e L
7K (differential gel electrophoresis, DIGE) & & £ [
J A 2 SO R R AR R AE 2-DE [ &R0l _E 2 57 1F) (Ma-
rouga et al., 2005).

P A A 2 i) e R A P A R A A R AR A B
SRR T EE AT, S A IS4 N 1E P R B o —
Al DA b 5 4 P A I AL Sh P B B 28, LU
TR TR FLBh P o B FAE ML B A B B AR #A (L
etal., 2014). & H A4 25 T 2 A 140 B e 1 1)
£ B T 0 B (Li et al., 2013). i@ it 2-DE 26 %t
FBOESE, RECMAKRMER S /Ny 2 IRER
B AR R e 2 R R E AR (K& B4,
2005; fi] 2% f% %, 2009; Park et al., 2004; Li et al.,
2012). N [ REREAXIET T AR H AR T4 G K
B A R b BT R 2y 1L SR BT LE
Ir T A e B A A R A AT
B8 . ARARINAE (20114, b) B OGT Af A B RZH 24N ]
RAEFBAL I A A AT T R S S e, (HAH
T A0, B B B A A B 3RS A
DRI I, AR AT 2 30 e e A0 A A B i 4 i 2-DE 1 %2 o
(RO it i) 6 | 55 F 3R £E L SDS-PAGE HiL Jik 1 4 11 %%
FE it A B 2% A, AT HEBR s - 5 26 23 A 5 1 5k
R IO ST SRR P A A0 PR O I PR DK SR
BRI .. HHN AN —FREER £ 4E 40, B #i
JEE 3 P A T 20 B v VAL A G 2-DE SR AR RAL IR 7
e, PRI AR FE 0T 1M S 2 24 4 A DA S HAh R AH 5%
M EAT R A A AR EAEEE

1 #R5AEE
1.1 SEIgsrst

MEAE RE (Cervus nippon) F B FEHL H Hh E A&k
BlEBe s r= W TS e . RS I, R H UK &
iy A1 S0 == B AT AN B 77, 15 97 5 WO I 41 i v &G

TRAF o AN B 20 B HOb 5 35 97 2 1] Li 55 (2012)
(1771

1.2 KFE5LH

PR, Bt IR, B% [ = T i (tri- butyl- phosphate,
TBP), i1 B fi# i Bio- lyte(pH 3~10), 1A ¥ Bk i, B
XA I Bk i 5 1PG i 2% (pPH3~10(NL), & 1 46
1k 75 (2D Clean-up Kit), 4= % (1 # Bk 771 &

1% 5 163-2086), £ [ & & 7l & (5% 5 500-0001),
B R F) £ (555 161-0449), 41 [ Bio-Rad 2 7
(ZEH); 1L ZLEE 5 & A B §1 57 % B Sigma-Aldrich
AF(GEE); Hil FEE. RS H E 2 £ 710 2%
WAL BR A 7 (L3, 38853 B 255

F2 B S IG A 3% UPA00S 8 75 I8k 41 Jf Ak i A
(Hielscher, 7 [&]) . w73 ¥ ¥ 25 .0 B (Sigma, 3 [H).
Infnite® 200 PRO i 47 1% (Tecan, i +). 55 H1L 5 45
3 2 B LUK A B 3 B R (Bio- Rad, % ).
Power Look 2100XL-USB 11 (UMAX, &%) K&
Bullet Blender 4H ffd 2H 27 7% 4% (NEXT ADVANCE,
FH).

1.3 EAHSNHESEE

T LB IR 1L AL 4N IS e s e (B3R T
e, 75 1, 2011), FEA8FH G L g . A
T 21 i 37 W VR VR R A 4l Y 3 Y%, N 500 mL
1 24 (7 mol/L JR 2, 2 mol/L #% Ik, 4% CHAPS,
2 mmol/LTBP 1 1%%E Il 7) . K 2 Fh7iz:
T AR 21 - O 75 5 A 1 43 s @Bullet Blender 41 fig
YRR AN, AR IR R HR i 4% 3R Lk AT b . 3R
31109 4H 85 1 (R 7 9 At M ol e A3 A 3 1 28, Bul-
let Blender £ i fil iR A3 AL P () 8 A1) R VKIB FE 3 4 h,
12 000 r/min 5> 30 min, HX _I i , H Bradford i &
BIEN AR TR, B ERE R E —-
80 CiRAF#HH .

% 1 Bullet Blender ZIf#FE U A RS HAE
Table 1 The different treatments of Bullet Blender

2153 /min R
Group Shift
Al 1 3
A2 1 6
A3 1 9
A4 2 3
A5 2 6
A6 2 9
A7 3 3
A8 3 6
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1.4 SDS-PAGE Bk 58

F 1.3 W9 9 41 8 F 4 il B 10 pL 3t 4T SDS-
PAGE HLJK. N T ARSI A [F]E R Y (L R X
9 ZH 25 1 43 i 1 2 Ykt b gk 4T SDS-PAGE LK,
SR H b — SRt B A= s i e (W
5%, 2009), J3 — Pk i i R 4t (Bio- Rad £ 44 it 711
&), 0 R 58 B B IR AR 7 1 1 WA g 0 I
RO G (R 2 P 2% 5 i ot W e € 5 R L) o

1.5 ZEEEFRORERRS A4 E

M3 iR TR UM . 2 J5 23 i B i
5 R A P EGRT £5 (Bio-Rad) 2 241 i, B e F
F Bullet Blender 4H Jifg 25 £ #8545 A% 14 2 Ffr 441 i =
BRHE O LESBEAER. SHEOER
PN SR ERIEAT 3R Al AL AL T « Bt A 2H (A4l Ak b
) P R T AL HE X R, 2012) 5 2D-cleanup Zi {4
Ab B s 3L 3R1F 6 2H B 1 A (B1~B6) (% 2). Brad-
ford ol e B LM B J5-80 Cor 2 RA7 & H

1.6 X [aEE R E ik
16.1 LFf

S RIEL S B BI~B6 HE AW, T4 CF
12 000 r/min &> 10 min, B _F 75 i\ 58 e 45 il
e 2K N7 eme
1.6.2 7Ktk

FEMABBKAL 1 h 5, B 1 mL o 09 78 5 76 i
% L, 7E50 V HLE R E8h/KHE 12 he

x2 ocAZEAEMLEARX
Table2 Six protein samples obtained by different methods

ZH 57 Group F b AL EE 77 70 Methods of samples treated

B1 il AR O B 2
Control group of manual lysate
B2 R AR, N ERDTTE
Manual lysate and acetone precipitation
B3 H | 243 24, 2D cleanup 4fifk
Manual lysate and 2D cleanup purification
B4 R AR IR o A
Control group of total protein kit
B5 SR A BRI R PIRRE
Total protein kit and acetone precipitation
B6 MR A HEIGRF £, 2D cleanup 46tk

Total protein kit and 2D cleanup purification

1.6.3 ZHEHE

S AR R N D250 V, 1 h, £k 500 V,
1.5 h, Pik; 4 000 V, 3 h, £i14:5 4 000 V, 5 000 volt-
hours, tR-1% ; 500 V, 4 & A, P . (2250 V, 1 h,
251 ;500 V, 1.5 h, PLigi; 4 000 V, 3 h, £Z&1E; 4 000 V,
10 000 volt-hours, 3% ; 500 V, 4 & A, Peigk . @
250V, 1 h, £1%:500 V, 1.5 h, BRid; 4 000 V, 3 h, £k
;4 000 V, 15 000 volt-hours, B3 ; 500 V, {F & B
[, PRI
1.6.4 Py

7 em 4T 2.5 mL 47 4% i o (6 mol/L
JR 2. 2% SDS. 0.375 mol/L Tris-HCL(pH 8.8)~ 20%
H .2 mmol/L TBP) i & 25 min.

1.6.5 SDS-PAGE Hijk

TS ) 45 12% 0 73 B9 1, FRAECIE R B I i ]
Ji: 2% J5 #E4T SDS-PAGE FEYK, 20 VA& HL K 30 min,
Ry iE7E I 4% PR — 25 265, 80 V HLIK, &R
Ty W5 2] 05 B JIR T 245 o

g SN NS S B S i)

HLVK 45 R, 4% 18 1.4 15 S T 25 S i vk
] 5\ et If i e, 2 fa X HaE TR Y. B Umax
AR , 3 PDQuest #Ex) fi _E B
AT 3T

2 ER5HM
21 HEMEBREHFESREHTENMLL

UF- () 25 1 RE 2 3547 2-DE (1 58 B AT HR 461
A FC LI 1 75 I A R ASCRT Bullet Blender 41 i
A ZIRHREAS PR Fh AN [ 4 BRURHERE 7 ¥ B SR BRI ik
FE o S5 R ER, 7 A A RS B B R
BT A B B A, A 575 pg/mLs 1 AL(707 pg/mL)-.
A2(688 pg/mL).A4(682 ug/mL)-5 A7(704 pg/mL)4H
A5 20 1) B R B A, Y81 T 680 pg/mL, Rk
J1.2H Bullet Blender 2 if 2H. 25 il f3 A Ak BE 1 2 (IR
£+ 575~680 pg/mL 2 |l

¥ 1.3 3845 19 9 4H 5 H 11T SDS-PAGE HLiK,
BT 25 e (] 1A) R G4 (P 1B) 5 W 4 (K 1C)
1C o, AL 5 A2 %l LU M, JGH 2 70 kD
DAL EE 2R IR 2 6 75 U AN A R S A B R
wi7E 35 5 15 kD /e 43 ¥ 2 1 2% AN 4 Bullet Blend-

1.6.6
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er 4 A ZIRRAN AL BRI B 5 o SR il PR B2 T
1, Bullet Blender 41 i 2H 2t A3 A2 ZH 1) Ab 38 2%
T ASLIG RS ACTE . A 3 R YLt i, XL
G (B 1C) T AR 3 58 22 I SEIH T I 2% 77, T2
Xt ForFEAE 40 KD UL FI/N TR AR

22 FHRBEFHML

AT A A5 R SR A SR AT A P S O T R AR
Ha, RELESARES. F2RNREE
24 000 volt-hours f iz 5% (B3 4L Bt A FE i), 1T 75 2

Al A2 A3 A4 US M A5 A6 A7 A8 kD
—70 100

—55
—40

—35
—25

—15

—10 A

E1 REHENMRL

Figure 1 Optimization of staining methods

A: 2B DT gt B R AR Gt C: XYL (BVE, S5l i
M, 7375 7E 40 kD LA T H) & A 2% L : M: 2 Mark-
ers US: i 75 I 4H i A8 B 43 Ah B it s AL~A8: 3435 1 H Bul-
let Blender 4 i Al A AL FETF) 8 4L AE

A: Coomassie brilliant blue staining; B: Silver staining; C:
Double staining, the protein bands were clear and the map had
more bands with molecular weight less than 40 kD; M: Pro-
tein marker; US: Samples treated by ultrasonic cell disruption
system; A1~A8: Samples treated by Bullet Blender as Table 1

B AR ] IX 8 I 2 5% R AT H P AR T R g
L. M RLALE 2-DE BIE (B 3A) iz X ) 2 1 2R
HE DA K S S I ™ H L T ZR £ 17 000 volt-
hours ] 2-DE X3 (& 3B) 7E & 11 5 & Al % 4 8007
THIAET 93042 5 15 24 5. 58 £5 12 000 volt-hours i, 2-DE
B (B 3C) JL T A A AU I, R SR A
FEAT. H TR AR G A I H R R 0, BT
DL i 2% 3k £ 5 58 45 15 000 volt-hours, Bl R & fii 5]
BEA PR R Al S HOR A T 4, AR R
Sl E S SA(SK]D) B

23 ZEAFERLEAXBMRML
2.3.1 A[EREMAEEETT S IR ES

WA 77 1.5, 3813 B1~B6 1L 6 2H & (I FE 5 .
FEm & S B B S i AR R, 41045

B2 SEE4E 24000 volt-hours AFHI 7 em R &%

Figure 2 The IPG strip (total volt-hours=24 000)

r ] DX ek H B 22 2% 2 AT HE T AR T B 2 AL

Many vertical stripes produced by protein precipitate ap-
peared in the middle area

IEF  pH3~10 IEF  pH 3~10

C D
B3 SmRBEXGNML
Figure 3 Optimization of isoelectric focusing conditions
A~D: & £ 4 5 24 000, 17 000,12 000 /% 15 000 volt-
hours 1) 2-DE &I ; [ D SR =58 4, 77 A2 1 RS 80D
A~D: 2-DE map at 24 000, 17 000, 12 000 and 15 000 volt-
hours, respectively. The isoelectric focusing was complete and
produced less vertical stripes in Figure 3D
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50O 10
5
0 A B
250~500 500 4000
HLE/V Voltage
B4 AEALEHERNERRESH
Figure 4 The IEF parameters of different samples
B1~B6 & 1 b # 7 % 2
B1~B6 denoted as Table 2, respectively
C D
RN, B R A AL EE 3 4R i (B1~B3) HL I
EAEBNERRELHEPBUAKR. —BELT,
£ 250~500 V PR T+ He o A5 o HL i ik B R R AE
ZHUE — e R AT SO o A AR . B
SR RAL P 3 L RE i B LR B KAL) N T R R
AR B 77 B AL B 3 2L S (B4~B6), H It FT N c .

] 1) 2L A AR R AT 51 ON 1 R B R A
BT 5] NI ; 6 J5 76 500 V EE R B B B 2% Ha B 4
Ik 26 3 1 o i I B PR A 2 o B R AN 4 P R AR
LR B A o5 5 i i 76 TH I 25 4 000 V [t AR AR, HE
T2 R H R (3G K TR A BT, 4724 000 V S
REMEEBME AT, SAms, HEaEA
ST S AL BRI, B R A B R i L
S HL SR AR B B F B A AR, 3R 0 2
VAL 3L PRI 5 O R A X A e
2.3.2 ANTRIRE i A EH )0 ) LK T XS L LU A
Xf 6 21 (B1~B6) A [ ab 7 3043 21 B 4331
HEAT 2-DE FF K WYLy e £, 3145 40 R 1) 2-DE &
W (& 5). I F PDQuest % A4 434 Hh P it 1) 2 14 ol
. BL(EI5A, & H 5 A EA 304 A4N) A B3( A
5C, 283 M43k 15 1 8 A S E 2 T HAh 4 4 &b
B @ PR R DT E AR R 1 B2( K] 5B, 155 M) A BS
(K E, 1384 ) e 21 8 [ s /b VO B =
PR . A H i 248 8 1T 2D-cleanup 4646 4b
HE (1) B3 2R i B 1 LS T, 18 16 2% SURH 6
o SAbh, A EE AR EGA R G AR BE 1R BA~B6
(1] SD~F) 7 i & #0 A H 52 B 5% £ 1L D6tk i € X
B, mI e TR R R R RS ek R BT S
o MR Y2 B 21t A R TS SR S AR RS THD
B A3 2R R O, U AT Y, X L

B 5 FEHEmALESXE 2-DE L &R

Figure 5 The double staining 2-DE maps of different sam-
ple treatments

A~F: 735 5 B1~B6 £ £ 1 K (3% 2) s B3 AL il (C) R H A7
BRI AT, 98 %8 2% SURO 2D

A~F: Protein samples of B1~B6 denoted as Table 2, respec-
tively; The protein points were clearer and the stripes were rel-
atively less in B3 samples (C)

T 00N, B i L R AUE e AR B
getty, LA RAE AR ME B R B RZILR
g5 K], B HIRAM S 2D cleanup 2EAL45 & 1K 75
N EBGE & T A LI FE dh AL 2.

3 iwtig

Je& R SR AR ORI T REH A AR T4 . Tl
o 8 F AL TR B D R S T Btk — B IR
FEH AR IR R I T RE, X 1 I A JvRe A=
Wi Ak B HL P A R B A S RN R X
FH < E 1 o A2 IR L Sh P o B AR R i LA R
TERRBES W YE . H Al fwa AR & 51, A
A ZEEE R, A A5 57 4 I REAR 17 M A X —
ERR o ASHIF T R P A T A I AR R R S
DK il 46 S5 BEAT DA, D9 Ja SEIK) R AR B 41
Sy BT AR SR A AR, [ B X At 4 i SRR i 1 A
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A B SR

X 2-DE 1 5 » £ i AR B & ok
. HA0E FH PBS LBRAUA KT IR R B R
15 5 51 NERAF T 45 o £, S0 4 FE s LAY
P ] B A R e SR T . R A, — R AR S R
i R 7S R (R 55 4%, 2011), {H by Bk s 2
O AN [FRE: it B 7 R AN G 3 5, 9 TR 7 o B T
5 B (1 B A T R e SR B AR T & . 17 Bul-
let Blender 2 A 2H 23 1 R4S & — b LA RU 40 P
W R GE . AT T e b3 w9 A A [ 200 it
TE T V2 R B, X6 T JEE 3 5 26 T 41 B, Bullet Blender
2 i 2H 20 B 92 B VR B 1 2% B B M
FEBE 7 T S T8 P e vk o

20 WA oot 004K, 77 T, PR A R 3 2 O 2
KA, 2000), 1H ASHIF 7T A2 I 75 R A TR ) R A T
SHARE S H SR A Z, H SRR . AlRe
JE R B AEAS 2 S BUR B BRI 2 AN/ B, A
R 5t (K 5B FE), 11X AN ik FE AN i 3w dnfe #54
NG, HRE, 5 R EE A B, MR RA .
Bio-Rad 2~ ] 1.4 £ 1 4 H k77 46t 2 1 ot A B 1)
— AN R, B ARHE AR B PR ) 3 B
PN I — R AR E B, s A5 L R AR (B
4); R P A - RAFERERNRT S5 3
T S S, DT AE Pl G 308 7 A 71 B (10 Ly WA fR T £
PEH (P 5D~F), 520 Ji5 4k B 404

VR B AT ARG A B, S5 R AR S LR
FRI R, T SR AR I R A R S AR R T b2 B
Z LA 3A), FR YL 2 8145 R 2 8UH N 2.
WA 0 B3 I T2 T P AIC 4% P SR AR (1) L volt-hours,
AT 5 28] R AR T 4 P B O A e A 1 R K
W AR, A8 25 0 IR BRI A B IR ELRE
4 SUNLSUNTIC G B i & A

PGk, WS S iE e th, (AL
REBEA WG (6 = 15, 2008), Tl £ B I
R E e RSB E L, FER G — A E
REAN Y TS HEZS , A SLE0E R | Bio-Rad A ][ —
FRE-S S A AR PR YA, K I 525 T i
RS A, AT TRt (75 9545, 2010), KR
e TSR BE, HSEHEE L),

ARSLIGWARE— SN 2, QB H AR T A iR
SPERTP 3o SNl S IS e PPV IR IEA S
4, T AR s Py 2 R TR Ak St Ak, 128
AT T DI B ELE SRk 0 B

4 ZEig

R SRR AR R AR T 4 R B 1 R A
] LUK B, AWt 98 DUJRE 35 A T A M R 5, A
gH B R Al e A S R R
Z AT TR R ] Bk 73 85 2k AR AT AR A . 25 SRR
7, F FH Bullet Blender 4 s 25 2R 45 (SR 1 240 P 12
TR P R s XU g B E 15 B S T 2 HE
A 1) 28 1 A 25 H 3R A volt-hours 7 15 000 volt-
hours 7 45 I} 88 S SO /D 5 8 F AR 6 i i 1 42
W71 5 Atk T 406 I, K F B 1 R3S AL
Iri) FEL YK Al A 4 70 A 45 ) 7 SR A5 I LUK
. KM Bl AL E AR B IR AR B 1S
B B R R O S HLENE, R 8UR
B, EE VLT, & A TS St AR R R AT
i o 2H 2 A 9
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