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@ fii=/t1k 5,5 Enzyme purification methods

® ExRoD
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H5% Enzyme analysis methods

® HEEE Problems
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2401t 555 Enzyme purification methods

1 BRI L EERR

Enzyme purification laboratory
? EHHEHY Protein extraction
3 =4 17;5 Chromatography
4 HysiqbelEt 5,5 Other methods
5 %1t ZERE Purification strategy
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1 BEEEM{L EESZ Enzyme purification laboratory

® 1.1 {#2%5 Instruments RS L T
® 1.2 /\HIZEE Smalltools A,
SHFESL Consumables (H %}ﬁrj

® 1.3 ZEf Reagents i} iofimie e ]

® 14

]

A

I Personal utilities #5112 <!
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Sigma

ExAVEAEIERER Sigma catalogue
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PRODUCT PRODUCT
>\ NUMBER \usns NUMBER USA $
= .
<> HYPOXANTHINE-GUANINE — 250 units 24.80 \-u—LYSDPHDSPHATID‘I’L[:HDLINE
<~ PHOSPHORIBOSYL 1,000 units  79.10 (-ci-Lysolecithin) 15
H 3389 TRANSFERASE [9008-30-4] CxHuNOP FW523.7
’7 (HGPRT; Transphosphoribosidase; R SO e e
r IMP:pyrophosphate phosphoribosylfransferase; L 5004 Type lll: Approx. 99% 5mg 2640
34 EC 2.4.2.8) 5c] From Bovine Liver 25 mg 80.80
From Bakers Yeast White Powder.
6 Lyophilized powder containing approx. 80% Prepared by the action of
protein (Biuret) and 5% MgCl.; balance primarily phospholipase A on bovine liver
Tris buffer salts. .-a-phosphatidylcholine (P 7763).

Activity: 300-600 units per mg protein
Unit definition: One unit will catalyze the
8 / formation of 1 nmole of guanosine
E 5'-monophosphate (GMP) per minute from guanine
and phosphoribosyl pyrophosphate
at pH 7.5 at 37°C.
May be useful in the enzymatic determination of
phosphoribosyl pyrophosphate (PRPP).
10 ——Ref.: Salerno, C., et al., Experientia, 35, 1016
(1979)
[9016-12-0]

3-ACETYLINDOLE
A 9750 Practical Grade

lg 1140

Contains primarily palmitic and stearic acids. ——— 14

16
NG
L 1381 Type V: Approx. 99%
nEe From Bovine Brain
Prepared by the action of
phospholipase A on bovine brain
.-a-phosphatidylcholine (P 6638).
Contains primarily palmitic, stearic and oleic acids.
R: 36/37/38 5: 26-36

5mg 21913
2hmg 6820
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; FW159.2. M|
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Sigma BB\ E|FZEE; Sigma reagent label

c B sHimE HHEE FHE A &EB

\ | / < /S

100g M-5750 Lot 119F0448
®

MENADIONE SGDIUM BISULFITE

2-Methyl-1,4-naphthoquinone sodium % "

. bisulfite)
Approx. 95% [57414-02-5] CAS
. Water soluble addition C,,H:0, * NaHSO, W 276.2 fﬁz‘}}ﬁ

—compound of vitamin K,
' Light sensitive H,O content 1.5 mol/mol

i
of

E —71IRRITANT
Irritating to eyes,
respiratory system
and skin. In case of
contact with eyes,
rinse immediately
with plenty of water
and seek medical

— A

S o
X

g 1111

advice. Wear suit- " Desiccate For laborAtory use only. Not for drug,
able protective Store at less than 0°C househaid or other uses. P
clothing.
3 9 - SIGMA cuemc# CO. P.O.Box 14508 St. Louis/ MO 63178 USA 314-771-5750
& H Ak =y > Aeoal B2 Az
=&k 1 Bl c BT b FINL FEIKE &5 ™
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BX A

D BRES

J&ZH)

Explosive

Harmful or
Irritant

RIELTE

Vo lal I:I

13

ZysY)

Highly Flammable or
Extremely Flammable

Oxidizing

Corrosive Biohazard

T TMEE

52 Common chemical warning signs

Toxic or
Very Toxic

Dangerous for
the Environment

RIRIEE

Sigma Catalogue



BEIF{RAVIELS AL Label your reagents

=E A

well

i =

1M Tris-HCl pH 7.4
JRH 050825Thu

PERHEE

HH
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U XEIEHEEIE Manage your reference well

[}
[¢]
(o]
o

—=

BRHBRE R

User’s Guide
b ity 8 %5 WT

-
—————————— > - dou i
. -
\ h = 3
F ; - 7
| . .
| f - g
e =
| p—
|, e
% =

Data. TXT

Reference
Manager

AIE[]
Reference B
List Original

Paper

PDF

Database.RM
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Y ErNEER ZEIE Create your reference list

User’s Guide

Reference
Manager

for Windows 98/95/NT

Build up your database

Search and store your reference
using RefMan

Insert references In your
article

Insert {reference ID} in your Word
article

Create reference list

You may use any preferred format
of reference list

Citation will be inserted in
article automatically

Every {ID} iIs changed to citation

Juang RH (2005) EPA



L MmlEErEE SigmaPlot for scientific graph

SigmaPlot

SCIENTIFIC GRAPHING SOFTWARE

VKey In your data
Any kind of (X, Y) data

WV Choose preferred graph
Useful graph types available

V¥ Create the graph
Graph iIs created automatically

V¥V Modify title or legend
You can modify graph freely

Juang RH (2005) EPA



SFEENEE Visio creates professional flow charts

Using Visio

Drag plates to create tasks

All tasks are put on various types
of plates (different shapes)

Link plates with lines

Connecting line indicates the
relationship between tasks

Paste your own graph

Make your own plates with special
graph of figure

Useful in many jobs
Experimental flow chart, maps

Juang RH (2005) EPA



RITHIRIE EEE CorelDraw produces cool graphs

s corEL

Create vector-based
graphs

Experimental graph

Maps and indications
Molecular formula

DNA sequence alignment

[:nramﬁﬁi‘ﬁ' 9 Amino acid sequences
[# % B | . .
CD 1 Bitmap also editable
B "“”E'D“%’;‘Lfrﬁpii‘iﬁ“%ﬁ?lﬂff e Put labels on any bitmap
O T e T T (for a electrophoresis gel)

WEHME (+1- 513-?2‘-3-:3-5-10191 CIH'-EI ﬁiﬁ
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. BEHAEEHEFEEEE Organizer organize you life

January-February 1994 el February 1994
31 Monda 3 Thursday
G e 700PM B
W 10:00 A PR B ee =930 P Call ¥
10:30 AM ECx 5777
11:00 A B R
130 P HESE—
400 P 1T 22 B format

1 Tuesday 4 Friday
7O0PM  ERRRG AN0 P 2483 WEEEERRE
BI0FPM  Call I EIWE fEf Ean ety
B:00 Phi WEEENRE
700 P BRI

Y otus '(Drganize

for Windows lﬁl

VPersonal information
management

Diary

To do list
Note pad
Address book

WV A dynamic notebook
Week view or month view
Convenient linking
No page limitation

Juang RH (2005) EPA



=k ER PowerPoint demonstrates your result

@ Introduction @ Graph Write on the storyboard
® Flow chart @ Photo Turn your report into scenario

@ Results @® Gels Design every slide
1 exhaustively

Clean, clear, correct

Rehearsal Is very critical

At least five formal rehearsals
for an important talk

PowerPoint

Do your best when talk

Talk enthusiastically and answer
the questions frankly

Juang RH (2005) EPA




W EEEfM{E T B References for enzyme purification

Protein
Purification

v S|

Protein
Purification
Principles and Practice

Sevond BEdition

Protein Liquid

Chromatography

protein liquid
chromatography

Methods in
Enzymology

Pharmacia
Handbooks

Crel Filtration

SEE R BT

Juang RH (2005) EPA



B Rl 2% The philosophical aspects for science

THE ART OF ™| rnksessa bmoAkamsn 2 Eams

5 TR AT -
SGIENTIFIC

ERN T RKREA R ESR T
INVESTIGATION | 52 s e semomemsennmmsm
W HEREEEE S RITSE - B EEE
7H IN] T st °
by W.1.B. BEVERIDGE R R
An entirely fresh approach L HIERE IR RERN S AR HE > A g2l
i | S

N B TR EE R R Y
E—— [FU0 PSP AT <

=
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= HY Protein extraction

2.1 4{aIEEnE ? How to start?
5W principles £l 4 R[]

2.2 M#¥lFLJE Materials & sources
FHRITV 2 L

2.3 1598 &IHEY Homogenization & extraction
yﬁ%@ﬁ fmlé),f_‘ _Hj

2.4 E&ENTRZIILEE Salting-out & precipitation
Ay [ Tk

Juang RH (2005) EPA



ANMAIBIHE ? How to start?

FeZ B Ll NEEES ¢ 5W

2l —EEEE 7?7 What ?
AEMEttERE 7?7 Why ?

CIEED vip SEUIN | Where, from ?
A—EE =EH 7 When ?

[ ﬂ%’*@ﬂ:lﬂ:sa = How ?

,<|||

Juang RH (2005) EPA



Ezit{L@izr) ={EPRSEx Three stages

¥ (crude protein) :
:l{_;fz 7-,& —> 1‘:{@5{:"7'1_@ Elqw —> j[_lE[IL ',ﬁ%[jjﬁl y
R BT
2R iti{t (partially purified) :
IR PR [ o ff ™ &%EIE AT
198 /22 (homogeneous) :

TR I - ORI [ B
P<FY HPLC 7 -

Juang RH (2005) EPA



>

(aund 04T) u1s104d 8pniD (1)

Protein Electro.phore3|s
. . Naive-PAGE
fractionation SDS-PAGE
Ammonium sulfate Gradient PAGE
Organic solvent o
-------------------------------------------------------------------------- Kinetic study
Molecular weight
Chromatography Sedimentation coefficient
Ic;e| fiItrﬁtion determination
on exchange
Affinity chromatography lQuatemary Struqture
FPLC soelectric focusing

paiLing Ajerued (z)

Purification

v

Extraction

\/

Electrophoresis

Preparative electrophoresis
Isoelectric focusing

(9%566<) snoausbowoH (g)

v ...................
(Pure Enzyme)_

B Analysis

Protein / Activity assay

Peptide mapping

N

Antibody production

Monoclonal or conventional

Crystal

>

A 4

X-Ray
crystallography

Spectrometric methods| cp orp, NMR & ESR

Amino acid analysis
Protein sequencing
Extinction coefficient

—> Immunoassays

Immunaoblotting

ELISA

Double diffusion
Immunoelectrophoresis

(1) HHEE

Crude protein

Cibay e

Partially purified

PEER

Homogeneous

Juang RH (2005) EPA



SIER LR T T/ ERY R

Organelle

separation?
Small molecules

Cell homogenization

Macro molecules

Ammonium sulfate

Amino acid,
monosaccharide,
nucleotide, fatty aC|d

Cell debris

precipitation

Molecular size  Molecular charge  Molecular polarity Affinity
N lon exchange, Reverse phase -

Gel filtration, Chromatofocusing, chromatography, h Affinity h

SDS-PAGE, Disc-PAGE HIC chromatography,

Ultrafiltration || oelaciric focu,sing Salting-out Hydroxyapatite

Basic protein properties useful for planning separation steps Juang RH (2005) EPA



itk /AR X Which step first?

Times s
used Homogenization

Gel filtration

40 Precipitation /

l\ lon ezfchangT ,

1 2 3 4 S 6 14

Adapted from Bonnerjera et al. (1986) Bio/Technology, 4:954-958
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= HY Protein extraction

2.1 g0MrIBEEE ? How to start?
5W principles £L 4 ELH]

2.2 M#¥lFLJE Materials & sources
FHRIY 2

2.3 1598 &IHEY Homogenization & extraction
JFFIE_E{!' fmlé),f_‘ —Hj

2.4 E&ENTRZIILEE Salting-out & precipitation
A YR [RIHN R
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EME ZEE What's your starting material?

Which organism?
Which tissue?

Which organelle?

Secreted enzyme?
Membrane protein?

HEE T

1~ B P
L g L

ALY

] ﬁ%”ﬁ‘ﬁﬁ

g Erfﬁ%@@
@%ﬁgﬁ I“TV%?]EIX § JF%‘;%
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St Pierre,B.; Bertrand,C.; Camirand,A.; Cappadocia,M.; Brisson,N. (1996) Plant Molecular Biology 30: 1087-1098
The starch phosphorylase gene is subjected to different modes of regulation in starch-containing tissues of potato

SP RNA expression (potato tissues) * .,
S St

L

3.2-

LB

5'Phaosphorylase

. nos
B-Glucuronidase | 7> —q

GUS activity (pmole MU/min/mg)

Phosphorylase messenger
relative signal

(163 DAYS
77484 DAYS
Il 105 DAYS




(A) Mesophyll

Nucleus

“.uclear membrane Nucleolus

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum
Middle lamella

Air space

Peroxisome

Mitochondrion

Plasma
membrane

Pectin-rich
Cell wall | middle lamella

Cellulose /hemicellulose wall

A typical plant cell

Buchanan et al (2000) Biochemistry and Molecular Biology of Plants p.3



FEBIAHBEEE Plant cell wall is a barrier

@ Old plant cell wall is very tough to break

Buchanan et al (2000) Biochemistry and Molecular Biology of Plants p.54



Transformed from proplastid to amyloplast and chloroplast

Alberts et al (2002) Molecular Biology of the Cell (4e) p.794 Mathews et al (1999) Biochemistry (3e) p.299



L EMEREM{t LAYRIRE Pigmentis a problem

d @ Pigment stains the gel during purification

Scientific American

e T —




O HARRRE R EHEEL A ZE Membrane proteins

@ Detergent (Triton X) is used to solubilize membrane proteins

"| Non-polar

Buchanan et al (2000) Biochemistry and Molecular Biology of Plants p.8



MM EIESEE Special problems for plant materials

MPEEE Cell wall geas~

= LZ{K Chloroplast HE

P

/& B Vacuole |7 % T

= RBBE (proteases)

ZEMMEE%) (polyphenols):

Alkaloid 4P

Flavonoid 2% ?‘T@‘

Tannin Eﬂﬁfr

s

Juang RH (2005) EPA



HHEHEES (1991) 57 164 1, p.48-49

Polyphenolic compounds

OH

Everyday Science Explained

Plant secondary g%

are active ingredi
Important medig




EMERLZEITEEER How to remove pigment

B-mercaptoethanol ---.... inhibit

v .
Phenol oxidase

Decrease enzyme catalysis <«--}----- Low temperature
Oxidation
Phenolic compound Pigment
adsorb T K B

Polyvinylpolypyrrolidone
(PVPP)

uang RH (2005) EPA



2 EHEEY Protein extraction

® 2.1 40{aIBaRE ? How to start?
5W principles £L 4 ELH]

® 2.2 MFlFLE Materials & sources
PRIV =2 (W

O 2.3 158 &HY Homogenization & extraction
T@“E{’r Ifmlfb“ Hj

O 2.4 E&EptR2ILErE Salting-out & precipitation
A YR [RIHN R

Juang RH (2005) EPA



FTRE#ABEAY 55 101 ways to break the cell

Dry way:

k& 2P (grinding in liquid nitrogen), Fefs
£% (coffee grinder), Z~EeS (ball mill)

Wet way:

vy (homogenizer), 031 £% (Waring blender),
Polytron, ’ﬁfﬁt (mortar), &,ﬁ:ﬂ* (glass bead mill),

_A

o %ﬁz&b =1 (ultrasonication), French press

Is your target protein released from the cell?

Juang RH (2005) EPA




Mathews et al (1999) Biochemistry (3e) p.299

‘ W‘*ﬂwa« EJJJ GES *E'FJ’[?"@@ Some organelles are difficult to isolate

" .,-\.."'“’?"' J-.n.-'r‘i.\'ﬁ'l'

i @{%&‘@Hu&:ﬁg wH_ ; :

; . 'WHomogenizer for breaking the
.~ cell but leave organelles intact

- MrE

Alberts et al (2002) Molecular Biology of the Cell (4e) p.794



~p

P EERR A= FH 75 ;% Two popular methods

Various size of probe

. Use IIqUId nltrogen Juang RH (2005) EPA



$MBEFTHE 218 After breaking the cell.....

(1) B K mE

Keep temperature low

(2) f&=R AL

Purify as soon as possible

- (3) HEFIL

Avoid oxidation

(4) R

Avoid adsorption by flask
(5) kTR FH

Avoid contamination

Juang RH (2005) EPA




2 EHEEY Protein extraction

® 2.1 40{aIBaRE ? How to start?
5W principles £L 4 ELH]
® 2.2 MFlFLE Materials & sources
BRIV 2
@® 2.3 158 &IHHEY Homogenization & extraction

O 2.4 E&EFTRAZILEY S Salting-out & precipitation
A YR [RIHN R

Juang RH (2005) EPA



U BEEFRERYEERIF T

Positively
charged
canyon

Activie site

Superxoide
dismutase

A typical protein (SOD)

Protein surface has both polar and non-polar patches. Stryer L (1995) Biochemistry 4/e Fig. 21-36



Lysozyme

Backbone

Hydrophobic

Hydrophilic
.. Total

| J e + substrate

......

.........
Rl S Ty
e

Watson et al. (1987) Mol Biol Gene, Plate 3




Asn|’:: I Side chains

Q -9 . RSl

Large or small

B1E

" S Positively or
o negatively charged

B
FEHRIE

Polar or non-polar

e

Glufs® Gly

7))
=)
&)
©
I|
j=
=
M
o
(Q\
Y
@)
(7p]
O E
| -
)
)
®
)
Y
@©
| -
)
o
@)
N
| -
)
)

Bio-Lab 55 Cell 83 (4), 1995




RN

SlE:

|—7 mil
T (Ll

5

Buffer pH

Isoelectric point,
pl

+ 0 :
Net Charge of a Protein

Envwonmental pH effects the charge properties of a protein

Juang RH (2005) EPA



O FEIMIRE pH BIRFR pl versus pH

00

AR aggregate

pl =5

o= =
Juang RH (2005) EPA



U ESEREENEREARE

Solubility Pl [NaCl]

| 0.005 M
- 0.02M |

48 50 52 54 506 0.001 0.01 0.1
pH NaCl concentration (M)
Saltingin ----- 4

Higher salt concentration increases the solubility of a protein Juang RH (2005) EPA



EE A Salting-in effect

Solubility

lonic strength

HTHEESEU  BHEERE  BARLE ; A
ST RTILELRE| /) - 55 FHB - Ak -

Juang RH (2005) EPA



Bt SR R RP D ZAZ Y

..........
. .
.

Adapted from Alberts et al (2002) Molecular Biology of the Cell (4e) p.115

@ Il PR EFLITRIRLE | & nbgis g

But the enzyme-substrate binding can still depend on ionic interactions (why?)

lonic bonding is not stable in water solution Juang RH (2005) EPA



1B /RFEE Salt effects protein solubility

® E& 3 Salting-in:

_rJI:I

IR g VR AR

@ E247 Salting-out:

_rjl:l

SR S VEVE VAT R

Juang RH (2005) EPA



FRoK MY EEIRvERA /1 7kEE Clathrate

® i 'F'A'{ BN R
iyt 537 A
ZiFIII‘ :'[(1;;'?1?_‘:“5 ) [§|§J
s [3@[‘5:7 » <57
T 2y

Water molecules
surrounding the outer surface
of non-polar molecules are
“immobilized” and form a
“cage of water” to isolate
these non-polar interface

Alberts et al (1994) Molecular Biology of the Cell (3e) p.49



E&E A7 Salting-out

Solu

bility

sulfate

Ammonium

Sodium
sulfate

E
=,

B >
7K1

lonic strength

BoFRENGKERSE - #SEEFTFZ KT
B KT o DRI EERE T ETTKS

=I5 B RS S 0 FERLEY

FREEL

= ERAIA
H SR

= hyc

rophobic

Juang RH (2005) EPA



U HmER A 1ERY7K S 1ER Hydration is everywhere

@ o5 PSR TR T
Water binds with polar particles easily aEd
dissolves them into the solution

Adapted from Nelson & Cox (2000) Lehninger Principles of Biochemistry (3e) p.87



B ARy A Precipitation by organic solvent

Solubility

Membrane protein

------------
-------
Py
.t
.t
.t
.
.

Water-soluble ?o Ok
protein E % %‘tf
Jik A
. 9 S ¢
Solvent % S o @v" §?
i v O
FI -
Organic
solvent

RRAEOKEM » EARMN BB TR MBS EAEA T2
e » ETTREE—IE - W = hydrophili

Juang RH (2005) EPA
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Juang RH (2005) EPA

5 EE AT OILELEELER  Comparison of methods

Salting-in E&;A

Salting-out EE#f7

Organic solvent

Factors

Reagents

Mechanism

Fig

Remarks

lonic interactions on
protein surface

NaCl (monovalent)

Protein has no net charge at its
pl, that leads to the binding
between proteins via ionic
interactions, and precipitation.
Salt can interfere these ionic
interactions and separate bound
protein molecules.

Fig 2.3

The reverse process of
salting-in is not salting-out,
it is the dialysis process
against a dilute solution.

Non-polar area of protein
surface

(NH,),SO, (divalent)

Big divalent ions attract water
molecules immobilized on the
protein surface, expose the non-
polar surface, which then interacts
with other proteins to form
precipitate.

Fig 2.4

1) Non-polar proteins will be
precipitated earlier.

2) Protein is very stable in
ammonium sulfate.

All interaction forces on
protein surface except
hydrophobic

Methanol, acetone

Organic solvent decreases the
water activity and the dielectric
constant of the solution, which

then decreases the solubility of
the protein and precipitates it.

Fig 2.5

1) Some proteins might be
denatured by heat produced.

2) Factors facilitate
precipitation: larger protein, pH
close to protein pl.

3) Lipophilic protein might be
dissolved more readily.




=15 Chromatography

3.1 BFESH75EIE Basic principles
i1 P [T~ o5 = AR e P [l s P
3.2 BB{REJEE Gelfiltration
A o5 = BIE [A] fiT ES
3.3 BEFZTHA5% lon exchange
FIP I 73 = A lif"‘ =HEUN [fl ST
3.4 ¥EF=HNTE Affinity chromatography
IR 55 = fR]pog A A [F' VS ST RS
3.5 HPLC & FPLC
EI';f_F%“ZI I @TF[’—jﬁ@TB 1 BH?‘[E F[J JLE?-JD@@ Bﬁjléﬁ?”}l

Juang RH (2005) EPA



Martin, Synge (1952)

U A A EEIEFE Historical review

Paper partition chromatography (PPC)

Round filter paper Column

@
—

C

Thin layer
(TLC)

—_— G —_—
Sample capacity
capacity
Increased

Long rectangle paper
Adapted from Scope RK (1987) Protein Purification — Principles and Practice p.9



L BRESNTEREAREG] Essential mechanism

Like
Dissolves
Like

@ LA FE » EARAERE -

Polar — Polar
Non-polar — Non-polar

Juang RH (2005) EPA



B E A fT,ERIE Two-phase separation system
A B C
Two-phase *

Non- w N
polar Polar S0k o A ’ ”

¢ & FRBAM — R EFE

Polar Separation
q I

Theoretical
plate

phase phase

S £ =
MEA ElE ADSORPTION PARTITION

i AR B F Ak Liquid - Solid Liquid - Liquid
EFER R AEZ —

Juang RH (2005) EPA



BT ERIMREIE S, One separation, one plate

Polar

Non-
polar -




. 2 HEMTE Common chromatographic methods

Partition Adsorption
] Gel filtration lon exchange
arge L
olecules REVErSe phase  AfliNity
chromatograph
chromatography grapny
Hydrophabic
Interaction
Hydroxyapatite

Smal
e PPC, TLC, GC TLC, GC

Juang RH (2005) EPA




;ﬁ—?—'slglﬁ*ﬁ/

£121E Thin-layer chromatography

Thin-layer plate

Activated

Not-activated

Pt
,,,,,,,,
W

Sample spotting

TR
EE
-------

g

Add developer

Developing

Juang RH (2005) EPA



BB {KiaE % Gel filtration

3.2.1 [R¥EL Basic principles
Fl— 7 partition g mE
3.2.2 B{AITE Gel materials
Rl PRSIV 55 ZFQF[ )
3.2.3 PIAEFE Gel and column
EPFEIEET BP0 A
3.2.4 E1¥1E{E Column operation
R I L R P iR
3.2.5 5] E]iﬂq:,% Problem and solution
FI'JE'EJ | URERS

Juang RH (2005) EPA



ITin

W BIKEREZ—TE Partition BT

Stokes radius
Molecular size

and shape
Mobile
phase
Smaller
molecules
are retarded

|
Larger

‘ Elute out faster molecules

Gel filtration is a partition type chromatography Juang RH (2005) EPA



g

A =>H
[TualT]
i)}

e N =h (B

Pharmacia

Sephadex

glucose (dextrose)

Sepharose agarose
Sephacryl
Sephacel

SMEOl Superose, Superdex
Mono Q, Mono S

BioGel P
BioGel A

Gel material is a polymer of carbohydrate or acrylamide

glucose + acrylamide
cellulose

acrylamide
agarose

Juang RH (2005) EPA
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Vrxay

B
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=E

Sephadex G

@ MW ranged from ten to several hundred thousands

Sephadex G-types Superfine

G-200 could be smashed flat easily

, (its backbone support is too weak)

0.2+ ‘5\\ From powder to gel form
1g—7.5mL 1 g— 20 mL gel
0 . —— T : T
104 5x104 109

Small proteins

Molecular weight

Pharmacia (1991) Gil Filtration — Principles and Methods p.37
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SRR IR E Agar gel formation

C‘H“

sol state initial gel final gel structure

HO ¢y oH o
o
Mo 7 o7
HO =

Pharmacia (1991) Gil Filtration — Principles and Methods p.38, 39

Even stronger backbone
Much bigger space
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BRERY(ERESE Sepharose

Kay ® MW ranged from ten thousands to several millions

Sepharose and

1.0- Sepharose CL
\
0.8 Cross-linking
Sepharose is rigid
0.6-
0.4+
6B 48 2B
0.2- \ \\
6% gel 2% gel
[ T T ||r|||] T T ll'rllll L Ll ITll'IJI 1
10% 10° 109 107

Molecular weight

Large proteins

Pharmacia (1991) Gil Filtration — Principles and Methods p.40



BB{REEERVETK Gel filtration beads




| Spaces in a column

i

RYAE X

[(=]=

HH
[ |
2L

U EIERNEE

77

V4
77 &\ \A\
74

Stationary phase

Mobile phase

Principles and Methods p.11

ia (1991) Gil Filtration

Adapted from Pharmac



BBR{AEER)ASHEIEE A typical chromatogram

A B#?@#?(E)fﬁ%T% %0
FREGHSE (Y)W E N

Vt 2 1% 1~
X F A
A i e sh AR

Vo Z AT &R

Enzyme
W R A AR R

activity

NaCl

> Vo

> Ve

> Vit

Elution Volume (mL)

Juang RH (2005) EPA



100

Corse

50

adihN

100

” Fine

: \

100
A

JEAVARN

Relative amount
—

Superfine

Poor separation
Peak flattened

Best separation

0.5 1.0 1.5 Ve/Vit

Bead size is critical to the resolution of gel chromatography

Adapted from Pharmacia: Gil Filtration — Principles and Methods



L RECIRIESE Rk Diffuse in and out bead

A

....

BRREVERA T HBRERTIMEILI SR N EL I MERY

Sample or buffer is diffusing in and then out of the gel patrticle.

Diffusion— | Dispersion

Juang RH (2005) EPA



BEEREI B IRAVIEEEL BN Two types of gel

.:: \

oy \I I
““““ v ~...... I

\A%/ZTX > /T\

SN\

IiI]IE

GBI T XK » BIBIMNETER] Dispersion (3f&1) /5 CHYZ2E
2N ERVEERE R @ﬁh?ﬁﬁﬁ R@EME - AR A EER

RRVRFENLR  BREDBERER o ABBRE » THEEEMEA -
Small particle size reduces the Dispersion type gels let the sample
diffusion time and increases the molecules flow directly through the
resolution of the gel gel body, and have better resolution

Juang RH (2005) EPA



P rHAM =2 2 A B 5 7iE) Bead size vs flow rate

IBRERIFENE N ELEEAT R {BTRE S

Smaller particles also reduce the space between the beads, and prevent the
turbulence as the buffer flows, but the flow rate might be decreased

Adapted from Scope RK (1987) Protein Purification — Principles and Practice p.192
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L

14
f\"Hg
AT(0 ¢

('
THHE

Sephacryl S-300

100

73 Fﬁ_ '\7;[_

S A

- k]

@ 100 Sephacryl S-200

<

50 (&= &gy

7] B
“'lﬁh e R

Elution volume

Choose the gel which brings your target protein out of the column earlier

Adapted from Pharmacia: Gil Filtration — Principles and Methods



BEABEIERIRZZE Sample volume at 1% of Vit

1.5

Superdex 200

Resolution Transferrin (81 kD)
’ i & 1gG (160 kD)

. d
R= (b+c)/2

1.0 [ |

. a |

@ Sample volume at 1~2% of total gel volume

0 1 2 3 4 5
Sample volume (% of Vi)

Adapted from Pharmacia (1991) Gil Filtration — Principles and Methods p.46
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30 cm? 10 cm?
4 300 cm3
10 cm *ZRERY Ll B it
Short and fat Long and slim
v
\ | 30 cm

_

® FIERET AL i

Fat column cannot tolerate poor separation

(EIED it ﬁﬁ'r s !

But it has better flow rate and higher capacity

Adapted from Scope RK (1987) Protein Purification — Principles and Practice p.195



EIEEDEES

Gradient

EsE
Connector

mixer

Sy ECEk=s
TEER Recorder
Buffer (3) ) m (4)
Lz I=N=—)
A Column ppas (i oz i T
reservoir Gel Mc;Tnltor () ]}EJ.LIQ"‘EE
: _ Fraction collector
2
\/L . | 1IVNAIREALE
%%
The whole family of liquid chromatography apparatus Juang RH (2005) EPA



BBFE3EtE 575 Packing column step by step

ATBEE Put on reservoir
Wash gel well
fa{heEta
Estimate \
gel volume RN =
i bzl
Check flow
rate of empty
column
EH/ AS
GeI stands o/n
L
2 467 Temperature
Equilibrated eqwhbrated
In buffer S

Juang RH (2005) EPA

Stop elution X

Put on adaptor

EE
_|Supernatant
Pouring gel AREHR m
smoothly In progressing
=X
2R ji
Sediment FE
BiE fINER 75

. Elute under
Keep eluting 1 High pressure l

Gel should be packed tightly



Lt *ﬁﬂa\ﬁuﬂﬁ iE Packing column

# .
& N
i -
1
!

;%_ﬂ-

—OR A » ZEATA -

Pour gel slurry smoothly (non-stop), avoid trapping any bubble

Pharmacia (1991) Gil Filtration — Principles and Methods



General principle for column chromatography

Gel selection Make target protein elute out column earlier

Bead size Finer bead has better resolution, slower flow rate

Column size Use larger column size but consider practical need

Column shape Slim column for gel filtration, fat column for others

Pack tightly Pack the gel tightly for better resolution

Flow rate Fast flow reduces resolution, slow

Sample volume Apply 1% of total gel volume for sample

Juang RH (2005) EPA



B 3> 1AL lon exchange
3.3.1 [FIE#f Basic principles
sy S 475 L BRI 4 @ (lon wars)
3.2.2 2719 E Exchange materials
Ly P LRI PRSI G (B
3.3.3 %‘Eé}}fi’z 173 %% Buffer system

/:C.—‘\

(Errﬁzﬂ 8 jJ%E,F@—K

3.3.4 '-'-'JIET 5{£757% Column operation
LT i =S AL

3.3 5 aEEE L Chromatofocusing

g TR 2 B e S O EE

||r

Juang RH (2005) EPA



L [EEEF3IHAE Anion Exchange

Sample

Counter

Mobile
phase

Stationary phase o

lon exchange is an adsorption chromatography 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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P S Ik R R 4ok

—
000000000000 00000000000 000000 0 0 009

i

i

Buffer pH

Use buffer having

only one pH unit o/ . .
difference to the o
pl of target protein Pl | AnIOI‘El exchange

Cation exchange

+ 0 @ -

Net Charge of a Protein

Juang RH (2005) EPA



U BEREF 3 IRAZESRY pH #ML

Donnan Effect

The pH change of the microenvironment surrounding the ion exchange gel particle

Counter

Ion

pH

5

Juang RH (2005) EPA



W Bt HVfC{ESCllBRF Displacing order of ions

EREIES
(higher charge)

%?k%

(larger ion)

BEAZ o0

(h|gher concentration)
change pH, NaCl gradlent

Key properties determining the order of ion replacement Juang RH (2005) EPA
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BH

0 = 2R

[

The approximate range of proteins isolated by chromatography Juang RH (2005) EPA



= 72X E Common ion exchange materials

Classification  Resin / Polystyrene  Glycan / Cellulose = X '\k/)':ando
o Dowex-1 TEAE-X N
5o -NR, !
g 2 Strong Dowex-2 3 ~ (QAE-X) NR;  Q
<Q Dowex-3 & o  DEAE-X
HoWeak g5 NHR LOCHCHNHR,
5 B >
c o Strong Dowex50 -SO;  Phospho-X PO, S
=
© c N -
© % Weak IRC-150 -COO  CM-X -OCHCOO

X = Sephadex, Sepharose, Sephacel or cellulose

Juang RH (2005) EPA



W IR2RERIAERL EA MY Support material and bead

"*& Pharmacia (1980) Separation News: 5
A
-

7 %

;:% ‘Monobead

d Methods p.24

‘ ' @ Homogeneous bead shape is critical to
| Its resolutlon and flow rate

romat'ography — Principles an



TRIBENRERERRAER

DO O OO 0000000000000 000000000000 000000000 0 90 90 0 0
Adapted from Pharmacia (1991) lon Exchange Chromatography — Principles and Methods p.64

Lactalbumin  Albumin Ferritin

DEAE-Sephadex A-25 191 31 2
DEAE-Sephadex A-50 10 102 1
DEAE-Sepharose CL-6B 45 115 4.3
DEAE-Sephacel 38 86 8.6
Buffer: 0.01 M Tris-HCI, pH 8.0 mg / mL gel

Each gel has different adsorption capacity toward different target proteins



st 7 NS E YR SES Determine the conditions

Enzyme + Buffer + Gel Incubation Spin Sup + Spindown
UUUU@UUUUUSW
down

welelUUddddly

0.05 0.10 0.15

pH =7
0.15 M : R | | S | —
NacCl
mg/mL 10 20 30 40 50 60 70 80 90 100

protein

Adapted from Pharmacia (1991) lon Exchange Chromatography — Principles and Methods p.70



BBFE3EtE 575 Packing column step by step

BB RE Put on reservoir Put on adaptor
Wash gel well
| E&
TRfhESta TSupernatant
Estimate -
| vol BB
e ;E% %E Pouring gel A _
smoothly In progressing Q
Check flow 2
rate of empty | =X
column 2
) C TR Ht
5 E 2R Sediment &
1 Gel stands o/n a
1 Temperature
T equilibrated
quiliorate » T DN 553733
 buffer e AT IR 7

_ . Elute under
Stop elution X Keep eluting 1 High pressure l

Gel should be equilibrated completely before packing Juang RH (2005) EPA



PIEEDEES

Gradient mixer

EEE
Connector

Sy SCEkEN
TEETR Recorder
Buffer (3) (4)
B
" Column i i
LR
reservoir 282 Mcﬁtor (5) 73 E'J_Llﬁzxﬁg
- y . Gel Fraction collector
2
EH Wi [THNRE
%%
The whole family of liquid chromatography apparatus Juang RH (2005) EPA



EEEERIRAFES L Two ways for making gradient

!

ol

L-—.—-H- A+ dg Dead volume
=2 Gel surface. —-
]‘f'E,Z ffé Eliminate
o - e 4E 4N Lt ENL 436 RF dead
wo | EEME e Ext o Nl
S Continuous Step-wise -
Upper-limit

Lower-limit -..

MIEFINITR] » BEYE

Both methods have their specific applications

Juang RH (2005) EPA

Pharmacia



o
- SEBAEREE Continuous gradient - o4
15'5 : : 0.3
=] .
0.2
B+ S
i o [ 0.1
L +—
- 2 0 50 100 150 200
o o
= . © BEEES TR ﬂ Step-wise gradient
> ° S
® (€D)
i 3 0
75 o
W : \ 0.3
o
. 0.2
o
: | L/\/L/{
° “J \/\‘h_) | |
. 0 50 100 150 200

S Continuous vs step-wise Elution volume

Adapted from Pharmacia: lon Exchange Chromatography — Principles and Methods
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BRI AR R

Sample

BV ES

applied Salt gradient elution begins

sl

Salt elutes and brings the proteins moving forward,
but proteins are adsorbed again in the front and retarded

Salt gradient of ion exchange can concentrate the proteins in sample elution

Adapted from Scope RK (1987) Protein Purification — Principles and Practice p.112



ST EIREREL Summary on operation

Equilibra’[ion Used gel should be regenerated and equilibrated well

Elution Eluted with NaCl In continuous or step-wise gradient

Gradient Use proper concentration and volume in elution

Buffer pH Keep target proteins in weak charged state

Non-specific Wash out contaminants with low NaCl concentration

Sample Equilibrated in buffer, don’t overload column capacity

Elute through Flow target protein through and adsorb others

Dead volume Eliminate any dead volume in the column

Juang RH (2005) EPA




ot 7> EF 5| Two-step cellulase purification

FPLC (fast performance liquid chromatography) 0.2 M NaCl

0.5 ” 1 0.5 h

Mono Q HR 5/5

1 mL/min

20 mM Tris, pH 7.6
Crude cellulase 2.5 mg

+

’
,
,
,
’
,
,
’
’
,
,
,
’
,
,
,
’
,
,
,
,
’
,
/ E

1 NaCl 1l Monos HR5/5
2 1 mL/min

20 mM acetate,

- pH 3.6

’
’
’,
’
’,
’,
’
’ .—
’
’,
’
’,
’,
- ’
- ’,
- ,
-
—~

0 10 20 30 0 10 20
Retention time (min)

Adapted from Pharmacia (1991) lon Exchange Chromatography — Principles and Methods p.127

—




P <
m.vaoo?_l i
> O O O ® R
_ _ _ S
8
o H >
& i 2
: 1 g
%) . wJ
- o
|
o~
()]
&
: S =
m @)
©© b NS
1
_ b -
O ' =
O ' 5
n .
o \ L
| - 1
: # (] <
N Y S
> 0> A
N "
LL :
A 1
LI __
0 |
|
| | | | \
< ™ N T ©
o o o o

AlIAIIOY [ JUSUOD UIB)0Id

e M X =




Bl
111y
LN
mix
LLIK

=EA tllﬂﬂhu_ PH 1‘%}%

4
0 0000000000000 00000000000000000 90 90 90900

[ ] @ Polybuffer 7|35 pK, U2 E]

m =" (ampholyte) 7' §7 (135158 pH 1714
94 9.
g g \
7- : 7
6 6 =

BRSNS pH

@ Polybuffer contains ampholyte which is a
mixture of chemicals having continuous pK,

pH Buffering
9 e ... +— effect 9-
8- E 1 8-
/- If there are many e
6- e P R 6
Volume Volume

How chromatofocusing creates its pH gradient Juang RH (2005) EPA



fafEeEEE % Chromato

AN EtNE BT E
{BFr{E A AY Polybuffer alfy HiEERY pH % E

RbRRRbbiRRdLedILELT,

Hiiittiitel

Chromatofocusing using ion exchange bead, but eluted with Polybuffer  juang RH (2005) EPA
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N\
LRALLIN

m \

T N/
mr & DH )I

N\
-
L 4
/7

mx
L

2

& 5 pH R e
Protein at Iowe[r pH rs positively
charged and repelled by the beads

A

EERFE

Protein focused

ll\\ﬁ

its pl

Polybuffer

© (il

G SRR () 1) R
rotein moves b y]ond its pl will be
negatively charged and retarded

Focusing mechanism in chromatofocusing Juang RH (2005) EPA



Buffer pH

Isoelectric point,
pl

- 0

Net Charge of a Protein

Juang RH (2005) EPA



@ S HAIEE (pl =8.2) 1 BAUIEH (ol =7.4)

A molecule might be caught up by another protein in chromatofocusing Pharmacia



3.4 FAN=EA;E Affinity chromatography

3.4.1 [RIEHE L Basic principles
ol SR IE
3.4.2 #HFEZE™| Affinity adsorbent
B CUERI AR e F 2]
3.4.3 £EZES5=ENTE Metal chelating
FI[H | 53552 & ppk
3.4.4 iK%= 475 Hydrophobic interaction
FIIF 55 =" []py =g )y
3.4.5 5% 4B Liquid partition
73 T PR 55 el B [

—ay-

Juang RH (2005) EPA



RN AEAIPUIEZEZE Four essential factors

A B %‘
Ligand (A)

HakE (3)
Coupling Reaction

A B
Elution

o Specific
i Binding
contaminants Substance (B)

Juang RH (2005) EPA



HABITEREAKIE How it works

(1) (2) (3)
X 0000 B
A ‘0‘0‘%

Sample

Elution

L BAIEE
" BCB ligand

& FHAERS

Solid support

Juang RH (2005) EPA



B RIRUFRFEMNTIR{E Typical elution pattern

Protein Activity

*
Elution volume

Juang RH (2005) EPA



Alml

L E—EEES5HEIEKRIEZ Specific interactions

I. Conformational Match: Il. Interaction Forces:
Van der waalls interaction (1) Hydrogen bond

e w# i (2) Hydrophobic interaction
90~ T 7f 24 ﬁu%ﬁj (3) Electrostatic interaction
(4)

el [-]JEl gl A m
el iji—ﬁ' TR J%F[ 4) Van der waals interaction

Kd :

Two types of forces contribute to the specific affinity between proteins Juang RH (2005) EPA




interactions

between non-polar surfaces

Juang RH (2005) EPA



1t FRINFEEE Some functional groups

IS | Iy
ot | | Bt | Bt Bt Bl

NOF | R

ITH

The functional groups in a living cell are mild in reactivity Juang RH (2005) EPA




O PJEEFRFERMAERE R FE Elgjl\g Pharmacia

CNBr-activated Sepharose 4B -C=N Directly

.\ -COOH *
-NH,  CH-Sepharose 4B =5 L7 _ *tEDC
N-OH-succinimide Directly

Epoxy-activated Sepharose 4B  Oxirane Directly
-COOH AH Sepharose 4B -NH, + EDC*
-OH  Epoxy-activated Sepharose 4B  OXirane Directly
Epoxy-activated Sepharose 4B  Oxirane Directly

-SH Thiopropyl-Sepharose 4B -S-5-R +DTT
Activated thio-Sepharose 4B -G-S-S-R Directly

* EDC = N-ethyl-N'-(3-dimethylaminopropyl) carbodiimide HCI

Affinity materials are designed to react with functional groups on ligands Jjuang RH (2005) EPA



BN BRI EEE Functional groups

CNBr

-OH -0-C=N
NH, - Protein NH
-0-C=N _0-C-NH-Protein CNBr activated
-NH-C-C-C-C-C-C-NH, Amino
Sepharose - NH-C-C-C-C-C-C-‘LCOOH CarbOthC
o
R
-NH-C-C-C-C-C-C-C-O-N | N-Succinimide
>;—
o
o-c-c-c-o-c-c-c-c-o-clc ***** C Epoxy
OH : O 3
spacerarm -

Juang RH (2005) EPA



N %*Ei%ﬁ%ﬂ’l":ﬂ’élsﬁi = _'l‘t: =B Pharmacia

Antibody Specific antigen  Immunosorbent (custom made)
Substrate/inhibitor Specific enzyme Enzyme-substrate binding

Protein A Part of IgG mAb purification

Con A Glycoprotein Specific to a-D-glc and mannose
Heparin Fibrin et al Heparin Sepharose CL-6B
Oligo (dT) MRNA Oligo (dT)-cellulose
Cibacron-Blue NAD(P)* binding Blue Sepharose CL-6B

AMP, ADP NAD(P)* binding 5'AMP-, 2', 5'ADP-Sepharose 4B
Oligosaccharides Lectin Purify lectins

(There are more other affinity adsorbents from commercial sources)

Affinity adsorbents with special affinity ligands Juang RH (2005) EPA



L £ EE S =EME Using metal-chelating affinity

Tag

Transition metals @]@ﬁi His, Expressed protein

imidazole
HIS
j\ @ HIS
C-COOH Protein

d orbiter
-O-C-C-C-O-C-C-C-N | t
OH OH C-COOH elution

Metal Chelate Affinity Chromatography

Juang RH (2005) EPA



HHIMEBATEE 5 Materials used in an example

L T

a Iitin ;
choH  croH (solid support) Z e Trypsin
OH O OH o = (target)

/""\
NH CNH
O=CH,

S -

glutaraldehyde

CHOM
(ligand, bait)
Chicken ovamucoid &~ S A
Trypsin inhibitor

Juang RH (2005) ECX



LURANZAT/AREE Trypsin purification

Disc-PAGE SDS-PAGE
|
i i
= =
Trypsin — -
-— . > - <«
- -
: .......... ) - H
-
- .......... ) — &
i - -
<
- -
A B C&D - ! - —
P VB A

WA SPH  RROR A
Check by PAGE - A B [C =D

Juang RH (2005) EPA




| Hydroxyapatite B3

ﬁau EEshE 1

- (Cas(PO,), OH)

f'ZH NaCl 5 &P#E&_J 1’ TL;“.,'EIM

Elution by NaCl or phosphate gradient Ieads to ferent results

Bio-Rad CHT



U BEEFRERYEERIF T

Positively
charged
canyon

Hydrophoblc area

Superxoide
dismutase
(SOD)

Stryer L (1995) Biochemistry 4/e Fig. 21-36



BRIk B R ABEHT,E5 Hydrophobic interaction

(N 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 BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN )
Cig=-CygHs;

HIC (liquid-solid) Reverse Phase Chromatography (liquid-liquid)

Using non-polar groups as a stationary phase

Using ion-exchanger

C6 =-C4Hy;
Phenyl = -CgHq

Juang RH (2005) EPA



Hydrophobic interaction chromatography (HIC)

—_)— — = Ammonium sulfate (% sat.) 25-3- 0
S N\
e \ .
5 N S
5 \ 3
S P
= \ E
S N\ 0

Q

g= A g
= . +—
O N G (1]
& [ ]

) | | L

100 200 300
Elution volume (mL)

Pharmacia HIC



Hesti{rek 42 75,5 Other purification methods

4.1 ZETCEE 7k Preparative electrophoresis
S VRV e VR PRSI R

4.2 #BERE L

% Ultracentrifugation

F[%Em4 ISM =3P Q\TT [Hj\_,jjj i

4.3 EErElREE)
ey

5% Ultrafiltration

A | RO A 1T

Juang RH (2005) EPA



U 2N E KB F Preparative gel format

Use thick spacer to create larger gel volume\

Stacking gel 1/4

>

> <

Running gel 1/

e

+ Juang RH (2005) EPA



L BETIVE 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



| BE RS> Sedimentation coefficient

W S5 P B

e

LR P '3
R e |
. Fdr ok r

Svedberg unit

RIF £

Exrd

Ef MO GIE TS

The sedimentation velocity of a particle when
It is centrifuged in a density gradient

7 F = molecular weight

AFEE
A F A

molecular density

molecular composition

53 HAR molecular shape

Juang RH (2005) EPA



T A S
in‘f‘: (Al
N T

e S0

Ll s e b AER mEEE
Ultracentrifugation is used to prepare
plasmid in large scale



| MTEEEER/ L EEEL Two ultracentrifuge types

Sedimentation Velocity Sedimentation Equilibrium

also called — Zone Centrifugation Isopycnic Equilibration
Gradient Precast (sucrose, glycerol) During centrifugation (CsCl)
formation

Shallow gradient, lower density Steep gradient, higher density

Suitable  Similar density, different MW  Similar MW, different density
samples

Protein Nucleic acid / cell organelle

Centrifugation Lower speed, not complete Completely sediment to where the

" ; : density is equilibrated, high speed,
conditions  sedimented, stop at proper time jong running time

B i O/ FREEROIA

Juang RH (2005) EPA



L BEEEE/LELEEY Comparison of centrifuges

High speed Ultracentrifugation

Gravity Centrifugation | Zone Centrifugation

(No density)

| Lipids

Density

s GO AIE TN

Losdbede

<—— Sedimentation

\_/

Density

Density

Isopycnic Equilibration
(Precast) —> (step-wise) «———(CsClI gradient forming)

58'060' )O Protein
[
o
IE Chromosomal
é
b= :
B Plasmid DNA
.@ﬁﬁagﬁ @@@(Open circular)
B‘O.Q’ l _ @
(Supercoiled) RNA
..... L

Density

FA ¥ B % o i B AR

Utilize gravity force to separate
particles from the solution

BX: 25%a%

FEEAAM - T ELRE
Sample: protein (similar density,
but different in MW)

B %2588
BEIE ~ »FEmabk

Sample: nucleic acid (similar MW,
but different in density)

Juang RH (2005) EPA




A Hehtbay g8t 5,5 Other

purification methods

4.1 FETUEE 5k Preparative electrophoresis
A [THJ‘EI[’_F‘,'LFJI‘ {]‘H[@[ B s

4.2 FBEREH#/>;% Ultracentrifugation
F[%EIJJ_J FI er[;l_gﬁ‘ |71~ EIJT? [F[ _1\74|—J‘7J =

O 4.3 HBEsEEE)EE Ultrafiltration

F?F-'f%(ﬁﬁ' :Elf[ J )Equ\»\ qy*\

TR YEL #j;{ iy

Juang RH (2005) EPA



FHHCEHEFR] Ultrafiltration technology

N\ VRSN
at >

§
~allmt . ¥
. = La

Amicon catalogue



U HBErERE BZFE  Ultrafiltration and RO

Ultrafiltration

) . Osmotic
’ ., Large molecule pressure
L% «
% ., Ry
% ,*’ Pure

|| water

water . * Small molecule

Reverse
0SMOSIS

Reverse osmosis

Pure
water

Juang RH (2005) EPA



ITLl)

B iEENE /AR {FEHEIE Useful ranges

Applications 10L-1L-500mL-1200 mL-50 mL-10mL-5mL-1mL

rr

NI

\*ﬁ'

(1) Hallow fiber [N

S (2 Tangential S ; 5 v -
S (3stiredcel ’ éﬁ#ﬁuf i
% (4) Immersible | - REBIRET ‘ :
(5) Centriplus TR A s ré;
Ammonium 1 1 1
" sulfate *
§ Lyophilization *
g Dialysis bag
E Electrophoretic
O

Nitrogen blowmg

SpeedVac *

* The salt Concentratlon Increases in the sample

Juang RH (2005) EPA



| HCHEIRENEZEE - Stirred cell

Nitrogen pressure

ol

Sample solution

Ultramembrane Concentrate

e e TTEEEEETA I > it
Amicon Stirred Cells

Filtrate

Juang RH (2005) EPA



st 2B Purification strategy

5.1 #{tFEBE=ZET Design a purification protocol
- SERERC (T [ — B [y R
¥ 2 % sa:@ e (Trial and error)
5.1.1 2222411 BY[X| 2= Critical factors in purification
T @in e ~ @ylptla ~ @aee > 7 RITGH - A
5.1.2 $H& 5 LT EE Set up purification steps

e F/\' F‘,?E'”Bii M [ ISR

5.2 #li{b#5EE Purification table
PIRET 2 oot 35

Juang RH (2005) EPA



ST E 3R Critical factors

Speed

Resolution

Recovery

Capacity

——t— N —

— *_:Il"_"

=l/H

® St

High a_ctivity

o

High recovery

® SiE

High purity

® 75 {#E
Rapid

® &%

R R

Economy

Juang RH (2005) EPA



SIER LR T T/ ERY R

Organelle

separation?
Small molecules

Cell homogenization

Macromolecules

Ammonium sulfate

Amino acid,
monosaccharide,
nucleotide, fatty aC|d

Cell debris

precipitation

Molecular size  Molecular charge  Molecular polarity Affinity
N lon exchange, Reverse phase -

Gel filtration, Chromatofocusing, chromatography, h Affinity h

SDS-PAGE, Disc-PAGE HIC chromatography,

Ultrafiltration || oelaciric focu,sing Salting-out Hydroxyapatite

Basic protein properties useful for planning separation steps Juang RH (2005) EPA



o &

)

(il 25 55

e
9y

F= >

T

—

ape ;

’ .
otor ﬁ

stone

DenS|ty

O ®o

Sieving different sizes Sedimentation in Rolling down in

different speed Different speed
How to separate these 12 objects? Juang RH (2005) EPA



HHE 51T EE Set up your purification protocol

FREEsREl 2T REELLRA

?T'E Ammonium sulfate fractionation | "¢ POIarity of the protein
it
*2 ) — ~
a1 SRR 5T 7% B # T F
7T§ lon exchange The charge of the protein
=)
A
BT L
Bes@iEi A > T ERNTE

Basic backbone
for purification

o The molecular size of the protein
Gel filtration P

HIC? Hydroxyapatite? Affinity chromatography? Another ion exchange?

Juang RH (2005) EPA



oH lon exchange

Gel filtration

-— - —

The result of purification after two chromatographic steps

Juang RH (2005) EPA



U EESREEZA{EZR Purification table

Step Total Total Specific | Purification
protein activity activity fold

(mg) (V) (U/mg) (fold) (%)
Crude extraction 1,070 9,672 9.0 1.0 100
Protamine sulfate
precipitation 800 12,595 15.7 1.7 130
Ammonium sulfate
(35-55% sat) 250 6,610 26.4 2.9 68
Sepharose CL-6B
gel filtration 53 5,789 111.3 12.4 60
DEAE Sepharose 8.6 2,060  344.2 38.2 31
lon exchange

| | ! *

From 100 g rice grain at its milky stage (FL5HH) Juang RH (2005) EPA
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