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Protein Expression
and Purification

dldoc g Vector J>15 DNA insert JI bbb L] o3 .L:JzJ.«.:.J.u.ﬁJnlg Bisi guis 4540
09993 W DNA JI i J§=6 393 = Lugd o Sequencing J1 @] kb LasG g Sequencing
.Translation (ol ddesll g Expression 4| Jos g



Central Dogma of Molecular Biology

DNA
mrﬁh%ﬁﬁﬁﬁ fﬁmsc:Lhﬁ.-m
Iy %@& \

f N\ RNA
rshen Sy Famiann) l
ransiation
1
Protein

Proposed by Francis Crick, 1958
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Expression vector

The'expression vector, otherwise known as an‘expression construct,
is usually a plasmid or virus designed for protein expression in cells

The expression vector is a plasmid engineered to introduce a
particular gene into the target cell

On or OFF Jos yA85 §=> Strong promoters pic | Expression vectors Jl 3iou b 4351
.Expression J| ddesy pSxi ybi blise JUWUL 9 Expression vector Jlg)

Z» JUI Strong promoters JI Jg» ez bas Expression J1 ddoss 136 b b Js oliso
Sl Slautldb pgmsss

o< 8yle Jga» 9 pET-16b 9 pQE-30 dong 89553l pgiys3 Expression vectors e JUo 9
.Ecoli Jb ywi9y) Expression vectors



Protein expression in E. coli

pPGEX plasmid:

Gene encoding affinity tag-glutathione S tranferase (GST)
Spacer between genes - encodes protease cleavage site (thrombin)

P... promoter-induce with IPTG
Ribosome binding site

Thrombin Kinase
ILBU Val Pro .éll.rg‘J’Glyr Ser"Arg Arg Ala Ser ‘u‘all

CTG GTT CCG CGT GGA TCT CGT CGT GCA TCT GTT GGA TCL, CCG GGA ATT CAT CGT GAC TGA

BamH I~ gma 1 EcoR |

Stop codons

Tth111 |
Aat I

pSj10ABam7 Stop?

pGEX

~4300 bp

Miu | o

Pst |

Figure 1: Diagram of the pGEX expression vector.
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&| pGEX plasmid go abuy g 03929 (o Vaglla. Glutathione S-transferase g Ul GST JI
:OMed dae Josw

) Expression Joas g Ldsed &3 (ddSl ©libgy 9L o Liel (9540 Seperation Josw
« pH JU of pxadby Liels (gl 2o ggaliniy (oo laub g ddidl Oludgy JSJ dulasll o pis
.GST adde bgiyo 80 a5 Licl (gl o 31 jias &l Jgauns GST 39299

el 59yl Solubility 1 433w

.inclusion body 03955 ddlaiz| (o Jiw

.Kinase J13¢>9 ThrombinJI

.His tag JI

IPTG s induction dle=w I g ptac promoter J!

.Ribosomes binding site JI
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.Translation 3 Transcription
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Ligation inserts gene in-frame with

GST

In frame in pGEX-2T
BamHI

09D lge>)l 9 sladl LML dxbgo
dowylle LUI Glasoll Igiy3l

CTG GTT CCG CGT GGA TCC CCG GGA ATT CAT CGT GAC TGA CTG ACG

L

\Y

P R

G S

P

G

I

H

R

D

*

Lo Uel Insert JI > bo ass o33 polo=3l 2

Insert into BamHI site —-5 dousuo diyyhy JBa3I

BamHI insert

wsy pals lgelby g yasis

BamHI

CTG GTT CCG CGT GGA TCC CTG GGT GAG CGT GAA GCG GGA TCC CCG GGA ATT CAT CGT GAC TGA

FV?‘RGS‘LGERE

A G S P G I H R D =

Out of frame in pGEX-3X
BamHI

quo Ulssi of due¥l yolos3l glls yogydoell b

ATC GAA GGT CGT GGG ATC CCC GGG AAT TCA TCG TGA CTG ACT GAC

I E G R G I P G N S S * |

Insert into BamHI site —=ssbgagSJl Juys>g e s J&a3l poo

BamHT insert BamHIT

ATC GAA GGT CGT GGG ATC CCT GGG TGA GCG TGA AGC GGG ATC CCC GGG AAT TCA TCG TGA

I E G R G I P G * A * S G I P

G

N S S *

* indicates stop codon

& yui5 dwiwo3l o los3l



GST JI LOW 2y s> Ji8 9 « BamH1 Lglud 9\ 7 Liicb Sequence Lie o] 1Ml (o 8,54l
GST JI 3929wy glxdl oI 338790 LUl amino acids JI JS glky g Expression yua Lol

dogw S lgady g b Insert JI 095 01 il ju0l oy

:Out frame 9 In frame gdbuao OIS §g9 8y9alL O

@ dousws Celb ul.” Amino acids JI UQSLJ.Q o JSiw insert JI LWs>» $= Frame in JI
.GST g0 05934l o JJWL g ObgagSIl L ys yusti Lo

WWJUb ObgagSsl by a5 ylo Cus uo yino HIS JB331 Frame out Jl
&lbg Guigydl adg @uJng Sy Stop codon Jl dox>yi p5 ANy g lgioz 55 5 QJJl Amino acid JI
GST&O&LbJ6xuUuﬂ|w9)J|UJJCLOJJL_,SIAJJWQJ@ISM



Why purify a protein?

e To study its function

* To analyze its physical properties

To determine its sequence

* For industrial or therapeutic applicationsjrl/

Jio ZMell Lot ¢ liuigy Juass Lol ail Lad sg.aioll
Erythropoietin gl g3l 9i Growth hormone J!



Steps in Recombinant Protein Purification

S B E B B B

Sl Ml douingo

Design expression plasmid, transform, select
Grow culture of positive clone, induce expression
Lyse cells

Centrifuge to isolate protein-containing fraction
Column Chromatography—collect fractions

Assess purity on SDS-PAGE

dub 8 30 9 Supernatent v S>> Centrifugation dbas dic 8955 V|
lg= yuins M ) Ly 9 sy B8 ¢ 045y &l Ol b S> plad)
R 9 ad Ll JoSo g Supernatent JI 25 @ yedeino wgsgdl
https://youtu.be/rom85WMAmMO8 :lgs > U1 gl yell (o 319 pSlila>
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@huaiy g yédiy gyl wislud Expression U 3xis5 Josy

oo Jl> 6 digio dz )3 25 of 27 J 81yl Ui 8ybleo (g0 graiy (954l pidy Lo 3 )20
dagio d> )3 15 J lg) 350 T9»u9 Heat sensitive $59y O o) 0 Heat sensitive
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Purity JI (o sstul SDS page ulc absuy p3 Guigydl



Why bacteria for protein expression

Bacterial Genetics

Bacteria grow and divide rapidly
* Divide every 20 minutes or so

* Millions of cells can be grown on small dishes of agar or in liquid
culture media

Easy-to-make mutant strains to be used for molecular and genetic
studies
20 JS s @] lgio bgyuis §éon (ame £99 095 dodStuwall byusdl
.094lo 8 lgylo I9igSy uogyaall delws JMHRS (galoy Ll o) Mias ddios

>ase Givo yaslas> UQ Lus) ol (Lolasxiwl _y.SXl by..&dl) Ecoli Lus) o
bySJl e p.eJS lgigSs Lo (3So0 Alanine Ludnssio Sl Olbgagsl Wiesd le.n.;..a.u.s
ObgagSsdl o Toy dogw JSudi HLluwsil &b S) 34sS Gino yusuo lgeli DNA a5

.09y 52 Expression Josi 6> b,.uS;Jl yaiy iy g ase i U.Ul

Molecular biology JUL lgoaixiws yaii g 23yw Growth lgJ| 42 PN21 2 dodxiuo Ecoli ST



Microbial growth = increase in
number of cells, not cell size

The Requirements for Growth:

1. Physical Requirements

emperatureyange where organisms

can grow:

— Minimum growth temperature
— Optimum growth temperature —

(best range)

— Maximum growth temperature

i Rate of growth

Thermophiles

Hyperthermophiles

Paychrolrophs

a
o
a
y
L}

Ll 50 60 7o 80 80 100 110

Temperatura [“C)

olel 095 53 lgade yoa GUI 81yl o
aic byusul) Growth

daisiall &yl =l Igloxin psychotrops g psychophiles J!

Optimum temp JI 9 Ecoli JI Jio & Mesophiles J!
37° o0 pell

pedMio cadlall 8l 3=l Joxits & Thermophiles J!
Byl 2uldl



Physical Requirements:

e

Most bacteria grow between pH 6.5 and 7.5.

— Molds and yeasts grow between pH 5 and 6.3y st

— Acidophiles grow in acidic environments (coal mines).

Osmotic Pressure 839290l glall dus pST g

— Hypertonic environments, increase salt or sugar, cause
. s kG 130l g Jxall deluo Jio
plasmolysis. It inhibits cell growth > jw.;d,s,@d,gy

e This phenomenon is used to stop food spoilage.

— Extreme or obligateghalophiles require high osmotic

pressure since they live in high salt concentrations.

— Facultative halophiles can tolerate high osmotic pressure,
up to 15% salt.

— | Most microorganisms grow in a medium that is nearly all
water.




* The Requirements for Growth:

2.Chemical Requirements

o Carbon: backbone of living matter
e Structural organic molecules, energy source
Chemoheterotrophs use organic carbon sources energy from

Q protein,.carbohydrates and lipids
. Autotrophs get it from(CO;
2 Nitrogen: also needed for synthesis of cellular material

* In amino acids, proteins

 Most bacteria decompose proteins

* [Some bacteria|derive N from NH," or NO;~

 Afew bacteria use N, in nitrogen fixation directly from

atmosphere




Chemical Requirements

°@Sulfur

* used to synthesize sulfur-containing amino acids and
vitamins (thiamine, biotin)
@

* ~Phosphorus
* used to synthesize nucleic acids and phospholipids
* |n DNA, RNA, ATP, and membranes
* Phosphate ion, PO, is a source of phosphorus

* Trace Elements

* Iron, copper, molybdenum and zinc; (Inorganicelements
required in small amounts)

e Usually work as enzyme cofactors :
¥ Fetal bovine serum g2 pasxiuwo b 51

* Organic Growth Factors ~~. Growth factors 5 lg:$ Jo=sll &z

* Organic compounds that are only obtained from the
environment

* Vitamins, amino acids, purines, pyrimidines




Culture Media
Culture Medium: Nutrients prepared for microbial growth

Sterility: INo living microbes Lo il o i s 55 g
ﬁ Growth of bacteria J| &l $= Growth 2

Inoculum: Introduction of microbes into medium

Culture: Microbes growing in/on culture medium

Agar
Complex polysaccharide

Used as solidifying agent for culture media in Petri plates, slants,

and deeps
Generallyetabolized by microbes

Liquefies at 100°C

Solidifies ¥40°C




Ul gl clwlei scluuy Lai] g byuisill clic yivo g G «llgiuni 3 Agar I
Lyl aude 9oy

0853 ol Vo dumog Tube JI o Cusy Jilo $= Slant (oo yu5 Jii dl
o\ oblas I Jio Petri desh of Tube J1 Ig=J byl £33 é= Deep
aySolall
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Petri desh ol Tube JU auan L=l 3SJ 40° 8,l,> e Solidification d yray (3=
s b 13| ady 9 50 o_)l_):Jl R dual 3Sew §= 40 8)ly> Juogd S8
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.Filtration JI



Culture media U lgibsSo (9l oSy 4451
Culture Media /7 olishs GlS (30 doasviall dxasll psi 9

= Chemically Defined Media: Exact chemical composition
is known. The medium must contain organic growth
factors that serve as a source of carbon and energy

=  Known for growth of “fastidious” and autotrophic

organism Lo Sod dmo pges Bgyb
= Used in tests to‘determine concentration of a vitamin in a
substance

= Complex Media: Extracts and digests of yeasts,imeat, or
plants

= Nutrient broth:liquid

= Nutrient agar:Solid

Type of Medium Composition Usage

ically Defined Precisely known ingredients For fastidious or autotrophic
organisms; vitamin concentration tests

Complex Extracts from yeast, meat, or plants General bacterial cultivation



00 5o il g diSow 8538 Job¥ (sigydl s 393 = Expression JI ddoc asy
L3 opuiisy bl Ml

* Preserving Bacteria Cultures

(D * _Deep-freezing: -50°to -95°C (30%Glycerol is added to the
culture the cells) L_> olése Growth JI Lle Glycerol wisais
00 Spazill M g9 U1 2l ziay
Lsy>o 9 dcksdl elinal S
@ * Lyophilization (freeze-drying): Frozen (-54° to -72°C) and
Cehydrated in a vacuum (sublimation)

JSuis e Vials 2 19ieSy 33 0o paalbs pus Ecoli 91 P.aeruginosa Jl Jio (g
lgxd LU ol Sublimintation Udac (g5 pu JSuidlgs 19395y oLined <Powder
&y o iy Lo b Lol (s ¢ -72° J Juai dadsie 8yly> Lle



Phases of Growth Sl 8350l by BNl | B T s DgiSo

Lag Phase: period of little or no cell division since cells do not
reproduce immediately a new medium (1 hour to several days)

Log Phase or Exponential Growth Phase: cells begin to divide,
enter period of growth or logarithmic increase (straight line).
Microorganisms are particularly sensitive to adverse conditions
(radiation, antibiotics)

Stationary Phase: growth rate slows, number of microbial deaths
balances number of new cells. This is due to exhaustion of
nutrients, changes of pH.

Death Phase: logarithmic decline phase starts and continues until
the population is diminished to a few cells or dies out completely

Stationary
phase
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oo 33c 35T Lie 9e% olée Phase JI @ 839 y>1 | a5 g Log phase ;i Metabolism
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Oadasasid | csuhsu oléc Stress condition J Fungus JI y23= Li>18 Penicillin Jio
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Direct Measurements of Microbial Growth:

1. Plate Count Method: Perform serial dilutions of a sample and

plate each on an agar-medium plate

After incubation, count colonies on plates that have 25-250

COlonIeS (CFUS) Colonle .s.\:.a;sul.ll Petri desh J| (x0 y93 Toyi
0isy LoRangeJl.b |y@u6l ¢l lae 250J 25 oo

Original 9 ml broth
inoculum in each tube
Dilutions 1:10 1:100 1:1000 1:10,000 1:100,000

- N4 -

o e P
Y- Yo YAV

Plating f| :

\/\/\_/\ A

1:10 1:100 1:1000 1:10,000 1:100,000
olus> Ul Range JI (5o 545 32colony wd &3 sl Laoicl Q—J‘I'

1ml

41-—

Calculation: Number of colonies on plate x reciprocal of dilution of sample = number of bacteria/ml
(For example, if 32 colonies are on a plate of /10,000 dilution, then the count is 32 x 10,000 = 320,000/ml in sample.)

&3 baeicl bo
49 4colony lg:d
Range JI Iy
lubsi 2 olizo
oo byl sac
RYER)



Ju> o0 839290l all Igyides Ig>g 30 (969 ‘Microorganismsg.U a0 1> lino o] Cus Topical | Ol pasiuwol) @i yiST pasciuws b yidall
pel Igastd Pharmacopeia U lg==> 30 9 100ml JS3 Growth J1 pST 198940 9 Agar plate < Filter Paper JI & lsdéu (3335 g Filter paper
a8 Zgoumall 3l 1gjgl Lo
Direct Measurements of Microbial Growth:
2. Filtration
Bacteria are filtered out of a liquid and then

transferred to a Petri dish

{a) The bacteria in 100 ml of water were sieved {b) Such a filter as shown in photo (a) with the bacteria much
out onto the surface of a membrane filter. more widely spaced, was placed on a pad saturated with
liquid Endo medium, which is selective for gram-negative
bacteria. The individual bacteria grew into visible colonies.
One hundred twenty-four colonies are visible, so we would
record 124 bacteria per 100 ml of water sample.

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Gummings.



Direct Measurements of Microbial Growth:
3. Direct Microscopic Count

dicwo U1 bMall sac a=iy g yg=xell Lo Lgdgaisi g Dilution dgese Tube diusll a5l gy (o
b).uS.ch.\JhctS).vaULa.cle.osbaquﬂlMlm&)bawlwbm ).e:aoJl.\au
l.o..v..u..v.:ul.a}!l

number of cells counted

Number of bacteria/ml
volume of area counted

14
8 x 107

17,500,000
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Estimating Bacterial Numbers
by Indirect Methods

Turbidity is not useful to measure contamination of liquids
by relatively small numbers of bacteria

4:$ yiad Standardization Llac Lo ygo
high light transmitted % Ja>3is 9 byisy
low light diffraction o

Light saurce T Spectrophobometer
Direst [
ligha
I ) :
L Ly ¥ i

. / —
R
Ligghl-Beleresiitivegs
P Catasinr
el [ — light
| thad doos nod =
il resch dteorhor
__.:-"”fﬁ " WHH
Ty 100
i _\"'\-\..
Pascani Eght
Loy
-
L

Bacherial suspension

Low light transmitted % lic jlad byusdl aélol p5 g
High light diffraction g
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600nanometer (0D600) e pusis &l jla=d| oo &l §1yb () aduudal piw Turbidity method JI
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0.5-0.6 J«o9: Lo 3=J Absorption JI 23 yids Growth JI 513 LalS' g Growth JI pidw g bywisI

. Expression JI yidy lgi8g g Induction Jes Ul IPTG waraiy To s
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90 Glise lg3 axd iy Tube Joi leub o0 dalisxo 3451 5% Tubes Jle el Igu] caras iy 05 Tubes 2

oold JU> (o pino gl ddl=d 18 sy lg=>g a8 3uST dae Jid iy Ty lgWl 3455 83b) o iy pgall « Licls Control JI
Jb 0555 2y €02 dxaS Llel 9% lashd, pH 1 ¢ Acid Jl g cualb U1 CO2 J1 dxeS Igussias Lol g ki LI bisJI se
.C02 g= Llei Metabolic activity 9 o bysSdl sac 5l Lals 43 Control

7] Estimating Bacterial Numbers
by Indirect methods

Metabolic activity:|it assumes the amount of a certain
metabolic product, such as acid or carbon dioxide,’is in direct
proportion to the number of bacteria present.

* Determination of vitamin amount assay
Dry weight:|used to measure the growth of filamentous
organisms.

* Fungus is removed from growth medium, filtered, and dried
in a desiccator and then weighed.

Z93% ;420 Culture 2 Growth JI s by by Jl> ;48 (% 4351 Fungus U pasis o
& yuuss G Desicator paSviuwis 9 Jlgull Go ddiiis o 03iléi g Solution ¢r0 Tml 35l

12 Js |9>9y.9‘ pLi 7 J Juogy oo byusiSdl 9o Jgbi cdg Zlizw Fungus J1 43 u.o.:..m.ﬁJl
.Growth JI Juog (ng 19994 9 &S 1915y delus
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Aseptic technique that should be practiced

» Sterility of the solutions, the equipment's, the work place

TABLE 7.5

Physical Methods Used to Control Microbial Growth

Heat
1. Moist heat
a. Boiling or
flowing steam

b. Autoclaving

IM b A 2 Pasteurization
i) 3. Dry heat

a. Direct flaming

b. Incineration

c. Hokair
sterilization

Filtration

Protein denaturation

Protein denaturation

Protein denaturation

Burning contaminants
to ashes

Burning to ashes

Oxidation

Seporation of bacteria
fram suspending
liquid

Kills vegetative bacterial and
fungal pathegens and almost
all viruses within 10 min; less
effective on endospores.

Very effective methad of steriliza-
tion; at about 15 psi of pressure
(1212C], all vegetative cells
and their endospores are killed
in about 15 min,

Heat trectment for milk (72°C for
about 15 sec] that kills all patho-
gens and most nonpathagens.

Very effective methad of
sterilization.

Very effective method of
sterilization.

Very effective method of steriliza-

tion, but requires temperature
of 170°C for about 2 hr.,

Removes microbes by possage of
a liquid or gas through a
screenlike material. Most filters
in use consist of cellulose
acetate or nitrocellulase,

Copyright & 2004 Pearscn Education, Inc., publishing as Benjamin Cummings.

Preferred Use

Dishes, basins, pitchers, various
equipment

Microbiological media, solu-
tions, linens, utensils, dress-
ings, equipment, and other
itemns that can withstand
temperature and pressure

Milk, cream, and certain
aleohelic beverages (beer
and wina)

Incculating loops

Paper cups, contaminated dress-
ings, animal corcasses, bogs,
and wipes

Empty glassware, instruments,
needles, and glass syringes

Useful for sterilizing liquids
(enzymes, vaccines) that are
destroyed by heat



TABLE 7.8

Chemical Agents Used to Control Microbial Growth

Chemical Agent Preferred Use Comment

: F‘ aol

2. Phenaolics

3. Bisphenols

Disruption of plasma
membrane, denaturation
Q} E'nz‘lfmﬂ-ﬁ

Disruption of plasma
membrane, denaturation
of enzymes

Probably disruption of
plasma membrane

Disruption of plasma
membrane

lodine inhibits protein func-
tion and is o strong oxidiz-
ing agent: chlorine farms
the strong exidizing agent
hypochlarous acid, which
alters cellular components,

Copyright € 2004 Pearson Education, Ima., publishing as Banjamin Cummings.

Rarely used, except as a
standard of comparison.

Environmental surfaces,
instruments, skin surﬁ:lces,
and mucous membranes,

Disinfectant hand scaps and
skin lotions.

Skin disinfection, especially
for surgical scrubs.

loding is an effective anti-
sephic available as a
tincture and an iosdopher;
chlorine gas is used to
disinfect water; chlorine
compounds are used to
disinfect dairy equipment,
eating utensils, household
items, and glassware.

Seldom used as a disinfectant
or anfiseplic because of its
irritating qun|iﬂes and
disugrﬂacble odor.

Derivatives of phenol that are
reactive even in the pres-
ence cf organic material;
O-phenylphenal is an

EJ(EIF‘I'IP]E-‘

Triclosan is an especially
commaon example of o
bisphenol. Broad spectrum,
but most effective against
gram-positives.

Boctericidal to gram-positives
and gram-negalives;
nontoxic, persistent.

ladine and chlorine may act
ﬂlDﬂE} or as COI‘I’!IPCII'IEHfS D{
inorganic and arganic
compounds.



TABLE 7.8 Chemical Agents Used to Control Microbial Growth (continued)

Mechanism
Chemical Agent of Action Preferred Use
Protein denaturation and Thermometers and other Bactericidal and fungicidal,
lipid dissolution. instruments; in swabbing but not effective against en-

the skin with alcohol dospores or nonenveloped
before an injection, most viruses; commonly used
of the disinfecting action aleohols are ethanol and
probably comes from o isopropanol.

simple wiping away
(degerming] of dirt and
some microbes.

Denaturation of enzymes Silver nitrate may be used to Heavy metals such as silver
and other essential prevent gonorrheal oph- and mercury are biocidal.
proteins. thalmia neonatorum; mer-

curochrome disinfects skin
and mucous membranes;
copper sulfate is an

algicide.
I. Soaps and acid- Mechanical removal of mi- Skin degerming and Many anfibacterial soops
anionic defergents crobes through scrubbing. removal of debris. contain anfimicrobials.
2. Acidanionic Not certain; may involve Sanitizers in dairy and Wide specirum of activity;
detergents enzyme inactivation or food-processing industries. nontoxic, noncorrosive,
disrupfion. fastacting.

Copyright € 2004 Peargon Education, Ine., publishing as Beryamin Cummings,



S ddlall 8l y=>Jb &3 Filtration JI §3yb (e doudisi piw Antibiotic Jl

Autoclavable lgdse ©giso (IS dlw Autoclave @yb e bol (uidsyhy lgasiss yado pipette JI
Alcohol 70% = lgedei Ty Autoclavable lgde ©giso I Lo 13] (I

<] Autoclave Jl o g diw §y8)l cdosySl o ol lgoaiowiy ;& Pasturization JI dab
.46 15 8] 72 8l y=>v Jais Pasturization O 48495 15 830) 121 8,ly=u vy Autoclave JI



: ol @3yb e alasis Cell lyses JI

Cell lysis

. Osmotic shock go Sonication ddyb P

.Osmotic shock go Frensh press ol

Cell lysis: rupture cell wall / plasma membrane,
--> release contents (organelles, proteins...)

1. Physical means (French Press) —> Wlkdihashsg
eSS pugl yuad

2. Sonication —  CUITube Iz ge s alds byasyliaas allsy pasas
39>99 8,ly> glhis Sonication JI ddec @53 Ice Jb LM aud
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Differential Centrifugation

Centrifugation JI oIS pS1| oo o2

1 Filter 'gat! el gl Gt
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to remove Ol Cuz 330l JMS> dio Cualss g%y
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o Centrifuge
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-

Filtered q{ﬂuc:!e! | Mitochondria, [—_Fl{asrna '—_Hébusnm al Soluble
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Protein purification — sl b 2ol pose
Column chromatography

solvent continuously

applied to the top of
sample column from a large
applied reservoir of solvent

®Protein mixture applied to column | |

@Solvent (buffer) applied to top, -

flowed through column

I
@ Different proteins interact with ol

matrix to different extents, flow at ™" 5 5
. porous 0 0 b
different rates plug
test
tube L
©@Proteins collected separately in Hme il

Figure 8-10. Molecular Biology of the Cell, 4th Edition.

different fractions
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Column Chromatography

Molecules can be separated on the basis of:
1. SIZE—Gel filtration = GelFiltration waws pal s o 13

2. CHARGE—Ilon exchange lon exchange dxouis dicuil cows Juad 13]

3. SPECIFIC BINDING—Affinity ~— > =5 Specific binding Jceu b B

s > Juadi 3Koad Juadll §yb dac lgd] 095 Koo doasiuwall Matrix JI

Size Charge Specific binding




Gel filtration chromatography —
Separation by size

(a) Gel filtration chromatography

Beads have different size pores

o_._e-'a'/ Large protein &
oSt Small protein
As column flows: e I :
sample to wash Sev, s °| Collect
on proteins o fractions
. column through d ‘e e
large proteins excluded from 2ahn 33

pores and therefore flow rapidly

small proteins enter pores and
fIOW SIOle Polymer gel bead 3 2 1

9 Pores Jb J>1u yu0 dox> Ul Tgy0 0yl s Lald. Pores lg=> Beads (9 vgSa
£yl 095w 351 mg.;ul clids pores JI (o J>1 yais bo g B30 35 dox> g.;-UI



lon exchange chromatography —

ade 9%l g dux>go disuis ade ol Beads Jl oesio Og

separation by charge  s&itsisiaus, i i

896 Olirgo iy arde 5ig 0o Se8l ablis)l veSy
Laub dalizeo Matrix Jb pebls,)

Beads have charged group:

i idi i i dgas Lol g El Ji 1S
+ charge binds acidic amino acids ﬁ@ﬁﬁujiﬂf'&bﬁdﬁo,ﬁ

- charge binds basic amino acid . mwlwwz,wymmﬂfg
Auzgo Ol
Different proteins bind with different affinity ol 545 5 3L
OByl dxsls Yl

with increasing amount of salt (NaCl or KCl)

Different protejns, elute at different salt concentrations

Meagatively charged
protein

e— Positively charged .

i i "
protein Elute negatively

charged protain

Layer Collect s . ® with salt solution |, = &

sample positively & .". i (NaCl) G G@ ¥ b

an charged - »iet

column proteins Q a0 G
rﬁ

(=7 Y i

@

Positively charged gel bead 4 a 2z 1




Affinity chromatography
Separation by biological interactions

e Glutathione S-transferase (GST) is a 211 amino acid protein
(26kDa) whose DNA sequence is frequently integrated into
expression vectors for production of recombinant proteins. The
result of expression from this vector is a GST-tagged fusion
protein in which the functional GST protein (26kDa) is fused to
the N-terminus of the recombinant protein.

e Because GST rapidly folds into a stable and highly soluble
protein upon translation, inclusion of the GST tag often
promotes greater expression and solubility of recombinant
proteins than expression without the tag.

e (GST-tagged fusiorrﬁrot@alsg can be purified or detected

based on the ability of GST (an enzyme) to bind its substrate,
glutathione (GSH)
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Affinity chromatography
Separation by biological interactions

thrombin site . .
. protein of interest
GST apply sample
‘ .

. <R
Example: GST - Glutathione &
Phead e | 19T
GST-tagged proteins bind 3{2
to gluthatione on beads ® 29

glutathione
Non-specifically or weakly sl esbssgd g Jaa

i Cio s pieo § poly by
bound proteins washed off —» s E H

GST-tagged proteins eluted

H
with glutathione M:i:/“\j;ﬁ

(competitor) or thrombin
(protease) talbii
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Sl Ml Lt giso

PolyHis tagged proteins

 The DNA sequence specifying a string of six to nine histidine
residues is frequently used in vectors for production of
recombinant proteins. The result is expression of a recombinant
protein with a 6xHis tag fused to its N- or C-terminus.

* Expressed His-tagged proteins can be purified and detected
easily because the string of histidine residues binds to several
types of immobilized metal ions, including nickel, cobalt and @
copper, under specific buffer conditions. In addition, anti-His-tag
antibodies are commercially available for use in assay methods
involving His-tagged proteins.

* In either case, the tag provides a means of specifically purifying
or detecting the recombinant protein without a protein-specific
antibody or probe
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o€ &)le Celators Ji
&0 O«buly IDA o NTA

Immobilized Metal Affinity | i pivlentmeatals

Chromatography (IMAC) T

* Supports such as' beaded agarose or magnetic particles can be
derivatized with chelating groups to immobilize the desired
metal ions, which then function as ligands for binding and
purification of biomolecules of interest.

* The|chelatorsimost commonly used as ligands for IMAC are
nitrilotriacetic acid (NTA) and iminodiacetic acid (IDA). Once IDA-
agarose or NTA-agarose resin is prepared, it can be "loaded"
with the desired divalent metali(e.g., Ni, Co, Cu, Fe), Using

ickel as the example metal) the resulting affinity support is
usually called Ni-chelate, Ni-IDA or Ni-NTA resin.

» Affinity purification of His-tagged fusion proteins is the most
common application for metal-chelate supports in protein
biology research. Nickel or cobalt metals immobilized by NTA-
chelation chemistry are the systems of choice for this
application
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Protein purification by chromatography

{a) IOMN-EXCHANGE CHROMATOGRAPHY i

AFFINITY CHROMATOGRAPHY

salt concentration

protein

protein ) Q] d>slg oo lgad
eluting R — . e
solution g Lel o9yl Activity
applied activity
1o colurm

relative amount
relative amount ——

fraction number —= —
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Figure B-12 part 1 of 2. Molecular Biology of the Cell, 4th Edition.



Check the size and the purity of the protein
SDS-PAGE: Sodium dodecyl sulfate polyacrylamide gel

electrophoresis
1. Heat sample with SDS and 3 -mercaptoethanol

dl Concentration JI gusiis gy Ouigydle Lha> bo 3oy yal>

SDS = Detergent (anionic) Joss 3 g SDS dule Cariais § dio diuso dxoS 5Ly Loy
_ : Coating with negative charge alosy 9 Ow39y4l) Denaturation
Denatures protelns i pall a2 6590 Charge to size ratio ] o clsgd

- Coats proteins Size Jb pur pains §33)1 9 disull

- Each protein has similar mass/charge ratio

Trimer gl Dimeeization Jolc g% 4 o) sl
b'mercaptoethanOI/DTT’% Ua.m&oyu.i)tgyTetromergl
- reduces disulfide bonds

7 05 Lalsé Porisity JI 3= Polyacrylamide JI 34555 s>
yuol px> Juasy g Porisity J| J&u liso 5103453

2. Separate on polyacrylamide gel
- Protein migrates through gel matrix in electric field (from negative
to the positive)

3. Use commassie blue or silver stain to visualize protein purity
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SDS-PAGE
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Figura 8-14 part 1 of 2, Molecular Biology of tha Call, 4th Edition




