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Application, problems and improvement of protein stain-free system
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ABSTRACT: Polyacrylamide gel electrophoresis is a key method for protein separation. With the application of
western blotting, it is often used as a downstream tool for biomedical analysis. In recent years, the application of
near-infrared fluorescent material membranes and emerging technologies such as 3D printing have gradually been
applied to tissue engineering, putting forward higher quantitative requirements for stain-free systems. This article
described the principle of the stain-free system, the problems in its operation and analysis, and its improvement
methods. It also looked forward to the development of stain-free technology, hoping to provide the basis and ideas for
realizing the accurate measurement and analysis of protein by standard stain-free technology.

KEY WORDS: stain-free system; western blotting; near infra-red; 3D printing; tissue engineering

R IKECAR, W HAEEA R L E, wal) 2T

0 =
gl AYE . SE L alifk DNA F/NF 22 IR & i IS A 3 R
I8 T 4 Tk T 468 Ji¢ HA, 7K (ployacrylamide gel electroph ot
oresis, PAGE)JZ L 3 PN M I 1 058 M5 1 Ohy Wl vp PR A Jo A — BEARELE: A 1979 4E 8 U LK, PIHAER S

EETR: 7THE AR5 S BB -1 50 H (SICX20_1316., SICX20_1313), JTIRE A Y H AR 5 5 5256 % IR (HS 13003)
Fund: Supported by the Jiangsu Province Postgraduate Research Program(SJCX20 1316, SJICX20 1313), Jiangsu Province Marine Biotechnology
Key Laboratory Project (HS13003).

MEBEEE: KRR, #IR, REMIR I E RN T 5% 4, E-mail: 631284077@qq.com

*Corresponding author: ZHANG Jun-Jie, Professor, Jiangsu Ocean University, No.59 Cangwu Road, Haizhou District, Lianyungang 222000.
E-mail: 631284077@qq.com



555

RAEW, A EARY RGN R UL i 1871

TRXGT 2 15T Y3 A v 8 28 B TR A AT, S R T R A
AR i R B R R . AR HE SR e AR T
FEFYu o i) SR U SO IR IR, TR RS A A )
IR IE 15 22 38 Ry B 11 153 B0 S B A o 8 o 5 e e e A b
AL FRFRAIE T R b T bR S e IR AR R G
R A E R P PR R Y SR T M R O I R Tk
(SDS-Polyacrylamide gel electrophoresis, SDS-PAGE)Z#T

CHE, AISEaE A B i AR AR A S AT Ak . BT
5y F 1 (0 R B L8 1 5 2 FVECHE /B Be 1 (AR 2,
PRUESR I RGN — DR AL TR E 5% Bl ik
BERE e L R AR R, ASCHAR T e RS A5,
YEFN AT A AEAE 1 TR B e Al 1 i, FE X S e e R I % TR
AT T RER, LU SEEbR A o e B AR X 8 11 BT i HE R T
AT IR L B

1 FREGRRRARIIRIE N N

1.1 fRERFRARNRE

PrfE Gl R G EAEFIF SDS-PAGE Al 1) S Al
T, SRR I 2 A R A AT R S bR
WG R bR R 70 L RS & T IR R Ik
S5 RVEBERCEEE Uk AR . R RS 3 #4504
Bl B E G YR R R v I (R SR Tmage Lab™# {4
FEBER TR B A = A G 8, ERIKES R, HEEI
MG, ARSI S Y BB AR T, it 5 S B
IRPEEE 1 min, /B R E ORI GRS
ENRIR RGP A UV RS T gififl, Shyesr
R I e S -aa £ R 1l VAT = T o S S DR 7
R TRNE T o RS O SR IR S M B ™ R AN W) 8 BE 1Y)
Ve, WHATREE #514 (charge coupled device, CCD %1
KA e, PEMTE Image Lab™ % A A= s e 4k
Elg, RS0 LARSEbR S [ marker B S5 A0k E &
F&T A e T i, BRI, ARiE S e RAE Western
Ep b A ™ T 2 A A,
12 tRERERARMNA

FRUEG Y RGN T & S Bk LR AR AR
WyBE b, AR 5T BRI AR R AT Z A ) A v ey T R
B A AR AR Z — BRI AR AR
RO . RS A AR 2 S IR U Y
Tor I 26 1R IR 7K I R R R, 255 At 4 BT i sl 244
PR, DA R B 5 A 1 8 A RS TR SR -
121 5T &m0

Wil A A Bb 2 DL R LR 0 R R, Ay
AR Z B TAEY R, flin, KA H /Ny F Rk
LG E A A BEAE TN S, SRR AR
AL LA I 2 3h ) A (0 58 3, el i 2R (1 0T Sl 4%

ARSI H 198 A R B PEMT

5 S 3 1o 1 2 v T M DA R TR A AR S, AR
i) AL W - 3 5 Ak 5 & O 7k (horseradish  peroxidase
enhanced chemiluminescence, HRP-ECL) % & J7 i A
KODAK 40t 3% Z U RETG (A R Rt ot . il
IMAGE J E{@5 Tk, I4454 1 AUTODOCK VINA
S F X D7 3 TGFBR1(Transforming growth factor
beta receptor 1) LLIZSH}-3-O-ZFHH (KR)ZIBI K & .
Western blot b7 A5 H TR R4 T B 8 00 Fids T A,

1.2.2 3D ARLHITE

Ak, 3D HTEN R A B, W M HTF 244
YIBEEAE R, AR BT ER AR S HEME LA, W
BT BB ESR APk AN, SO I AT 3D TN R HARy
SRR RE R, R 2 P R B R ARSI S A R

R AESEDONE S A CT 3385 AR Mimics #0F
HATMAE EH . 3D FTEN, 520 o) 2 A BN T 5 (Western
blot) #& M H p- F & 4 4 M A % & 5 K (major
histocompatibility complex). > F] ik (atrial natriuretic
peptide) S5 i, IIE 3D FTERR R I RO L4 A= 4 7=
SRR HIVE R PT AT, [RIET Ui B Western blot f& 3D 4T EH;
A Btk £ s k467 (transverse aortic coarctation, TAC)fR 7!
AR FTEM LR Bia M EZ T ],

B &AM 5 Western blot 15 28 2145 44 (4,(Alzarin-red
S -4 7] 7 )57 T 41 i ( bone marrow mesenchymal stem
cells, BMSCs) ., ‘B JE & & 4= % [ -7(bone morphogenetic
protein-7, BMP-7) & ‘& #7 2 1 (osteopontin, OPN)ZR A 1H L .
it Micro-CT H##i/5, M Micro-view #FHEAT =4 E
H, BLMEEHMWIRBEE IR, 3D YT BB o
TREAAE Y PR R G & DS il TR, A 5 BN
HOR TR 3D FTERTE B~ Jy T & e il 1 i 327 1 H

2 ERRARGHNN S RAREHER

21 tRERZRRZHMR

e S E, — B il i R-250 @
WOTHLVK IS 9 SDS-PAGE  BEIE A (4, FHIH MUB (L (VK
B R - TP IS A R0 JEA T (A 3, R RS OGRE R 5, T
FLIE (o mf Rt A5 B A BRI T 5 PR TR A
AR G, WESEGIR . SRR AR, BN
PRI RERS 22 AU BT R, TENRFSALR, X IR AR I 1
AN 18 K A AR DK TR Yo AR 14 5 i 0 S
), KIS Hefuh, PR EO R T A . AR A0 e 0
M R RGNS £ T RIIKF R E . @, a0
Bg. ATEESCI I AR R 70% 047 . R AN BT A SRS A
ghfk, TR RIS QB Gt A 2 h DA B4R sy 2~
5 min, BFERTTHRACK, FRHEA LSRR R, &
MR 1 e TS,



1872 B dn 2 4 R R I A 4R

12

AL G 25 T e PR R R BRI (& S 30 &
B RBEAT S, S RIRRBAEEEEER T 5w, ok
KB ] 0 2 T8O R, R SR RCR . iR A
PR e RGN 2t w8 5o 5 5 ek, M5 TR
HXLEE R E 2, SUATDAER B 557 . [k, PR JudE i
TP RIS 55 UG OA A 0 A AT 4RI T f
R S LR
22 MERRRGMRHER

PR fe e R AT AORBUS TR EM AR, B
PN ATAEYEY:, AR TRSIN, SR, K% 3D
FTENAY R, 25 15T ED 0B AR B AN AT B i) S R T H
F— 5, WETEE AR . DA LTINS R R R
H, BEEBELE AR AR B 25 A T AR 1 UE R B R
Fh R T EN I A A R R DA R R R A R 1 ST
550 A R T 25 1)
22,1 EHOREEAEGRA

FEE AR R K, S RELTREA: |
TR, A ER 2 I N SE IR 25 (1 LR, DT R I 2K 1A
HERYE, R S XHE SRR R E NN
SR, EREAFS IR RN, i
AT RES R AU . BAL, T PRSI IE F A R PR
P, SHESRMRSES TR, Bai, £ riknE, &
WANEZ BT T — RSB FRI L

TS SO 3 B R A B RS S,
FH A 20% FH B0 5% B 22 vhiR e BT TiC R OE J Ak R 67
arill, T LA RGE A ROR R NV FER ARG, B
FAGHIN A AR o BB S POV AR ]k B A B A A — 7
B, AR MBERE BERS 843 & FEPI T 4 BE S 1Y 45 B
Ba =107 N (1 L0 411 NG e = 1 A N - D=
S

BUTLER %PU7E KA ) SDS-PAGE 4544 F R F 414k
BT AL 2 A AN ER 1T, X 7 R SOk R Y B g
T T X H, MBS SR k2 B e B s e e iR 22, $R it
TP TR BB A3 Hr, DA ST A i) 2 25300 L
AR, AT {2 1 5 B S 50 1) o B IORG
222 ZORIPEEAGHE

I B 3 e R AT 4 2R o R A SR 2 M
T SR 36 2 97 DR v 2 P T 5 e RN v 1) R RE S5 4
SR o TRIAS, 4l SR Al 96 2 I A LA AN TE S L AR
TR [ REL A M Pl 2 G B A1 A Y, AL R
IS A5 12 T BRI (9 2R, FLAR D T 2 1T Al 3
IG5 A R RN

HAT, B2ubT T &R 22Ok 84 F T 28 (R ED b
Iy BTSRRI . BN, TANG Z5PH%E, F 4 i
T e A R Al L 07 BT L R R ek /D /N oy 5

AR BE . CHO 2P il 1 F 46 I 28 115 1) 28 i 9
CIRHORET 2, AT EFRETIRAL, SRS T
B %%, E G T SE I ol AR b AN AR
LIN-MOSHIER %5165 5 {iff FF 3 AR 1o 48016 40 188 BOK A 7 UL
SR AU T SE 5, 1% PR AN 3 T S 56 A L R A
PO B B T RPN, A ARG T A ) 45 46 #) 1~3 h,
BEHE T Western blot FIRE,
2.2.3 iRLLYNA R 69E A

BRI BIRAR ] TP oy ol ISR N - s W e ¥
T 7 ik i Jm R, AR T A S B SN AR, RE ARG
T 5CF TR A M bk SRS o 2 B 0 ST A S04 BT
ORNBERG %580 5L F T 21 A 1 25 25 45 2 R i R 2,
W b, A DB LT A A M RS IR ET 4 K b, %k
BRI Ry 1% G0 B 9 I I AR A, LSBT 4 1) 2
IR B A 5 . PADMAVATHY 252200 1) F—Rh BE A 5.
7~ H T 214N (near infrared, NIR)A& S B &K 2 648K
%L 81 98 2 K [poly(1,1-difluoroethylene), PVDF] 46
T2 (1 o B 2o R rp ) 8 4 BRI T AR U, IR
BT — B B R R o R b T O 4 A kg
ALK-PVDF JE A 38 FIFE B0 7k

3 ERRERERG BRI K S

3.1 BEHIEENER

G YL T B AR AR L R, ARZE 5 H BB IR A 1 O,
— BB E, o5 B0 R AR SR, SAETL
BEARIK, TR S RERAE o AN G T PR T &
RNIHEBERE SN, 59T o TR B0k e 1 SO s 1k
e BAR R IR W R A A Y, AR E AR,
HAEARBEWET, S, 55 oK E AR
5595 YO S Sl HAT B Y BUE M, D6 Bl A A U
JE NGy sy A, FFAERNE B ER, SRR AR
Fom N RPY, [P 2 505 1 Ab i AR A A
FE D @A RS . R, ZE3AE PO R R B
T ] R
3.2 IRTERTHIUKARAVIE.

G T AR R B R P, WUERAF A Rl K, 2
INIBKIE IR, Jiob, W (RAFT H] A SE 4, T il e . ¢
HE AR RIS, BAR SR Z M55 E R hF
23 BRINAFAE, HRTK A 5 T B TR T A 48 B2

XFF R m] R, e g T e A A R AR, B R
R EE, FFEAEPMASRRAR, BHTEeRE
T 4 CUKFEHIRAE
3.3 BB e e kR A M

IR TR Tk G E E (polyacrylamide  gel, PAG)J2 i N 4



555

RAEW, A EARY RGN R UL i 1873
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Fig.2 Normal electrophoretic imaging

1.1 mg/mL S 2. 0.8 mg/mL ¥ H
3.0.1 mg/mL % G
B3 BHmM%
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