Protein Challenges
Large molecules
— Very hard to be synthesized chemically
Complicated purification processes

— More than one method is usually used to purify proteins
— Loss or denaturation of many proteins during the process

Complicated detection methods
— Should take care of conformation change during processing

Unstable:

— Held by weak forces
— Easily destroyed in vitro and in vivo

Difficult to formulate for large scale purposes
— Reproducibility is a challenge

Mostly delivered parenterally

— Contamination is a serious issue

— Difficult to protect from proteases when given orally
Fall 2019 Dr. Aljamali_Biotech



SPECIAL TOPICS IN BIOPHARMACEUTICALS
PROTEIN PURIFICATION
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BREAKING CELLS AND TISSUES

The first step in the
purification of most
proteins is 10 disrupt
tissues and cells in a
controlled fashion.

CIN,

0%

cell

suspension
Susus
oy
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Using gentle mechanical procedures, called homogenization,
the plasma membranes of cells can be ruptured 50 that the cell

contents are released.

shown here,

Four commonly used procedures are

R

‘\.‘ s o .’ ‘
B R
(1) break cells with (@) use a mild detorgont
high frequency to make holes in the
sound plasma moembrane

@ force cells through shear cells between
& small hole using a close-fitting rotating
high pressure plunger and the thick

Dr. AljameftBidaiess vessel

The resulting thick soup (called

o homogenate or an oxtract)
contains large and small molecules
from the cytosol, such as enzymes,
nbosomes, and metabolites, as well
as all the membrane-bounded
organelles.

0/0@00
‘ $CD>
goﬂf?
fgu 2
olles:

When carefully applied,
homogenization leaves most
of the membrane -bounded
organelies intact.
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Cell Fractionation, and

Grind d T Differential Centrifugation
Fin fg—a
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Then Then
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Centrifuge longer even longer
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ysosomes NoO
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Fall 2019 .

Jamali_Biotech 8




<l sSe Differential Centrifugation (haléil) 3l Juad,
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~—— Filter
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to remove
clumps of
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cells,
. connective
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-
i) - A
pra et e . e .
) Pourout: |- . Pourout: Pour out:

600 g 15,000 g 100,000 g = -~ 300,000 g x

10 min 5 min 60 min 2h ——| « Pour out
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Filtered Er{\luclei Mitochondria, [-_Pl(asma [-_F%ébosomal Soluble

homogenate chloroplasts, membrane, subunits, portion
lysosomes, microsomal small of
and fraction polyribo- cytoplasm
peroxisomes (fragments somes (cytosol)
of endoplas-
mic reticulum),
and large
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ultracentrifugation &\l
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Suspension of broken cells + i
contains subcellular .
components such
as lysosomes,
and membrane
fragments

Nuclei sediment

Mitochondria,
lysosomes, and
peroxisomes sediment

Fragments of the plasma
membrane and
endoplasmic reticulum
sediment

Dr. Aljamali_Biotech

Ribosomes sediment

Centrifuge
supernatant
800 X gravity
(10 minutes)

Centrifuge
supernatant
15,000 X gravity
(10 minutes)

=2 = el il

Centrifuge
supernatant
100,000 X gravity
(60 minutes)

Centrifuge
supernatant
200,000 X gravit
(3 hours)




Ammonium Sulfate Precipitation a s se¥! cililas s il
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Salt concentration ——»

Fall 2019 Dr. Aljamali_Biotech

YL il iy e
Je 35 ds)
Do sl Jead
S daad o Jsa
o Lo sy il
el oAl

salting out

11



Salting Out zlelly s il
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Solubility (mg nitrogen » mL™)
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3.2 —

2.8 —

0.02m

pH

Solubility of B-lactoglobin as a
function of pH at several (rather low)
NaCl concentrations.
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Dialysis J=il
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(B) protein with two
subunits, A and B,
joined by a disulfide single subunit
brldge proteln

%@9@

HEATED WITH SDS AND MERCAPTOETHANOL

o= B negatuvely =
=/~ charged SDSC
~— B molecules

POLYACRYLAMIDE-GEL ELECTROPHORESIS

Bl e/
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Al e/
®

slab of polyacrylamide gel
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SDS PAGE
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Protein separation using SDS-PAGE

(Laemmli system)

égc 1. Apply protein/dye samples 2. Run the electrophoresis until dye
/N ~ into polyacrylamide gel wells reaches the end of the gel
[ SEARABRBEEER @
Stacking
gel
;
Resolving ﬁ

gel

\ @ —

3. Remove the gel from the - - 64
apparatus and stain for = —52
proteins - o —145
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[-Galactosidase
Glycogen phosphorylase b

Bovine serum albumin
Ovalbumin

Carbonic anhydrase

Soybean trypsin inhibitor
Lysozyme
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Column Chromatography 25l Ao ol JaauY)

Gangs iyl e 3,08 CleS Al Juadl) A3kl dsed)l o Gl ) 3ay e
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e Gel Filtration * lon Exchange

Key:
Protein of
\ interest
[ ]

Ligand
Y
Mixture

of proteins
R Ligand

0

attached io
polymer bead

Key: @ Large net positive charge
@ Net positive charge

© Net negative charge

® Large net negative charge I
J 1

Solution

Polymer beads of ligand

with negatively
charged
functional groups

0

Protein mixture is added
to colurmnn containing

Protein mixture is added
to column containing

£l

eross-linked polymer., cation exchangers, CﬁQC Protein mixture
- is added to
. & column containing
Protein molecules separate 77 Proteins move through the e — a polymer-bound
by size; larger molecules columm at rates determined ligand specific
pass more freely, appearing e by their net charge at the 5 for protein of
in th li f cti . pH being used. With cation ’ : interest.
in the earlier fractions. | exchangers, proteins with 8 T et
1 4 more negative net charge f 2 3 a’ 5 6
move faster and elute earlier.
{a)
Protein
of interest

is eluted by
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{ e
A

polymer beads |

Protein mixture is added
to column containing
cross-linked polymer,

Protein molecules separate
by size: larger molecules
pags more freely, appsaring
in the earlier fractions.
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Gos¥) il alig gl e ldd e glall Jildl Gaikay
dalia ) Ay sl

5 e il gl Jad oy ca gaal) ) Jsaally Jilall fay Letie
iyl Slaciiaad 2 Lai 3 gaal) cilabn Jal S sall o5l
it gl o) el ¢ sSil e jn 3 ganll oo il 58Sl
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Size-exclusion chromatography

Here's our sample mix of proteins.

O @ o o

60 kDa 20 kDa 20 kDa 5kDa

low pl (8) low pl {7) high pl (8) high pl (8)

'Dr. Aljamali_Biotech

26



Size-exclusion chromatography

Absorbance at 280 is used to identify
o QD @ o protein-containing fractions. You can
also perform an enzyme specific assay.

60 kDa 20 kDa 20 kDa 5kDa

ol el
(]
3
EU% Fraction #
===l =l=1=1=l=l=1=1=1=1=1=1=1=
g @ U L CZCL 2 JORC AU A0 J U




3.0

2.5

Ve/Vo

1.5

1.0

a3 elution volume (Ve) —ahdll aaa Ao (Wl e el o)) Guld (S
o A5 Andi dgaxll Al Gan 4y Ladiaall Jilall aaa ) Gl z5 A)
Calall o U L) ana s W JSEN can 5 void volume (VO) & il axalls

A 5l Ll ) Al ) ae Aliae i gy

Sucrose
------- —_ Glucagon
Cytochrome ¢
- Myoglobin .
Chymotrypsinogen
B Ovalbumin
Ovomucoid Malate dehydrogenase
— Bovine serum albumin —___ \\  E. coli phosphatase
Transferrin — Glyceraldehyde-3-phosphate dehydrogenase
Lactoperoxidase— St aA
— Estuin actate dehydrogenase
Serum albumin dimer ' = _—Aldolase
Yeast alcohol dehydrogenase /‘ __—Fumarase
— Ceruloplasmin Catalase
v—Globulins oo
S Apoferritin
R—Phycoerythrin// R )
— a—Conarachin / /B-Galact05|dase
W Ferritin
Fibrinogen / TN
= Urease’” /7  _ ~TTTTmes
o—Crystallin Blue dextran
| I I SN N S | | | N S SN [N N N | | | I I (N B
10 100 1000
Molecular mass (kD)
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Name* Type Fractionation Range (kD)
Sephadex G-10 Dextran 0.05-0.7
Sephadex G-25 Dextran 1-5
Sephadex G-50 Dextran 1-30
Sephadex G-100  Dextran 4-150
Sephadex G-200  Dextran 5-600
Bio-Gel P-2 Polyacrylamide 0.1-1.8
Bio-Gel P-6 Polyacrylamide 1-6
Bio-Gel P-10 Polyacrylamide 1.5-20
Bio-Gel P-30 Polyacrylamide 2.4-40
Bio-Gel P-100 Polyacrylamide 5-100
Bio-Gel P-300 Polyacrylamide 60-400
Sepharose 6B Agarose 10-4,000
Sepharose 4B Agarose 60-20,000
Sepharose 2B Agarose 70-40,000
Bio-Gel A-5 Agarose 10-5000
Bio-Gel A-50 Agarose 100-50,000
Bio-Gel A-150 Agarose 1000-150,000

“Sephadex and Sepharose gels are products of Amersham Pharmacia
Biotech; Bio-Gel gels are %P%ﬂgmgﬁdgxt&iﬁRad Laboratories.
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IEC 2 &l Jalual) (il ey

cLu Gl gyl Jaad e [EC 2ainy
Key: @ Large net poaitive charge Charge \.@_’L\;..i ua\.».cmd\” ‘_AC

@ Net positive charge

| D MNet negative charge L_Léﬁj‘ BJJE M}(adsorptlon

| o ® Large net negative charge | u\ e \)_“ Cé‘)-b é‘ LJ\AA]L\ ! S“
Polymer beada ; L;);Y\
with negatively |

charped
functional groups

a2

Protein mixture iz added
to colummn contamimng
cation exchangers,

Proteins move through the
colummn at rates determined
by their net charge at the
pH being used, With cation
exchangera, proteins with 9 |
amore negative net charge | 2 3

move faster and elute earlier. i o
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Mixture of {
+and —
charged
proteins

Beads of —
+ charged
DEAE-
cellulose

£
2 A+ A—
o
Q.
©
=
=}
o
=
<
1> Fraction number
Copynght 1596 John Wiey and Sons, s0 ANl ngns reserved
Fall 2019
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lon-Exchange chromatography

Here's our sample mix of proteins.

000 e

60 kDa 20 kDa 5 kDa
If pH mobile phase =7.2 lowpl (6) lowpl(7) ~ highpl(8) highpl (8)
Then charge of the proteins: ) (-) (+) (+)

A'FﬁUriQﬂ)&:hang column=+c¢ iarged ; Dr. Aljamali_Biotec



lon-Exchange chromatography

Here's our sample mix of proteins.




IEC 2 sill Jaluall () i)

gel- o)L Adla (e 5l cellulosic ions a)ké sllu (g 3 sill Jalaall 3 sanll Callsy (o) (S
type ions
sVl ol ) ae Ao Ll Mgl 4881 5a ¢Sy Ylantina Y1 (g 5Lal 5 5lall 5K et s
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—CH,—CH,—NH(CH,CH,),
CH, COO

DEAE: R
CM: R
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Name*

Type

Ionizable 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,
polystyrene-based

Weakly basic cross-
linked dextran gel

Strongly acidic cross-
linked agarose gel

Weakly acidic cross-
linked agarose gel

Diethylaminoethyl
—CH,CH,N(CHj),
Carboxymethyl
—CH,COOH
Phosphate
—OPO;H,
Carboxylic acid
—COOH
Diethylaminoethyl
—CH,CH,N(GHs),

Methyl sulfonate
—CH,SO;H
Carboxymethyl
—CH,COOH

Used to separate acidic and
neutral proteins

Used to separate basic and neutral
proteins

Dibasic; binds basic proteins
strongly

Used to separate basic proteins
and amines

Combined chromatography and
gel filtration of acidic and
neutral proteins

Combined chromatography and
gel filtration of basic proteins

Combined chromatography and
gel filtration of basic and
neutral proteins

“Sephadex and Sepharose gels are manufactured by Amersham Pharmacia Biotech, Piscataway, New Jersey; Bio-Rex resins and Bio-Gels are manu-
factured by BioRad Laboratories, Hercules, California.

Fall 2019
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are wazhed
through y L
-
clme. G ELOE|
345 678
Protein
of interest
Fall 2019 is eluted by
(c) ligand solution.
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Affinity Chromatography
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Affinity chromatography

1- Incubate crude  2- Wash away non bound 3- Elute
sample with the sample components from
iImmobilized ligand  solid support
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Immunoprecipitation (setiall cuw 5l

e s sing Al gyl lada ) 5 8l alila) y Glia sh e sl o cpalll by oSay
dasi pall aall oy Cua Cpn) A oy ¢ e sl Lol H¥) eyl ) aall e sl oy gl
Jue Bile 2 (5 AY g gl e g glall Al Jilull J s ball ) shall 5 s 5l e
Gl G Bl W) el (5 m T opals Al Jue IS ah cilic el gy il je Bae il )
Akl sda e e el gl e Alle 35 o Juand Gungg clia ) sh-dia deaa
Sl Al IS0 aadid 5 ¢ e bl Cuu il

Cell Lysate or
Protein Mixture

Y.
J “/ Coupled Antibody

A Antigen

Fall 2019

Incubation with
Antibody-coupled Resin
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Protein Purification by Fusion

Fall 2019

Step 1 = Step 2 = Step 3

Cloned gene Transform bacteria and express Add cell lysate to glutathione
of interest fusion protein. Lyse cells to release plastic beads
overexpressed protein. l
PR S A‘é Affinity column
1 y | /
Gene for | & Glutathione  pyagtic
Fusion protein i ; P bead
: “tag” protein
plasmid lutathi = ’
expression g reaone [
otiof Promoter  S-transferase Xy l
- W\ Y
\ I ¥, Fusion protein
: O binds to glutathione
Step 4 = Step 5
Cleave fusion protein with Analyze by SDS-PAGE to

site-specific protease
(for example, Thrombin
or Factor Xa).

check purity.

Protein size Purified fusion
markers protein

| I
o )

|
J

& &
Collect eluate—contains A\ &
cloned protein of interest | & : =
without tag proteins. S J
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(A) ION-EXCHANGE CHROMATOGRAPHY Sle i g ) dan] A 5 kall 45 .
salt concentratioy Column Chromatography 2 s«

protein —

relative amount ——

L

‘j activity
A

fraction number — —_— .
pool these fractions and apply them

to the next column below

(B) GEL-FILTRATION CHROMATOGRAPHY (C) AFFINITY CHROMATOGRAPHY
' protein
s eluting

€ = solution o
5 S applied activity
£ protein g to column

@©

o activity g
2 z
® e |

fraction number — fraction number —= L

pool these fractions and apply them

pool these fractions, which now
to the next column below

contain the highly purified protein
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START

oomwerweian e coi20em 1 YP1CAI Protein Purification Scheme

dry weight=12gm protein pooled
(100%enzyme,100% protein, —
purity factor=1) ,

Ammonium Sulfate
Precipitation

protein

y s

(45-50% cut has 75% of enzyme,
15% of total protein,
purity factor=5)

[+} 30 3s 40 45 50 55 60 70
% saturation

100

flow through
(basic, neutral or

slightly .acidic
lon Exchange proteins)
Chromatography

[NaCIl]
salt gradient elution
(pooled fractions contain 60% of
enzyme,2% of protein,
purity factor=30)

protein

fraction number

void volume
Gel Filtration (large protein

Chromatography aggregates)
* column
(pooled fractions contain 45% of pooled volume

enzyme, 0.3% of protein, —
purity factor=150) protein
»

Dialysis into storage buffer
containing 50% glycero
for storage at -20°C or -70°C
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« 10 micrograms of proteins
loaded in each lane

« Definition of lanes

Fall 2019

A=

SDS PAGE of Purification

Complete mix of proteins
High Salt

Ion exchange
Gel-filtration

Affinity
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TABLE 3-5 A Purification Table for a Hypothetical Enzyme

2

Fraction volume Total protein Activity Specific activity
Procedure or step (ml) (mg) (units) (units/mg)
1. Crude cellular extract 1,400 10,000 100,000 10
2. Precipitation with ammonium sulfate 280 3,000 96,000 32
3. lon-exchange chromatography 90 400 80,000 200
4. Size-exclusion chromatography 80 100 60,000 600
5. Affinity chromatography 6 3 45,000 15,000

Note: All data represent the status of the sample after the designated procedure has been cared out. Activity and specific activity are de-

fined on page 94.

Specific activity=

Ko

Fall 2019 Dr. Aljamali_Biotech

enzyme activity / amount of protein
(mg)
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Isoelectrical Focusing (IEF) _eSill (s sluia (L) sl
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TABLE 3-6 The Isoelectric Points Gu Pls Ll b Gyl sldel (Se LS

of Some Proteins

Protein pl Alina laly Gla (A L5 Leloadl ‘l’lf‘ﬂzﬁ)éj\
(oesll) sl (5 sbuda ial) Al (Wlud) sa
Pepsin <}12 Oasll 4 5shas 3ale axaiui Jlly |EF
Egg albumin . S e
Siffum albumin 4.9 . _ .'Jwy‘ o ‘FM%@S‘
Urease 5.0 Aaa aladiuly [EF 408 8 cliggyll Juad a4
j3-Lactoglobulin 5.2 & 558 Cuny el Gl )3 ez o (g gias
Hemoglobin 6.8 G sall g bl sl Leiia & (68 5 cilisi g pll
Myoglobin 7.0 Clia il Waie 5 pH ddhie ) daad of
Chymotrypsinogen 9.5 T " . . .
Cygochmyme C : 10.7 e e o R T

1 . !w i . )A ‘
Lysozyme 11.0 ' e U A
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[H +] [OH-] pl I~5 [H+] [O H -]

< >

Protein becomes Protein becomes increasingly -ve
Increasingly +ve

At pH 3 the protein will
be +ve

[H+][OH-] ‘ pH ~3 pl|~5 [H+] [OH-]

At pH 7 the protein
will be -ve

pl ~5

[H +][0H-] I ‘ pH ~7 [H+] [OH_]
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Isoelectric Focusing 4l g ) sia il

(A)

Low pH
(+)

> — >
MY (
& “

(B)

Low pH
(+)

Figure 3-11
Biochemistry, Sixth Edition

2007 W.H._Freeman and Company

Fall 2019
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Isoelectric focusing electrophoresis
(Depends on pl of protein)

y

An ampholyte - F=

solutionis pH9 . © a8 © o ©
incorporated | |
into a gel. =3l |
|
]
Jé_ S
o
£ =
v} —-|
N |
a e
-
|
; N—-|
PH3 | @ @ —®
A stable pH gradient Protein solutionis After staining, proteins
is established in the added and electric are shown to be
gel after application field is reapplied. distributed along pH
of an electric field. gradient according to

their pl values.
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2D Gel Electrophoresis (2D GE) ¥ Al AL jeSH s )l
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Y

10¥d-505

& 2D GE Gnki (e daall saildll (eSS
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Al) S5yl gaa) ANED oda Sas
ai sl WAL proteome assis sl Al )l
O il il a3l Al )l i
sl 5 geds Baadl dus (dilisg dag i
WAl (e @Al ol cllac
¢Stress 5% el gn colie) Adling gyl

(&
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Two-dimensional electrophoresis

First
dimension

Isoelectric
focusing

O D) N[

— (o

- -~

| Decreasing
pl

-~ - -~

Isoelectric focusing
gel is placed on SDS
polyacrylamide gel.
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Isoelectric focusing I )D) D) )) ) ) \T

gel is placed on SDS
polyacrylamide gel.

Second St
dimension : e

SDS polyacrylamide ) =
gel electrophoresis 2

()

Decreasﬁng —
pl
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Decreasing
M

l
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Typical 2-D Gel from Whole Cell or Tissue Sample
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Gene Expression changes according to nutrients
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