Protein extraction, purification,
and quantification



Protein content in a cell

E. coli

cell density d =1.1 g/cm?3

water content w = 0.7 (70%)

protein fraction of the dry mass p = 0.55 (55%)

— protein concentrationc_ =d x(1-w)xp=1.1x(1-0.7) x 0.55=0.19 g/cm?3

average length of a protein =300 aa
average molar mass of aa = 110 g/mol

—> molar mass of a protein M =300 x 110 = 33 000 g/mol

—> protein concentration ¢ = (0.19 g/cm3) x (1000 cm3/dm3) / (33 000 g/mol) =
=5.76 x 103 mol/dm?3

cell volume =1 um3 =102 dm3
—> protein molecules per cell = (6 x 1023/mol ) x (5.76 x 103 mol/dm3 ) x (10> dm3)= 3.5 x 10°
Compare H. sapiens HeLa 2 000 um?3 => total number is of the order of 10°

Milo, Bioessays 2013, 35,1050



How many different proteins are made in a cell?

E. coli genome contains 4 240 protein
coding genes

Soufi et al., Front. Microbiol. 2015, 6, 103

2 303 proteins identified
1 587 proteins absolutely quantified

Protein copy number estimates span
across less than six orders of magnitude
from approximately 1-300 000 protein
copies per cell. ) b1
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Human genome — about 20 000 protein coding genes. Protein products for about 18 000 of
these genes have been detected in at least one human tissue, about 10 000 of these
proteins are present in all cells.

Each gene can produce multiple forms of a protein, and these in turn can undergo several
post-translational modifications.

Wilhelm et al., Nature 2014, 509, 582; Salzberg, BMC Biology 2018, 16, 94



Top Localizations in Homo Sapiens (Human):

Subcellular locations

Vesicles Localization Count
1%
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Extracellular 2266
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Mitochondrion 884
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Peroxisome 131
Plasma
Endoplasmic 3940
reticulum membrane
5% Vacuole 297
. . . Endosome  VESIClES 253
Escherichia coli m
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https://www.rostlab.org/services/locDB/statistics.php



Why purify proteins?

To establish basic biochemical parameters such as the Michaelis—
Menten constant (K,,). Purification would remove conflicting enzyme
activities which may be present in a crude extracl.

To establish the effects of activators and inhibitors on a protein's
function.

The molecular mass and post-translational modifications can be deter-
mined with a purified protein.

The protein’s partial sequence can be used to identify the gene.

The purified protein can be used to grow crystals for structural studies.
Antibodies can be raised to a purified (or partially purified) protein
which can be used to determine cellular location or cross-reactivity with
different species.



Molecular interactions and variables that affect them

Important with regard to protein structure and stability; they also take place between
an individual protein and other proteins, DNA, or materials used in protein purification.

Hydrogen bonds
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z,, Z, charge numbers, g, relative permittivity
(dielectric constant): H,0 €, = 80, hexane g, = 2



Properties of proteins that enable purification

Size Shape
Proteins can vary in size from tens Protein shapes range from approximately
to several tens of hundreds aa. spherical (globular) to quite asymmetric.

Most proteins have Mr in the range
10 000 — 150 000.

=> Fractionation on the basis of
effective (Stokes’) radius.

insulin (2hiu) trypsin (2ptc]

Mr=5818 pmr=29891

serum albumin (1e7i) T

Mr=68563  npr=103 895

Han et al., PLoS Comput. Biol. 2019, 15,
e1006969

The shape of a protein influences its
effective radius.

Two protein of o ‘

the same Mr:

antibody (1igt) rubisca (1rex)

Mr = 148 970 Mr = 541 468

sediments slower => appears smaller
less enters the pores => appears larger

10 nm



lower upper
limit limit
/dextran gels |
|Sephadex G-50 1.5 30 |
|Sephadex G-75 3 80 |
|Sephadex G-100 |4 1150 |
|Sephadex G-150 5 300 |
|Sephadex G-200 5 600 |
Ipolyacrylamide gels |
Bio-Gel P-10 1.5 20 |
[Bio-Gel P-30 25 40 |
[Bio-Gel P-60 3 60 |
Bio-Gel P-100 5 100 |
[Bio-Gel P-150 15 150 |
[BioGel P-200 30 200 |
Bio-Gel P-300 60 400 |
/dextran-polyacrylamide gels |
|Sephacryl S-200 5 250 |
|Sephacryl 5-300 10 (1500 |
|Sephacryl 5-400 20 [8ooo |
lagarose gels |
|Sepharose 6B 10 4000 |
|Sepharose 4B 60 20,000 |
|Sepharose 2B 70 40,000 |
Bio-Gel A-0.5 10 500 |
[Bio-Gel A-15 10 (1500 |
[Bio-Gel A-5 10 5000 |
Bio-Gel A-15 |40 [15,000 |
[Bio-Gel A-50 100 50,000 |

https://www.ucl.ac.uk/~ucbcdab/enzpur/gelexcl.htm
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Charge
The net charge of a protein is determined by the sum of the positively and negatively

charged amino acid residues. If a protein has a net positive (negative) charge at pH 7,
it is termed basic (acidic). The charge of an ionizable group is a function of pH.

lonizable group pK.* pH 2 pH 7 pH 12
C-terminal (COOH) 40 0 0 0 0 0 — — — — — — — — — - - - - - - -
Aspartate (COOH) 45 0 0 0 0 0 0 — — — — — — — — - - - - - - -
Glutamate (COOH) 46 0 0 0 0 0 0 — — — — — — — — - - - - - -
Histidine 62 + ++ ++++++ 000000 0000 0
(imidazole)
N-terminal (amino) 73 + + + + + + ++ + + + 0 0 0 0 0 O 0 0 0 O
Cysteine (SH) 93 0 0 0 0O OO OODOO0ODOO0O0O0O0 — — — — —
Tyrosine (phenol) 1010 0 0000O0OO0CO0OOOOOOODODDO0O - — — -
Lysine (amino) 04 + ++++++++++++++++ 000 0
Arginine (guanido) 120 + + + + + + + + + + + + + + + + + + + + 0

=> Fractionation on anion and cation ol by electrophoretic light scattering

exchangers (anexes and catexes).

(When the charged residues are not evenly . B

distributed on the surface of the protein, R

binding to both types of ion exchangers is e

possible.) £

S .20

Isoelectric point pl corresponds to the pH in o

solution at which the net surface charge, - M

and thus the electrophoretic mobility, of https://www.entegris.com/content/dam/product-

assets/nicompnanodi|szissystems/appnote-isoelectric-

a prOtem equals zero. point-iep-determination-10528.pdf



Different cation and anion exchangers with their ionizable groups and features

Name

Tvpe

lonizable group

Remarks

DEAE cellulose

CM cellulose

P-cellulose

Bio-rex 70

DEAE Sephadex

SP -Sepharose

CM Bio Gel A

weakly basic

weakly acidic

strongly and weakly
acidic

weakly acidic
polyststyrene based

Weakly basic cross linking
dextran gel

Strongly acidic cross
linked agarose gel

Weakly acidic cross
linked agarose gel

Diethylaminoethyl
~CH,CH,N(C,H.),

carboxymethyl
~CH,COOH

Phosphate
~OPO,H,
Carboxylic acid
—COOH

Diethylaminoethyl
~CH,CH,N(C,H,),

Methyl sulphonate
—CH,SO,H

carboxymethyl
~CH,COOH

used to separate acidic
and neutral proteins
used to separate basic
and neutral proteins

dibasic binds basic
protein strongly

used to separate basic
proteins and amines

Combined chromatography
and gel filtration for acidic
and neutral protein

Combined chromatography
and gel filtration for basic
protein

Combined chromatography
and gel filtration for basic
and neutral protein

Bhatt, Enzymology and Enzyme Technology 2011




Preparative isoelectric focusing (IEF)

When a protein is electrophoresed through an established pH gradient, it will migrate until
it reaches the pH where the net charge on the protein is zero; at that point it will stop
migrating and is said to be focused at its isoelectric point or pl.

pH 3 4 5 6 7 8 9 10

HEE MNH % HE: MNH ., HEE MNH .,
Anode Cathode
[ . | l /
(ﬂ COOH COOH COOH \ ( _)
coon~ ©O0OH coon~ ©OCH coo-  COO~
net charge (+2) (0) (-2)

Ampholytes which are small, charged buffer molecules are used to establish the pH
gradients increasing in pH from anode to cathode. When voltage is applied to a system of
ampholytes and proteins, all the components migrate to their respective pls. Ampholytes

rapidly establish the pH gradient and maintain it for long periods allowing the slower
moving proteins to focus.

Rotofor system. The separation column is divided into
compartments by by means of polyester screens that offer
resistance to fluid convection, but do not hinder the flow of
current or the transport of proteins. Gravitationally induced
convection is inhibited by rotating about the horizontal axis.

Rotofor® System Instruction Manual (BioRad)
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http://macromol.sbcs.gqmul.ac.uk/oldsite/expertise/CF3.jpg

Frey et al., Encyclopedia of Life Sciences 2001



Hydrophobicity
Most hydrophobic amino acid residues are buried on the inside of a protein, but some are
found on the surface (hydrophobic patches).

Hydrophobins — amphiphilic fungal proteins

OLIGOMERS IN SOLUTION

CHARGED RESIDUES

Y o4
*a

HYDROPHOBIC PATCH i E
- h

Lienemann et al,' Appl. EnViron. Microbiol. BINDING TO INTERFACES
2013, 79, 5533

—> Fractionation on hydrophobic column materials

Phenyl Sepharose Cl-48

Octyl Sepharose C1-4B
(Sepharose Cl-4B) — O — CH, — CH — CH, — O — (CH,), — CH, (Sepharose C1-4B)— O — CH, — CH — CH, — O @
OH OH
Density

The density of most proteins is between 1.3 and 1.4 g/cm3. However, some proteins
substantially differ, e.g. phosvitin, a phosphoprotein from the egg yolk (density = 1.8 g/cm3)
and B-lipoprotein (density = 1.03 g/cm?3) .



Solubility
Proteins vary dramatically in their solubility from being essentially insoluble (<10 pg/ml) to

being very soluble (>300 mg/ml). Key factors affecting the solubility of a protein include pH,
ionic strength, the nature of the ions, temperature, and the polarity of the solvent. Most
proteins show minimum solubility at their isoelectric point where there is less charge
repulsion. Kosmotropic ions
like sulfate bind

d é) ﬁ * @ © * water more tightly
a \@ . than water binds

) - itself so that less
T —_ “Salting in” $ & “Salting out™ water becomes
1.2 = N available to hydrate
1.0 o F the protein surface.
R | A e e .
B : 5 |l mgml | Cohn equation:
o 0.6 E - : -
2 © | I W i log S =log S, —K; I
.1 mg/m | |
o °© | | K constant
0.2 7 P00t mgmi T T T T o F~ Nl ionic strength
0.0 : : :
34 | [ [
0.2 - | | |
] 26 2 ®
-0.4 T T T T T T T T T T
2 4 6 0 10 20 30 40 50
pH Ammonium sulfate (% saturation)
Solubility S (mg/ml) of RNase Sa as a Ammonium sulfate solubility curve for a
function of pH. hypothetical protein (100% saturation = 4.1 M)

Shaw et al., Protein Sci. 2001, 10, 1206 Burgess, Meth. Enzymol. 2009, 463, 331



Addition of miscible solvents such as ethanol or acetone causes proteins to precipitate. This
is due to decrease of the relative permitivity (and thus the polarity) and dehydration of
protein surface. With smaller hydratation layer, the proteins can aggregate by attractive
electrostatic and dipol forces. An empirical correlation between the the solubility and
relative permitivity is log S = log S, — (K./¢€,2).

=== phosphorylase

The size of protein molecule is an important
factor for precipitation; the larger the

molecule, the lower the percentage of organic e e enolase

solvent required to precipitate it. e PROSPROZIyCETRE KiRASE

[—] pyl'uvate kinase

log M,

=== lactate dehydrogenase

I lnyc'kjnase

Kumar et al., in: Isolation and purification of . e parvalbumin
proteins (Hatti-Kaul, Matthiasson Eds.), Taylor ; - m p m
& Fr ancis, 2005. Acetone concentration (% vol/vol)

Thermal stability

Table 1

Proteins differ in their thermal stability Purification of calmodulin from human red blood cells

and ability to renature after thermal Puificatinstage Totalprotein  Total Yild  Purification
denaturation. In general, smaller, e o @ oo
highly charged proteins are stable to Cone e exet 1974 si0x10 9 st
higher temperatures than large, more Ca extraction 34 7%0x100 92 %73
hydrophobic proteins. Thermal Salt gradient - TTRXI0T %0 13
denaturation can be used to 31::: :;t;\:;i:;l :::t :{sct:f Lfgl;’ﬁ:a iﬁ::tr;:ixrhich gives 50% of the maximum activation of
precipitate the unwanted proteins

while the desired protein remains Muallen & Karlish, FEBS Lett. 1979, 107, 209

unaffected.



Ligand binding

Many proteins tightly and specifically bind substrates, effector molecules, cofactors, or
nucleic acid sequences.

Azoreductase AzrCin
complex with

Cibacron Blue, a Lac repressor complexed to DNA Thrombin aptamer* bound to

biomimetic dye Lewis, C.R. Biologies 2005, 328,  exosite 1 (magenta) of thrombin

(PDB: 3W78) 521 Ruigrok, Int. J. Mol. Sci. 2012,
13, 10537

=> Fractionation on a support to which the appropriate ligand has been immobilized.

*Aptamers (from the Latin aptus — fit, and Greek meros — part) are oligonucleotide (ssDNA
or RNA) or peptide molecules that specifically bind to a predefined target. Usually they are
created by selecting them from a large random sequence pool.

Reviewed in Mascini, Angew. Chem. Int. Ed. 2012, 51, 1316



An example of preparation of an affinity matrix

Lactoperoxidase is an oxidoreductase secreted into milk. It catalyses the oxidation of halides
and pseudohalides, such as thiocyanate, by H,0, to form potent oxidant and bactericidal
agents. Sulphanilamide was found to be an inhibitor of lactoperoxidase, which made it a
suitable ligand for constructing a Sepharose 4B-L-tyrosine affinity matrix for LPO purification.
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Sepharose 4B-L-Tyrosine affinity gel Sepharose 4B-L-Tyrosine

Atasever et al., Food Chemistry 2013, 136, 864



Aptamer-facilitated protein purification

Crude cell lysate 55DNA aptamer

Elntln %i"_z_g ; -% X ‘*\iﬁ"%t}

Streptawdl n

Solution

‘iﬁ{l ~ of salt | '

protein %

kS Wt 7
9240

Magnehc bead w;?/ Pure protein

Streptavidin is a homotetrameric protein from the bacterium Streptomyces avidinii. It has
an extraordinarily high affinity for biotin (K, on the order 1014 mol/L).
Streptavidin-coupled magnetic beads are supplied, e.g., by Thermo Scientific (MagnaBind
Streptavidin Beads).

o

HN™ NH

H
2 S/V\A[NWO%GMD%{JMGH
|
O

O:F’f—{}

oligonuchectide

5’-/5BioTEG/CTC CTC TGA CTG TAA CCA CGT
GCC TAG CGT TTC ATT GTC CCT TCT TAT TAG
GTG ATA ATA GCA TAG GTA GTC CAG AAG CC-3'

Beloborodov et al., J. Chromatogr. B
2018, 1073, 201



Specific sequence or structure

The precise geometric presentation of amino acid residues on the surface of a protein can
be used as the basis of a separation procedure. It can serve as an epitope (antigenic
determinant), which is recognized by monospecific antibodies.

—> Selective separation on a resin with attached monospecific antibody (immunoaffinity
chromatography)

A protein can also be immobilized and used to specifically bind another protein out of a
complex protein extract

- asubunit of an oligomeric protein (subunit exchange chromatography)

- a protein interacting with another protein (substrate-channeling enzymes, structural
proteins ...)

- denatured protein (isolation of chaperons)

Moser, Bioanalysis 2010, 2, 769
Muronetz, J. Biochem. Biophys. Methods 2001, 49, 29



Covalent immobilization of antibodies and other proteins through their amino groups

Amine Ligand
[Antibody)
HaN
1] 0 N h §
oy -~ Fy
ESl-c” i 2 0 HN e
Euﬁ M “H § i [}\N HEN A Baad?
s 2 NH; YA+
Schiff Base 0 0 e
—ar Frepared Beads
Aldehyde-activated Band MHS-Activated Agarose Amine Ligand
Agarose Resin (Antibody)

NEENEHg

Agarose
Bead
=

Covalently Immobilized Ligand

W ’
H v
'“m AP

a3
= = I
k= C —_— Bead . e .
Sa/ /Ny NHS = N-hydroxysuccinimide
H Y 4+
Covalently Many Antibodies
Immobilized Antibody Per Bead

https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-
learning-center/protein-biology-resource-library/pierce-protein-methods/covalent-
immobilization-affinity-ligands.html



Posttranslational modifications

After protein synthesis, many proteins are modified by the addition of oligosaccharides,
acyl groups, phosphate groups, or a variety of other moieties. In many cases, these
modifications provide handles that can be used in fractionation.
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The trimannoside binding site of
Concanavalin A, a lectin from jackbean
(Canavalia ensiformis)

Naismith and Field, J. Biol. Ch | il
aismitn an leiqa, J. plol. em. JP

Phosphoproteins Machida et al., FEBS J.
. 2007, 274, 1576
?/—\/ https://www.biovision.
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phosphoprotein-
enrichment-kit.html

1996, 271, 972



Separation of glycated and non-glycated hemoglobins

When a solution of proteins (hemolysate of red blood cells) is passed through the column,
the glycated component is retained by the complexing of its diol groups with the bound
phenylboronic acid.

@ BEFORE INJECTION -
@
“oH

Y Y ¥ YOVYSY YaNaW X

GLYCATED HEMOGLOBIN BINDS, MON-GLYCATED @

HEMOGLOBIN ELUTES AS FIRST PEAK @

??? YSY ¥ Y XY Y Y
GLYCATED HEMOGLOBIN ELUTES

AS SECOND PEAK @ @

b A S, A I, A, A, 0 S

https://www.trinitybiotech.com/haemoglobins/boronate-affinity-chromatography/



Preparation of Ti-IMAC (Immobilized Metal Affinity Chromatography) magnetic
nanoparticles for phosphopeptide enrichment

O TEOS @ BIB-APTES @

FE‘:II 4H1ﬂ NH ﬂH
+

2 FeCl
Fe, 0, Fe,0,@silica Fun::'tmnal
nanoparticles nanoparticles Fe,0,@silica o
nanoparticles %
Br (lb F
o
n n -
N ©
N ON e v,
OH
Fe;0,@slica@GMAEIDA Fe,0,@silica@GMA
nanoparticles nanoparticles
O
GMA = glycidyl methacrylate H2C%o/¥
CHs; O
e . .. O H O Capriotti et al.
IDA = iminodiacetic acid )K/N\)J\ ’
HO OH Talanta 2018, 178, 274

(binding site for Ti%*)



Genetically engineered peptide/protein tags

DNA encoding a given protein is altered to add extra amino acids on the N-terminus or the

C-terminus of the protein being expressed. This added ‘“tag’’ can be used as an effective
purification handle. Tags also can increase protein stability and solubility.

Affinity tag Matrix Elution condition
Polv-Arg Cation-exchange resin MNaCl linear gradient from O to 400 mM at alkaline pH=8.0
Poly-His Ni—-NTA, Co™-CMA (Talon) Imidazole 20250 mM or low pH
FLAG Anti-FLAG monoclonal antibody pH 3.0 or 2-5 mM EDTA
Strep-tag 11 Strep-Tactin (modified streptavidin) 2.5 mM desthiobiotin
c-myc Monoclonal antibody Low pH
5 S-fragment of RNaseA 3 M gunanidine thiocyanate,
0.2 M citrate pH 2, 3 M magnesium chlorde
HAT (natural histidine Co**-CMA (Talon) 150 mM imidazole or low pH
atfinity tag)

Calmodulin-binding peptide Calmodulin EGTA or EGTA with 1 M Na(Cl
Cellulose-binding domain Cellulose Family I: guamdine HCl or urea>4 M

Family ILIII: ethvlene glvcol
S5BP Streptavidin 2 mM Biotin
Chitin-binding doman Chitin Fused with intein: 30—30 mM dithiothreitol,

B-mercaptoethanol or cysteine
Glutathione S-transterase Glutathione 5—10 mM reduced glutathione
Maltose-binding protein Cross-linked amvlose 100 mM maltose
Tag Residues Sequence Size

(kKDa)
Poly-Arg 5—6 RERERR (.80
(usually 5)
Poly-His 2—-10 HHHHHH (.84
(usually 6)
FLAG 8 DYKDDDDEK 1.01
Strep-tag 11 8 WEHPOQFEK .06
c-myc 11 EQELISEEDL 1.20
5- 15 KETAAAKFEROQHMDS 1.75
HAT- 19 KDHLIHNYVHEEFHAHAHNK 2.31
3x FLAG 22 DYKDHDGDY KDHDIDY KDDDDE 2.73
Calmodulin-binding peptide 26 KRREWEKEKNFIAVEAANRFEKEKISSSGAL 2.096
Cellulose-binding domains 27189 Domains 3.00—
200,00

SBP 38 MDEKTTGWRGGHVVEGLAGELEQLRARLEHHPQGOQREP 4.03
Chitin-binding domain 51 THNPGVEAWOVNTAYTAGQLVTYNGKTYKCLOQPHTSLAGWEPSNVPALWQLQ 559
Glutathione S-transterase 211 Protein 2600
Maltose-binding protein 396 Protein 4000

Terpe, Appl. Microbiol. Biotechnol. 2003, 60, 523



Protein purification using peptide tag

e onf

interest m'_“

. tag, FLAG tag.
Gen= of interest _-_ﬁf.;-p“-"' 'ﬁ Myc tag)
Expressicer

VT Lo Transformation,
transfection
e

Ligation

Expression Systerm
{bacteria, yeast rrareeslisn,
insert systen)

ari

Cell expansiom
and harvest

Cell hysis | - -

Cell lysate contalning Cell media containing
target protein secreted protein
articles conjueated

Apply protein solution

Solid phase

Target protein

Antitag-antibody Particles/beads
\ ¥
Wash steps | l Wash steps |
| Elute target protein — | Collect beads |
Chromatography & Immunoprecipitation

P Protein of interest

https://www.labome.com/method/Protein-Peptide-Tags.html



Enzymatic reagents for the removal of affinity tags

Enzyme Source|s) Molecular  Tagged  Inhibitors Recognition Site
weight forms
(kDa]
Endoproteases
Enteropeptidase Duod e 110 + 35 Hiz, Reducing agents DDDDE)|
E coli
5. cerevisiae
Thrombin Plasma 32 +45 Mone Reducing agents LVPRLGS
CHO cells
Factor Xa Plasma 42 +17 MNone Reducing agents LVPR)GS
HEK 293 cells Chelating agents
Phosphate lons
TEV Pratease E. coli 27 Hizg Thiol alkylating agents EMLYFQ |G
MEP
LAT
Strep Il
Rhinovirus 3C Protease E coli 7 Hise Thiol alkylating agents LEVLFQ | GP
LAT
His-
LAT
Exoprotedses
Carboxypeptidase A Pancreas 33 Hise Reducing agents C-terminal amino
E coli Chelating agents acids except Pro,
5. cerevisiae Lys and Arg
5. frugiperda (baculovirus)
Carboxypeptidase B Pancreas 15 M Reducing agents C-termminal Lys and
E coli Chelating agents Arg
P pasroris
DAPase Kidmey 23+16+6 Hise Reducing agents M-terminal
5. frugiperda (baculovirus) Thiol alkylating agents dipeptides

Waugh, Protein Express. Purif. 2011, 80, 283



The use of a self-cleaving tag

The use of an affinity tagged endoprotease
(CPD = Cysteine Protein Domain of Vibrio

(POI = protein of interest)
cholerae, InsP; inositol hexakisphosphate)

1% Purification Step: Binding to NF*-NTA resin and elution with imidazole

1. Alfinity | » Protease Site
Chramatography
Soluble d
Extract (Capture) ACHR Y /'m\
H,N- (Target F'rubii]GAAL__f [6xHis| NF*-NTA
\._\__\___ il P L v
. ‘ 2 |
znmf }(pmhas! - 2° Purification step: SEC or Desalting to remove excess imidazole and CPD cleavage
induced by InsPs
H,N- mm.mcmu [6xtis
R\ |:1F‘

- 3° Purification Step: Isolation of the cleaved target protein

-
a. AlTinity .\ (
Chromatagraphy i .-'( |
POI _ P “CPD
[Flow Through) POl H N'n: ] M\IGAAL_CWH _._F-"" ]ﬁHB NF'-NTA
2 L -__/ r
LN, .\.__ 4

Biancucci et al., BMC Biotechnology 2017, 17,1

Waugh, Protein Express. Purif. 2011, 80, 283

The use of a self-cleaving aggregation tag g
s
T = ~ Insoluble
-~ ’- Seperation Cleavage . -
‘ —F-j% ,ﬁ~ - [' Soluble impurities ]
O Soluble ' Insoluble impurities

Iu 4=\ " -
g -—}OO

Insoluble

Cell lysate

Xing et al., Microbial Cell Factories 2011, 10, 42



_ Separation Process Basis of Separation

Precipitation

Phase partitioning

Chromatography

Electrophoresis

Centrifugation

Ultrafiltration

Ammonium sulfate

Acetone

Polyethyleneimine

Isoelectric

(e.g., with polyethylene glycol)
Gel filtration/size exclusion (SEC)
lon exchange (IEX)

Hydrophobic interaction (HIC)
Affinity

DNA affinity

Lectin affinity

Immobilized metal affinity (IMAC)
Immunoaffinity (IAC)
Chromatofocusing

Gel electrophoresis (PAGE)

Isoelectric focusing (IEF)

Solubility

Solubility

Charge, size

Solubility, pl

Solubility

Size, shape

Charge, charge distribution
Hydrophobicity
Ligand-binding site

DNA binding site
Carbohydrate content and type
Metal binding

Specific antigenic site

pl

Charge, size, shape

pl

Size, shape, density

Size, shape

Burgess, in: Proteomics of the Nervous System (Nothwang and Pfeiffer Eds.) WILEY-VCH
Verlag GmbH & Co., 2008



Resolution

Every technique offers a
balance between resolution,
capacity, speed and recovery. v4 —

Recovery

Capacity, in the simple model shown, refers to the amount of target protein
loaded during purification. In some cases the amount of sample which can be
loaded may be limited by volume (as in gel filtration) or by large amounts of
contaminants rather than the amount of the target protein.

Speed is of the highest importance at the beginning of a purification where
contaminants such as proteases must be removed as quickly as possible.

Recovery becomes increasingly important as the purification proceeds because of
the increased value of the purified product. Recovery is influenced by
destructive processes in the sample and unfavourable conditions on the column.

Resolution is achieved by the selectivity of the technique and the efficiency of the
chromatographic matrix to produce narrow peaks. In general, resolution is most
difficult to achieve in the final stages of purification when impurities and target
protein are likely to have very similar properties.

Protein Purification Handbook, Amersham Biosciences



Technigue

EX

HIG

AC

GF

Suitability of chromatographic techniques

Main fealures Caplure

high resolution
high capacity
high speed

xRN

good resolution
good capacity
high speed

x K

high resolution
high capacity
high speed

L0

high resalution
using Superdex™

intermediale Polish
' B '
TR w
ok g
L. O & &

Protein Purification Handbook, Amersham Biosciences

Sample Starl
condilion

low ionic strength
sample volime
ot limiting

high ionic strength
sample volime
mot limiting

specific binding
conditfons
sample volume
not himiling

limited sample
volume (<5% lotal
column volume)
and fiow rate

range

Sample End
condition

high lonic
strength or

pH chanige
concentrated

low fonic
strength
concentrated

specific
elution

conditions
concentrated

buffer
gxcianged (if
required)
diluted



Soluble proteins present in
their natural host cells

Membrane-associated and poorly soluble
proteins (nonrecombinant)

microorganisms

+ +

D

disrupt cells, disrupt cells, homogenize with _ homogenize d_isrupt cells; gently
e.q., using French press,  e.q., using French press 2-5 vol buffer or without detergent, isolate organelles
bead mill, or sonication or by grinding with sand mince and stir cenirifuge

with 5-10 vol buffer

treat to remove
nucleic acids

.

using 1-2 vol buffer with buffer

treat to remove
phenols

'

—» centrifuge - w

extracellular
proteins

starting extract
(5-20 mg/ml protein)

perform initial fractionation:
use salt fractionation, precipitation
with organic solvents,
affinity methods, and/or
two-phase partitioning

perform secondary fractionation:
use ion-exchange chromatography,
hydrophobic chromatography,
affinity methods, other adsorbents,
and/or gel filtration

perform polishing step:
use HPLC—reversed phase,

HPLC-ion exchange,

or isoelectric focusing

purified protein

(‘supematant ) residue )

| homogenize
with detergent;

L

r

-—

centrifuge

(

supernatant containing
membrane-associated
proteins

perform primary fractionation:
use hydrophobic chromatography,
precipitation with organic solvents,
ion-exchange chromatography,
and/or phase partiticning

perform secondary fractionation:
use ion-exchange chromatography,
affinity methods, and/or
gel filtration

perform polishing step:
use HPLC or isoelectric focusing

purified protein

residue containing
insoluble proteins

\

suspend and extract
with other solvents
(e.g., ethanol, urea, or SDS)

)

purified insoluble
protein residue

Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons 2003



Soluble recombinant proteins

cells with cells with cells with protein cells with
protein soluble protein excreted in periplasmic protein organelle-
in cytoplasm to medium space associated

' ' '

break up cells; centrifuge or filter gently treat separate organelles;

centrifuge or to remove with lysozyme to  perform differential
ultrafilter to cells minimize cell centrifugation
remove lysis
insolubles l
treat to remove remove protoplasts extract to
nucleic acids and cell debris solubilize proteins,
+ remove insolubles
perform ‘_J
concentration
step
L starting material:

= | soluble fraction containing
the protein

'

perform purification steps

-

for tagged fusion protein,
use affinity column
chromatography and
polishing steps

use salt fractionation,
ion-exchange chromatography,
hydrophobic chromatography,
affinity and pseudoaffinity
chromatography, gel filtration,
or other less conventional steps
(i.e., preparative electrophoresis)

Lr- purified protein

Insoluble recombinant proteins
(inclusion bodies)

(cells containing proteinj

disrupt cells

perform differential centrifugation

wash inclusion bodies

dissolve in denaturing agents

dilute with buffer or dialyze
to dilute denaturing agents

add appropriate reducing agents
and/or folding factors

concentrate

perform purification procedure:
remove unwanted proteins and
incorrectly folded species
(e.q., by ion-exchange chromatography,
immunoaffinity methods, gel filtration)

[ purified protein j

Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons 2003
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About Statistics  BlastSearch Help Download

REFOLDdb is atool for the optimization of protein refolding,

referring to published methods employed inthe refolding of recombinant proteins.

Please overwrite "Example(s)” in light grey color in the following format.

Mutﬂile iniis are feasible for 2 combined search ("AND" 5e;|r;lh‘i.

PubMed 1D [Example: 25452804 | | [Search |
Title IEx.a'npla: Expression, refolding, purification and crystallization of the sensory domamn | - | Search |
Ahstract IEx.a'npla' high pressure | | Search |
Drate [ Y YMMDD [~] Y YMMDD | . [ Search |
Authar [Example: Liu Yu Chih, Roujeinikeva Anna | . [ Search |
Journal |Example: Protein exprassion and purification | | [ Search |
. eeten
Protein Name IEx.aﬂ'lpla: transducer-Be protzin C | | Search |
Adseq [Example: ESVLOSQATELLOHKAQLVEFKIOGIIKRIFIGANTLEKFLSDENSAINDTLYR.. | .| Search |
UniProt 1D [Example: CTEXY | . | Search |
Functicn |Exa.'n|:-l5. playing an important role i initial colonizaton and development of disease | | Search |
Domain |[Example: Chemareceptor s=nsory domain | . | Search |

[ dilution columnfiftration high pressure A W

Repoldgyirthed 3 dialysis [ columnchinding [ other methed =1
pH [ 1 [ ~] 14 | | Search |
Temperature [} | il [ ] 100 | | Search |

[ acthvity [} solubdity I mon aggregability
Validation [ dirculzs dichroism fluorescence tryptophan . ﬂ.n:laarrnag?etiu:rﬁ::\nml:e. Search
[0 orystallizetion [ struscture determination
[Article and Protein 2nd Experiment) Clear Search

Updatad on 20177317

Copyright © 2016 National Institute of Genetics

REFOLD database, developed
by S. Bottomley and his
colleagues at Monash University
(Australia), contains proteins
that have been successfully
refolded and presents protocols
and statistics on the frequency
of use of various refolding
techniques, disruption methods,
fusion proteins, and preparation
prior to refolding.

Chow et al., Nucleic Acids Res.
2006, 34, D207

http://pford.info/refolddb/



A hypothetical
purification scheme
for an enzyme

purity factor = 75/15=5
5-fold purification
75% recovery

Burgess, in: Proteomics of
the Nervous System
(Nothwang and Pfeiffer
Eds.) WILEY-VCH Verlag
GmbH & Co., 2008

Start

100 g wet weight E. coli=20g
dry weight = 12 g protein
(100% enzyme, 100% protein,
purity factor = 1)

Ammonium sulfate
precipitation

(45—50% cut has 759 of enzyme,

15% of total protein,
purity factor = 5)

|

lon-exchange
chromatography

Salt gradient elution
(pooled fractions contain 60% of
enzyme, 2% of protein,
purity factor = 30)

|

Gel filtration
chromatography

(Pooled fractions contain 45% of
enzyme, 0.3% of protein,
purity factor = 150)

|

Dialysis into storage buffer
containing 50%: glyceral
for storage at —20°C or —70°C

Final product
(36 mg)

Pooled
1
Protein
Enzyme
rFed
30 35 A0 45 50 55 60 T0 100

% Saturation

Flow through

(basic, neutral, or

slightly acidic
proteins)

Poolad

I f
/ I\/ Enzyme

Fraction number

Void volume
(large protein

aggregates}

*.
[NaCI]

Protein
&

Column
'mlume

/ =y !

Fraction number



Total protein assays

assay absorption mechanism detection advantages disadvantages
limit
incompatible with
. . _ tyrosine and fryptophan 0.1-100 small sample volume, detergents and
UV absorption 280 nm absorption ug/mi rapid, low cost denaturating agents,

high variability

compatible with

Bicinchoninic 562 N copper reduction {Cuz' to Eu‘*j, 20-2000  detergents and low or no compatibility

acid - BCA reaction with Cu1t ug/mi denaturating agents, with reducing agents
low variability

Bradford or complex formation between 0K C " . : -

Coomassie 470 nm Coomassie brilliant blue dye and ED;E"ID:' “':’S"'Ff.a'm'e Wi ; :jn-:tﬂmpattlble with

brilliant blue proteins ug/m reducing agents, rapi etergents

incompatible with
detergents and reducing
agents, long procedure

copper reduction by proteins,
| owry 750 nm Folin-Ciocalteu reduction by the
copper-protein complex

10-1000  high sensitivity and
ug/mi precision

https://www.labome.com/method/Protein-Quantitation.html

NanoOrange® reagent, a merocyanine dye, produces a large increase in fluorescence quantum
yield upon interaction with detergent-coated proteins. The NanoOrange assay allows for the
detection of 0.01 to 10 pg/mL protein with a standard fluorometer.

Jones et al., BioTechniques 2003, 34, 850



Protein inactivation and ways of preventing it

Reasons for inactivation How to prevent it

Oxidation, foaming Add DTT or TCEP, store under argon
Protease degradation Add protease inhibitors, cooler, purer
Adsorption to container Use polypropylene tubes, BSA carrier,

olycerol, non-ionic detergent, protein
more concentrated

Aggregation and precipitation Store less concentrated, add salt, pH
away from pl

Heavy metals Add EDTA, cleaner tube, reagents

Temperature inactivation Store cooler, add ligand or glycerol to
stabilize

Bacterial growth Use Tris, EDTA, azide, avoid POy4, OAc™

Enzymatic reaction (phosphatase) Cooler, purer, add specific inhibitor

Dissociation of Store more concentrated

subunits/cofactors

pH changed Avoid CO; in room, Tris changes pH
with temperature

Inactive/ misfolded conformation Incubate at 37 °C to anneal the structure

Burgess, in: Proteomics of the Nervous System (Nothwang and Pfeiffer Eds.) WILEY-VCH
Verlag GmbH & Co., 2008





