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7.2 BRGRIEB{AEDR PAGE

7.2.1 PAGE ffi¥i PAGE categories
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7.2.2 PAGE JB{##1)% Gel composition
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7.2.3 PAGE St/ System anatomy
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7.2.4 HiBAERF Trouble shooting
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B B A BS R FE Gel polymerization

Ammonium persulfate (free radical initiator)

(0,5-SO,) — 2SO, @ )
o\

Free radical producer

Acrylamide (monomer) E} bo

Basic unit of the gel polymer =~ \__ "~

Bis(acrylamide) (bridge) EJNANJCL/ DDO

Cross-linking the gel

TEMED (catalyst)

| CH,=CH-CO-NH
Help the transfer of radical : :

: Acrylamide Is toxic
SDS (Sodium dodecyl sulfate) Heating starch might produce it
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B E{AES N fE Polymerization from the monomer

S adaadaass VR

5T » ZH5RHE Polymerization free
Hﬁa radical
z
X
- "’
/7GR "
Bis jld%?é EI dﬂ%vﬂ—'ﬁ‘}é\ég}:

Terminal radical could

he ks A 3 N\ T iEEAG be extended freely
2R ) Y R AR

Bis creates branching Cross-linking

Radical formation

B R
C0—0

Sample protein migjrates in the space created by polymerization
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B 52 fE,;E = A problem in gel polymerization

APS 1RE Z RSB MR B

APS is highly hygroscopic, and therefore loses its function

Pharmacia: Acrylamide Gel Casting Handbook p.11
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B 52 FE{%{4E Examine polymerization conditions

Response Surface of PolyTime

Response Surface of Polymer
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2.4 P < eNE S = P
equilibrium
BB [H] B APS 2 TEMED = i EL
Polymerization time is reduced when APS or

3 % K - —
S
\\

2.4

HEBFERE (%) BLREREIELEE

ELAPS EFERER  H R AR
TEMED increases Percentage of polymerization is

proportional to the temperature, but not
Pharmacia: Acrylamide Gel Casting Handbook p.12, 13 related to APS concentration
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. =K BIRZAmAERL Composition of PAGE system

1 Cathode buffer Tris-glycine

2 Sample Tris-glycine 8.3 -

3 Stacking | Tris-HCI 6.9 5%

4 =e Running  Tris-HCI 8.3 | 7.5~20%
5 Anode buffer Tris-glycine 8.3 -

O BIEAEE R B L A MIER

The gel discontinuity results in the stacking effect for sample molecules




g S5 S50 i 2 <t ik

Power supply
100~150 V

Upper
chamber
Lower
chamber
Oo
5 e
Cooling 7 .
Water - 0 o)
ol e
2 U
O O O j

12

- | Stacking

Gel

Running
Gel

The vertical rod gel is the prototype of modern electrophoresis

7.3
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B EERATEBE Key molecules in stacking gel

Glycine: Negative charged O
No netcharge O

Chloride 1on: %////%
Proteins: # Dmal . A




14

B £ RARIIEREIE How stacking effect works
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Space devoid of ions

v v
WP PGtk

Stacking gel

Running gel

7.4
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Scanning after
CBR staining _
Coomassie
Brilliant Blue
AGOO
| Gel disc sliced | ENzyme
for direct Activity
activity assay
Asao [ _
Native PAGE
Non-denaturing PAGE

J\ sps-pacE

o 1 1 (EA/VEiEZRAE SDS MaEREM)
012 3 45 6 7 8cm mobility
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B 2 EIVE KB F Preparative gel

Use thick spacer to create larger gel vqume\

Running gel
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B eIV E ki {E Detect protein band on the gel

(1) Tk RENH B

Take out gel after electrophoresis

(5)
(2) BIREERPIHEIUE 7 i LEE R B

i Where is your protein band? A B %
g :l hd w HH s
' FEHERESRHARINGERESR 5 Compare and
If the band contains large amount of protein, : cut out the
it is possible to visualize under near UV light i target band

1L |
(3 BAmMS D —gpg (L TTREAEIAE

Slice out two gel strips along lateral edges
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B ExBAEBHE A5 Protein eluted from the gel

g
iz -

e ‘thtlej I?Ie Tar_ljf
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Cut out
and
eluted

ISCO: Little Blue Tank Concentrator
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B E®EFE)EEINE 7k Jumbo size preparative gel
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W SDS EERERAENIRL—EEE

Native protein (in water)

Protein I1s denatured to linear form

O = SDS _ o
. - oo —e0 ® = _
& ) SRNG Y e s PTG
@
- ¢ i o limpnl S0°°
- Hydrophobic core | boiling s surface covered with negatively

charged SDS regularly

+ SDS: block the non-polar amino acid residues
+ B-Mercaptoethanol: break the disulfide bonds (-S-S-)
Boiling: destroy the H-bonds and denature protein
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JTLLTY

B =EFMEEEBREREKLLE Anexample

Quaternary Molecular Mobility

PAGE PAGE

X Tetramer (40,000)x4 5.8 Slow Fast
Y Monomer 88,000 5.2 Fast Slow
/ Monomer 60,000 9.3 Upward Medium

2 @

Y

S -
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B = £ k&2 8I[X|Z= Molecular weight & charge

Native-PAGE SDS-PAGE
X& Y 7 +SDS  x Y g
L o
L
L
L
—

7.5
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B FE A9 FE SDS-PAGE for subunit MW

Mol mass KD KD
kD 330
300 220
200
- 4
67
100 Q7 e ——
80 60 fH—
60
40 | ey
30 36 - 30
20
A e e s 20.1
=2 o 8§ 10
- — ke
- : - 0.5 1.0 18.5 - 144
- —— - . .
Migration (R;)

- _—
Pharmacia: Molecular Markers for electrophoresis
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B 584 FE0|F Disc-PAGE for native MW

kD
900 F
ooo g <y
600 S 669
o 00 ' .*w 440
S 400 SS
&
S 300
= 232
200
140

100 | | |
1 2 3 4

Migration (cm)

ANgELA disc-PAGE R ME—HY B Bz

Don’t take disc-PAGE MW determination as your only evidence
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B &=k 325005 FE Choose your systems

=]

Ei/)?\ﬁjii&%g _ i
sower Suppy @ 100-250 V @ 100 - 500 mA

SETY Vertical Rod Reqgular
= =

ES, /)

Electrophoretic Unit : .
P Horizontal Slab Mini gel

mull

=105 LEEL _ :
3/3%\“"'13-- = B Gel casting B Materials B Samples
System Choice

Vertical Rod or slab Acrylamide Protein
Horizontal Slab Agarose NA Isozyme
Vertical Vertical slab Mixed type DNA sequencing

(1) EEE AR FHAVEREE SRR
(2) EEHEAFH ¢ #IREEZ acrylamide slab L] 100 V #E1 T8k
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= k15 K2 AHEAES i Instruments and equipment
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SREN=PFRIa sEEN
Transfer sandwich Gel transfer
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Electrophoresis unit .
i=hE =R
Gel caster
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7.3 HithFHIA Fifls Other related techniques

7.3.1 {0 fenzfiE Gel staining & drying
BEKBR AU S AL ERE O

7.3.2 TG WERYE Protein transfer
K% O PN E 1B AP EN SR

7.3.3 FHHEEIETE Isoelectric focusing
(S B 5y T B B AR oy

7.3.4 “RICFEVK 2D electrophoresis
L =R R R AV A ok =K =L = N
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Ammoniacal
Silver binding acidic _
2B amino acids Coomassie I
A - or non-polar
Silver deposit 1 Brilliant e gcids

OOoAg H3N.. Ag(;_DNH ySB!ye R Arg NH,
02 Q< H,N.. Ag<—<NH, Q80 o

Glu | " HN "NH,
NH oReduﬁon Glutaraldehyde C C so;

O Lys o OHC-C-C-C-CHO C N N'NH@
C C OH O)so . C.

r C H )

Variable

Gel stalnlng methods and mechanism
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Specific

Binding
Groups C-0O-C
(metal, Activit e l; \
: y C Ser O
SDS-KCI) Staining ko j Periodate
5 v  OH H-C  CH OH OH
Absorbance 6 O diol
4 (300 nm) Schiffs | i Ammoniacal silver
reagent H,N...Ag...NH,
! |
3 Carbohydrate cle'H (INT\_H
Staining ‘ |‘ 0 | 0
PAS staining ‘ 0 Ag staining

7.6
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Pharmacia: Electrophoresis

B N,5&E KLEEHEE Serum stained by CBR / PAS
( I BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN NN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN
- L, = = - — ——
“ -
-
- =
- - = . W
- T v e
adhPw s - — i
=l & T

Albumin can’t be stained with PAS
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B SP Rzt B 455R  Glycoprotein stained with AgNO,

Albumin 1§

-
el

'SP110

T Abumin
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Activity staining
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Assay by starch synthesis 32

Activity assay and interference

00 Glc-1-P ¢®€Cee® Primer

(phosphatase) ' | ! (beta amylase)

r-=-—-= - 71

®© O

mw

l/‘ Some other enzymes

might interfere assay

~
Native PAGE Direct observation of the color product
Some other enzymes might lead to false (+) or (-) results 6.3
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Methods

Coomassie Brilliant
Blue R-250 Staining

Ammoniacal Silver
Staining

Periodic Acid -
Schiff's Reagent

UV Absorbance
(300 nm)
Autoradiography
KCI Precipitation

Activity Staining

Targets

Protein
Protein
Carbohydrate
Protein or

nucleic acid

Radioactive

labeled molecule

Protein coated
with SDS

Enzyme reaction
(insoluble product)

Sensitivity

Med sensitivity

High sensitivity
000

Low sensitivity

Low sensitivity

High sensitivity
000

Low sensitivity

High sensitivity
00 (0)

33
ELE#EY Comparison of staining methods

Remarks

Simple, rapid
(5% H)

Complex steps

Complex steps

llluminate gel
Directly (3.1)

Radioactive
Hazard

Simple, rapid

Depended on
enzyme assay
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B &= kA5 E NETXKEE Trouble shooting (Top 10)

B

&, e 32 v

B s ik e 4

e, ﬂ?%)%ﬁfc A

RA IR AT 4
i N

2 FE AT 42 4
PR P IR % Hes
m%&ﬁ%ﬁﬁm

nf BN

=N BEEREBA (B2
APS RIS RREEAE R (20 mAK)
EZNGEE LY N E R

EATE SR REF ? (FRoT )

APS B &5 T 7 (SEIE RTRUETR)
=WNmE R agE ? RENRA AR Y
R EGEEI 2 A MEE CWMW%@
K FE pH B G IERE ? O0HZE CIAR)

G E AR R BIK - BER - EABET /LJ\T SDS 7
Hﬁ}ﬁ“/‘xﬁ B i kbR BBIRARTIS T 0 Bis ? (M AZLEE)
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B & x5EE TE+KEE Trouble shooting (Top 10)

What’s wrong? Possible causes
Band twisting Bad gel casting or gel trapped bubbles
Can’t polymerize Wrong APS concentration or inactivated APS

Band diffusing, tailing  Samples have high-salt or extreme pH

Some lanes failed Sample wells cleaned (tooth-brushing) ?
Partly polymerized APS not dissolved completely?

Dye front line leaned Uneven temperature or leaking electrode buffer
Gel with vertical lines  Impurity in gel or reagents

No stacking effect Check pH of C solution (stacking gel)

Wrong mobility Forgot SDS in gel, buffer or sample?

Gel became sticky Forgot Bis in gel solution?
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Bl STEE K ERYERE Some gel problems
©0000000000000000000000000000000000000O0OCGOCQBOCOOOCOT
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ILeaklng buffer

, conducting the |
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.' o --""'—" ' electric current =

.' \ ' (BB RS spacer ‘-.

zrEzER) [
L &

Ad = = - =

v Gelis unevenly |
polymerized

i »
VN iy =1 impurity in gel solution)

BET195 |
Sample has high salt concentration
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B RIRSEE A malformed gel
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Canyou point‘out all the faults this gel had made?
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= k& K EEE)5% s Electrophoresis and transfer

M=)
( I BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN NN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN
: . EENE

: BEEN=FE/A
Western BlOttlllg Transfer sandwich
" 2 Gel transfer
SPEEERS
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Gel caster
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B FEE) KGRI th Protein transfer and staining

A mE=RL B ®ZEiaiiRRER

Transfer sandwich Immunostaining procedure and result
HHE[] transfer
=T -
4K Ab
=
() —
[ ] =
- —
= o
- = =
PR = a—
o -
- p—
= KB a@p
(Coomassie -
Blue BEE[] &
Staining) Ponceau Detected by Ab

Staining

7.7



B R ERENTER

IILIJI\
Pz

/
\
/

S EEEE] Immunoassays

ool © HHv

Antigen
Ky =10 610

Antibody
(mouse)

Second

Antibody
(goat-anti-mouse)

Radioactive
Tracer

1. Horse Radish
Peroxidase (HRP)

2. Alkaline
Phosphatase (AP)

Biotin
Kq=10-20
Streptavidin

.. -HRP
Biotin _,p

Colloidal Gold

FEENAK

Transfer membrane

o2
S PV

o

TRORNRUR

%\ - RIA

Radioimmunoassay

Enzyme-immunoassay

EIA

>%%

ABC

Avidin-biotin complex

e

[E| A #Z5% Solid phase

>t

=]
Substrate

Product

4 p 4 HEFE Product accumulated
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B =B8R E5S7E% Sandwich ELISA method

{58 F A [ B ACTR I WA R L

Use two Ab from different animal sources
' USRS SR, _ EMEAg BEUELE

v (rabbit) @%?FE:%%

Color reaction

(mouse)

(goat-anti-rabbit)

R § 2nd Ab
ELISA plate Zy¥Ea Against Ab 1b not 1a
YRR AR e 5

[E#5#282 Solid phase: Ag contains at least two epitopes
ELISA plate, Western blot,

Affinity gel, Enzyme immobilization
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Peroxidase

Horse radish peroxidase (HRP) .z & % it fi=

Substrate: DAB (brown) 4CN (blue)
Sensitivity: 500 pg

Phosphatase

Alkaline phosphatase (AP) #& |+ & ik fi=
Substrate: BCIP + NBT (blue)
Sensitivity: 100 pg

Substrate: AMPPD (Chemiluminescenct)
Sensitivity: 10 pg (very sensitive)

Enzymes used in 2nd Ab-enzyme conjugates
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B Farn i AEEs 2 VA LLEL Staining L-SP

Gel filtration fractions Immunostaining

™
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7.3.3 R HIENIPE Principle for isoelectric focusing

BADT T—EHFM pH #%E RES

Sample molecules are focused in a preformed pH gradient

Aldbdeds,

168
cm

[ )
Ampholyte '

Riditditiil
(1) £ Chromatofocusing (2.3.5) iYJE I —1%
(2) #%EH Ampholyte JE% pH YRGS

167

frfibee

cm
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Buffer pH
10
0
Net Charge of a Protein

+ ©

Isoelectric point,
p

B 5 0 R SR N- i 2 R 2 A
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FEAE pH a7 IEE R

At lower pH gel, sample is

positively charged and repelled
| |

vy

‘III

/\\\7|<T_ %‘-%m\ﬁ
Focused at its pl

4
ﬂ

£ pH Ez@:rﬁ'% EPINGiEEII

At higher pH, sample is negatively
charged and also repelled to move
upward

7.8
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B EEEER0EEHEF] Action mechanism of IEF

®

High current (mA
Low voltage (V)

Low current (mA
High voltage (V)

Adapted from Alberts et al (2002) Molecular Biology of the Cell (4e) p.487

Sample can be applied at any place on the gel
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Eu'.’
H

(OfF T N SR P R -

@ 404K [E % H fr Rk Bafs AL o
A& RS pl B ESY) CH,CO,:

Mixing various portions of amino and carboxylic groups N_H
into molecules to produce a mixture of ampholyte which |
covers wide range of pl C_ O

— o o
“““

R OH OH C
(+), (), 3,3—0'*
H H C
RINEC— C—C+N-C C- C—-N H
OH R OH CH,CO;

The mixture of ampholytes are synthesized by combinatory chemistry
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48
ml

B S FEEEERELR Standard curve for IEF

— SS

0 2 4 6 g8 10 12
Migration (cm)

Calibration line is established by proteins with known pl
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Isoelectric Focusing
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(1) IEF

i S ENE
= %ﬁ% Eg, /)

= 7k#%1{E 2-DE operation
pH3 - - - - - - 10

(1

TEE pH B EL 1

(3)
Staining
e

1 SDS K finZipzE 1

——

.“7‘

. ~o%

50

(2)
SDS-PAGE

SRR




- M HX no. Full protein name Y::;::'de: coii?':;::f/.) Zlc‘::::' Species '\:::;':r"
1 208 proteasome a-subunit 8 29 333 Lycopersicon esculentum CAA74725
669 - 20S proteasome a.-subunit 6 19 252 Glvcine max AAC28135
20S proteasome a-subunit 6 21 145 Arabidopsis thaliana CAA74025
20S proteasome o 2-subunit 6 16 236  Arabidopsis thaliana AAG48830
440, o H starch phosphorylase 4 5 228 Ipomoea batatas 1802404 A
o, 208 proteasome o | -subunit 7 21 217  Nicotiana tabacum CAB39975
20S proteasome o 1 -subunit R 13 174 Oryza sativa XP_470540
232 . 20S proteasome a5-subunit 6 17 190  Glycine max AAF70292
-y 20S proteasome o 3-subunit 5 17 184  Euphorbia esula AAF34770
i e : < e SiTie e b
; 20S proteasome a3-subunit 5 15 159 Petuniax hybrida AAC35982 M HX
140 B g
(L-SP) .
,—» Native-PAGE — Band 1 — LC/MS/MS o7/ e -
HX 66
L SDS-PAGE — Band 1~7 — LC/MS/MS
6 % native-PAGE 45 '
CBR staining
. Fatpocinmme et s T speie e
I starch phosphorylase 10 14 220 Ilpomoea batatas 1802404A |30 .
2 starch phosphorylase 86 51 1727 'lpnmncahalula.\' T10947
3 starch phosphorylase 18 19 428 Ipomoea batatas 1802404A
4 chaperonin 60 19 25 451  Cucurbita CAA50218
5 starch phosphorylase 30 28 454  Ipomoea batatas 1802404A |20 ‘
6 208 proteasome o6-subunit 36 29 269 | Nicotiana benthamiana AANO07899
7 208 proteasome a-subunit 13 28 466 Lycopersicon esculentum CAA74725| 12.5% SDS-PAGE

CBR Staining

J5



Blue-native 2-D PAGE and immunostaining for L-SP #33
A Blue native PAGE (1st dimensign)

T?p HX Bottolm
i L-SP
160 Ty
110 « SP110| | ©
£
90 &
70 E
T
§e;
55 F50s &
w
45 2
25| a
Proteasome 8
" subunits X7
10—
CBR staining
HX L-SP HX L-SP HX L-SP
J3b |C B | Lee d B vcle 3= B
- s pree &
- . & . - s
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