OUTLINE
Protein Purification

Introduction; what is the basis
Goals; Specific Activity

Lecture 6 (9/17/25)
* Reading: Ch3; 83-87, 89-90
Ch1; Fig7
Ch9; 313-314 A.
* Homework #6 2'

NEXT

* Review session

Methods

1. Centrifugation
a. Differential
b. Isopycnic
2. Precipitation
a. Salting-out; ammonium sulfate
b. dialysis
3. Chromatography
a. Gelfiltration
b. lon exchange
c. Affinity
Summary

Protein
Purification
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Activity of YFP

Total protein

» Specific Activity =

2

How do you measure Specific f\ctivity?

Figure 6-3 Activity versus specific activity. The

difference between these two terms can be illus- H f
trated by considering two jars of marbles. The jars What IS the Yleld ?
contain the same number of blue marbles (repre-

senting an unknown protein), but different amounts (of red proteins?)
of marbles of other colors. If the marbles are taken

to represent proteins, both jars contain the same

activity of the protein represented by the blue mar-

bles. The second jar, however, has the higher spe-

cific activity because here theblue marbles repre-

sent a much higher fraction of the total.

Do
"8

How do you measure specific activity?

From [protein] (mg/mL) E [activity] (U/mL)
Purification,of a hypothetizal protein
Fractign Total

Procedure volyfme protein Activity Yield
or step ( (mg) (units) s/mg) (%)
1. Crude cellular \*

extract 1,400 10,000 100,000 100
2. Precipitation 280 3,000 96,000 96
3. Ion-exchange

chromatography 90 400 80,000 80
4. Size-exclusion

chromatography 80 100 - 60,000 60
5. Affinity chroma- '

tography 6 3 45,000 45

* All data represent the status of the sample after the procedure indicated in the first column
has been carried out. These are the two important criteria

-If protein was “pure” after step #5, w d the
Specific Activity be after yo fmed a step #67?

-What is the Yield?

ifications
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Protein Purification Procedures

Basis Procedure Covered
Hydrodynamics  Gel filtration Chromatography Lab
(size, shape, SDS-PAGE Lab
density) Centrifugation lab (e
Charge lon exchange Chromatography

Isoelectric focusing

Native electrophoresis Lab
Solubility Salting out

Organic extraction

Hydrophobic interaction

Chromatography
Binding Affinity Chromatography Lab
Specificity

= Basis =

Fractionation -
by

centrugaion . size/shape

Differential
centrifugation

»

component

'\ Fast-sedimenting

component

Centrifugation
Differential

Tissue
homogenization

Low-speed centrifugation

Pellet

(1,000 g, 10 min)

Supernatant subjected to
medium-speed centrifugation
(20,000 g, 20 min)

o ‘ Supernatant subjected

to high-speed
centrifugation
(80,000, 1h)

T s
e subjected to
. very high-speed
E centrifugation

contains (150,000 g, 3 h)
hole cells,
M acle 13
cytoskeletons,
plasma
membranes Ppellet
Speed is « to: mitochondria,
lysosomes, Sup':mmnt
. . "
Relative Centrifugal Force (RCF) =r - @2 | ™™™ Soluble
e— Pellet proteins
r = radius from center of rotor (mm) g Sontains

= angular velocity (radians/sec)(rpm-60)
g = standard acceleration of gravity (9807 mm/s?)

Time is « to:

02 t= 02t

small vesicles

Pellet contains
ribosomes,
viruses, large
‘macromolecules
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by

Sample

Fractionation

(less dense) - Centrifugation

Basis =
density

C e n t I'Ifu g at | O n Equilibrium between two opposite forces:
: : Centrifugal Force
Isopycnic (same density) "o 4 Buoyancy Force

Stabilizing
sucrose
gradient

more dense)map-

mi'\ Fractionation

l ) — _—
S e

Less dense

component

More dense

component

v e

\\7 J
Protein Purification Procedures

Basis Procedure Covered
Hydrodynamics  Gel filtration Chromatography Lab
(size, shape, SDS-PAGE Lab
density Centrifugation Lab
Charge lon exchange Chromatography

Isoelectric focusing

Native electrophoresis Lab
Solubility Salting out 4

Organic extraction

Hydrophobic interaction

Chromatography
Binding Affinity Chromatography Lab
Specificity
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Ammonium Sulfate Fractionation: Basis =

. . . solubility
Fractionation by Salting Out
@ (®) @)

= a5
v v
3
°0 5 (Lo~
5 T least soluble protein
g [Be, 0% Z o o & profein
F ‘_co 5 g g © ,0° © middle soluble protein
£ 0% O £ o] ) © most soluble protein
3 o ©o 3 )
< o Ol < © o
— ':) 0% — (. 4 > Supernatant fraction
8 o o o O
o 0° (+]
° |
o o 1
o9 o o
©0o0 B o
o

J
@ W} Precipitate (Pellet fraction)

Purification in Laboratory begins Basis=
with Fractionation by Salting Out solubility

FLOW CHART FOR LDH PURIFICATION

Bovine heart or muscle tissue

l mince, blend, & centrifuge 15 min @ 15,000 rpm I

vl
1P - precipitate 1S - supernatant fraction*
(cell debris, nuclei) (Crude Extract)
add (NH,),SO, (aq) to 40% saturation
centrifuge 10 min @ 12,000 rpm
v v
2P - precipitate* 2S - supernatant fraction*
(extraneous proteins) (LDH + other proteins)

add (NH,),S0, (solid) to 75% saturation
centrifuge 10 min @ 12,000 rpm

3P - precipitate*  3S - supernatant fraction*

(LDH & other proteins) (extraneous proteins)
Re-dissolve and dialyze l

3P - dialyzed*

Assay and load =< 5000 units on affinity
chromatography column, wash with buffer,
then elute with NADH

wash fractions* NADH eluate*
(non-specifically bound protein) ‘ (LDH-containing fractions)

Pool and concentrate
by ultrafiltration

Purified LDH*
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Proteins are Least Soluble at 5;3‘;;
Their Isoeletric Point /

TABLE 5-3 Isoelectric Points of
Several Common Proteins

Protein pl
Pepsin <1.0
Ovalbumin (hen) 4.6
pH at: C:’:«;n > Zwi:Ie rion > A::In Serum albumin (human) 4.9
Tropomyosin 5.1 . .
Insulin (bovine) sa Acidic proteins
Fibrinogen (human) 5.8
y-Globulin (human) 6.6
Collagen 6.6
Notice that Myoglobin (horse) 7.0 — Example of this
between 7.1 - Hemoglobin (human) 7.1 at the end
9.4 most of ~ Ribonuclease A (bovine) 9.4
these proteins C'ytochrome : (horse) 10.6 Basic proteins
are charged Histone (bovine) 10.8
Lysozyme (hen) 11.0
Salmine (salmon) 12.1

If you are performing a salting-out procedure prior to most other procedures, you will need to
remove the Molar concentrations of salt. How?

Dialysis: Diffusion of Solutes sasis =
solubility

Large molecules Small molecules can
cannot traverse /traverse the membrane

the membrane '

MWCO=molecular
weight cutoff

Semipermeable membrane

leak!
(a) At start of dialysis (b) At equilibrium

37

Dialysis
membrane

Solvent

Concentrated
solution

Make sure
they don’t
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Protein Purification Procedures

Basis Procedure Covered
Hydrodynamics  Gel filtration Chromatography Lab _
(size, shape, SDS-PAGE Lab
density Centrifugation Lab
Charge lon exchange Chromatography q—
Isoelectric focusing
Native electrophoresis Lab
Solubility Salting out
Organic extraction
Hydrophobic interaction
Chromatography
Binding Affinity Chromatography Lab _
Specificity
Basic Chromatography
(a) Steady flow of solvent led ohase,
Protein ¢ moblle phase

mixture

Clillr;?;amgri’g?y { time time fime time
column material,

beads, gel, etc.

solid phase

JoRRaRRRRIRNY

Fractions collected sequentially

Three Types of Chromatography:
1) Gel Filtration (size/shape)
2) lon exchange (charge)

3) Affinity (function)
AZSO '

Fraction number

eluant
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time time

bead matrix

Small molecules
enter the aqueous
spaces within beads

S

)
Carbohydrate
polymer bead

Amount of solute

rge
molecules
cannot enter

latter

- . Basis =
Gel Filtration Chromatography .ccnape
®) ) © ) @ s @ ( )

Magnified single bead Solvent : ‘

from the stationary phase

of a gel filtration media

;Tlaelcltules rlfc:lgeiules S m al Ie r
s molecules

Volume of effluent

Larger molecules first
Sometimes called a “reverse” sieve

PI‘OteinS @ 4,000,000X TIBS 18 - MARCH 1993 BaSIS =

size/shape
204980 p

i Erbuoxinb a-Cobratoxin  B0SI  Hrudn  Melitn  Actnoxanthin

¢ C aopoty

Cytochrome b, Flavodoxin Spectvome ¢

‘d“!l

o e Plastocyarin  Cylohvome3 Cycchrome ¢y Cyochrome ¢, Cylochome

Recall our picture ‘

of all the different | ¢ WP
sizes and shapes 2z ‘ é ‘ “mm
of proteins! =25 .m.w‘w

% woogeon HmR? “hnen st
U AN b -

Shapes of
Proteins: all
same scale

TRP Repressor

Crambin

Catabote Gene

% - Protease
Phosphoipase A,

=onY =
%A&@ﬁ

Immunoglobuiin Lysozyme  Carboxypeplidase A

Gene § DNA-binding
Protein
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Protein Purification Procedures

Basis

Hydrodynamics
(size, shape,
density

Charge

Solubility

Binding
Specificity

Procedure

Gel filtration Chromatography

SDS-PAGE
Centrifugation

lon exchange Chromatography

Isoelectric focusing
Native electrophoresis
Salting out

Organic extraction
Hydrophobic interaction
Chromatography

Affinity Chromatography

Covered

Lab
Lab
Lab

Lab

Lab

<4

lon Exchange Chromatography

| have

At certain pH values molecules

a net charge:

IpH at: <pl

ion > Zwitteri
pl >pl

» Positive (+) when pH < pl

Positively charged
protein binds to
negatively charged
bead

Negatively charged
protein flows
through

Negatively charged
particles/beads =
cat-ion_exchange

* Negative (-) when pH > pl

Negatively charged
protein binds to
positively charged
bead

Positively charged
protein flows
through

Basis =
charge

Positively charged particles/
beads = anion exchange

9/17/25



lon Exchange Chromatography Basis -

charge

Cation > Zwitterion = Anion

pHat: <pI [29 >pI
At lower values of pH proteins : At higher values of pH proteins
will carry more positive charge will carry more negative charge.

Surface
charge
ubnqultm !
pH4 pH5 pHG pH7 ‘ pH9 pH 10 pH 1
Will bind to Cation exchanger f Will bind to Anion exchanger
Isoelectric point
(pl) = 6.8

tpH <p| EENEEETENNENT

POSIT'VE of protein + - NEGATIVE

Sticks to

— (cation exchanger) + (anion exchanger
Types Dowex-50, carboxyl- Dowex-1,
methyl (CM), Diethylaminoethyl

Phosphocellulose, (DEAE), mono-Q
mono-S (methyl-sulfite) ~ (quaternary amine)

lon Exchange Chromatography >2°°~

charge

(@) ) ( ) © (

What can you use to
elute proteins that
stick?

Low-salt
elution
buffer

Elute with salt
or pH gradient

Switch
eluant

Chromatography
column
(ion exchanger)

9/17/25
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lon Exchange

Chromatography: =i

is poured

onto a
cation-

exchange
column.

If this were a mixture of G, K, and D,
what would the order of elution be?

1%=D, 2™ =G, 349=K

Amino acids with greatest positive
charge (red) bind the column

most tightly and therefore move
most slowly. Those with the least
amount of positive charge (blue)
move fastest and elute first. = ¢

Fractions are collected from

Reservoir of buffer allows sample to .
percolate slowly through column. BaS IS =

F\ﬁ charge
(N
x ¥ e

\

Q |
»3 />\ \\\ /

I
UUUUUUL

the bottom of the column and «———

analyzed quantitatively.

Protein Purification Procedures

Basis Procedure Covered
Hydrodynamics  Gel filtration Chromatography Lab
(size, shape, SDS-PAGE Lab
density Centrifugation Lab
Charge lon exchange Chromatography

Isoelectric focusing

Native electrophoresis Lab

Solubility Salting out

Organic extraction

Hydrophobic interaction

Chromatography

Binding Affinity Chromatography

lab G

Specificity

9/17/25
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Basis =
function

Affinity
Chromatography

- Protein mixture
is added to
colum: I
L

Glucose-binding

L
interest.
protein G

Addition of G
glucose (G)

—_—

G,
G,
@ Released
protein

Basis =
function

Affinity Chromatography

Biotechnology (recombinant DNA technology) has
revolutionized protein purification.

At the level of the DNA sequence, the DNA sequence
encoding such binding proteins or "tags” can be “fused”
to the sequence encoding YFP. In this way, a chimeric
protein is produced that has the binding function, which
allows the use of affinity chromatography.

Common “tags” are: Column beads have attached:
Maltose-binding protein Maltose
Chitin-binding protein Chitin
Glutathione-S-transferase  Glutathione (y-Glu-Cys-Gly)
His-His-His-His-His-His Ni-chelate

9/17/25
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Protein Purification Procedures

Basis Procedure Covered
Hydrodynamics  Gel filtration Chromatography Lab
(size, shape, SDS-PAGE Lab
density Centrifugation Lab
Charge lon exchange Chromatography
Isoelectric focusing
Native electrophoresis Lab
Solubility Salting out
Organic extraction
Hydrophobic interaction
Chromatography
Binding Affinity Chromatography Lab
Specificity
Purification of Myoglobin (Mb)
Specific Activity Overall
Step Total Protein (mg) Mb (pmol)  (pmol Mb/mg Total Protein) % Yield Fold Purification
1. Crude extract 1550 0.75 100 1
2. DEAE-cellulose chromatography 550 0.35 13
3. Affinity chromatography 5.0 0.28 117
Calculations:
Specific Activity Yield Fold Purification
0.75+ 1550 = 0.00048
0.35+550 = 0.00064 0.35+0.75= 047 0.00064 +0.00048 = 1.3
0.28 +5.0= 0.056 0.28+0.75= 0.37 0.056 +0.00048 = 117

9/17/25
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Purification of a hypothetical protein

Fraction Total

: . . . Fold % loss
Procedure volume protein Activity Specific activityincrease Yield . ° ;
or step (ml) (mg) (units) (units/mg) nSA (g) in Yield
1. Crude cellular
extract 1,400 10,000 100,000 10 } 3x 100} 4%
2. Precipitation 280 3,000 96,000 32 96
3. Ion-exchange } 6x } 17%
chromatography 90 400 80,000 200 80
4. Size-exclusion } 3x } 25%
chromatography 80 100 - 60,000 600 60
5. Affinity chroma- ] } 25x } 25%
tography 6 3 45,000 15,000 45

* All data represent the status of the sample after the procedure indicated in the first column

has been carried out.

Calculate fold increase in SA for each step = helps determine if step is effective.
Which is the best step? ... step 5

Which is the worst step? ... step 2 or step 4

Look at yield...... Calculate fraction (%) of YFP lost at each step.
Which of step 2 or step 4 resulted in loss of more YFP? ... step 4

9/17/25
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