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# A black art (proteins have personality)

# Requires knowledge of protein
X What kind of cell is it coming from
X What part of cell
X What does it do

#Particularly helpful
X Size
X Composition
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Strategy

# Move from organism to pure protein in
as few steps as possible with as little
loss of activity (assayable quality) as
possible

X Time and temperature are factors
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Protein Purification

# Molecular weight
#*Charge

# Solubility
*Affinity
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Molecular Weight

# Ultracentrifugation

#* Dialysis

¥ Gel filtration separates by the native
molecular weight

#SDS PAGE separates by the subunit
molecular weight

shrEERBEN%
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SDS PAGE

# This technique involves loading a sample
of your mixture onto a polyacrylamide
gel (PAGE). Polyacrylamide works like
agarose except the matrix has smaller
pores and so polyacrylamide gels
separate smaller molecules (like
proteins).
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SDS PAGE

#Unlike DNA and RNA, proteins do not
have a nice constant charge to mass
ratio and can have any charge at a given
pH, depending on their sequence, hence

pIL.

# To overcome this problem proteins are
coated with a detergent, SDS, which
makes them negatively charged.

# They then separate by molecular weight.

thrs SRBENR 12



SDS PAGE

% They then separate by
molecular weight.

#* The SDS will disrupt 1 2 3 4 5 6
the secondary,
tertiary and
quaternary structure & e
so the subunits will
separate. For this ! — —
reason SDS-PAGE
separates by subunit  lighter
molecular weight.

shrEERBEN% 13



Gel Filtration

# This method relies on a column of beads
of a specified pore size. This is known
as a molecular sieve.

# Proteins (and other macromolecules)
above a certain cut-off size cannot fit
intfo the pores and so migrate down the
gu’rside of the beads. They will elute

Irst.

# Smaller molecules below the cut-off can
permeate the pores and so take longer
to travel down the column.

thrs SRBENR 14
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An elution profile
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Gel-filtration of the protein
mixture. 1.2 ml of protein
mixture (10 mg/ml) was
loaded ontoa 25cm X 2.5
cm diam. Sephadex G-50
column equilibrated with
buffer (50 mM Tris HCI, pH
7.5). The column was eluted
with buffer at ~1 ml/min,
collecting 2.5 ml fractions.
The absorbance of each
fraction was measured at
280 nm.

17



e L Tn) 70 Ry R R T M
> iR (@) £t (b) 6% R, (C) MR ELRBRTN,;
(At iz d; )AFaRE%REHRTLL;, (f)REE WG T
F;
>R E% A (QEeA#Bmansgt; O)EgtrFuidLdF
BAERZAESHEEH(C)BQ GHAKMERA-BIRE F LA
>Raf b ot (Q)nik ki, (D)EA#4 A%, (C)HA
zahfe KK, (d)EHfR A X; (e) A4 R4F, F L
wEAFE; (478844, QRESLEFR S E,
rHESGREA (o) S L mi; (D) r#dieass s; (0)F
a R At (drrtatrs; (e)emtB®; (f)
W i A bt Ag F
T SO Sl SHOLEF E XTI ()
# & ARG 4 P T A
rhaffE (QHAF £%E; b2ttt dbafi Rz,
(A EHB4aREH,

18



Charge

#Ton Exchange Chromatography
#Native gel electrophoresis
# Isoelectric focusing
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Charges on proteins

# Different proteins have different
native charges.

# The overall charge on a protein will
depend on:

X The sequence
X The pH

shrEERBEN%

20



Determining the pl of a protein

# It can be predicted from the
difference between the sum of the
acidic side chains (asp + glu) and the
f‘gm; of the basic side chains (lys + arg +

is).

# It is determined experimentally by
techniques such as isoelectric zocusing.
The protein is placed in a pH gradient
and subjected to an electric field. The

protein moves to ifs plL.

shrEERBEN%
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Estimating the charge of a protein

pl ~5

[H+] e | # [OH-]

Protein becomes Protein becomes increasingly -ve

increasingly +ve
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Estimating the charge of a protein

At pH 3 the
protein will
be +ve
pH ~3 pl ~5
H+] o ‘ I w1 [OH-]
< S

Protein becomes Protein becomes increasingly -ve

increasingly +ve
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Estimating the charge of a protein

At pH 7 the

protein will

be -ve
H+] [OH-] I ‘ pH =7 [H+] [OH—]
< -

Protein becomes Protein becomes increasingly -ve

increasingly +ve
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lon Exchange Chromatography

#If the column is positively charged i.e.
DEAE then....

#¥Proteins with pIs < the pH of the
buffer will be negatively charged and
bind to the column.

#Proteins with pIs > the pH of the buffer
will be positively charged and will not
bind to the column but elute.
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lon Exchange Chromatography

#If the column is negatively charged
charged i.e. carboxymethyl then....

#¥Proteins with pIs | < the pH of the
buffer will be negatively charged and
not bind to the column but elute.

#Proteins with pIs > the pH of the buffer
will be positively charged and will bind
to the column.

thrs SRBENR 27



Negatively Charged
Analyte [Anion]

Attracted to
Positive Surface

Positively Charged
Analyte [Cation]

Aliracted to
Negative Surface
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shris IR BEN%

more highly charged molecules
are more tightly bound to the
resin, and so travel slowly and
are eluted later

moderately charged molecules
equilibrating between the resin
and the moving buffer more
readily

Less charged molecules bind
less strongly to the resin,
equilibrate with the moving
buffer more readily, and so
travel rapidly and are eluted
sooner
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~ Positively charged

- protein binds to

- negatively charged
bead

Negatively charged
protein fows
through
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functional group

support medium

weak anion exchangers

DEAE-Sephacel diethylethylaminoethyl |Sephacel
DEAE-Sephadex diethylethylaminoethyl |Sephadex
PEl-cellulose polyethyleneimine cellulose
weak cation exchangers

CM-Sephacel carboxymethyl Sephacel
CM-Sephadex carboxymethyl Sephadex
Bio-Rex 70 carboxylic acid acrylic polymer

shris IR BEN%
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Vetal Chelate Affinity Chromatography
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