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}

+ @

Juang RH (2005) EPA



Making

protein chipsges | . ,‘n >

Schleicher & S'chuell

12000

—~
|
Q
—
2
[%2]
c
Q
+—
£
o
Q
o
@©
—
(o)
Q
=
£

20 40 60 80 100 120 140 160 180 200 220
Antibody Concentration (pg/spot)

Juang RH (2005) EPA



B K[

mITI

5 3R IR (SPR) rltg Al 7 F RIS S

ﬁuﬁ“ﬁ‘u’ﬁﬁ? S SPR iU

290 o 4D

= [IAbi%

]

l

|

]

, |
240 F :
l
l
l
]

=
©
o

140 P

SPR I E:fif

55 60

L

B D)
Surface plasmon resonance (SPR) detects the binding of two molecules directly

SPR value

50

Citrinin in %
sample

Ab binding is inhibited
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[ EHEFH; Protein technology

71 EARERILEIEE An overview
7.2 EHEMEST AETE Microanalysis
7.3 EHEFEMZY Proteome research

FEHEMIX

Protein Technology

Juang RH (2005) EPA



Juang RH (2005) EPA

B SR ERINERRIZ B ERY Related courses

Basic Protein Technigues = Protein Structure & Function Protein Engineering
Purification Analysis Structure Function Protein Eng  Biochem Eng
\ 4 \ 4 \4 \4 \4 \ 4
soEite| | BRER (zpnaee| cpmee sesps zomesomr, | EagTe| |ERRENR| L TR
Protein chemistry biggﬁgnr?iitry Proteomics Mass spectroscopy | Structural biology Pr;’f,?,”}jﬁrc‘ifgﬁre Protein engineering miﬁﬁ)%:glc:)gy E:S)g;:ip]g?rli%l
SHER{LER
Biological

physical chem TR ER

e | (BRUPER zpgmeny| TUELRR BRI R Biochemical
Biochem ab Enzyme biochem |~ b, icomics lab Mass rotein

lab spectroscopy lab engineering lab engineering lab

Y
. g _ _ " g ST e A
nEET A teapmenes | R RS

Ab tools Bioinformatics I Bioinformatics lab

N N N N N
Purification > Analysis > Function > Structure >Engineering >Production >
Vv Vv Vv Vv Vv




Protein
extraction

\ 4 \ 4
Fast Protein
LC transfer

Capillary Protein
electrophoresis band
Homogeneous Protein

protein sequencing

Amino acid
sequence

Synthetic
peptides

Ab Bioinformatics
preparation database

2D
electrophoresis

Image
analysis

In-gel
digestion

LC or
electrophoresis

Mass
spectroscopy

MALDI-TOF
LC/MS/MS

FEHEMIX

Protein Technology

FEEM TR

A new look for EPA

1 Tk K ESED

Electrophoresis and transfer

2D electrophoresis

RBRE A IK AR

In gel d|gest|on

4 1S s Etib

Micropurification and analysis

THE TR

Microanalysis

SN )

Ab preparation
FHEHZ

Bioinformatics

Juang RH (2005) EPA



l-'-ll-'-l

Gene expression isypiaotall re'fe

),

Proteome is much complex than its genome Juang RH (2005) EPA




Juang RH (2005) EPA

~

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

(1) IEF =
TBEETX gjﬂ
| " | ‘ ¥ | BT TR~
- (2)
SDS-PAGE

ST EtRZRS

- 5T

x

(3)
Staining
FEMRE




B =F

EREAJinEl R

BRUHRME G

P ————

Sample

Database
searching

2D electrophoresis

(Identify significant difference)

dlgestlon

. Proteolytic h/\

)

Mass spectrum

Pure protein Proteolytic fragments
Capillary
l MALDI-TOF Electrophoresis
HPLC
LC/MS/MS

- N@@8C00 -

Amino acid sequencing

2D tool provides insight from comparing proteomic difference

oﬂ""]

\

o

Juang RH (2005) Proteomics



B 4R EEE S Microfluidics, Lab-on-a-chip

Agi]en‘[ S B B L ESE AT T ML

Agilent HPLC-Chip/MS

B RRIE
B sample well pretreatment
E i)
Capillary electrophoresis ot
=
- i
=Bl
detection

http://www.chem.agilent.com/Scripts/Phome.asp

v
*_..--='""'= E§E1%ﬁ$ﬁ _
Mass analysis

Juang RH (2005) EPA

Minimize protein purification and analysis in one chip



B BEAEBRERL4EEL Modern protein technology

@® = =&t High-through put
@® [&F High-speed
® 4= Micro-scaled

Juang RH (2005) EPA



