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Functional group:
1.-NH,
2.-COOH

Figure 3.4. The | and d Isomers of Amino Acids. B refers to the side eham. The 1 and d isomers are mimror images of

each other, 3 . R (ﬁgﬁl )
[%\H\E,:)[\_Jlj::‘l

L inomer

Figure 3.5. Only | Amino Acids Are Found in Proteins. Almost all | anuno acids have an S absolute configuration
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terminal residue — terminal residue

Figure 3.19. Amino Acid Sequences Have Direction. This illustration of the pentapeptide Tyr-Gly-Gly-Phe-Leu
(YGGFL) shows the sequence from the amino terminus to the carboxyl terminus.



Primary Secondary Tertiary Quartemary
structure structure structure structure

Crystals of human insulin. Insulin is a protein hormone, crucial for maintaining blood sugar at appropriate levels.
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Coomassie
Blue G Arg
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1 0
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phosphotungstate
|

) )
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Bradford Method

B Coomassie Brilliant Blue G-250

@ 470 nm CBG Rl 7 595 nm @
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. Fﬁ]r(electrophoresm)
o o755 M (column chromatography)
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- 127 (Proteomics)

— J=rg1(2-Dimensional protein gel electrophoresis)
and HPLC were long used in protein separation.

T A J’E"Té%ﬁ re o R il (development of mass
spectrometry Iin recent years, —2000 AD)

2002 Nobel prize:
« John B. Fenn (Virginia Commonwealth Univ.)
« Koichi Tanaka (Shimadzu Corporation, Japen)

« Soft desorption ionization(gf{'?“%ﬁ'ﬁﬁ@%' *) methods for
mass spectrometric analysis.

proteins annotation(ﬁﬁ'lEﬁE@).




Functional Genomics (or Phenomics)

. DNA Y
- Complete -
"description of’
genes in an
organism

Genome - Genomics

RNA
Complete description NRAEUSEICIHEE T Transcriptomics
of MRANA in a genome

Proteins Global i Targeted

Complete description
of proteins expressed Proteome » Proteomics
by a genome

Metaholites Global 1 Targeted

Complete description of M
ele O ' etabolome  —» 1
metabolites expressed das b

by a genome / \

Global Targeted

Catalog of all protein-DNA,

Functional
genomics
or
“phenomics”

protein-BNA, and protein-protein
interactions Interactome ~ ~—  System Biology .

Ak F IS




Summary ofi the systems

s -O0me--- Compete set.

= -ICS —-- the utility for analyzing these
domains.

o ﬁjﬁtﬁl[ﬂ'd%%% (Functional
genomics) : hierachical
approaches for studying the
functional analysis of novel
genes




Defining proteomics

= Functional proteomics: 7|=2DE~ MSi+i

i f (52

+ ?%Eiﬂﬁ (2DE): two dilmensional gel analysis,
=y e

- sample first run a = st S5l ER (IS0

el étrofocusing) electrophoresis. £["] SDS
PAGE 77 #Esf THY % .
By=(MS): mass spectrometry, basically, a

method to “accurate” determine molecule
welght.



Differences between protein chemistry and proteomics

Protein chemistry

Individual proteins
Complete sequence analysis
Emphasis on structure and function

Structural biology

Conventional ideas:
Using physical biochemistry or mechanistic enzymology, study one
protein or multisubunit protein complex at a time.
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Preteomics and Genemics

Genemics
Geneme seguencing
Complete DNA seguences froem various organisms

Bioinfermatics
Tools for sequence comparison

|ldentification oft homologues
Tools for sequence interpretation
Elucidation of coding seguences / protein functions
Gene expression (protein) profiling

Transcriptomics
Differential expression of mRNAs (MicroArray)L PK'FE[#[H[
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2001 Proteomics Group, Institute of Biological Chemistry, Academia Sinica



. Rl =
1. Sample preparation, 57 &
2.
3.
4.

Protein information, grf 1ET=Y3

Protein lIdentification and quantification,ﬁ;?fl@?ﬁ%tﬁjéb EEl

Cell mapping: targeted proteomics (study of protein-protein
Interactions, posttranslational modifications (PTMs), cellular
localization, etc.).

Structural proteomics Functional proteomics

Cell
mapping

Protein
information

Protein
identification

Sample
preparation

z
- 2-DE, 1DE, MS, Informatics Protein-protein "g
non-2-DE, Edman interactions, 3D o
affinity “capture” degradation \ structures, cellular : :

localization,
_ PTMs

Technology platforms for proteomics
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Protein determination range

o [l VBTG RL B A~ 106, e g,
10 copies/cell for transcription factor,
up to 10° copies/cell for abundant

molecules.

2D gels, which usually separate
—1,500 spots, present most
abundant proteins If a crude protein
mixture Is used.




Protein Copy number and cell quantity: - 3% JH[Z[ {3 g f 18T

Detection in Silver stain range and coomassie stain range.

=
j{e]

[ e
ERers il

go)
<

M 10 protein
copies/cell

#® 1000 protein
copies/cell

A 100,000 protein
copies/cell
| [ . I I I
1 %105 1x 108 1x107 1 x108 1 x 109 1 x1010
(10ug)  (100ug) (1 mg) (10mg) (100 mg) (19

Number of cells loaded on gel
(amount of protein)

2

p—
3
£
g
b
Q
S
]
o
Q
=

Mass for 25 kD protein (g)

m
=




irf V2 AEF37-2-D gel electrophoresis

1st D - Isoelectric focusing (£ ﬁ%ﬁﬂr)
- separation on basis of pl

2nd D - SDS gel electrophoresis (SDSFL{W)
- Separation on basis of mass

Isoelectric focusing
- separation on basis of pl
- pH gradient
- migrate to their pl and stabilize pH
gradient




1st-Dimensional gel Electrophoresis

= 1st PAGE precast gels:
* FIIJEJZ;'J‘#? EF{J%ET B2 ] o) B

("denatured” proteins, polypeptides or
nucleotides) from 2,000,000 to 5,000 Da.




Polyacrylamide gel electrophoresis
Acrylamide : CH2 = CH - CO — NH2

N,N* methylene bis acrylamide:
CH2 = CH - CO — NH — CH2 — NH — CO — CH = CH2
Polymerization induced by free radicals

oroduced from ammonium persulfate In
oresence of TEMED (N, N, N*, N — tetra
methylethylendiamine)

TEMED causes free radicals to form from
persulfate




=g FJE e L R £

cO
L -Chemlcal. TEMED and APS.
=::Hz *Photochemical: riboflavin-5’-
CH, = CH NH phosphate, or methylene
{1:0 %m blue.
| )
MH, CH,=CH =t _;‘—‘Ju [I )‘_EFF'—}S/[—‘—‘
Anryl.lamide Etia—acr:_.rla:nide ?}T;J;j?&) E EI Fai%

+ Polymerization

* %, and ratio: acrylamide
and Bis-acrylamide

» Polymerization temp.

» Gel additives:
—CH; — CH — ] (CHE—— CH—),.,
o i | Urea (smaller pore
| il ' size)
NH, c_|';:-|2 NH,
| *Polyethylene glycol:
TH macroporous.
co
— CH, — r'|::H —
Pohyacrylamide gel

FIGURE 2.4. Chemical structures of acrylamide, bisacrylamide, and polyacrylamide. (Adapted, with per-
mission, from Hames 1998 [@Oxford University Press].)



Net Charge
+3

+2

+] Isoelectric point (pl)

=
9 10 11 pH
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Separation by charge:

© 0O N o o &

10

Isoelectric point (pl)

®

+ N
ot

!

Low pH:
Protein is
positively
charged

»
»

High pH:
protein is
negatively
charged

v

At the isolectric
point the protein
has no net
charge and
therefore no
longer migrates
in the electric
field.
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*The known extreme pl : acidic glycoprotein
of the chimpanzee: pl=1.8, Lysozyme from
human placenta: pl=11.7.

= [he most used pl range Is pH=3 — 10.




IEE Ideal Lysis Buffer (FZ¥=7E)

= SM urea (or /M urea + 2M thiourea
In the case of fractions containing
hydrophobic proteins)

s 2-49% CHAPS

s 19 IPG buffer (appropriate buffer for
pH range to be analysed)

s 2 mg/ml DTT




Factors which may: affect pl

- amino acid composition
- phosphorylation

- glycosylation

- other post-translational
modifications




2hd -Dimensional gel Electrophoresis
= 5V FEEISH T /SDS PAGEIE.

* [ESDS PAGEJiffli™ |71 Fi7~(stacking gel) » JJ £
%’j%(separating gel) FA‘ [ IR
* Il fJ': AP L N EL S AES15AE > 7 (i H stacking




(sodium dodecyl sulfate)

fiy A e
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Electrode buffer £ Fig 2.3

— Tris-glycine (pH 8.3)

TO T1 12 T3 T4
P1-5
- I Gly- ] Kohlrausch boundary, a
acking ge Stacking limited high-voltage
Tris-Cl (pH 6.8) CI- Gly- gradient
ey
Resolving gel & Gly~ P1
Tris-Cl (pH 8.8) | CI-
Unstacking P2
S
Y Pl
' T P5

+ Electrode buffer
Tris-glycine (pH 8.3)

Stacking gel: pH6.8, resolving gel: pH8.8, electrode buffer, pH8.3 (Tris-glycine)
Sampel(P1-P5) running between two solution: Cl-(leading) , and trailing (Gly-)

Laemmli system



W ) BIpVHE . SDS-PAGE

Mol mass kDa

300

200

100
80

60
50
10

30
20

0.5
Migration (R;)

Pharmacia: Molecular Markers for electrophoresis




Multiphor™ II IEF System

s Perform first- and second-dimension
separations with the same system.

= Run up to 12 IPG strips (7-24 cm)
simultaneously.

= With DryStrip Reswelling Tray, samples
can be loaded during I1PG strlp
rehydration by includingl ==
rehydration buffer.




Step 1. Rehydration Step 2. IEF
Use DryStrip Reswelling Tray. Use the parallel grooves

Cap loading




Ettan IPGphor IEF System

s Accommodates all lengths of Immobline
DryStrip gels (7, 11, 13, 18, and 24 cm)
and can run 12 gels simultaneously.

s 8,000 V Max




BioRad system

s Isoelectric focusing
U=3

= Pre-cast IPG strips

« Variable pH range
(e.g. 3-10, 4-7, 3-
6, 6-12, 4-5)

» Variable strip
length (7, 11, 17,
24 cm)

« Optimised protein
loading

« 10,000V Max




s IPGphor ceramic strip holders are
available in five lengths: 7, 11, 13, 18,
and 24 cm.




s |IPG strips are rehydrated with IPG Buffer In
regular strip holders. The sample can be
added to the buffer for efficient loading

during rehydration.




s With movable electrodes and sample cup,
the Cup Loading Strip Holder
accommodates IPG strips up to 24 cm long.

electiode
contact ang;

movatie efectrods




1. Apply rehydration solution. 2. Remove protective film from 3.Drystrip in strip holder

DryStrip gel.

4. Apply Cover oil 5. Cover on strip holder.

6. Place assembled strip holder on Ettan™ IPGphor™ platform.




TECHNICAL SPECIFICATIONS

Instrument
Voltage

Current
Platform temperature

IPG strip lengths
Number of strips

Reswelling

Strip holder material
Sample application
Software features

Ports

Operating
temperature

Relative humidity
Line voltage
Maximum power

Dimensions (H x W x
D)

Weight
Safety features

Safety certifications

Integrated Peltier cooling and high-voltage power supply
0-8000 VDC
0-1.5 mA

18-25°C

7,11, 13, 18, or 24 cm Immobiline™ DryStrip Gels
12 maximum
In strip holder or reswelling tray when using Cup Loading Strip Holder

Base — aluminum oxide
Cover — clear acrylic

During rehydration or after rehydration when using Cup Loading Strip Holder

10 protocols, 9 voltage ramps or steps each; set rehydration delay; set maximum current limit; set
temperature

Serial port (RS232)
15-35°C

0-90% non-condensing
90-260 VAC
100 W

14 x 25 x 46 cm

6.8 kg
Automatic voltage shut-off when safety lid is opened

CE 73/23/EEC (LV directive); UL3101-1; CSA22.2 1010-1




Multiphor™ || and ExcelGel™ System

Perform second-dimension separations using
convenient precast gels and 7 11 18 or 24 cm I1PG
strips.

Choose from ExcelGel precast SDS-polyacrylamide gels
available as 12.59% homogeneous and 12-14% gradient
gels.

Prepare multiple 2-D maps on a single gel using three 7 cm
or two 11 cm IPG strips side-by-side.

Configure Multiphor Il with MultiTemp Il Ther
Circulator and the programmable EPS 1001 Po
for reproducible running conditions.




Hoefer™ SE 600 Ruby ™ Vertical System

Perform second-dimension separations
using 7 or 13 cm IPG strips.

Prepare multiple 2-D maps on a single gel using
two 7 cm IPG strips side-by-side.

Run up to four gels simultaneously and perform
eight second-dimension separations at once.

Configure SE 600 with MultiTemp Il

Thermostatic Circulator and the programmac s 18
EPS 601 Power Supply for reproducible runm@ =5 |
conditions.




B (57 A

x Complex protein patterns in 2D
electrophoresis gels are captured In
digital format to allow accurate,

reproducible and guantifiable
comparisons.

 Image Master (Melanie) (Pharmacia)
 PDQuest (BioRad)




Image Scanner

ImageScanner has an extremely broad optical density
range to give the high resolution required for reliable
quantification of Coomassie and silver stained gels.
Fast scanning and image acquisition rates ensure short

scan times.




Typhoon

« Typhoon unites four-colour fluorescence, filmless
autoradiography and chemiluminescence into a single system.

 |ts broad dynamic range ensures accurate results at the first
attempt.

« Highly sensitive optics facilitate extremely low limits of
fluorescence detection and enable direct chemiluminescence
imaging without intermediate exposures to film or screens.




Pl Gel -Image mmm) Reduction =)

Srf VR A
| |

Rehydration

Protein identi
from database

In-Gel Digestion I

Extraction

=d Analysis Peptide
A Alkylation X




