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T35 Enzyme analysis methods

% Protein determination

N
| e /5

Electrophoresis

Enzyme activity assay

® 4 F=,2%E % Molecular weight determination

® 5 SREEEHEMAENRIT

Protein structure and composition analysis

® 6 REETERFRE
® /' E8E#H, Protein technology

Immunochemical tools

Juang RH (2005) EPA



1 &= 88 T &% Protein determination methods

©® 1.1 Biuret method

® 1.2 Lowry method

® 1.3 UV absorbance

® 1.4 Coomassie Blue (dye binding) method
® 1.5 Other methods

Juang RH (2005) EPA



B S0 & 5078248 Backbone of protein molecule

Variable

Juang RH (2005) EPA
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B 5FEIMIRE] Molar extinction coefficient

@ A constant indicating the capacity of light absorbance for a
molecule

constant

\|]/

E 280nm » %
1% Light

Light

*1 cm

ﬂ&ﬁ'ﬂﬁ A Exbxc
10 0.1%
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B S0 &8 Yt{REL UV absorbance by proteins

© 280 nm - Aromatic Groups (Side chain)

1 mg/mL y&ife— [ (280 nm) = 1 51

® 192 nm - Carbonyl Groups (Backbone)
1 mg/mL i'?ﬁffz% K57 (192 nm) = 60
(206 nm) = 29

200 nm UV light is interfered heavily by O,

Juang RH (2005) EPA



B HLdp#EEE Conjugated double bonds

—C=C—C=C—

P &EFIL IR resonance
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B Bradford Method

Coomassie Brilliant Blue G-250

@ 470 nm CBG is an indicator 595 nm @
- @ -
“r.e @ O°,
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o ,
® o o, MAZHH .

® o0 o
e - Tom 15 —— £a P ALE T 4
MIRIE NERE 5533 =F :nt = ﬁ'%a sa)

Brown (acidic) Blue (pH T)
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Methods Precision  Accuracy Remarks
: : Rapid, Corrosive,
Biur .05 -
uret 0.05-5mg ngh Interference
Lowry Slow,
Interference
Absorbance Sample recoverable,
05-2
280 nm 005 Mo Low Interference
Absorbance 0.01 - 0.05 mg High Sample recoverable,
205 nm | | 9 O, interference
Bradford ) Rapid, Interference,
Dye-binding 0.01-0.05mg - H Color staining

Comparison of the protein determination methods
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Precise + Accurate

Bradford
Method

Precise

206 nm absorbance

Accurate

Lowry Method Biuret Method

O 280 nm absorbance

Not precise + Inaccurate

Juang RH (2005) EPA



2 BEEEMAITE LS Enzyme activity assay methods

@® .| {#1t/x FE Catalytic reaction
RIEa (RS LS (e E b

® 2.2 5191 Enzyme assay methods
< sk = % 5P (P) /R (0

@ 2.3 #MIFEEEEE Maintain activity
SLATER A A P

Juang RH (2005) EPA



I

Use excess substrate

[substrate] = 10 x K _ Substrate
Product might
iInhibit enzyme -
(feedback inhibition)
‘ Product ‘

Measurable?
NAD? 5

A
. = - :
Remove product Measured directly } fm Coupling reaction
, NADH & Dehydrogenase
Changed to visible Product transformed
‘ Into measurable form
Enzyme catalysis and detection methods Juang RH (2005) EPA
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B 3514 8]7F Determine enzyme activity (SEPY)

Optimized enzyme concentration

Substrate Product
excess measurable
10 x K,

pH Temperature

5
i}

Proper reaction time =3

Fg

Juang RH (2005) EPA



B R FERZERERLZME True velocity of the reaction
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2.2 BE51 4T Enzyme assay methods

2.2.1 BEEMRE

= ST AN —

T+ %’E?F EIT I 2 RS PRk B

222 E:JJ:E%/ \Jyhlu,:\
UEPER 38 T s T S

75,5 Assay methods

757% Stop the reaction

2.2.3 845 H|7E % Continuous measuring

R
2.2.4 /ﬁz*ﬁﬁmﬁﬂ'\_;zﬁ’

H

VIR T HESR > T

T4 Assay for L-SP

PR e s e s 14
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2.2.1 =515 7575 Assay methods

a. B HITE S LY Measuring product directly
At &= g (alcohol dehydrogenase, deHase)
Alcohol + NAD* — Acetaldehyde + NADH + H*
b. #3245 [ fE;E Coupling reaction
S—P—0Qr#Eg2|Ess~E (coupled to deHase)
c. {EE4H|E 7L Chemical method
d. B ET45H|FE 7E Tracer method
e. JHJ[EX;E Manometry (for gaseous product)
f. &4l Electrode (for pH or O, change)
g. HPLC #% /% Your last choice

Juang RH (2005) EPA



B sRfis NADH

1F

J#&%El Action of coenzyme NADH

- Reduced form

Adapted from Alberts et al (2002) Molecular Biology of the Cell (4e) p.86

NADP* Oxidized for
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B Coenzyme NADH

NAD*/NADH gi&Eian] L]
a5 340 nm IR JEEEL

NAD* =—— NADH 340 nm

Dehydrogenase (= 8)
Glyceraldehyde-3-P deHase

@ Dehydrogenases use NADH
or NADPH as coenzyme

@ Have similar NAD* Binding
domain (Convergent evolution)

IS
i_[é
1>z
A

A NAD™

* *
OOOO

’0
L 4
’0
L 4

240 280 320 360 400
Wave length (nm)
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Glyceraldehyde-
3-phosphate
dehydrogenase

i

A typical dehydrogenase molecule contains two domains

NADH
Binding
Domain
(conserved)

substrate
Binding
Domain
(variable)

Kleinsmith & Kish (1995) Principles of Cell and Molecular Biology (2e) p.25



B GUS activity assay - using synthetic substrate

Substrate (colorless) Products (yellow)

COOH COOH

O o%;»No2 +HO ‘ O, OH
2
OH > K OH HOONO
HO GUS  HO T 2

OH OH
p-Nitrophenyl B-D-glucuronide S p-Nitrophenol
-D-GlI
(DNPG) B-D-Glucuronic acid welllsny)
415 nm

GUS (glucuronidase) is extensively used for a reporter in cloning. Juang RH (2005) EPA
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Chemical
method

Enzyme detection methods

‘ Product‘ Measure directly

Tracer method
‘ Manometry
— Electrode
e/

NAD* f_@ HPLC #: &%

Measured directly E Coupling reaction

NADH “ | fE
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B Coupled to dehydrogenase (NAD*-NADH)

Hexokinase

Glucose + ATP —— Glucose-6-P + ADP

Glc-6-P deHase
NADH

6-P-Gluconic acid

Juang RH (2005) EPA



B #{Lig Invertase (IT)

IT
lSucrose |—> | Glucose + Fructose

Non-reducing Reducing sugars
sugar

Reducing
Power

Juang RH (2005) EPA



B S 5HAEAIE L Using radioactive tracer

| PCS |
Glutathione > Phytochelatin

v-Glu-Cys-Gly X2  y-Glu-Cys-y-Glu-Cys-Gly

606 c Redes

Isolated for
detection

It is safer to measure phytochelatin directly by HPLC Juang RH (2005) EPA
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A sensor to monitor the quality of meat
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2.2.4 FyfntaiBRRg & M Assay for L-SP

Starch Phosphate
+ ®

Goc®
Phosphorolysis I S—

Starch-binding site ~ Catalytic site

Starch-binding site Catalytic site

Starch biosynthesis

+ O®
n-1 Glc-1-P

Juang RH (2005) EPA



B Coupled to dehydrogenase

Starch phosphorylase (phosphorolysis)

Starch ) + Pl —> Glc-1-P + Starch 4,

Phosphoglucomutase ‘

Glc-6-P

NADT
Glc-6-P deHase

NADH
6-P-Gluconic acid

Juang RH (2005) EPA
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Native PAGE BB

Some other enzymes might lead to false (+) or (-) results

-

SP

B
Activity assay and interference

Glc-1-P ¢®©€ge® Primer
| | |
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Glucose
+

Pi ‘
Some other enzymes
might interfere assay

Direct observation of the color product
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2.2.2 RIFfEEE N FET5/E Stop enzyme reaction

@ How to denature the enzyme effectively ?
® Change pH TCA Chemical
® Rapidly heating Boiling Physical
® Add denaturant SDS Chemica
@® Add metal chelator EDTA  Chemica

C

@® Add enzyme inhibitor PMSF nemica

@ Add non-radioactive Physical
substrate (pulse-chase)
@ The product should not be destroyed
@ No interference to the detection method

Juang RH (2005) EPA




Peptide bond

Hydrogen bond

Disulfide bond
Hydrophobic bond
Hydrogen bond

Mathews & van Holde (1990) Biochemistry (1e) p.200, Fig. 6.25



B SDS EEHEREL Y L —BAT

Native protein

Protein is denatured to linear form

Its surface covered with negatively
charged SDS uniformly

__________________________

+ Mercaptoethanol: to break the disulfide bonds

Juang RH (2005) EPA
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® Common denaturants for proteins
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B Pulse-chase

Chase Pulse

To measure the flow speed of water in a glass tube Juang RH (2005) EPA
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B ESEEAKEIEREEX Golgi transportation

. SORTING
o phosphorylation of
oligosaccharides on

. _lysosomal proteins
. « removal of Man O
« removal of Man
« addition of GlcNAc
e addition of Gal
e addition of NANA _

e sulfation of tyrosines

_ and carbohydrates
. _sQRTiNG 0

/N
plasma secretory

lysosome i
Yy membrane vesicle

Outer side

Alberts et al (2002) Molecular Biology of the Cell (4e) p.736-737



2.3 #EEFEEERE M Maintain enzyme activity

2.3.1 #1148 Buffer
[ AR AR o BE R T R 1S

2.3.2 55 pY{%7% Reagents
BRI (M L T
2.3.3 =R Z#FF Maintain the activity
o= f}lifgﬂlrﬁi[ﬂ* EPEE L 1
2.3.4 BEEEMEE{Y Enzyme activity unit

Juang RH (2005) EPA



B S5RERE R E B 42E 4 F Buffer is weak acid/base

AH <= A"+ H’

CH,COOH CH,COO

[A]
AH]

H-H
eguation

pH=pKa+log[

Stongacid HC| =—> CI + H”

Juang RH (2005) EPA
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HE

25 > Yk

K = [A] [H] dissociated

a [ AH] assoclated

[A]
[AH]

logK, = log[H*]

[A]

logK, = log[H]+ log——- AR

[A]

-logH = -logK, + log——- AH

[A]

pPH = pK, + log+—5 AH

Henderson-Hasselbalch equation

(1) Ko RIEZ

(2) M=

HY log

JMEEAE log

(3) #

(4) %E

15

FZ-log&ap

How the pA, of a buffer contribute to its buffering effect

How to derive H-H equation from K

Juang RH (2005) EPA
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AH — A+ H*

[A]

H]

K, = A

example Acetic acid
CH;COOH = CH,COO" + H*
© K, is the dissociation constant

_ 1 pK, of acetic acid

‘|] B ﬁ\* (pKa:5)

© K, is derivec

to get H-H equation
— ~ FZEHN log

— -~ ZIEEH [H

= "EEP & -log (pH=-log[H*])

H-H
eguation

pH=pKa+log[
5—5

[A]

dissociated

AH]

associated

: Why weak acid could serve as

a buffer ?

pH = constant pK, ? ..... when [A] = [AH],log1=0

Juang RH (2005) EPA
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[ pK, £ M EREE

functional pH range

pH Water pH Aacl:CeitCilc (J'Ust/itS PKy)
> [OHT] > [OHT]

H-H . [A] | dissociated

pH = pK, + log [AH] | associated

equation 6 5

Acetic acid has highest buffer effect at its pK, (pH 5)

Juang RH (2005) EPA



B EFr] LEE e e —EE

Proton : The smallest and most abundant particle in the living cell
controlling the pH and the charge property of a molecule

lone pair
electrons N ||—|+
Amino /N\\H A" — —N=-H
H H
| ~O~H O
Carboxylic —C\ Y —C= "
O ~0

Ampholyte: A molecule contains both positively and negatively charged groups

Proton can enter or leave a functional group relatively freely Juang RH (2005) EPA
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9

0

Amino acid can be used as a buffer

Vrxay

3 8

-

=E

Amino acid as a buffer

|

Isoelectric point =

pPK; + pK,

2

[OH] —

Juang RH (2005) EPA



B 5

ITin

= iR ENR R E{FHEEE Common buffers

Formate  3.0-4.5 Volatile, could be removed by lyophilization

Citrate 3.0 -6.2 Bind with divalent metal ions

Acetate Volatile, could be removed by lyophilization

Phosphate 5.8 - 8.0  Precipitated with Ca; crystallized at low temperature
HEPES 6.5 -8.5 Low toxicity, used in cell culture

Tris 7.1-8.9 pH effected by temperature; special pH electrode required
Borate 9.1-9.0

Carbonate 9.7 - 10.7 Bind with divalent metal ions

Universal 2-12 Contains several buffers at various pH ranges

Juang RH (2005) EPA



B EEDR{ERSEE Notice for two common buffers

Tris is affected by temperature Diluted phosphate bufter

raises its pH
9
pPK, 8 Tris
gl Tris -
N
Phosphate e Phosphate
7 | | | | | |
0 10 20 30 40 O 0.1 0.2
Temperature lonic strength

Juang RH (2005) EPA



B AEERE HAYARNINY) Some common additives

Additives

NaN, (sodium azide) Antimicrobials 0.01%

EDTA Remove metal ions 0.1-1mM
B-Mercaptoethanol Antioxidant 1-10 mM
Dithiothreitol (DTT or DTE) Antioxidant 1-5mM

BSA (bovine serum albumin) Stabilizer 0.1-10 mg/mL
Tween-20, Triton X-100 Surfactant 0.5-0.05%
Glycerol, glucose Antifreeze 50%

PMSF, TPCK, TLCK, Proteinase inhibitor Trace amount

benzamidine etc.

Juang RH (2005) EPA



B Beta-mercaptoethanol

m

HOCH,CH,SH
+

N [

02
HOCH,CH,SH

9

HOCH,CH, S
HOCH,CH,S

l<

+ H,0

active oxidized form

HOCH,CH S

Juang RH (2005) EPA



B Dithiothreitol (DTT)

CH,SH § CH,SH CH,
= \
HO-C-H  H-C-OF j0, | H-C-OH 5
: >
HO-C-H | HO-C-H HO-C-H <
| | | N\~ /)
CH,SH | CH,SH CH;
Dithioerythritol | Dithiothreitol Stable cyclic

(DTE) : (DTT) oxidized form

Juang RH (2005) EPA



B EEREHEEEESIE Concentration ranges

1 mM 10 mM 100 mM 1M

General buffers
Enzyme assay

Chromatography

Juang RH (2004) ECX



2.3 #EEFEEERE M Maintain enzyme activity

2.3.1 *Ef@EE Buffer

2.3.2 55 pY{%7% Reagents
BRI (M L T
2.3.3 =R Z#FF Maintain the activity
o= f}l?F[EJ’FLW“A EPEE L 1
2.3.4 5B Enzyme activity unit

Juang RH (2005) EPA



ﬂﬂ o
a Avoid humidiy offs

Open the bottle of a frozen reagent only when its temperature
has been brought back to the room temperature

b. Stored In frozen state

(1) Frequently used reagents should be frozen in aliquot
(2) Avoid repeatedly freezing-thawing
(3) Certain enzymes are very sensitive to freezing | -SP

c. Frozen in glycerol I
Protein stored in -20°C in 50% glycerol
: : : Mixgdawell
d. Avoid light and microbe VA
How to store your reagents or enzymes Juang RH (2005) EPA



B iRpEA Y NE =4 Cellular distribution of enzymes

Protein In expressing

Enzymes in the cell Secreted

: enzZymes
Organelle Cytosolic
enzymes
Endogenous Continuous
organelle enzymes . secreting

Imported
enzymes

. Regulatory
" -~ secreting

Soluble enzymes

6L

Juang RH (2005) EPA



B SERZENZEEESTE Enzyme stability

@ Reasons enzyme lost its activity:

@ Protein Denatured  Physical/chemical denaturation
@ Active site destroyed Chemical reaction

@ Protease proteolysis  Inactivated by degradation

@ Ctnzyme Inhibitor  Natural or synthetic inhibitors

B Physical denaturation  Heating, freezing, foaming, adsorbing
B Chemical denaturation Extreme pH, oxidation, heavy metals

Juang RH (2005) EPA



B =8EMNE—E REHIDFHEIE Protease families

Family Example Mechanism  Specificity Inhibitor

“.,u 2+
Metal Carboxy- % Non-  EpTA

Protease Peptidase A ~ U polar  ggTA

e

Serine  Chymotrypsin @“:58;195 Q... Aromatic ?LF(F;K
Protease  Trypsin D102 o* Basic  TPCK

Cysteine - 2557+ Non-  PCMB

4

—

Aspartyl ~ Pepsin D215) 1™ Non- |
party H,0O%% specific Pepstatin

Protease Renin D32) 1.

Juang RH (2005) EPA




3 Ekfa5E ;S Electrophoresis

@ 3.1 &k J5EIE Basic principles
:tﬂ L xﬁgujﬁ ?F?’Bp ,+%i$j,p[lj]<ph

@32 HS‘T'Xa fik iz BBAAREE 5k PAGE
bt VRV R PR 1 BT

@ 3.3 E'EMEEIIIT Related techniques
PYE - LA b L

Juang RH (2005) EPA



3.1 &EkJRIE Basic principles for electrophoresis

3.1.1

3.1.2

3.1.3

=
B

= HERYKE)E Protein mobility
jﬁ?{ﬁ}ﬂ;ﬁﬁ?f [Eﬁ_ﬁgﬁj‘ﬁ[ﬁ%ﬁ% kA 'J\ ? %;E,J

5 KAV FEA

5%H Types of electrophoresis

PR % [LRCRRL ]

05 7k E% i K2 245512 Available systems
T i 7 O

Juang RH (2005) EPA
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Buffer pH

Isoelectric point,
pl

+ 0 @

Net Charge of a Protein

Juang RH (2005) EPA
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=K EE Kk Paper: cellulose

Protein
/‘ g)ﬁ B?S Denatured /

Historical evolution of electrophoresis design

sEEEE 7k Thin layer: cellulose acetate

Partial
""""""" Denatured

Juang RH (2005) EPA



B =02 kE)EBY[EZE Factors affecting mobility

HMINE R

Input current, voltage

CATHODE

Friction

DFE FTFER  HTFRFER
Molecular weight, shape Isoelectric point

Charge

Juang RH (2005) EPA



B RIGIEIZIRZEEE 5k PAGE

3.2.1 PAGE #&%8 PAGE categories

Earced I’E’T%dtféﬁ AL T RY R
3.2.2 PAGE R{A#HRY Gel com
KL 51 F[J%ﬁaﬁg

i

nosition

3.2.3 PAGE Z2#% B4l System anatomy
U TE (4 g 5 2 TP 5T S
3.2.4 #E5EEAM=ERF Trouble shooting

%Jﬁﬁrﬁé[tﬁfjp ﬁlgurgjgg

Juang RH (2005) EPA



B [REERV 5 FE Gel polymerization

Ammonium persulfate (free radical initiator)

(0,5-SO,) — 2 SO, ©

Free radical producer ) f\
Acrylamide (monomer) b w p

Basic unit of the gel polymer ~ \__ "~ 4B />

Bis(acrylamide) (bridge) p%
Cross-linking the gel v

TEMED (catalyst)
Help the transfer of radical

SDS (Sodium dodecyl sulfate)

CH,=CH-CO-NH,

Acrylamide is toxic
Heating starch might produce it

Juang RH (2005) EPA



B BEFE S5 M FE Polymerization from the monomer

o

y)”””””’bb;ﬁéo

i . .

= & & Polymerization free

i radical

X

I -

/7GR

Sh 2L B oy AR T AL AR
TN Terminal radical could

%7}%5&7 Z%Ek(‘ Ak GV G=pLih v be extended freely

Cross-linking

Bis creates bra%

Radical formation

S R
oo O

Sample protein miQrates In the space created by polymerization Juang RH (2005) EPA




B 52 FE;EE A problem in gel polymerization

© APS 1RE Z X s M R E XU

APS is highly hygroscopic, and therefore loses its function

Pharmacia: Acrylamide Gel Casting Handbook p.11



B 5ER2 I REAGR A

JOAN B

Examine polymerization conditions

Response Surface of PolyTime

Response Surface of Polymer

(L) W uoymzuawMod

(o) JowA|od Jo 321020

EETB IS APS FY TEMED inyiors O REIRERL (06) SRR il
Polymerization time is reduced when APS or == APS R TR
TEMED increases

Percentage of polymerization is

proportional to the temperature, but not
related to APS concentration
Pharmacia: Acrylamide Gel Casting Handbook p.12, 13
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B & xBREXR AR Composition of PAGE system

1 Cathode buffer Tris-glycine

2 Sample Tris-glycine 8.3 -

3 Stacking | Tris-HCI 6.9 5%

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

O B EE T B AIER

The gel discontinuity results in the stacking effect for sample molecules

Juang RH (2005) EPA



I St S i X (< (ot

Power supply

100~150 V
Upper
chamber
Q|
- | Stacking
Lower Gel
chamber
Oo Running
: N N Gel
Cooling ) .
Water—>{| o —, o o O
\\
2L J

The vertical rod gel is the prototype of modern electrophoresis Jjuang RH (2005) EPA



B EE£IRFETFE A Key molecules in stacking gel

Glycine: Negative charged O
No netcharge O

Chlorideion: |

. » Small ~ Large
Proteins: molecule molecule




B £ IRE01EREIE How stacking effect works

o O (@) (@) OO (@)
o OOOOOOOO o
(@)
G) OO ° (;)OO OQO ]
= T
= © o 7 oO © o
qv] OOO © o ° 5
U) @] O 0 e)
o) o O O o
__ o}
D - 5 | 5 Oo 5 o ©O o
= E ' oof B °© 6° o5 o °
o i BE iRz M 6 o o5 o °
- o ©
S Ol Space devoid of ions © o
S IO,
e
)]

Running gel

Juang RH (2005) EPA + +
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I

i

| S I B |

Scanning after
CBR staining .
Coomassie
Brilliant Blue
A600
ﬂ Gel disc sliced | Enzyme
for direct Activity
activity assay
A — .
340 Native PAGE

Non-denaturing PAGE

J | SDS-PAGE

| | | | | | |
01 2 3 45 6 7 8cm mobility

Juang RH (2005) EPA



B BN E KB E Preparative gel

Use thick spacer to create larger gel volume\_

-/

1/4

> <«

Running gel 1/

|V

+ Juang RH (2005) EPA



B & EIVE kIE{E Detect protein band on the gel

(1) ExRENEBA
Take out gel after electrophoresis /7N

(5)
FEERBAA
A ER
tIHEEER

Compare and

cut out the
target band

%’Eﬁ%@ﬁﬁiémﬂw

(3) BR il =5t — (&2 A Staining or activity assay

S

Slice out two gel strips along lateral edges

Juang RH (2005) EPA



B ExIBEEERBE BB} Protein eluted from the gel

Cut out
and
eluted

ISCO: Little Blue Tank Concentrator



mull

B E#FSETIVE 7k Jumbo size preparative gel

Juang RH (2005) EPA



B SDS EEHEREL Y L —BAT

Native protein

0.1% Protein is denatured to linear form
— SDS  _ -- o5
o — ® ..—._ B ___... @ :

T . bolling Its surface covered with negatively
T Attt charged SDS uniformly

Non-polar
tail

Juang RH (2005) EPA



B =B RMTEEEHEREIKLE An example

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 @

Juang RH (2005) EPA

Y




Native-PAGE SDS-PAGE

+ +

DFE KN FERNRE OB 575 S8 XER
4 4B oz
BIRB KB only molecular weight

molecular weight and net charge density Juang RH (2005) EPA



Jl—'—l

(=]
CER

e/ F& SDS-PAGE for subunit MW

W -

e
AR

Mol mass

kD

kD
300 I

200 |

100
80

60
50
40

30
20

330
220

67
60

36

10

P

0.5

Migration (Ry)

1.0 185

-

kD

94
67

43

30

20.1

14.4

Pharmacia: Molecular Markers for electrophoresis



B F‘?_l,‘_,\ﬂ¥gzﬁﬂ'_'_' Disc-PAGE for native MW

kD
900 |-
888 - 0
Il .
600 | 669
/ 500 440
T 400
-
o 300
> 232
200
140
100 | | |

1 2 3 4
Migration (cm)

FEELL disc-PAGE e — R (e 2

Don’t take disc-PAGE MW determination as your only evidence
Juang RH (2005) EPA




B E xR AABYEIE Choose your systems

== 7 {1 FE B8
EEI)?\{/ TSRS ‘ 100 - 250 V ‘ 100 - 500 mA

Power Supply
— s Vertical Rod Reqgular
B KB VS VS VS
Electrophoretic Unit Harizontal Slab Mini gel

B IKRIEETE

System Choice Ml Gel casting B Materials B Samples

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

Juang RH (2005) EPA



B =k EMEEAEZF Instruments and equipments

BEEI=HR4 ..
Transfer sandwich $~§§-EU 1‘ =
- Gel transfer

. 3

e lafa o] =]
OroERMnmD|
o |

TAFTIET Y e e s
TF!I.'-I'EI:I'r_I:u:TJ

SENE LT
=K1 FEEEESS
Electrophoresis unit el ey

§=PR28 |
Gel caster

Power supply

Juang RH (2005) EPA



3.3 E

7

Lt FERAFL T Other related techniques

3.3.1 -
B
332 XETHE

1 K B7)%E Gel staining & drying

BT R B e T

% lIsoelectric focusing

%ﬂ
N/

ﬁ&ﬁgdlz IEYT7J — FILJE_:_"I_E'—f EIJT—}\ 7] ﬁE
3.3.3 ZXJtE 5k 2D electrophoresis
HEATT A By o ST ATTRS DY RN R

3.3.4 &HE

L

EHEEE[];E Protein transfer

< S VT R L

Juang RH (2005) EPA



OHC-C-C-C-CHO
] Ammoniacal Coomassie
i%fﬁ/ﬂ/ﬁi’

R I

- $A R silver Brilliant

igé Silver deposit Blue R

[==1 A H;N...Ag...NH; .
s 008 9 Lys . - A<£>>g |\||_|2
_ M 2 - NH 8 NH C

=] Gl @& gm 21 "HN NH,

>/ |Q| ¥ Reduction Glutaraldehyde C\C S0

A< N:NNH© /C

&8s i

> Cys /

= C

I
N

2

Constant
= o
- R
Variable
Gel staining methods and their mechanism Juang RH (2005) EPA



han IX [

3l

(B 1 I

L1
I

HF S7E N
L

Specific

Binding

Groups  Tyr C O n t.o-c

(metal, C Ser @)

SDS-KCI) kow _Periodate k >

Absorbance 0O O diol
4 (300 nm) Schiff's | i Ammoniacal silver
reagent H;N...Ag...NH;

|
3 Carbohydrate %H W

Staining
“‘ ooo Ag staining

PAS staining

Juang RH (2005) EPA



A L8R Serum stained by CBR / PAS

o

Pharmacia: Electrophoresis

e—
v A

Albumin can’t be stained with PAS



B SP fEEE5ER Glycoprotein stained with AgNO,

GP | 'SP110

Albumin

F50

Albumin B

Juang RH (2005) EPA



A B

B Activity staining ~ Activity assay and interference
UYL :
*ﬁ / Glc-1-P ¢®©€ge® Primer
l l
i e
: @
/ |
- |
fig BA v
SE M&
l|"_':

HX

P 0
! Some other enzymes
might interfere assay

Direct observation of the color product

L

Native PAGE BB

000000000000 00000000000 000000 0 0 009
)
Y,

Not every enzyme can be stained by its activity on the gel Juang RH (2005) EPA



B R E6E5E; Comparison of staining methods

Coomassie Brilliant

Med sensitivity

- Protein | |
Blue R-250 Staining C Y ) Simple, rapid
Ammoniacal Silver - High sensitivity
. Protein
Staining 0060 Complex steps
Periodic Acid - Low sensitivity
Schiff's Reagent Carbohydrate ® Complex steps
UV Absorbance Protein or Low sensitivity  llluminate gel
(300 nm) nucleic acid O directly
: Radioactive High sensitivity Radioactive
Autoradiograph
Jrapiy labeled molecule 000 hazard
ST Protein coated  Low sensitivity - :
KCI Precipitation | Simple, rapid
¥ with SDS o DI, 1P
- L Enzyme reaction  High sensitivity -
Activity Stainin | Variable
) Y (insoluble product) 000

Juang RH (2005) EPA



B & x5 ER TN EFXKJR[A Trouble shooting (Top 10)

@® Can't polymerize Wrong APS concentration or inactivated APS

@ Band twisting Bad gel casting or gel trapped bubbles
@ Band diffusing, tailing Samples have high-salt or exireme 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?

Juang RH (2005) EPA



1L
mui
(il

B XEEKRERFERE Some gel problems

g o |

kv ANy

BJ/JIL
Leaking buffer
conducting the
electric current

il

AHTRELS Al

Sample has high salt concentration Juang RH (2005) EPA

BET19
Gel is unevenly [
polymerized :

= = = e e e e = e e e = e = -

— - - -

(impurity in gel solution)



T
mul
(i
\J
>|.\'l
S

B =i B AIRIEE A malformed gel

Can you point out all the faults this gel had made? o

Juang RH (2005) EPA



3.3 E{th# BREFFL 1] Other related techniques

7

3.3.1 B &EZIE Gel staining & drying

A T J“Jfﬁ%ﬁ'

RS AT

3.3.2 ZFFETEEEE Isoelectric focusing

LS ELEER AN S

E i

7J N—

3.3.3 ZXJLE 7k 2D electrophoresis
AT J@El B ARy [y B S IER

3.3.4 EHEEEA

Protein transfer
?“T'?f"& A F | 1T 'i” JEH]

FIE

Juang RH (2005) EPA



B =k EMEEAEZF Instruments and equipments

BEEI=HR4 ..
Transfer sandwich $~§§-EU 1‘ =
- Gel transfer

. 3

e lafa o] =]
OroERMnmD|
o |

TAFTIET Y e e s
TF!I.'-I'EI:I'r_I:u:TJ

SENE LT
=K1 FEEEESS
Electrophoresis unit el ey

§=PR28 |
Gel caster

Power supply

Juang RH (2005) EPA



B )G REEE Protein transfer and staining

A BEF[] = A4 B fziaiiERitR

Transfer sandwich Immunostaining procedure and result
—Plastic plates— BEE[] transfer ., _,
v Filter Paper 7 - RS Ab

-

] L —_

L -

] -—

S -

] O

- + — =
PN = O

o L

—

- p—

D

« | EE (CoomaSS|e " -

' Ni i Staining) onceau

. Nitrocellulose | Staining Detected by Ab

I Sponge fffffff ' Juang RH (2005) EPA



B RERRENTERRE Z B AEH] Immunoassays G

, py
DO O O O 000000000000 0000000000000 000090090 909090 90 90 90 90

BEE#E Transfer membrane

Antigen

Ky = 10-6-10
Antibody

Second
Antibody

Radioactive
Tracer

1. Horse Radish
Peroxidase (HRP)

2. Alkaline
Phosphatase (AP)
Biotin
Ky =100
Streptavidin

.. -HRP
Biotin _,p

Colloidal Gold

oo+ @ P8PV

P%% RIA
}%%@ EIA

>%%
=0

C

]
Substrate

Product
(insoluble)

o
00e0¢

4 E RS Product accumulated

Juang RH (2005) EPA



B =R 84%E 4755 Sandwich ELISA method

FIH T I ib fﬁ#ﬂt VRIS o 7ED rﬁugﬂ

Use two

rom different anlmal sources

ENE

Color reaction

2nd Ab

Against Ab 1b not 1a

PRI B 2 I EOAERL
Ag contains at least two epitopes
Juang RH (2005) EPA



H ;

e Peroxidase

B Horse radish peroxidase (HRP) | B [~
% Substrate: DAB (brown) 4CN (blue)

= Sensitivity: 500 pg

5

o Phosphatase

picd| Alkaline phosphatase (AP) i34 T

Substrate: BCIP + NBT (blue)
Sensitivity: 100 pg

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

Enzymes used in 2nd Ab-enzyme conjugates Juang RH (2005) EPA



B B isiERER R B2 75 /A LR Staining L-SP

Gel filtration fractions Immunostaining

b

O - ————

e —— LLI
= O
= .

q8] i <
% ! ‘ )
o = 7
= e
N

2

= o
S I
N o
> o
> a
O 7))
<C

Juang RH (2005) EPA



3.3.2 &

EEE IR Principle for isoelectric focusing

BAD T T—E# pH 5E PREE

Sample molecules are focused in a preformed pH gradient

Juang RH (2005) EPA



s // S ’
< DH )Hm ;HFF a4t

\
-
2inr

2 It 4 2

Q
el
2
O
O
Q.
-
<

7 [ pH SRR
At lower p J;el, sample is
positively charged and repelled

EERFER

o E,'J pH &?,Lf al %Mﬁzﬁﬁq
At higher pH, sample is negatively
charged and also repelled to move

upward

Juang RH (2005) EPA



R

i

H- (W

Sy
—
-

i

Buffer pH

Isoelectric point,
pl

- 0

Net Charge of a Protein

Juang RH (2005) EPA



EEEE RSB ERES] Action mechanism of IEF

mul

Y Pas
=

®

\

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 Juang RH (2005) EPA



gy

Ll
I

e i PN

[of N R

® i i i o
Fl FF [’?";' 27 pl ﬂ ijir [jﬁj CHZ:COZE

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

X
R OH OH C

H

.....

OH R O

The mixture of ampholytes are synthesized by combinatory chemistry

I
O
L
DN _
O
@,
N 1
Juang RH (2005) EPA



~
~

2 EMIIEAR Standard curve for IEF

Vodaw
-
o 000

muy
(i
T
ST
\

9
pl 8|
e °

6_

s «— SS
4
3 ] ] ] ] ] ] ] ] ] ] ]
0 2 4 6 8 10

12
Migration (cm)
Standard curve is established by proteins with known pl

Juang RH (2005) EPA



Isoelectric Focusing

B SIRE S

vd3 (S002) HY Buene

N



~

B —RJTEkE{E 2DE operation
pH3 - - - - - - 10

(1) IEF -
EEEET € ©z?/

=S S ==X Y7/ —r
i == (FESIA ¥
/ . (NI T
i O e "'\‘; |
p" 3 : - = TR .-T
i Ty
.I e : it
‘I |
i i}

(2)
SDS-PAGE

ST EtRZRS

(3)
Staining
FEMRE

Juang RH (2005) EPA




4 ¥ E,RTE;E Molecular weight determination

4.1 B2{RiEyE;% Gel filtration
(A TETST 5 BT
4.2 ¥R[EEE 7k;E Gradient PAGE

TS B e

4.3 EvV4HF=0|7F %5 Other methods

BEERE /7% Ultracentrifugation

iz B
RS

B (& AT Mass spectrometry

T L

217 55T & Deduced for amino acid sequence

Juang RH (2005) EPA



B R {REEE KRR FE98E Native MW

A

Enzyme
activity

> Vo
> Ve

> Vit

Elution Volume (mL)

Juang RH (2005) EPA



B UEokEmEmERIIERE GUS

~— fi{b B2 EE Purification steps
AF IEX GF TP XT marker AF IEX GF TP XT marker

252
252
kD KD
98
GUS e e S gy w— -~ 98
64 GUS @ e e « - 64
= 50 50
36
36
10% SDS-PAGE Western Transfer
MW = 70 kD

Expressed protein GUS is detected by SDS-PAGE and immunostaining  Juang RH (2005) EPA



B LUZRSiEIR/Ak S GUS [REEDF &

it Sephacryl S-300
MW=260 kD 1.6 x 90 cm
Buffer A-150
260 kD 10° | a typical result
70kD 4
3 A
2 |
@ Vitamin B12
L (by color)
ol T e

Elution Volume

Native molecular weight of GUS is determined by gel filtration Juang RH (2005) EPA



B HEEZxFRIEE Prepare the gradient gel

Gradient mixer @ Determine MW by native-PAGE

ik Py (1) Sample protein pl < 8.0
MR i
Blue dye added in (2) Use gradlen.t gel.
i the upper limiting (3) Longer running time
solution

T B E R R A 15
The blue color shows rEow the
gradient formed in the gel

Upper-limiting
solution

%

5
= VR AR
Start the gradient

-y

You can use commercial pre-cast gradient gel (various gel percentage) Juang RH (2005) EPA




M [RA

V4 ST

g4+ 8& Gradient PAGE for MW determination

Mol mass

kD

900
800
700

600
500

400
300

200

100

kD

669
- | 440

232

140

1

2 3 4
Migration (cm)

@ -5l disc-PAGE RyME—p T Eas 5

You can’t take disc-PAGE as your only evidence for MW determination

Juang RH (2005) EPA



Unknown protein
1

Protease || digestion

P1 P2 P3 P4
B DN D e

MALDI-TOF

<
=
~
<
3
<
=
w
<
2

@ 5 E T
Tryptic fragments identified by MALDI-TOF could identify an unknown protein

[T 1R 5] o)

Search | Database

Candidate protein

Digestion | Simulation

Calculate | Mol wt

Juang RH (2005) EPA



Unknown protein Phosphorylated protein

] @
Protease | digestion Protease | digestion
P1 P2 P3 P4 P1 P2 P3 P4
7 7 7 7 ¥ |
LC LC
s P4 P4
ESI-Mass/Mass

ESI-Mass/Mass

IGI S ‘ }LJF[J FT\[{LLH?#E@I%H’E"[[

—_—

—G Can also determine the phosphorylation site
- e -S| sl N =
GKGSWVR O Eﬁ% £ H @li[% n\L_Ef,
Determine the amino acid sequence by LC/MS/MS

Juang RH (2005) ECX



5 EREEEELAR 4T Protein structure analysis

5.1 N-izay C-i

=iz EBE Terminal determination

B ) CERi R

5.2 I EfE#H 4T Amino acid composition

5.3 PrERETE

%, Amino acid sequence

5.3.1 From cDNA sequence
5.3.2 Edman degradation or ESI/MS/MS

5.4 BERX[EFE

Peptide mapping

5.5 E P MHEF 5% Other methods

7

Some old techniques become very useful in modern proteomic study Juang RH (2005) EPA



N-terminal

. Visualized under UV
Dansylation

Only N-terminal
amino acid modified

2D
chromatogram
O o
Amino acid hydrolysate TLC plate
Determine the N-terminal amino acid by dansylation Juang RH (2005) EPA



= I

)
)

N/
dH

“

mE] mE]

=h

B

1SR
I B

W fr

p

i

»

@ AT T EE AT LR

20 amino acids are separated and identified on 2D TLC/TLE

2§ o
' Arg
(&
S
T O
O n
Es| O -
LOL g ........
o
O o
IN — . Dans OH
TLE

—> 2nd dimension
Benzene - Acetic acid

Juang RH (2005) EPA



B S EEEE/KEE Total acid hydrolysis of protein

@ Reagent. 6 N HCI or 4 N methanesulfonic acid

@ Condition: 110C, 24 hours, under vacuum

@ Detection: by HPLC (ion exchange) nexi siide

@ Notice: Some amino acids are destroyed (Trp)
Cys-Cys broken to Cys

GlIn & Asn are acidified to Glu & Asp
(Glu + GIn — GIx; Asp + Asn — AsX)

Juang RH (2005) EPA
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2t 15 i i 1 S

Edman \ 12
: ~OOCOOOOOOOCOCOOOOOCO
Degradation

for amino acid Peptide
seguencing +PITC

12
PTH-@00C0000C0C0000CO00

PTH-amino acid

cleaved Cut off N-terminal amino acid
and recover the remaining peptide

1
PTH-@
2
COOCOOCOOCOOCOO000
Amino acid
Analysis
(HPLC) Second cycle l + PITC

Juang RH (2005) EPA



Lo

s
i
i

t-sequence-analyzer . . .

~Amino aci

10
Juang RH/(2005) EPA



5.4 BARRE

=t

=]=

Peptide mapping

5.4.1

mI

EHEE—4IKEE Specific proteolysis

B E— %W tJfis Specific endo-peptidase
Trypsin, Chymotrypsin, Sa protease

_ Rid=

A/

I N

#5% Chemical method

CNBr

5.4.2 FERLEEtE5E 757% Identify peptides
TLE/TLC HPLC SDS-PAGE

Peptide mapping has become a very important tool in proteomic study  Jjuang RH (2005) EPA



B E0ERIE—1%IKEE Specific proteolysis

ERE—I1*E888 | protease Cutting Sites
=

Use specific endo-protease

PHE G
Protein denatured

Specific protease can generate a set of fixed peptides for every protein  juang RH (2005) EPA



| = 18] T} K 5= I

m
BN BN B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN I B

(i

/7y

S St

EH>

[+

Hemoglobin A

Hemoglobin S

SEEVIMER
Sickle cell

B4 TLC

|_'EE}J'< TLE



B L EHRAREFAREEEEFS

Peptide to be sequenced Protein to be sequenced
N-COC00C0C00COOCOCO00 |
+E'3'TC earadar 1A AR T 89 & &l kR &
(Edman degradation) Use two specmc proteases
Y K B B by
PTH-@® Sequence every fragment /h
i L A A O O

Identify each amino acid one by one _/)—
PR L /—\_/ %3] v 48 B £ Obtain two sets of fragments

Obtain the amino acid sequence of the peptide

1-2-3-4-5-6--- By v 20 5 7 4 B

Compare two sets of fragment sequence and deduce the whole

The traditional protein sequencing method using Edman degradation Juang RH (2005) EPA



F. Sanger (1958, Cambridge U)
Insulin fEEZ= (A, B chains)

Nelson & Cox (2000) Principles of éiocheistry (3e) p.142



6 R TR

Immunological tools

6.1 N5 5L fE Antigen preparation
6.2 taiZ /%2 Immunization protocol

6.3 InEeELf/m Antibody preparation

6.4 j:J'LFJuE/l

ILl

] Antibody application

Juang RH (2005) EPA



[

B B R9FEXE Antigen origin

® E /3. J5F Macromolecules
Protein, polysaccharide, nucleic acid

® /|\7FF1J5 Small molecules

Conjugated to carrier before immunization

@ =11 )F (hapten) aflatoxin, citrinin
Carrier Is required

® | T & FERL Synthetic peptides

Carrier Is required

KLH

Produce monospecific Ab gap  Carrier

KLH: keyhole limped haemocyanin (HZE[M & Z & H); BSA: bovine serum albumin Juang RH (2005) EPA



B AR E Essential immunology

RIZRME ¢ SRR IRR BIE R

Immune systems (innate and adaptive)
RIERE | EE-E-FE Kk

Immune response (four stages)
mRDF 1 EmEHE RS E

Antibody molecule (two specific binding sites)
ERIA ¢ AHEEMEHUREER

Monoclonal antibody (very specific reagent)

Juang RH (2005) EPA



/J1L
=3

A 2] 2 ol FL 2

Antigen (50 ug/mouse) * adjuvant — emulsion

Emulsified in 0.5 mL
Freund's Complete Adjuvant

At least three booster shots,
same dose in 0.5 mL
Freund's Incomplete Adjuvant

Booster shots might be reduced
If IS use as adjuvant

» Trial Bleeding —» Titer Determination

10" @ Pristane (0.5 mL) v ZiRMm
12 . —@@ NS-1 Cell (10° cells) | Total Bleeding, <1 mL

» Ascites Fluids
1ﬁ igsk | X mL (X = 1-10)

o . . . . . .
e |N€ Immunization protocol for antiserum or ascites production Juang RH (2005) EPA

=



1B S Keat o I

=
M~ &

49

S
O

S,

H

Ascites or serum (X mL)
J spin down cells (discard)

\1/+ 2X mL PBS

ammonium sulfate (AS) .-,
fractionation 0~40% sat.  7JLifi

\Lspin down pellet Precipitation
Pellet
| resuspended in 40% AS
\L spin down pellet =i
Pellet Washing
| dissovled in X mL PBS
d{ﬁlrxéselirl\gnpgig E—*ﬁ R
|, spin down precipitate Dialysis
Supernatant
l, + glycerol (equal volume) R1F \/
Stock

IgG (stored In freezer)

Juang RH (2005) EPA



6.4 INFERYFER Applications of Ab

HE (] K7 5p & 2k 8 7% Western blot & immunostaining
ngxgljfﬂ’_ﬁ[ fﬁ?jjy}'

RIZJLEE Immunoprecipitation (pull-down)
bl @*ﬂ%tﬁf (R3S IIpEs

HFNZE A% Affinity chromatography
i

EEM@) SR HERE Double diffusion
HrE R e R e

E2E RIS H17E Enzyme immunoassay
AL (ELISA)

e, B Antibody chip
EJ’“ PRSI E = 27855 AT

Juang RH (2005) EPA



Kat ok} i

S

(SO S

N/

Outer wells: Rice (R) and maize (M) sucrose synthase (Ag)
Central well: Antiserum against rice sucrose synthase (Ab)

e

AUBIR 3 UGS LLHE AR 73 F FE R R &
The crossing-over of the precipitin lines reveals the structural
relationship between the antigen molecules

Juang RH (200) EPA



B BEx=nE A ELISA

Color change  Conjugated enzyme
+ Substrate

Non-specific Ab ond Ab

Specific
~ Ab

Antigen
ELISA Plate (solid phase)

To detect the Ab in the sample

Juang RH (2005) EPA



1 Kzt ofF i v

% * AL
4__5

S

S

= IBE Ab induction

N N
- .
: e \ .
Protein A-Sepharose  Ab e @
// [ ] ' * [] \\
! *' ® 9
Conjugationl ] “ u X Q/:'
\ .*o * @
FHRE AR M ER
Cell lysate
R IgE5| ‘ Ag-Ab reaction

Immunosorbent

Solid support-based immunoprecipitaion

Spin down l Washing

Juang RH (2005) EPA



Kal o iz i IR

~

U/

HERE R IZ LBy

Immunoprecipitation

SDS-PAGEl

mEErEEEMmEXEE
Ag might contains two subunits l

S EE R ESE

Ab contains H & L chains

HHRE AR HRER
Cell lysate

LG AT

Juang RH (2005) EPA



BN

M1 2 AEG6C3
o
@v LC/MS/MS

Interacted proteins

Pull down proteins interacted with Ag

EW W

185X A1ER

®

@O>

Interacted proteins

Protein ID

Match peptide

Adenosylhomocysteinase

IVLTIIR
DSAAVFAWK
HSLPDGLMR
LVGVSEETTTGVK

Histone H4 (wheat)

IFLENVIR
IDGLIYEETR
TVRAMDVVYALKR

Fructose bisphophate aldolase

VTPEVIAEYTVR
IGPNEPSQLAIDLNAQGLAR

Triosephosphate isomerase

TNVSPEVAESTR
VIACVGETLEQR

NAD-dependent malate

DDLFNINAGIVK

dehydrogenase
Histone H3 ASAPATGGVK
Putative lipase DQVLEEVRR

Juang RH (2005) EPA




B R EEER Y FRB#54S Protein interactions

@ Proteasome @ @
Anti- %g % %
Proteasome Anti-L-SP

%3 <€ >
Immunoprecipitation Immunoprecipitation

Immunostaining

-

Immunostaining

'y

Iﬁﬁ%

Anti-L-SP SDS-PAGE Anti-
Proteasome
------------------------- o -
----- L-SP

””””””””””””” - . H-& - <
E w
Jo Dt 000
== . L fffff S I - - - 5 8/
' I
Western blot Proteasome \yestern blot .
Law)

Immunoprecipitation is useful in detecting the interaction between two proteins



B ZEEeEiEE Double diffusion works

T
X

2 ",;{mmh}

+ @
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71 EARERILEIEE An overview
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7.3 EHEFEMZY Proteome research
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Proteome is much complex than its genome Juang RH (2005) EPA
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Minimize protein purification and analysis in one chip
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