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RNGEE B AR

RXEE R LR R £FR
HCC hepatocellular carcinoma JH 0 A e P
DMEM Dulbecco's Modified Eagle 1 % 57 5t
Medium

DMSO Dimethyl sulfoxide R | 207

AP Ammonium persulfate ok TR

OD Optical density N

ECL Electrochemiluminescence AL 5 kG

PBS phosphate saline buffer T PR 25 22 il

EDTA Ethylene Diamine Tetraacetic Acid | Z %Y Z.F&

PMSF Phenylmethanesulfonyl fluoride 7% B LT T AR

TBS Tris Buffered Saline Tris 2P L

SDS Sodium dodecyl sulfate + T IR RN

PVDF Polyvinylidene Fluoride Rl 5 LM

TBST Tris Buffered Saline with 4 20%Tween20TBS
Tween 20 SE RV

WB Western blot 1% B [ BN 7F

TEMED tetramethylethylenediamine ISR

GAPDH Glyceraldehyde-3-phosphate T T b el 7 o S Tl
dehydrogenase

Nrpl Neuropilin-1 MEFEEH-1

SPSS Statistical Product and Service Gt e a5 RS R

Solutions
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Western blotting T BMUEFALHEREANS

A EERVIT R
e

FEIE B DUARHTAS 3072 8 DL s B 55 8 A2 western blot ik
I RHE . S B Y 0 R 0 A IR R A ERepR AL, 120
£ western blot T EEMA . B EBH ORI R,
2 T 7 i e (T AR R H R RO A A S REI R AE , BRIE, FRAT22R
FRG B —F st T DR AR 56 % I8 N ERERRHE R 5
o APTREF, HHEEM PVDF B4k, MR EEEE S-S XA IR R FF
SRR, (B EARS A4S X AN AR 5] PYDF IS g /K R o 4B
AT ARREE PYDF J e 8 A8 A AUARE B T H A% F 8 3 AT B A
1BH) optical J7ik.

5—JiH, western blotting HWZ LI, B PHSEMIRE
THBREIA R N T IRJE4E KB, FADER FEZH R ED
FEAI S LAE . SR, M RA SO TE B X R R B, 1140 GAPDH,
B-actin 5, EAELH MBI LL KA BN AS T HARB B IFA
SREE . Ba, EEFERETRHIEAN S, BxEREBX

R R FRIE T AT 2 o
=)y
L AW F B AW — optical J7ikibsedng A ORI A 2L Lo o

m}*
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N ALEE 2 HE [ PYDF i _E 1) 28 ik IE

2. AW T 55— H BRI 3R N M vk e 20 23 508 BOTE 07 JHE 21
SR FIER E AE R LRSI S

Bk

1. H western blot fz3a it optical JFVAM T EEME S EHE M,
2. & ERER) western blot Aril N2 M 12 s 4 23 5 9 55 4 4
GAPDH, B-actin 1 B-—tubulin fJFRIEEH .

3. AR L8R 1 _EARVR A N T2 g R 4L 43 5 8 55 41 43 GAPDH,
B-actin Al B-tubulin KM S HEA FAFRENEHERXR.

4. F% & ERER) western blot Rrill/s BRUIE T HZH 23 5 /) BRIE 8 T4 21
H1 GAPDH, B -actin Al B —tubulin [JFRERHH .

5. FHBR R A I /) BT s JHE 4 24 5 /) BRI JH 20 23 GAPDH,
B-actin Al B-tubulin Z&H5KFEMH S western blot FAFEIZEMER
#R

1. FArT ] LIRS PVDF 538 1 45 & X 450 5 A B B 45 IXSEAN [ R i i
LRI AR e BRI AR AL, I HZ optical AR
western blot )5 42525,

2. MU s UMb, AT AR TR P B —actin Fik /KT i 25 44
(P<0.05) 5 AFF4H M AT B —tubulin HFRIEA KB & T 55 41
21 (P<0. 05) 5 1Ml GAPDH f£ 8 43 588 55 23 2 1] RAB /KT W B 22 57

(P>0. 05) -
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3.GAPDH. B -actin Ml B —tubulin 52 [ FFEEHERIFIEH LR
4. FUNEIEHAFHZHELL, ANEARDIAT B —actin FRIAKT 2.3 AKX
(P<0.05) ; /INER AW HFrR B —tubulin (83 /KB S5 i T /08 6L IE 3 BT
ZH 2R (P<0. 05) ; Tfii GAPDH 7E /)N KRR D7 5 1E 8 T 2 [a) 21 /K ~F- T B 2
Z 5 (P>0. 05) .

5. fE/NERAEH FFH AR T FF4H 2471, GAPDH 5 _EFEE 2ok R T
B-actin; 1 GAPDH A1 B —tubulin 5 _EAERES HABIFMLTERR.
it

1. 7] AR PVDF RS 1 () 2810 R B ¥ T Qualitative optical J7¥%,
FIETIE E — AT Mwestern blotting IS IR R ME A _EREK
PRAEAL .

2. TE N 20 B FF g 28 2R 55 2L 2 DA K €57 /N BRUFF 443 5 L i o i
HZ, GAPDH fEJN WB N Z:L B —tubulin M1 B —actin A HE,
F8247: Western blot; EVE optical ik WS, H4HMIEE;
I s i



HRERPR LML A EAWR

OPTIMIZE METHOD IN WESTERN BLOTTING
AND RELIABILITY OF HOUSEKEEPING
PROTEIN CONTROL IN LIVER TISSUES

Abstract

Background

The ability to determine that successful transfer and equal loading
occur prior to using primary antibodies is important. And total protein
staining is commonly used to check transfer efficiency and normalization,
which play a crucial role in western blotting. Ponceau S and coomassie
blue are commonly used, but, there are disadvantages reported in recent
years. Therefore, we are interested in finding another method, which is
cheap, easy and fast. As we know, protein binding region of PVDF
membrane is still hydrophilic when carbinol volatilizes, however, the
non-protein binding region of PVDF membrane became hydrophobic again.
And this different wettability between non-protein binding region and
protein binding region of Polyvinylidene difluoride membrane may be used
to check transfer efficiency and equal loading in western blotting.

On the other hand, western blotting contains many steps and could
provide many opportunities to interfere the final results. In order to
compare the final results accurately, we need to ensure the equal loading of

5



HRERPR LML A EAWR

gels. However, recent studies indicate that housekeeping proteins, such as
glyceraldehyde-3-phosphate dehydrogenase and B-actin, are not always
reliable in certain conditions and diseases, so, whether the expression of
housekeeping protein in liver tissues with kinds of diseases changed is not
clear now.

Objectives

1.The aim of present study was to design an optical approach where an
experimenter can observe that the proteins have been transferred to the
membrane without any staining within minutes.

2.Another aim was to explore the reliability of housekeeping protein as
loading control

in western blotting of human hepatocellular carcinoma and mouse fatty
liver tissues.

Methods

1. Reliability and repeatability of optical method were compared with
housekeeping protein by equal loaded protein western blotting.

2. The expression of GAPDH, B-actin and B-tubulin between the peritumor
and tumor tissues were compared via western blotting.

3. The linear dynamic range of GAPDH, B-actin and B-tubulin were
compared by running serial dilutions of human liver samples in western
blot.

4. The expression of GAPDH, B-actin and B-tubulin between the mouse
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normal liver and mouse fatty liver tissues were compared by western
blotting.

5. The linear dynamic range of GAPDH, B-actin and B-tubulin were
compared by running serial dilutions of mouse liver samples in western
blot.

Results

1. We can use this different wettability between non-protein binding region
and protein binding region of PVDF membrane to check transfer efficiency
and equal loading in western blotting without staining. And this novel
approach does not impair reliability or repeatability of the following
experiment of western blotting.

2. Compared with peritumor tissues, the expression of f-actin increased
significantly in human hepatocellular carcinoma (P<0.05). The expression
of B-tubulin in human hepatocellular carcinoma was higher than that in
peritumor (P<0.05). And there were no significant difference of GAPDH
expression between human hepatocellular carcinoma and peritumor
(P>0.05).

3. there was no significant difference in linear response range between
B-actin, GAPDH and B-tubulin in human hepatocellular carcinoma and
peritumor tissues.

4. Compared with mouse normal liver, the expression of B-actin decreased
significantly in mouse fatty liver (P<0.05). The expression of B-tubulin in

7
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mouse fatty liver was higher than that in mouse normal liver (P<0.05). And
there were no significant difference of GAPDH expression between mouse
normal liver and mouse fatty liver (P>0.05).

5. In both two sample types, GAPDH had a stronger linear dynamic range
than B-actin(P<0.05), and there was no significant difference in linear
dynamic range between B-tubulin and GAPDH (P>0.05).

Conclusion

1. The different wettability between non-protein binding region and protein
binding region of PVDF membrane can be used to check transfer efficiency
and normalization in western blotting.

2. GAPDH was a more reliable loading control than B-tubulin and B-actin
in western blotting of human hepatocellular carcinoma and mouse fatty
liver tissues.

Key words: western blotting; qualitative optical method; loading control;

hepatocellular carcinoma; fatty liver
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Western blotting TIBMU A ALHERERNA
AR IT AR

o

-l

Al

it

TE NI R AR & 3 IR ORI T e, S T BRI IR e 1R 2R 1 SR 24547)
PB4, H H western blotting Al 21 VR 552U H IR AR KF I E R
TERTIAS [FI L2 B (8 B R 22 S Rk R, 75 22 F 9 k%M western blotting
WA EFEREEN, XFEANRHLEA A, Western blotting S
MM ZA: GAPDH, B -actin, B-tubulin, #Rifi, HRIVFE CRAIFLA S Eik
=MEANSIAENS, ORIXE NS E A B 2 AT R A R T R A
K. B4, TERFIRH SR —Fp R 1 N S BON AT ST R AEAE S

Western blotting, X#RZ A immunoblotting, ILES V2 H T4 drkBl2EHE 5T
AT (1, 2]. Western blotting BLAHER AR HIK, 3, EAKRM %R
ek (3] HEARERIEPIRE L, I HA—PH DUSL ., B 2 b5 3 i S
HrgE B [4]. Rk, &K Western blotting SEIGAREAG & LR K 5EH FAE
FIbrEfl. EEH, T i, AERAMCIEFRELFLGRE, 83 H
% Lyl G SDS— IR MR BE I BRI, SKRFIWT western blotting Fe BRI H H BT
R PR, RELEOREEREN, A, BilF CEZEam A0
BREG NG e, BRI AENE (5] . AN, JERIRIER satin—free FiAM
AW, A CHRIOE Z AL B —actin (ENSHEAIEE[6], F&H HEERIEE IR AR
A EAERORR A . SRT, IZEERMR K, FREE SRR cooled-CCD
FAZ BRI (7] B4, Redm it —MRIBRIINE, ARERE, UFH
JUor B AT 7E western blotting SET AR A A A AR &2 2154 IR AR R A I & A |
PR,

PVDF (Polyvinylidene difluoride) X, & —M&EEESY, BEEMREKIHM
SRPEA B KM, BTN TAEMEZKO T, F W Western
blotting[8,9,10]. HT PVDF RAGE/KYE, 7EF BBEHTH K HIR N I 30 #h iz

9



HRERPR LML A EAWR

AAFoRIKE . FeMES, PVDF BERERI(EEE A BT, ik bdd i L [11]. PVDF
FELFRTIE R P B R T N R 3R R T R AE ORI SR T R RDRE R B (12], BRIk, B
B K J5 , PVDF JE ¥ 8 1 R 45 6 XS SR R Sk I, T PVDF Ji8E B E £
15 45 4 DX 3 [ g 7K A

2, BB B3R PYDF JEETRAE AL AR AG I western blotting %
RN A R AR AEAG 2 I R mT B, IX R 5 V2R 75 FH R A U R 2H 27 western
blotting NS AT SEME? XU n) IFR 2k — B0 5T, DAL, EARRF S, &
AITAR A PVDF JIEEE 0 1 4 28 A SR Ve T — A FaT A0 PRSI0 8 M R0 3 1 e 4 A 1Y
Jiid, SRGIE PR AN RIS ) J5 5 £ 5 AIE GAPDH, B —actin, B —tubulin /EARFE
A4 western blotting B NSMAFENE, NEEMAFITH L western blotting
S B FE A
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F—ER4 Westernblotting FTEBAIML{L: Qualitative

optical way

W, ERE PR, AERAMCIERELROY MG, i %Dl
W5 Y% SDS—SR NI Mt it e, KFIWT western blotting ¥ AR M E A 2GR
B, REREAREIRREH, R, BEA SCERIRIE %758 A B dn g
ORI, BRAEMEMEIES] . BAh, TTRIRIEM satin-free BARMIA R,
A LRI IEIZFIARLE B —actin fEN S HEATEE (6], I H AR REA I I 303 Az i)
L ERERIARHEAG o SRTAT, AR MR &, 7% SRR 1 cooled—CCD G #% Al
LAk R (7]

PVDF (Polyvinylidene difluoride) i, & —M&EEESY, BEEMREKIHM
SRPEAM B KM, BTN TAEYEZKO T H, F W Western
blotting[8,9,10]. i7" PVDF JRAE/KYE, 755 JBEHTH K HIR NI 30 # iz
AFRAKME FeMEIS, PVDF JEREMEER B, ik A tRE@E S ML [11]. PVDF
RV I e TP AN R 2R R AL AR T rRLRE AR B2 (12, BRIk, B
HIE 5 % )5, PVDF JEE b f 2 03 4 A X 3T SR R Re G S /K 1%, 1T PVDF JiEE 1 4k 2k
15 45 4 DX P 3 [ g K

1. #RIFNTT%
1.1 SRLHA

1. 1.1 ZARakk

HepG2. SMCC-7721 PARRAH M3 W K T [1 b2k ar bl = Be A e, RA7 1)
AN ORR R A7 T E R R R B 8 565 — R Beom B tE I 28 i 70T o

1. 1. 2 G RFRAE

T E IR R R 2 B 55— = B AT HE AN REEE 3L 1 Bt L b AR S R £, (2015
5 /372016 A 3 ], JRALURUESFAL) FEAbRE: ARETARITHALIT &6
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7, BT A A5 R JEUR I I A B e . AHZAEGHH fE, 3G A PBS e R I
MR, AR I L 7 28 35 PR I R K 5 B e 55 — = B o 2 M 2% A9 7 P 1) VR 2
TRAF
1. 1. 3 hFRA

C57 /I B IE 3 BT M2 257 oy 5 PR 2R R 2 2 b2 o ) 3 77 0 et 3% 6 491,
SV PBS he R I 0 MR, R P VU 7% 2 DK ol K2 Y 55 — I e s
B AR BT P U P DR A

1.1.4 EEXF

i I

DMEM i 85 57 2
PBS

DMSO

R g

BCA & I BE M R w5 &

SV ARG &
RIPA 2

P/S Wit

PMSF

AN HEE. LB
PIC

PVDF fi&

I JEJEAR

B H A marker

5X loading ZZ M
PH6. 8 Tris

PH8. 8 Tris
30%Acr-Bis (29: 1)
TEMED

12

%[ Hyclone A, USA

F[E Hyclone %], USA
LAY AR AR, T
%[H sigma A7, USA

£ [ Hyclone A, USA
BEREMEARARAR, iy
A ARERATR, i
BEREMEARARAFR, iy
BRREVEARAR AT, L
BEREMEARARAFR, iy
WA AR, s

5 [E Roche A F], Germany
S[E Millipore 2], USA
EH 3M A#], USA

£ Thermo /A7), USA
BEREMEARARAR, iy
BRREVBEARARAF], L
BEREMEARARAFR, iy
BRREVBEARARAF], L
BEREMEARARAFR, iy
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AP
SDS

B-actin ®Z WD (B1033)
GAPDH §&, e FE Uik (ARG10112)

FEPif Pt (BA1054)
EPUR _Pr (BA1050)
HER

Tris—Base

AL

e 5 R WA

TBS

Tween—20

ECL Plus R

1.1.5 FEIHMNE|

INFEAE

-80°C VK4
Bl

G

IKIGFE

211 6 5 A

R 25 0o AL
HUKIE . FLIKAY
SR
PR %

1.2 KWH=*

1.2. 1 ARREFF

1D W EREH B AN sk, BCET 3TCOKIM R, ShTERE, BERBUKE T

BEREMEARARAFR, iy
BEREMEARERAFR, i
B e AR BR AR, b3
Arigo EMHEAREGRAF, B
LA AR AR, T
LA S AE R AR, TN
Jt3T Solarbio BRHEA A, JLIL
Jb3T Solarbio FHEAR AR, dbxT
FiEY TRERMARAR, b
FH sigma AH, USA
BEREMEARARAFR, iy
[H Sigma AR, USA
BEREMEARARAR, iy

Eppendorf 2w, 1
R ATE, HE
Eppendorf 2w, 1
Thermo A#], FEH
R A A, TR
Thermo A #], FEH
Eppendorf 2w, 1
Bio—Rad A~ #E], FEH
Thermo A #], EH
Thermo A#], FEH
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[R17K¥5 % o

2) 58 A R 5 VR A7 R B2 TR IR 1 B 2 & AR I B0

3) 900rpm/4min, 37TCLHMFELy, B 58 RN FT I B8 TR 3 A7 /b 5 240 L e
D HERERE BER, 2, fhmsmaihsist al, BRERBWIT, £415H
R

5) BHEE T MARERETHECIMA T EAaEIREE (6ml) ) 10cm 4055 5% I
i

6) “IH7 FHRRERL, BT RME FUEERWATHE.

T BJE ¥ 10cm 40U F% MLECE T 5%C0,, 37°C AIZ0MIFAR o 5 5%

1. 2. 2 {APEIESF

D AFERCH 4B R, BT WA TS B S AR, AR A K
WA, REGY, e s R EER.

2) H TS%EARSIH RIS, H o A h IR A AN AR (I B BON AR P T 37°C, PBS B
TR

3) FH 7% RIS VR A, TRONFT T SERR 8 M 5, AN E RS 30min,
D HERER B MEEFRI P IR IR GEt), 72, HERERI 3nlPBS
BRI IRITANMIR T, Pedd S 7R PBS, ¥k 2 1K

5) N 2ml FREE GV ALANND, FRREMES PR ILE T 37T CAR R, 4ERFER ARG
BOE R

6) HERERHFEEEN, MA 3ml 8RRk, HERERITHMEFRI,
20t B T R SR ISR

D B ERET B0 T, 900rpm/4min, 37CHAETE L, B0 5 A 1
B0 SR A /> B RTE -

8) FH L I Wt B0 BVER, 392, NN Aml 584 RE 775 B AN ..

9) HEREEHAMMERII Cnl) & EIAF AR R (N4 R;
8m1/ML).,

100 “I” FRRER, BT DM FWEL R,

1) H 544 10cm 40 ks 7% ML E T 5%C0,, 37°C 140 Mz A H 1577
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1.2. 3 RERFRRERR
AR DU AR B S U B R E, BRI R
D EARBOEH & & 1ol A0S EERBURT I 4 v 1 BEEREGHIHIFIF 4 1 1
BB, FH Inl JOFEMRIRATIRS), BTk EsH.
2) F Iml JOAF M40 s 77 LR T (5 7R 0, 72
3) F PBS VRN FRIN 2 X, FEXBEESS A 1Inl IIFEARR B PBS.
4 MG EA AR AIRIUR, B 5 2%, JESAREIEET, JFHE PR
ABE 7 —F% 2ml (1 EP .
5) 7E 13300rpm. 4°CZ%AF T, B 20min.
6) Kt EIEWN S —T4 0 1. 5ml B9 EP & rh, BIRRIMEA.
T ¥ R A E A BCA A E R ARG E RS 45 T -80°CUKAR R AE &
H .
1.2. 4 HRAEBRHBRRR
MRS VUL R R BRI G U e, Bk R
D EARBOEH & & Inl A0S EERBUIH I 4 w1 BEEREGHIHIFIF 4 1 1
B ARSI, Inl IORERERITIRS), BT UK E&
2) B 0.08g (FHHLTHR) HLREA N 2ml ) EP b, FIERBISTEIRE, IATA K
Im] B PREOE, TSR A8 5 2 0 W S PO AR m] AL [ A
3) 7E 13300rpm. 4°CZAFF, & 20min.
4) ¥ EIEWNS —FF ) 1. 5ml ) EP &b, EIEFEIMEA.
5) # iR ZVE B M BCA A & BN & E 85 70 3 T80 C KA IR AF &
H
1.2.5 BEAREE
MRHEFE 22K BCA 2 R B = R G A Ul B g AT $ A,  BARD IR R
1) HUE & 25mg/ml &5 FAbRES:, F PBS #iks £ i &K 0. Smg/ml .
2) FRAEFE AR, # BCA IRXF A 55 BCA A5 B #% 50: 1 (Lkfpl, FCEiGHE BCA T
B, AR E Tk L&,
3) G FRUE L TE 0. 1. 2. 4. 8. 12, 16, 201 n%) 96 FLAH, Hhn PBS #h 2 £
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20 1,

4) 02 u 1 ABAEIEE TS 96 FLAR, i PBS18 1 ML

5) BENLIEIM 200 w1 BCA TAEW, 37 CHEAH /M E 30min.

6) FHBEEARACI E P K =562nm B S-FL IR

7D AR b vHE it 22 05 FH A DURE ot R AR AR T B H A R o P 2 R

1. 2. 6 ERREMIEIXLE
e B R BRI

D ek (FH:

ddH,0 8. Oml
PHS. 8Tris 5. 0ml
30% Acr-Bis (29: 1) 6. 6ml
10%SDS 2001 1
10%AP 2001 1
TEMED Sul

2) 4R (HHL:

ddH,0 6. 8ml
PH6. 8Tris 1. 26ml
30% Acr-Bis (29: 1) 1. 66ml
10%SDS 1001
10%AP 1001
TEMED 10p1
LYK :

D KeEErEARE, (Bfl40ueg) 5 5X1oading 2R EL 4:1 BILLEIR S,
98. 5°C £k bmin Ja Tl E T =i Hl.

2) EETY marker AINFY, B TUK EAFH

3) B Sl B A R KBRS, TN KRR, R IR E LT
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HOLSERT ¢/ 88

4) FHEA loading buffer ) EARED:, B &0, R, JPERIE, BRIk,
5) HIJKZ&AF: fEJE 90V, 90min, 37°C, HIRMy WK A MBIk, nlLOE Y
SN ] 6

2 AR 3 DF

1) Fe] 1X AR (10X R ddH,0: FEE=1:7:2), JCET 4 COKFH A
2) TERAER P RN, N FLIIR, BEgEak, BEdE.

3) FAFRVEMMTEIKE, FH Bio—rad BRNE 4R IAR, ARHE L N 1 R 2V .
4) BIYIR A& K/ME 0. 45PVDF i, I FREEIR IS 30 5.

5) HilfE “=BiR 7. BE-RILIR- B a0 AR AR -PVDF -5 e k-
RRA I A1 LR AL

6) BMNHFEGET, HEEMNKET, PR, K.

7) LAY fE)E 90V, 60min, 4°C, HJE A Bio-rad Universal.

PUARE -

1 FCHlE W, 5% F95, 2g Pik+40ml TBST.

2) HBCHF B PARCE 4] PVDF I, 37°C, #EIK (CRIBSEE), 1/,

3) il —#t, Pifk:TBST=1:1000.

4) ¥—4Pi. PVDF JEE FHUARE &H, 4C, BIK CRRIEHE, dK.
5) FCHil —Hi, Pk 5% 4F%5=1:5000.

6) [ElY—4T, H TBST ¥k PVDF I, RRIKARPE, ¥E 3k, K 10min.

) ¥ ZPi. PVDF LB THiEmEE &F, 37C, #BIK (RESEE), 1/ i),
8) F% i, H TBST Wk PVDF I, #EIKHEEHE, ¥E 3 K, #HK 10min.

ECL &5:

1) K 3E 7R ECL AR5 & H # A WA B WS A FIR A (0. 85m1+0. 85ml ),

2) 87 Jet PVDF B, JE FEFRIE T F, NSRBI ECL T/E®R, 4
Imin J&, BB TEGRBRAGA ., BAZIFE TR n 4 BT .
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1.2. 7 Gt FE S

Western blotting SEEGZE B # A+ Image Pro Plus #HATALEE, FHitH 4%
IR AR . FITA R bR a5 P Y 8 & b 22 (X SD) SRRoR, BT A Guit- 2t 412 H
il F A SPSS 19. 0 AT ALHE, 2 41 IR0 (¥ 2 S 4 T R R R 7 2200 M, T AEL T 11
H M ¢ 3. P<O. 05 NAZE R A G55 L.

2. 55 5R

2.1 it Qualitative optical way BYIR{ES B

AR PVDF JR 7 1 A AR AL, T HAS I F 8 R AT 82 e B 2 T A
HEAL I HAR T3, qualitative optical way, #E 1, 7 western blotting #%
JESE G, FTHF “ =BG 7, FIBETJe PVDF i, BT Z2ME R R . RE0
PVDF JETECE TR 1 R (I BB tedl b, AR SO R Ay F Y IR 5¢
) PVDF JIE b Pk DA S S o

A Protem binding region Non-protein binding region
Filter with transfer buffer
2. Wet
B Wet Filter (Transfer buffer)
Twe'327
TR rseg
1.A fter transfer, hold the PVDF in 2_.Check the transfer efficiency.

midair for 10 seconds to make it dry.

B 1: B qualitative optical way ThE & THERE (A) AR BEIKRERGFBEETE (B)
Figurel: A diagram showing how this method probably work (A) and practical steps to

check transfer efficiency and equal loading in western blotting with naked eye (B).
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2.2 I64F Qualitative optical way WA S ERESE

IAIF qualitative optical way (R[SEME S EE M, @ M%EE FFEMED
N2 (GAPDH or B -actin) #EATELAL. S5 RWE 2, fE/NRIEFHHL (M, n=6),
NEFHMpITFmAL GE5% P, n=3;0% T, n=3) M@ (HepG2: G, n=3;
SMMC-7721: C, n=3) 3 41, #BATLALE PVDF JEE} 16T qualitative optical way
HREMER R O EykiE, EREMMPEARLNEESR T aean &, HHEHTLIE
B A& R RUKIE 2 18]G & T B, — UK UkGE 58 A BOGBRE, X AR S BN
ZE AN . K, qualitative optical way AN2E4MH western blotting

JRE R .

A B GAPDH

Ml M2 M3 M4 MS M6 Ml M2 M3 M4 M5 M6
el D GAPDH

Pl P2 P3 Tl T2 T3 Pl P2 P3 T1 T2 T3
E F Actin

Gl G2 G3 Cl C2 C3 Gl G2 G3 Cl C2 C3

B2: @3f%E LHENZT R ALEIIE qualitative optical way W TTEREE I
Figure2 : Reliability and repeatability of this approach were compared with
housekeeping protein by equal loaded protein western blotting. In mouse liver (A,
B), human hepatocellular carcinoma tissue samples (C, D) and human hepatocellular
carcinoma cell lines (HepG2, SMMC-7721, E, F), M for mouse, P for peritumor, T for

tumor, G for HepG2, C for SMMC-7721. Photos (A, C, E) were captured by normal camera.
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2.3 LbEE qualitative optical way F1AEE R GAPDH AYZR 14X
%

Gy s S H LA M AL A AT B, BRI N 5,
10, 20, 30, 40, 50 1 g, iHiL qualitative optical way A] ANIZER, BEE R FFE,
PVDF fi b/ 3 (LK IE BT AL 58, SOGIZMIAL 8, P qualitative optical way
5 ERREABHMEIERR. R, EREEYS GAPDH REEMAM SR RE, ¥
] qualitative optical way JjiE A< EAER 5 GAPDH K BEAE 41 5% &
SEI R I 55 2143 40 v g WKIE ETTA SOGIRSS Xk CREFE LD, BEEH Nrpl
—3Pt (Neuropilin-1, KRArFEH) ®REER, KIIZAE A KBRS
(I, qualitative optical way 5 EAFEBA RIFLME R RIFREAEDUIART & ATk
Uing ey e

B
510 20 30 40 50 (ug) 510 20 30 40 50 (ug)
GAPDH D GAPDH
| L e = e o |
510 20 30 40 50 (ug) 510 20 30 40 50(ug)
E F
i =%
(5] 5]
5 5
et =10 .
o8 .« * = *
< 6 . < 6 *
S 4 S 4 .
22].- 22
= o042 = o042
Z 0 10 20 30 40 50 (ug) Z 0 10 20 30 40 50 (ug)
G H
Nrpl —-um Nipl 7—--——;:-
510 20 30 40 50 (ng) 510 20 30 40 50(pg)

B 3:i5 Bl A6 B L4 (5-50 p g) b3k qual itative optical way #= K £% & GAPDH #9 & M0 B
Figure3: The linear dynamic range of this method and GAPDH were compared. A dilution

series (5-50 1 g) of tissue lysate from human hepatocellular carcinoma was loaded onto
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the gel, after transfer, relative low reflected light intensity of protein binding
region of PVDF (black arrow) was observed (A, tumor; B, peritumor, Photos were
captured by normal camera), membranes were detected by anti—GAPDH antibody (C, D).
The graph shows the relative intensity of GAPDH, and the relative intensity of GAPDH
is nearly linear with the amounts (5-50 1 g) of loaded protein (E, F). Comparing A
and G, B and H, we found that low reflected light intensity of lane (black arrow,

B) reveals that protein with PVDF bind not well (H).

3. i+t

Western blotting AR SEE AT eI 5 H G, W H 7R ZER I 5 R AN
wHHEFERERE . BEEZBEARKARARE, HIrikiE 72 SMERERITE,
BFE: TGE A Marker, SEEHYA, stain—free FIREE[13, 14]. HA, T
HHE Marker 5 FSRFIWIR b5 5t 8RN (151, AT 0 fse B £ 9 A it AR
R R 7R R eRSS, HRHE R RRCR AT S AR 5 — R0, At
e HE— L E A, MR P ERE, JFFER R, —3KIER LAH India ink, Gold
B SYPRO Ruby Jeff, BIA[#35% western blotting FIBERERR, 57—k ik 4k 4k
JE B e R SEIR [16] o (HIE, V2 CIRIE A VOXFERAE, YONA IR
RSN AR

S H RO RARE RS, BInSI R geth, St SIRa g
BRIRE ARk, Gt i, Jethjan] IAR(4ESE western blotting J&
gesily, HERHBUKMEMZE. B DR R O RO E 5, B HkE
R LA 25 s et m DU I 54 2 /b R st B A SDS-HeliE b, (B2,
XA BER DR B T BEE B B AR R B 1 b o A i R R W] DU 25 B s
t, mHBUR. &5, ARMXAITEEAE SRR, mEEtE. ARTEE, #RAE
I TR (5]

Stain—free A, AR KA B IR 19 Je e EFE, Mk 55 M
western blotting HIKZIRMFE, HRHBIKETH )G, PriGatic R al 55 T istk,
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BV AT ARF R [ B AR B0 WL BB B a6 o il I HL A bkOm A9 B thmT L4k
BrjR B, M, HX R R BRI . H ATA SO E AR
stain-free JEARMEL L F LAY tn, JFHILAN S E A E A5 [14,19] . 2800,
stain-free TR H AT AR M, 7 B K & 53 (1 BRAR ORI R AL ) S eI o

TEARBFLH, FRATARYE % I 5 PVDF R (0 B MR 1 v T qualitative
optical way, JFA] LB IXANJ7EAE — B B BRI S IR AR R BOH I B R
BT IANTIE IR LG O B i i Qe 57 8, B E 3 Marker
WHEE, HFHIEAUTMHA: B—, XNHENFETIEE, BIAE—HU
B A R R IR R BRI & VGBS B R B W R R I A 58 A B
FEAEA EFEHEAER, RATATLBERN 2 bR M ak B, Wa—h. 8
=, SIRAIFREMOCE R western blotting 528, FHEMEF UL N, EHX
ANTTIEFT MR AL TT PVDF I, JERUIR s &4 BN E (ATEN % EEH

HIEH. NZEH). 52, qualitative optical way JEH &, fa{#E, P,

BEAh, AWEFIEAFAE =R AL, HSE, qualitative optical way H2— &
YER)7E, Shz g s, L S ko Y 5 R O R K RO R . (H
fe, AWHTH A KB Tt AR R REER TR, R E U AR
western blotting WA DL RCRBCAIN A ERER SR, Ik,
PR, IR AU THUE EHHE T qualitative optical way EAIEE. ik, &
FHAFEAR B AR BN, BB IMAEA & AT e BN SRR AN Ie, XA
#& qualitative optical way WP IRE, HgZm K2 M BRI 5 AE 2,
AT LAG BIBE 7T P 4k B4R

4. ll\gi:kn

FATTRYE western blotting MEiEFEE 5 PVDF R IEEAE B2 A0 SR BR U HHY 1
Qualitative optical way, ZiEPJ{ERFE —HiATALI western blotting %% i
WORAE H R bR
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B-actin protein decreases with aging, making Stain-Free technology a superior loading control in

Western blotting of human skeletal muscle[J]. J. Appl. Physiol. 2015, 118(3) :386-394.
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FTES BrRE4EZ westernblotting IS ERHRIAIE
3

1979 £, Towbin "4 T western blotting[1], % H TAMAEYIREA T H )
B EFRISAT . 6N ST RIBT SR, A T R0 2 M8 2R 2 1
BRI AL UR S5 LS F OB R . AT, vestern
blotting BAME M, SHESL, G HHAFERET RIS MERL R
[2,3). AT WIRSIAE RAT OV, % e E A RS R, i, &
o RS RILIEE BAETAK: B K BREREAREL, bl
B -tubulin, B -actin and glyceraldehyde—3-phosphate dehydrogenase
(GAPDH) s 35— #428 FIRRIEAL, (Il STARAT Y, 5 D WTFEH G, stain—Free
GIREA . DA AR vestern blotting B [ 1RSSR frb i 4 525 (1
o,

LA ALY AN i e i et R AR AR 36 B 1 AR AL 1 i, (R
RICHRARE HAFEA D (BRI, gL tRemc, REGEIESE4]. 55— FTiE
HIfE stain-free ULHOR, R WH, (HA R EW L& 5 M sG & Al it
5], BB EIRNER, NESEAMERA Boviesn & A2 SR BRI,
B, MORASCEIE . BEERE N, B GAPDH A1 B —actin ££—SEBRARGS
MEAANSIFAT SR, I, SEIH B AUEES R BARTG L, R E T SN

Z&EAL6].

KA BERRE FEKREBENITHZ western blotting NS IR FEM: .
HeAh, BATEBIRZE 2 kit i qualitative optical way[7]He75 75 BhaLie N 7
EFAEENSZEA.
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1. ¥ BFNTTE

1.1 SRLHA

1. 1.1 I§KRERAE

T ERERF R 7 M e 58 — BB I MR L b A 2R AR e vpoR 4, (2015
5 72016 4F 3 HIH), AR FAARME: RATRAT BT 5506
J7, RIS RO A . HZUE S, IR A PBS PR R T A IR
SR T R A T 2 R O 2 R R 5 I 0 2 P 48 O 70 O P A R v A7
1.1. 2 SHFRAE

C57 /N IR I E AR 23 5 T 19 FFF 4R 23 bl 2 PR IR B R 22 AR an B 22 o () A =5 121t
M, JL6 5, I PBS R I MRS, T IHH VR AU 7 4 E DR IR R R A I
JFB 55 B R 7 A B A BT R HE R R AT
1.1. 3 EEiXF

IR IR Z[E Hyclone 24#], USA

DMEM 7= 4 1% 97 3 % Hyclone ], USA

PBS LA AR AR, TN
DMSO FH sigma A®, USA

JiREE A Z[H Hyclone 2], USA

BCA #5171 & BRREVHEARFRATE, L
el F R IGA T & NEAEMEAREGRAR, Eiff
RIPA B REVMBARARAF, b
P/S X4 BRREVEARARAE, L
PMSF B REVMBARARAF, b
FARE. . LR Wl A, R

PIC ¥ Roche 7], Germany

PVDF fi& F[E Millipore A#], USA
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i yEUEAR

= H _FFE marker

5X loading ZZ M

PH6. 8 Tris

PHS. 8 Tris

30%Acr-Bis (29: 1)

TEMED

AP

SDS

B-actin RZ YA (B1033)
GAPDH R B e fEHIAR (ARG10112)
FHi P (BAL054)
FEPLR Pt (BA1050)

HER

Tris—Base

At

e 5 G Wy

TBS

Tween—20

ECL Plus &5

1.1.4 FELHF

ARG
-80°CUk#H
B0
G
IKIBFE

21 P i A
IR B 0L

FH 3M ~w], USA

%[ Thermo /A7), USA
BEREMEARARAFR, iy
BRREVBEARARAF], L
BEREMEARARAR, iy
BRREVBEARARAF], L
BEREMEARARAFR, iy
BRREVBEARARAF], L
BEREMEARARAR, iy
B R RARA R AR, Jb
Arigo EMIHARBW AT, &I
LAY AR AR, T
LAY A IR A ], T
Jb3 Solarbio BHE AR AH, b
Jt3T Solarbio RHEA A, JLIL
Y TR AR AR, Eif
FME sigma AF], USA
BRREVEARAR AT, L
%M Sigma AF], USA
BRREVBEARARAF], L

Eppendorf A7), fE&[H
IR AT, HHE
Eppendorf 7], fE&[H
Thermo A ], EH
MR AR, TR
Thermo A7, FEH

Eppendorf A &), 18
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VKA. HIKAX Bio-Rad A w], KA
AR Thermo A #], EH
ISk Thermo A #], FE[EH
HFEE Eppendorf A&, fE[EH
-80°CUKF R NwE],
AL Eppendorf A&, fE[EH

1.2 KM%

1.2. 1 HRAERBRRER

MRS VUL R R BRI S U e, Bk R
D EERBORH & & Inl WS E A SREURT A 4 0 1 BERREEHIHIFIH 4 01
HEREIHR, O Inl MARAEMGTIRS), BTk E&H.
2) B 0.08g (HIHLTHR) HLUREA N 2ml ) EP b, FIERBFSTEIRE, IATA K
Im] G2 PREOR, TSR 55 2 0 W S PR m] AL [ A
3) 7E 13300rpm. 4°CZAFF, & 20min.
4) ¥ EIEWN S —F ) 1. 5ml ) EP &, EIEEIMEA.
5) # iR ZVE B M BCA A & BN & E 85 70 3 T80 C KA IR AF &
.

1.2.2 BAKREE
MRHEFE 22K BCA 2R R P = R G A Ul A g AT B, BARD IR R
1) HUE & 25mg/ml &5 FAbRES:, F PBS #iks £ i &K% 0. Smg/ml
2) FRAEFE AR, ¥ BCA X7 A 55 BCA A5 B #% 50: 1 [(Lkfpl, FCEiGHE BCA T
B, AR E Tk L&,
3) G FRUE L TE 0. 1. 2. 4. 8. 12, 16, 2011 n%] 96 FLAH, H N PBS #h 2 £
201 1,
4) 2w 1 ARRBAEIEE T A 96 FLBCH, i PBS18 1l #ME.,
5) RENFLIIN 200 w1 BCA TAEWR, 37 CHEAH /M E 30min.
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6) FHEEFR I E P =562nm I 2 AL IO FE o
7D AR b v i AN FH AT DA ol AR AR AR T SR H A U i PR R R

1.2.3 EAMKRENEIA L
P L B

D pER (FP:

ddH,0 8. Oml
PH8. 8Tris 5. 0ml
30% Acr—Bis (29: 1) 6. 6ml
10%SDS 2001
10%AP 200 1
TEMED 8ul

2) WA (BB

ddH,0 6. 8ml
PH6. 8Tris 1. 26ml
30% Acr—-Bis (29: 1) 1. 66ml
10%SDS 100w 1
10%AP 10011
TEMED 10wl
LK :

D KO ERREAM-S (Bl 400 e 55X loading LR L 4:1 KIHLEIR G,
98. 5°CHF4E bmin JEE T Eimw 4.

2) EEATWY marker AINFY, B TUK AR

3) BUHP CH M B o i kB, NIRRT, SR, BIANESERLE LT
] LUK

4) ¥IRA loading buffer [ EFHERY, BENESQ, BAE, JFRAIUE, MK
5) HJKkFAF: HE 90V, 90min, 37°C, M ER A MBIk, 7] LLE XY
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JINI 1]

M IR

1) o] 1X AR (10X B : ddL0: FIE=1:7:2), HET ACUKFEH L.
2) TERRAER PRI, N ILIOR, AEgEgk, HEEa.

3) FEAAVEMR PP, F Bio-rad YR ST AR, ARHEEL RN (7 VIR .
4) BIYIR A3 K/NE 0. 45PVDF i, H IR 30 75

5) filfE “ =H¥R”: ALK B A - 0 A B4R -PVDF - B4R
R E AR AL

6) NG, BEGHEAKET, JFEHIE, R,

T) R4 fEIE 90V, 60min, 4°C, HLJEN Bio—rad Universals,

PUAREE -

1 ECHlE AW, 5%4F5, 2g WhKr+40ml TBST.

2) FFCHF (] PR A PVDR B, 37°C, #BIK CREDEE), 1/,

3) BCH|—Pt, Pk TBST=1:1000.

4) Kr—¥i. PVDF JEE THifkiE &, 4°C, IRk CRE\EEE), JRK.
5) Boil 4, Pk 5%49=1:5000.

6) [lfic—4t, H TBST Bk PVDF &, #EIKEEHE, ¥E 3 1K, 4K 10min.

7 f i, PVDF EE THAWE &H, 37C, FIK CRREEE), 1 /bif.
8) FEE TP, H TBST Pk PVDF I, REIRFEHRE, ¥ 3 X, K 10min.

ECL &5
1) R38R BCL kG i A VBOM B WA AR5 (0. 85m1+0. 85ml ).
2) FHBEF R PVDF B, JECE TR 1 B, IR BECL TR, 4
Imin &, OB THEIRBUSAC L, HRAGHR BT I 45 R AR AE
1.2. 4 FitE S

Western blotting SL 45 A #/F Image Pro Plus BHATALHE, FEitH4H
IR AR . FITA R AR 35 P Y 8 & b 22 (X SD) SRRoR, BT A Guit- i 412
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GiitBfE SPSS 19. 0 FEATALEE, 2 AR 2 8 D 207 2 04, PALTRNK
FLRCHIME T t K56, P<O. 05 N NER BB G5 L.

2. &8
2.1 N EHELXEE B -actin ASRIFFIHE

FEARZ “Neuropilin-1" &40 e 55 15 41 23R B R KF Ry sia o,
TATH I HIZ ] B —actin fEN western blotting W&, & —HEAFEMNT (n=3,
P, BT, B—MHLER, S— MR, FRYE BCA & BN ikE,
FTHE FR R (R PRI R, 4R RASIHEAT (B 10D, HhnEss
P3 A1 P2 f_EAEE (EREARIIN—f5), SRR “WS5F” (B 1B). B4
FEM 772580 western blotting 5258, FRHIL B -actin ST, F5FHA
B-actin RIEHERIEMHLUD (B 10, [FFEHL, B0 s54141 P4, P5 Al P6 f -
B (RN — D |, SR FMRE, s ERERERK, HiE
B-actin NZAIIAATE (Bl 1D),

B-actin
Nt
- — W — w  [-0CTD G G WP
Pl T1 P2 T2 P3 T3 P3 T3 P2 T2 P1 TI1

Increased the load

C D
B-actin B-actin
—-_— e - - — D e e S
P4 T4 P5 T5 P6 To P4 T4 P5 T5 P6 To

Increased the load
B—: ¥ EHF A EAEB-actin LT H

Figurel: B -actin was not reliable in western blotting of liver cancer tissues.
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Although we loaded the same amount of these samples (via BCA protein assay kit), there
was significant difference in the signal intensities between peritumor samples and
tumor samples (A). As the protein load increased, final results approximately showed

”»

“equal loading of gels (B). However, in other samples, we could not reach the

»

goal of “equal loading of gels (C and D). P for peritumor and T for tumor, Nrpl

for Neuropilin—-1 (interest protein).

2.2 B-tubulin, B-actin 1 GAPDH 7E A BF4HBaBTIELHL0 FNATLH

BERFEE S HA P HIRIE

HISEEG 2. 1 25 SR AT, B —actin R RETE FFAN G M o e 20 VRV 55 4H 4
FAAERIEZE S, 4 B —tubulin 1 GAPDH B IA B INMTNE? A T AR ¥RiZ% A 4,
TRATTUSCER 3 5%, 6 M9 R4 B itk A e i ZHL R 55 4L 20, J0EAT WB S8 . 5 R T,
izH qualitative optical way, FAITAT AT T %¢ 2 PVDF i b [3KIE, 0K
AT — BN 5 S SO IR, SR BRI AR RE (8] 2. 1A, B) o HH4H
Ha bk FFE e 55 4023 B —actin A B —tubulin (85 (7K 2% T 20 i 1tk e i 28
41 2. 1C, D) » 1M GAPDH 7 Ji Ji 2 2L F0 9 55 41 2 rp R (1 R IA K B 8 2% 57 (]
2.1E,F) .

s, AT Image—Pro Plus 2 b7 43 WB B, ISR 4% AH G K (A (AU,
arbitrary units), FFFH3AM SPSS 19 #EAT 04, SR ME 2.2, £ B —actin 2 (&
2.20), 555 P4 MM AR EEMEAN A 1.0, JiE T4, 1.9438+0. 04641; J#5% P5, 0. 3950
+0.0445; ¥ T5, 1.7651+0.20062; J%5% P6, 0.354340.00969; J# 16, 1.6073
+0.08614, HH, P45 T4, P55 7T5, P65 T6 KA EZER, p0.05, fF
B —tubulin 41 (&l 2. 2B) , 55 P5 AR K BEAEAL Y 1. 0, 55 P4, 0. 1101£0. 01873;
JE T4, 0.741840.08955; J# T5, 2.0346+0. 16644; J5% P6, 0.9133+0.10101;
JE T6, 1.1186+0. 13095, i, P4 5 T4, P5 5 15, KEMAWEZER, p0. 05,
P6 5 T6, £ p>0.05, LA 7R, A2, T6 MXKEEE/NAT e H WB 4 RS
RIIL S NG RN . A EZE SRR, B —tubulin, 5 B —actin #6 AFT4HARIE AT 4L
U 4 A e 55 U PR TERIB K PN ZE 7, A& G 1B X A4 21 WB
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s "
Fr=1 i)

B-actin pB-Tubulin

P4 T4 P5 TS5 P6 T6 P4 T4 P5 TS5 P6 To6

E GAPDH 15 GAPDH

P4 T4 P5 TS5 P6 To P4 T4 P5 TS5 Po6 T6

B 2.1 B—tubulin, B-actin#= GAPDH ZAF e/ fBA L AT maiFR R FaR P LA

Figure2.1: Western blotting of housekeeping proteins in human liver cancer tissues.
We could observe the lanes (Photos were captured by normal camera) with nearly uniform
width via the qualitative optical method (A and B). Peritumor had lower expression
levels of B-actin and B -tubulin than tumor tissues (C and D). In both peritumor
and tumor tissues, GAPDH was expressed at equal levels (E and F). Nrpl for Neuropilin-1

(interest protein), P for peritumor, T for tumor.
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A B -
—_ -actin —_ -Tubulin
=i B ) 5 B
< < C o
* * *
T
2.0 - T 2.0
T a*
-
1.0 1 1.01 - l .
.l—,—.—,-L "* T T T
P4 T4 PS T5 Po T6 P4 T4 P5 T5 Po6 T6

B 2.2 B—tubulin 5 B-actin WB &% & ELHHT
Figure2.2: Signal intensities were obtained by Image—Pro Plus. AU for arbitrary units.
Data presented as mean+SD. Analysis was conducted in triplicate. (¥, p<0.05; NS,

p>0. 05)

2.3 TEABFELHLH B —tubulin, B-actin 1 GAPDH 5 F#E2#/Y

ZMEXR

Gy e 55 LR L AP IEAT BB RE B, ERERREESR: 5, 10, 20, 30, 40,
50 ng, 5 RN 3.1, JREANKEEE, FE&SHER, 4R WA 3. 2. s H
2, B-actin (R°=0.93), GAPDH(R*=0.92), B -tubulin(R*=0.97); 7EMR4
i B —actin (R*=0.96), GAPDH(R*=0.95), B -tubulin(R*=0.92). #&/x EAf
B 5B -tubulin, B-actin, GAPDH KEEMHMIZMERR REF, HHIANSEAKEMH
R DLHERf S BREE ) AR, RIS e R 2 AT (4558 2.2) B —tubulin 5
B —actin WA e T A e e 21 20 5 0 55 A ZURIAFAE R IB K 22 5+
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Peritumor (B-actin) Tumor (B-actin)

5 10 20 30 40 50 =& 5 10 20 30 40 50 (=)
C D

Peritumor (GAPDH) Tumor (GAPDH)

S — N — ‘ — ——— —— — —

5 10 20 30 40 50 = 5 10 20 30 40 50 k8
E ) ) F

Peritumor (B-Tubulin) Tumeor (B-Tubulin)

5 10 20 30 40 50 & 5 10 20 30 40 50 2

B 3.1 £AFEMLEF B-tubulin, B-actin#=GAPDH 5 L SR K £ 7
Figure3. 1: Linear response range evaluation of housekeeping proteins in liver cancer
tissues. The signal intensities of all these proteins (5-50 ng) in both two sample

types gradually increased.
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B
g Peritumeor (B-actin) E: Tumor (B-actin)
16 16
R’=0.093 R'=0.96
12 12
- -
8 8
L]
4 4
L]
) 1(‘) 2(‘) 3(‘) 4(‘) 5(5(ug) i 10 20 30 40 50(1-‘—8) )
= : D
= Peritumor (GAPDH) = Tumor (GAPDH)
16 N 16
R'=0.92 =0.95
12 12
) H
8 > 8
.,
4 4
é -
10 20 30 40 504w 10 20 30 40 50m®
B - - g = =
= Peritumor (B-Tubulin) = Tumor (B-Tubulin)
16 16
R’=0.92
12 12
8
4 //
10 20 30 40 506 10 20 30 40 S50

B 3.2 3 B -tubulin, B -actin #= GAPDH # R’
Figure3. 2: In both peritumor and tumor, there was no significant difference in linear
response range between B -actin, GAPDH and B —tubulin. AU for arbitrary units. Data

were represented as densitometry signal/ug of proteins.

2.4 B—tubulin, B-actin #1 GAPDH 7E C57 /J\jR IE & BF4A 40 088
RhBFLRLN R BRI

B-actin I Mt WA-B L3E%], (Biodragon, China, B1033) “expression of
B-actin in adipose tissue is very low and therefore B-actin is not a
reliable loading control for these tissues.” UIt4h, FHEMRESSHLSIRIGH
WA REMARR, fnEs AT, 4 B -tubulin, B-actin WKL
WA R T S H LR AT 5 R W ? e A TERF IR IR Lk af
A ? T, FRATYCEE C5 /AN ATIEZLZ (3 %, St 6 3, C57 /N IEH AT 414
HEWTFFAZL, N5 IR & I IEH USRS ) . KRS — EFFER) western blotting,
RN 4. 1. 18 qualitative optical way, fEWEE PUAHTALLS WB AR,
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MR R, OO, SANUKERSEE . RO, WEA AR
—H (K 4. 1A, B). %ETHIE, B-actin 7E/NRIENT P L P A £ IA KPR
TIEH AL (K 4. 10) s B —tubulin 7E/NRARWIFFH Rt B B 3RIE K P T IEH
21 (& 4. 1D) : GAPDH £E /)N BRI 2L 23 5 1R 8 I AR 2Hh B . 3R E 7K~ o W e 2%
5, $E7~ GAPDH {4 western blotting & FH WS BF R UF T F% (B 4. 18, F).
P WA Inage—Pro Plus ALBEFT4S WB BIE, JFilid SPSS 19 T &%
AR, 450K 4.2, F B —actin 5 GAPDH 40, JgWifF4H4ZR B —actin A
IRPEAR 1. 5586 0. 49207, IEH HF2HZ B —actin AHXT K EEAE 2. 6771 0. 22418;
p<0. 05, Z 5 Gt 3 MR 4144 GAPDH, 1.0683+0. 07039, IF# FF4141
GAPDH, 1. 0888£0. 17617, p>0. 05, L4t %5 . £ B —tubulin 5 GAPDH 41+,
e AT ZH 2 B —tubul in AHXT AK AR 1. 4343 0. 37843, 1EH AF4141 B —tubulin AiX}
JKFEAR 0. 2981 £0. 18160, p<0. 05, Z A Guit2# = X NRNI 414 GAPDH, 0. 9724
+0. 10829, IEH HF4141 GAPDH, 0. 9588+0. 05935, p>0.05, E& il ERF. ML
LY, B —tubulin, 5 B —actin £ C57 /N M FFZHZIRT C57 /N R IE AT 4147
AR RIE KN ZE 5, ANEEERAIZFAZWB A S EH.

-9

F1l F2 F3 N1 N2 N3 Fl F2 F3 N1 N2 N3

E GAPDH E GAPDH

F1l F2 F3 N1 N2 N3

B 4.1B —tubulin, B-actin#=GAPDH /& C57 R EEFE AT A B RS AFE B PR L

Figured.1: Expression levels of housekeeping proteins in mouse liver tissues. We
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checked the transfer efficiency and approximate equal loading of gels, Photos were
captured by normal camera (A and B). Fatty liver samples of mice had lower expression
levels of B-actin (C) and higher expression levels of B—tubulin (D) than the normal
liver samples. And GAPDH was expressed at equal expression levels in both fatty and

normal liver samples (E, F). F for fatty liver of mice, N for normal liver of mice.

A B
& B-actin GAPDH 5 4 B-Tubulin GAPDH
< * NS = * NS
29, 20
l.O-i 1.0 i - —
A A

\\q@ \'.\\ \\ '\\42J n}\\ \\ \

& %06‘\ & 6“ & %00‘\ & %0@'}

B 4.2 B-tubulin, PB-actin = GAPDH & ¥ 483% & B A7
Figure4.2: Signal intensities were obtained by Image—Pro Plus. Graph was made by
GraphPad Prism 6, AU for arbitrary units. Data presented as mean®SD. Analysis was

conducted in triplicate (%, p<0.05; NS, p>0.05).
2.5 #£ C57 /NBRIEE RFRR4ALR 5 BsRhRT4R 4N & B —actin #1 GAPDH

S5EHENEMEXER

N T A C5T /N BUIE B IR AL ZV 5 RN 0 24rh B —actin A1 GAPDH 5 _EAE&:
MM R, 41 5% C57 /NI T HFZHZURN CB7 /)N BRE & R 2 2P AL gEAT B 2 I
P, BREBAIEN: 5, 10, 20, 30, 40, 50 v g, WB &5 R ANKE] 5.1, FFiH S K EEAE AN
FHR, R 5. 2. 18 C57 /MNRIEHFHZH, B -actin (R*=0.69), GAPDH(R’
=0.96); 7E C57 /N MW AFZHLH B —actin (R°=0.88), GAPDH(R*=0.93)., Z5%
PR _EAEE S GAPDH K BE (B I 2R 1 < AR EL B —actin K EMH 5 L RER LM S R 4T,
W68 GAPDH Lt B —actin SEAEVERf N WB 25 1 EFE & .
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A

Normal liver (B-actin) Fatty liver (B-actin)

—
-
——
Ll
—
-
o

5 10 20 30 40 50w 5 10 20 30 40 50ws

& Normal liver (GAPDH) D Fatty liver (GAPDH)

5 10 20 30 40 50w 5 10 20 30 40 50w=

B 5.1 C57 hEAFAMELEF B-actin A= GAPDH 5 L EH XN £ R
Figureb. 1: Linear dynamic range of B -actin and GAPDH. Signal intensities of B -actin
(5-50 v g) did not gradually increase well in both two sample types (A and B). However,

GAPDH had a strong linear dynamic range in both two samples (C and D).

A~ B~
g Normal liver (p-actin) ::% Fatty liver (B-actin)
12 12
R*=0.69 R’= 0.88
9 9
6 6
3 M‘ 3 /
L]
10 20 30 40 50w 10 20 30 40 50w
CA . D~ .
3 Normal liver (GAPDH) 3 Fatty liver (GAPDH)
121 197
91 97
6 1 67
31 31

10 20 30 40 50w

10 20 30 40 50w=2

B 5.2+ B —actin #= GAPDH &) R’

Figureb.2: Signal intensities were obtained by Image Pro Plus, AU for arbitrary units.
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Data were represented as densitometry signal/ug of proteins.

2.6 7 657 /MR IE F ATERLER S5 BE R AT AR A B —tubul i n F0 GAPDH

S5LFEmgkMxi

g3 AR CH7 ZINBR G DT ZHL 2R CBT7 /N BRI 8 T AH AP e AT B B, EAEAS
FEM: 5,10, 20, 30,40, 50 g, WB &5 4N 6. 1, FEARHE A& MOAHXS KA T 545
MR, 450K 6.2, 78 C57 /MRUIEH FFAHZIH, B —tubulin (R°=0.92), GAPDH (R’
=0.96); f£ C57 /NI AF4L4U B —tubulin (R=0.95), GAPDH(R’=0.97). %%
FPe EAEES B —tubulin A1 GAPDH K FEAR BIZRME R R R4F, Ui BH K FEAE AT LA
HERf S B T 1) B R

A B
Normal liver (B-Tubulin) Fatty liver (B-Tubulin)

-

S—

5 10 20 30 40 50w= 5 10 20 30 40 50w

& Normal liver (GAPDH) D Fatty liver (GAPDH)

5 10 20 30 40 50w 5 10 20 30 40 50w

B 6.1 C57 JRAFAELE L B —tubulin A= GAPDH 5 L E o9& M % &
Figure. 6: Linear response range of B —tubulin and GAPDH. In both two sample types,
there was no significant difference in linear dynamic range between B —tubulin and

GAPDH (A, B, C and D).
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Ac- 5 . B~ : 3
é Normal liver (B-Tubulin) 3 Fatty liver (B-Tubulin)
T 1rR*=0092 ~JR*=0.95 %
20
15+
15
107
* 101
2 5
. [ ]
10 20 30 40 50e= 10 20 30 40 50w
C-~ : DA~ :
<:t Normal liver (GAPDH) 3 Fatty liver (GAPDH)
R’= 0.96 s | R”®=0097
104
6 -
L]
5 | . 2k
2 J
L ]
10 20 30 40 50w 10 20 30 40 50w

B 6.2 MAEAAS Kk EAAH H B —actin #= GAPDH &) R
Figure6.2: Signal intensities were obtained by Image Pro Plus, the graph was made
by GraphPad Prism 6, AU for arbitrary units. Data were represented as densitometry

signal/ug of proteins.

3. 118
TR, AT H western blotting (WB) [ /7R EL AN RIZH 4R H & A

HIZIE KT (8] FEXANSEIG T, fR4IF WB 2 A _F RSB 4 SR HM R E A
REWILEA R B, EOEMEHERIEREES, B -tubulin, B-actin M
GAPDH {F 2}y WB 1] P9 Z: it LI 36 UiF 45 VT8 £ 11 55 8 EREL9] o SR, 4R SOk IE
XL TR R R A R A SR EE R, Bk, PR, 78 WB SRS AT E Y %
RAIFIX LS N SR A AT a0, DLAER WB (45 A = L

VP2 SCHRRGE T8 BRI S E AN FRRES 1040 . 2 th 30k T REAETE AR AL,
(6,91, B, B-actin FEARITHLAPRIXIRML, MAEEAERXHALWB BENS
M8 (B —actin —PiitMI4S, Biodragon, China, B1033). fEAWFZTH, AT
B —actin 7E N ARV e 55 HZh BE A RIAMK TR A S, 7 CB7 /NRUIR I
PR A B R IBAKT C57 /NRIE S AF2HZA. Tubulin, 3% a /B —tubulin, 1
0 SR S R A AR R (100, A SCHRHRTE FL A D — 8 5858 1) e e e
PUR[11]. AT H, 458 IR B —tubulin £ AT TERTE 4L h & AKX
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s TS AN, 18 C5T NRIEWI AL S BRI & T C57 /MR IEH FFH 2.
g5 bufs, 7E NPT R SV N BUFZE43, B —tubulin 5 B —actin A&
HEENWB NS EA.

FH—AHEAERNWB NS KA R B 1A & GAPDH[12] . A SCHikR1E, GAPDH 43
EMRENTRIEFIC13], EFHNALT, HIENNS ST T L E
Get14]. T4, BORBZ K SCIGE ) NS R A QOIS TR G 0. % S
ZE YL Epicocconone Yett[15]1 81 stain—free HdeBR [16] Al FEEL T WS E
FbRHEAL . TIAEAHT T, FRATHISE REE7R, 78 GAPDH 5 A JH 40 1tk i e 40 2
HARE S S HAMRETWEER, £ 67 MBIFAAtEARES
C57 /INBRIEH FHFZH A 2R TG I 8 22 53t o 100 BH 7 N JHF 200 B e e 2EL 230 /) BRUHE 2H 21
H1, GAPDH & &4E 9 WB N S 8 H - jAh, AT TH 1) qualitative optical way[7]
A AT 4% A 2 I AT SR

W4 western blotting FARMI AW, HARVER A R & MO 4a ke, 2
ek BT S VE R WHR T (W stain—free e AR) FA, B -actin 5 B —tubulin
Ik 2 e T IR R WE 2 FRAT TR 78 45 SRR B —actin £E N JH-4H P i 41 21
A 55 LA DL Je C57 /N BRIR DI AR IE 3 IF A A R AR e R A 25 5, TR 4 e
FH YA KB I (B —actin/GAPDH) R Re5 FFAE G iR AR B2 A ¢, A AT A
FHSRAREN S35 05 o 10 B —tubulin £ N 4RI PE 4123080 C57 /N R T 2 21
HERIE, A AL KA L (B —tubul in/GAPDH) 8 AT LA Sk 4k 5 firb
LB

IbAh, TER R, AAAAEENSRAL. B, AR R
N, FRBEARB W S CREAT UGS . B, ARBEFAUNL T FE T T
SHAFIRE T FLH R 530, T B —tubulin. B —actin F1 GAPDH ££ i Atz s R
S THREREEZWIAELE, T2 GERRERATT.

4. NG

78 N JFFG D P T8 LR C57 /N BUFFZELSA, GAPDH 1F 9 WB [y Sk B

~tubulin fl B —actin B Al %E,
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1. 7] DAAR 4 PVDF RS V1 ) A5 4k JR B ¥ i Qual i tative optical way, %ikA[
FERE B — AR llwestern blotting I IR & B _EAE PR .

2. TE N JH- 200 P 1 JH i 2H 23R 55 ZH 23 DA S OB 77N BRFAH 2R 5 g D7 - 2H 23,
GAPDHE Rwestern blot N Z Ll B —tubulinfll B —actin® Al 4E.
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SCHRERIR :

HLOFEAR western blot BIFFRIHRE

HE

Western blotting J&—Fh e BN, W] LA E B B EMREA i) B B R IA TS

Blo JUHORAE MR AR AR R AT FTH, H R F B H 18 B e 55 21 VR e

HL PN EARIEZE R, DUCRIRE T REMAE VAR BB 450 £ SRTM, western

blotting AV £ EBIHIDIR, DL AERE . ALERE A HiL STk,

WIBTHE A ZUREA western blotting fEALIMESR . WS FHMBUR, FH¥15
Pt H AT western blotting FARKIH#EE.

K$2i7: westernblot, loading control, stain—free technique

Western blotting s& M REENEE, H HAAEEE/KFRIIH, ATLIEEE
H A T AE IR AR TP I B I RIB TS . U R AE R R A R R L, Rk
e H R B S A SR A A W EE A Rk 2 R, DURIRZR T REI A
PREUEE 259080 55 . SR, western blotting B W2 EHHIPIE, & D&
AR, TGRSR, FEAH, AR ARAEAR T — M2, EREA
A FR IS UG R & PR B BRI V. Ak, O T A SR A SR ZH 2 H 1)
AR ZE FAE L G S AKIE S & EFE, B, 5K western blotting
HLAKENZ. HEl, SHOASEFEREREAOASALEAREE. R
A, o5 AR 2R I 254 oy 22, DRIL,  SRERI NZRG ETE,
EFEGERN S . AR A RBT SR, Y5 HZREA western blotting
FEADUERS . WSIEFETT BV, PR BT western blotting BEARKIH
B

47



HRERPR LML A EAWR

1. HAFERHES

MR, HAUEARIRATZ western blotting SLIR AR INAIFHE . 4 ™%
PREE, Si—AR RIPA AR, AFdi2idk, R — D RE, Mafim/aH) western
blotting SLERRE K. #AT, HHETA V2 CERFEM, RIPA BRFHR ARG IRKM
ST, HR B AE S western blotting IR IESEM, Hil4n: RIPA ZLARTK
MR A 2 BAME IS EYE (1], B0E caspase=7 Ml caspase-3 [2]. ILAF,
ACERIE, TCHAEHLSFEARF, RIPA RRE2H 2 AEMBNIPI, MHiXLL4H
SEEATZEMAERNESR (3], WHXMEARIOTEAENEREER
(4] 10 55 —2e3CiRR o, RS E ORI 2R FEENERENERERR (5],
HRERE S Z AEYEEREM, RN western blotting /52255
[6]. BRI, HEAREAI S B IR IOTVE H ARG, fRZ KE LR — P 7.
2. western blotting &

HT, % RN SRS SR E AN SR E R ek, HhEANSEE
f4% GAPDH. B —-Actin. B -Tubulin%§; MEEHYEIEFEQRE S D HRIEREA,
RV SSAR S
2.1 BRERARBHE
2.1.1 XoimlEeE

2O SR AL A E R, 120 AR IR 5 Prgs A 1 & E Tk
FER/ANSER . BRIk, AT LA 595nm B 5 AN8 A T IWROGE, AT B e e £
MR H PRI EE . Ak, SCRIREN A T — RIS SRS R AR a7,
2% Sl g e s Y, FENERATHEARg0RE [7,8]. &
g, 2B sl N PRGBS, AT, M 2 G S T BRI
MELVKIE R FRIRZ/DEE, AT BRSSO R. H2, X
REei A 2/ EAEITRR, AitERSENS TR B 55— I5iER
HE B, K E SRR, — T S g th, —JUH T western blotting
MG SRsEs, (Hig, KR AREGHE, HhRARELR L, BUaH L
wZEs Hk, UHLUEBREARDR, JoEEE A DL ERIR Y .

% s R AT DAGLE B A B BT, A SO L s S R I AR AR
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SHE A EFERALL GAPDH IELF IR MER R, BIL, XM G LR 2IVF 2 Gk ik
R RAEH o AR, AR ATV 2 SCBRINGE 1 2% S e i e (it R PR A 451t
BH, B, RO [9].
2.1.2 FLEE

S AN R RS LR G, B LS FIE AR S, S0
. WWEAVFZMS, B, SuF, JifE, Pulss, 5% DEREmMt, vhE
A5G R TR, a5 UHXZEKSE X, A2 T4t western blotting 1
JEERSER 10, 11]. phdh, ASCHRIRE, RN T, VELBEARGIER
WZHEZE AU GAPDH, B -actin, Btubulin fENZH & [12], 5 EFER
BRI R [13]. A, MEBAEADRRE, Bk, BRRWTHERE, (H
BRI BUR: ok, B R BT A 55 5 AR
2.1.3 HE#E

UL, SCHRIEHRTE T V1 2 et 7325, 4l n, wT DL HLVKEER 1Y) India ink, Gold
A1 SYPRO Ruby [14], iXLEJ59%4F western blotting SZE&HHIA % %% H ML AN
BB, 2014 4F, Christian P. Moritz Z%¥ il Epicocconone & A4t )55,
ZIEG G AR 5 42 western blotting RERES, RN B&SBURME, JHH
5 R EAERFMZEER R [15] Bk, &iEnE AR AR western blotting
I EREN S . 2013 4F, WINZERIFAA43 T Direct—Blue 71 Yoty [16], %5
EAS AR, RESEEREIRaEED. BB AR,
Direct-Blue 71 HEBIFIMEEHEMATEN, JHHWAEEE EHEEIFIIZMIER
7, AN, ZEHARSEIN western blotting (G420 B RS2, Rk, %3k
R ESIREN R ETE,
2.2 EAAS

2.2.1 GAPDH

I 3 Rt S (GAPDH) i 200 0 M I e ot 2 v 1) — AN, FL i D B
BFEREN, HFHTZRETSMAMmAN S, HREMERE, S
KA A westernblot [ EREN S, 0, Hong—Ren Yu AUAt ) [ BABE 7231k B GAPDH
78 )L F A0V HE western blot HI/ERN EFENZ:, B —actin A1 B —tubulin %
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FEE[17]; IS, Yonghong Wu 5 AT FTIER], GAPDH v LAz FH T HZ. R
frp (18] SR, UT4FERAA SCERHRIE GAPDH 42 b5 4H 4V AT Kk AR Rk KF
AR, BANE A TEER Z BRI HLS A PE LN S [19]. 1k4h, GAPDH
FERERE L AR T — N, SE TR A R R S
2.2.2B-Actin

BN, 2 —W WA FEE RIS B, 3 2T 6E 2 4R i
AR, WRITZRIESFHL Grh, HREACPAREE . HR2, EFERA
RIEWIHZR B —actin FERD, MAEEGIEXLEHALN western blot FFEP
%, H4hKate Goasdouede 25 AR I, B —actin tHANIE A 7E 5 b if B 42451175 s 41
2 E ERENZ (20 BEAL, HITZHEUK B —actin mRik, I RERR EFERY actin
LB AT EAE[21], FFH Angela Dittmer 25 NRBL, ARefsH I [ L
BIZESR, #&R B -actin MEGIEAN EFENZS [22]. ERKEE, B-actin fEA
EFER SIS, EFRE NN S R E SRR
2.2.3B8-Tubulin

T A, 2 — R B S R i I A 1, 20 B R i R A
BB AR A —AF WA . )2 TAE N western blot EFENZ, Uit
ANE SCHERIRIE, 7RG B REH 2P B —tubulin /EN EAEN S B —actin B &3&
[23]. SRTT, IEEESRARIFTERY] B —tubulin 78R A& i R b 4 805 B A
B, B —tubulin AHEA Withaferin A 75 S L BRI A PR A5 I — AN B S [24]
THA 1, Ping Yin 25 AR I Phenethyl isothiocyanate AJilid il B —tubulin
755 N 05 s 20 i J 4 [25] B8 SCHRE B, I B —tubulin fE MR
MR R pUs [26], BCEVENB MR RR R BUR [27]0 Bk, ERFFTM
R 189 A0 R £ A ST, 2 B —tubulin /E N western blotting I _EREN S,

BT ER =M NS E A, EF T2 AR BN SEA . &
RISk, #02 BEHAR ) AR AT, AR AR DO A B S B R A A 2,
A 4:{# western blot K45 RAE L.
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3. AR
3.1 stain—free SHFH K

Stain—free technique BJELLEILATII western blot YLHIAR, 1Z%FA H ik
FH LRI FOU FEOKBENR, S A =&, BRSNS &, RIATfELL
= AR BB B R B SN, AT B AR SR AN N R HE P, 1R
JER] DR ZE 5 Ml G AR R [28, 29]. i ARFUES K] western blot ALL
HAWZS, B, BIKELTAE e gg, FEAESNRBE, A
S5O Y, R gk E AR R RE . WA, R
A DASCI A I AN S0 00 1 AR, BRRRAE A EREN S, SO DAL % [30]. IF
HATFER — BB bR A BTE 4. LA SCRRIRIE, stain—free i
FARLE B -actin fE LFEIZ B AEE [31]. 1 B. Rivero—Gutiérrez 55 NIBILHFF
FHTHFIZEE, N stain—free RRFALEREREANSEE, EHA
w [32],

SR1MT, stain—free HAefiR HATVIARTE A K, 75 B SR AL i T i A0
R RS MR, EREE R A LGN T, ERMES .

3.2 heat—-mediated western blot

Western blotting K4, KT8, HKME, FHEICRIK, MAKES
Wi sz WA RN, RIUk, Jack 0 Sullivan 25 AN#iH T — AN HGEE IR 7,
BPFH — B iR A AL ) A I IR B OR 97 78°C [33] 0 & R RIRT T R T E AW
R, Rpald S A A REA D 1R 7> T8 H western blotting,

4. INGESRE

% western blot MIAWIARE, RKFTHEIE S H, HHHAFEAR
MR PR T, BRI SCHR TR H RTPA L RBREG, #Te Ja SaF SO e 2k
] R B Bt BT R B IR AU A . K, western blotting WEHHLEEE G
CVERE ZE N E A NSRS A A M AAT O, & AR R BEAR S, EHE
FEEMAZ. &, stain-free SR GBI BEAMATFIT western blotting
SIS AFREAT, RIS AT H BT RS9 T IR AR SE RN, BATIRLZIN %]
RAESEI Ay, B It S M A 5, da PR Se R 208
UEE AT A5 .
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