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1. Introduction

The separation of proteing according 1o their isoelectiric points by isoelectric
focusing (1EF) in amphaolytes has proven 1o be a highly successful and popular
technigue, The resolution offered by analytical isoelectric focusing is amongst the
highest available from present biochemical separation techniques.

Chromatofocusing is a unigue new column chromatographic method for
separating profeins according 1o their ispelectric points. Chromatofocusing offers
the high resolution obtained by separations based on differences in iscelectric
points, together with the high capacity of ion exchange techniques. Peak widths
can be in the range of 0.04—0.05 pH unit, and samples containing several
hundred milligrams of protein can be processed in one step.

Polybuffer™ and Polybuffer exchangers PBE 94 and PBE 118 have been specially
designed by Amersham Pharmacia Biotech for chromatofocusing. They are
inexpensive and very simple to use.

Chromatofocusing with Polybulfer and PRE allows the separation of proteins
according to pl in & column chromatographic system characterized by

® self-generated pH gradients, which eliminate the need for gradient-making
apparatus

® focusing effects, which produce sharp, well separated bands and very high
resolution

& ease of use

This handbook is designed as an introduction to chromatofocusing and as a guide
to the use of chromatofocusing products available from Amersham Pharmacia
Biotech.



2. Chromatofocusing

Chromatofocusing was first described by Shoverman and co-workers (1—23). They
proposed that a pH gradient could be produced on an lon exchanger by 1aking
advantage of the buffering action of the charged group of the ion exchanger. If a
buffer, initially adjusted to one pH, 15 run through an ion exchange column,
initially adjusted to a second pH, a pH gradient is formed just as if two buffers at
different pH were gradually mixed in the mixing chamber of a gradient maker, If
such 4 pH gradient is used to clute proteins bound to the jon exchanger, the
proteins elute in order of their isoclectric points. Futhermore, focusing effects
take place, resulting in band sharpening, sample concentration and very high
resalution.

Linear gradients are required for optimal resolution, since non-linear pH
gradients give poor resolution in certain areas of the chromatogram. In order to
have a linear pH gradient, it is necessary that the eluent buffer and the ion
exchanger should have an even buffering capacity over a wide pH range.

Polybuffer 96 and Polybuffer 74 are amphoteric buffers designed for
chromarofocusing in the ranges pH 9—6 and pH T—4 respectively. They contain
a large number of buffering species to give even buffering capacity, and are used
together with the Polybulfer exchanger PBE 94. For chromatofocusing in the
range pH 11—8, Pharmalyte® pH 8—10.5 is used in conjunction with the
Polybuffler exchanger PBE 118.

2.1 Description of chromatofocusing

Chromatefocusing is an extremely simple technique to set up and operate. The pH
interval is chosen so that the isoelectric points of the proteins of interest fall
roughly in the middle of the pH gradient, The appropriate Polybulfer exchanger
is then equilibrated with start buffer, in much the same way as for a conventional
ion exchanger, The pH of the start buffer is set slightly above the upper limit of
the pH gradient, whilst the pH of ihe eluent, Polvbuffer, is adjusted to the value
chosen for the lower limit of the pH gradient, The sample is equilibrated with
eluent and applied to the column, The column is eluted with Polybuffer and the
pH gradient forms automatically. Proteins elute in order of their isoclectric
points. The degree of reselution oblainable by chromatofocusing is shown in
Figure 1, the fractionation of soluble prateins from elk muscle. For details, see
Figure 21.
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Fig. 1. Fractionation of soluble proteins extracted from elk muscle. Column C 10/40. Bed height: 35
cm. Sample: 5 ml of supernatant from elk meat homogenate. Elution conditions: Start buffer 0.025 M
ethanolamine HCI, pH 9.4, elution buffer 0.0075 mmol/ pH unit/ ml Polybuffer 96, pH 6. Flow rate: 20
cm.h'.

2.2 Mechanism of chromatofocusing

1. Formation of the pH gradient

In ion exchange chromatography, a pH gradient is normally formed using a
gradient mixer. For a descending gradient, the mixing chamber is filled with start
buffer at high pH and the other chamber contains limit buffer at a lower pH. As
the solution leaves the mixing chamber to pass onto 4 column, more limit buffer
at low pH enters the mixing chamber and the pH of the eluent gradually decreases
as thown in Figure 2a.

Chromatofocusing takes advantage of the buffering action of the charged group
on the ion exchanger itself and the pH gradient is formed automatically as the
eluting buffer titrates the ion exchanger. This is illustrated diagrammatically in
Figure 2b. As an example of gradient formation, we can follow the developmeni
of a pH gradient from pH 9—6. For a descending pH gradient, the column is af a
higher pH than the elueni. A basic bulfering group is required on the ion
exchanger 50 an anjon exchanger is chosen, PBE 118 and PBE 94 are anion
exchangers.

The column of PBE 94 is first equilibrated to pH 2. The pH of the eluent
(corresponding to limit buffer) is set to pH 6. This cluent, Polybuffer 96, contains
a large number of differently charged species. As these migrate down the column,
the most acidic componenis bind to the basic anion exchanger. The pH in the
solution leaving the column during the early stages of elution is close (o the
starting pH (fig. 3a). As elution progresses (stages b and ¢) the pH at each point
in the column is gradually lowersd as more Polybullfer is added to the column.

4



Fig. 3. Dragramanatic repressrstation of gradient fosmation dunag D ion exchange dhromatography
and [b) chromazofocuing.

In the final stages of elution (d), almost all the column has reached equilibrium
with the eluent, and the pH of the solution leaving the column is close to the pH
of the original Polybuffer solution being added at the top. The pH gradient
formed in the solution leaving the column is shown in the lower part of Figure 3.

Fig. 3, Formation of a pH grodsest (pH 9—8) in & cobema of PHE %4 elated wih Polyboffer %6, (a)
{b) (<) (d) represent different stages in elution. -



2. The behaviour of a protein

The charge on a protein depends on the pH and the isoclectric point of the
protein, When the pH is less than its isoelectric point, a protein carries a positive
charge and will migrate down the column of anion exchanger in the eluting
buffer. However, as it migrates, the pH of the buffer surrounding the protein
increases with the distance from the top of the column (fig. 3). When it has
travelled sufficiently far down the column so that the pH is greater than the pl,
the protein reverses its charge and binds 10 the ion exchanger. The molecule
remains bound to the jon exchanger until the developing pH gradient causes the
pH to drop below the pl of the protein. The protein is then carried along in the
elueni buffer again until the pH rises above the pl and it rebinds. This process is
repeated until the protein emerges from the column at its isoeleciric point.

Proteins with different isoelectric points will migrate different distances on the
column before binding. Elution is in order of their isoelectric points, This is
shown diagramatically in Figure 4.
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Fig. 4. Behaviowr of protein molecoles in chromaiofocusing. The pH Iscreaies down the bength of the
folusni, Proton mokiviles above their haclasthe point bn the gradice boooms megatively m.l'il.'d and
bind 10 the gel. Molecubes below thelr kspelectric poing aze repelled from the gel. Molecules st their

noelecing poiml ane neither bound mor repelled. Proton | has @ hypothetical pl =7, piotein 2 a pl =&

3. The focusing effect

The formation of an internal pH gradieni also enables one to predict a focusing
effect, I a protein is applied to the column it will migrate down the column in the
eluent as far as its pl, from where it migrates more slowly until it elutes, IF,
during this process, a second sample of protein i3 applied, it will migrate down the
column at the same speed as the eluert untll it meets the stower moving first
sample. The two samples then proceed down the column to the bottom where they
co-¢lute. This is shown diagrammatically in Figure 5, where the length of the
arrows above the zones represents the speed of migration, Note that all of the
sample must be applied before the peak starts to elute, otherwise the peak will not
have time to focus before it leaves the column. The focusing effect is shown in
Figures & and 7.
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Fig. 5. Fiscusing effect in chromatofooasieg, Protein modecubss at the rear end of the sone are repelled
froim the gel and migrate neore rapidly than progeins i tbe fromt. 17 8 second wmple of the same
prolein v apphicd to (ke coluian afer the fiss, i@ will catch up and co-ebaie with ik fink. [7a soconsd
sample of o progein with & higher pl s applied, it will pass itliagh the Tl pone and clute helfoee i,

Flg: . Foousing effect in
chrematofocasing. A ssmple of
myoglobin fhorsed Is canghe up by o
second sample of ibe same prodein on
FRE #4. Phorographs were takem al
periodic mervals, The second
sareple b appled i frame I amd
appcist as a diffuse rons undil i1
staris b focus, The second sample
was applied in frame 1wo. Colemn:
C 120, Bed keighi: 15 cm. Sample:
¥ ml pratein {2 mg/ml] applicd in
two aligquoty. Elndon conditions:
Colemn was equilibraged 10 pb 9.3
with 0,025 M ethanolamire HCL and
ctuled with PolybualTer 96 (00,0075
mrned/ pH enit/ml) equilibrated 1o
pH 7. Flow rale: 1B emuh-1,

Fig. 7. Ehutlon of myvoglobis (sperm
whalep and myoglobin (horsee) in
chromatofosusing. The sperm whale
myoglehin nol ooy ceiches wp but
overiakes the fint sampie on PEE
494, Horse myoglobin has a pl = T4,
speris whale myoglabin a pl =82,
Condicions aa for Figure 6.



2.3 Requirements for chromatofocusing

Tirrating one buffer with a second buffer at a different pH is not sufficient to
create a linear pH gradient, since the buffering capacities of the systems produced
are pH-dependent. In order to obtain a linear pH gradient, it is necessary that
both buffers should have an even capacity over their working pH range.
Polybuffers and Polybuffer exchangers PBE 118 and PBE 94 have been specially
designed for chromatofocusing. PBE 118 and PBE 94 have extraordinarily even
buffering capacities over a wide pH range. Polybuffer 96 and Polybuffer 74 are
ampheoteric buffers with even capacities over a broad pH range.

2.4 Resolution in chromatofocusing

Fesolution in chromatofocusing, as in other column techniques, is related o the
width of the zone as it elutes, The theoretical bandwith of a protein in
chromatofocusing depends on several factors.

1. The slope of the pH gradient

To optimize the resolution by having well separated bands, it ks best to have a
fairly Mat pH gradient. This is accomplished by having low buffer concentrations
which give gentle pH changes and good separation between peaks. A fat gradient
also results in 8 narrower bandwidth (2} in terms of pH units. The gradient should
nist be too (ot since the bandwith in terms of valume becomes large and thuos
prodein concentrations in the eluent will be low. A gradient volume equal to
10-=15 bed volumes gives good results.

2, Charge on the ion exchanger

The charge difference between the ion exchanger and the surrounding medium
contributes to zone sharpening in chromatofocusing, just as the electrical feld
sirength contributes (o zone sharpening in IEF. Polybuffer exchangers have a very
high degree of substitution in order (o give good focusing. In addition, the ionic
strength and thus buffer concentration should be kept low. A low bufler
concentration will also give a shallow pH gradient if the gradient is generated
internally. Chromatofocusing with PolybulTer is thus a very economical
technique.

3. Column packing

Since chromatofocusing produces extremely narrow bands of separated material,
irregularities in column packing have a much more marked effect on resolution
than can be detected with lower reselution techniques, It is thus impartant (o use
high quality media and columns.

In summary, the special features required for chromatofoousing are therefore;

& an ion exchanger with a high, even buffering capacity over a broad pH range.
@ a buffer with an even buffering capacity over a wide pH range,

Additional desirable features include low UV adsorption, éase of removal from
proteins, and low cosi,

]



3. Product guide

3.1 Chromatofocusing media

Polybuffer 74, Polybulfer 96 ip. 11}

Specialised bulfers for chromalofocusing characterised by an even buffering
capacity over the specified pH range, Supplied as sterile solutions in packs of
250 mil.

Polybulfer exchangers PBE 94, PBE 118 (p. 13)

Bead formed gels for chromatofocusing with Polybuffer or Pharmalye pH
—10n 5. Polybuffer exchangers have an even capacity over a wide pH range. They
are supplied as a suspension in 24 %o ethanol in packs of 200 ml.

Pharmalyte pH 8—10.5

Carner ampholyie for isoelectric focusing. Pharmalvie pH 8—10,5 should be used
with PBE 118 for chromatofocusing in the range pH 8—11. Available as a sterile
solution in packs of 25 ml.

3.2 Equipment

Pharmacia columns (p. 18)

A full range of columns and accessories is available, Special attention is drawn to
the C-series columns, an inexpensive range for chromatography in aqueous media
and most organic solvents,

Peristaltic pump P-1
A compact single channel pump for applications which do not require a gradient-
ferming capability.

U'¥=Monitors LUV=1
Sensitive and refinble dual beam UN-monitors for detecting proteins, nucleic acids
peplides ete. at 280 and 254 nm.

Recorders REC 111, REC 112
Reliable and accurate chart recorders for use with Pharmacia monitors or other
laboratory equipment to give a permanent record of your experiments.



Fraction Collector FRAC-200
A programmable fraction collector which allows sample collection as required by
the separation problem.

Full details aboul equipment suilable for use for chromatofocusing can be found
in the catalogue or the individual product brochures,

10



4. Polybuffer
4.1 Chemical and physical properties

Polybuffer is available in two different ranges, Polybuffer 96 for
chromatofocusing in the range pH 9—&6 and Polvbuffer 74 for the range pH 7—4.
Both are designed for use with the Polybuffer exchanger PBE ™. For
chromatofocusing at pH values above pH 9, Pharmalyte pH 8=10.5 should be
used in conjunction with PBE 118. Each Polybuifer consists of a selected range of
constituents designed to give an even bulfening capacity scross a wide pH range,
in arder 1o provide a smooth linear pH gradient during chromatofocusing. The
titration curves for Polybuffer 96 and Polybuffer 74 are shown in Figure 8,

The UV absorption of Polybuffer s shown in Figure 9. Polybuffer has very low
absorption ai 280 nm, but can be detected ai 254 nm. The eluent lrom a
chromatofocusing experiment should be monitored at 280 nm.

Fig. K. Ticrwison of I ml Polybaifer with
0 M MNaOH.

| Bl W
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Fig. .UV stsorpiian specira of Polybuffer (113 dilution),

4.2 Availability

Polybuffer is supplied as a sterile filtered solution (0,075 mmol/pH unit/mi) in
bottles of 250 ml, sufficient for 2—3 | of working solution. Polybuffer should be
stored at 3—8° C in the dark.

12



5. Polybuffer exchangers

Polybuffer exchangers PBE 118 and PBE %4 are based on Sepharose™ 68, which
has been cross-linked. Charged groups are then coupled 1o monosaccharide units
im the gel by ether linkages.

5.1 Chemical and physical properties

Stability in aqueous media

Polybuffer exchangers are stable in waler, salt solutions and organic solvents in
the range pH 1—12. Polvbuffer exchangers can be used with strongly dissociating
solvents such as 8 M urea, The cross-linked nature of Polybuffer exchangers also
gives them great physical stability, permitting high Now rates and preventing
Muctuations in bed volume caused by elecirostatic interactions at different pH
walues, Polvbulfer exchangers can be used at elevated temperatures and can be
sterilized repeatedly in the salt form by astoclaving at pH 7 at temperatures. of
0—120° C.

Capacity

The charged groups in Polybulfer exchangers are specially chosen 1o give an even
bulfering capacity across a broad pH range. Capacity data for FBE 118 and PBE
B4 are given in Table 1, Titration curves for emch type of exchinger are given in
Figure 10,

Tuble 1. Capacily data for Polybalfor eachasgess PBE 94 angd PHE 118

Polybuller Todal capacity meq/ 1M ml gel by pH interval
exchanger 34 45 6 6T T=0 =% =10 1011
PRE 94 2.2 L | M | o 3.5 19 1.1 21
PBE 118 & 3 B 1.7 18 17 4.6 49

[ R

Fig. 10, Tirbration of 10 mil quasiiies of
e — PHE L1k and PHE 94 1n | 5 K1

13



Flow rates

The cross-linked nature of Polybuffer exchangers means that very high flow rates
can be obrained. Figure 11 illustrates the variation of flow rate with pressure drop
for PBE 118 and PBE 94 in different chromatography columns,

Py Pl o

o0 5 I Tl
-4
e ]
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i 4
1 T T 1 I 3 Fig. 11, The flow rate ax a funclion of the
. i d sz 4
i - m.mma of PRE 94 and

The guality of separation in well packed columns in chromatofocusing is relatively
independent of flow rate (2, 3), permitting the use of high Mow rates. The
relationship between fow and resolution bs discussed further on page 21.

5.2 Availability

PBE %4 and PBE 118 are supplied in packs of 200 ml as a suspension in 2d %
ethanaol.



6. Experimental

Chromatofocusing, like [EF, is suitable for the separation of any amphoteric
water-soluble molecule with an isoelectric point within the working range (pH
3—11). The technique is thus ideal for the separation of proteins and peptides.
Crher molecules which have been separated according to their pl include RNA.

The equipment required for chromatofocusing is very simple, and no more is
required than a chromatography column. However, in order to take full
advantage of the high performance of the technigque, correctly designed monitors,
recorders, pumps and fraction colleciors should be used.

The critical stages in designing a chromatofocusing experiment are outlined in
Figure 12. Further details are given in the relevant sections.

Fig. 11 Critical stages in plamning a chromatofocusing experinsent.
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6.1 Choice of gel and buffer

Polybuffer and Polybuffer exchangers are designed 1o operate over intervals of a
maximum of 3 pH units at a time.

If the isoclectric point of the sample is known, then the pH range of the
experiment is chosen so that the component of interest elutes after %i—% of the
pH gradient (see fig. 13) in order w0 have optimal resolution with respect to time
(see also p. 31).

v + I

Fig. 1. Separaiion of & tesa minguse of
casboayhacmisglobsn and traniferrin on
& oplumn of FRE %4
Carboaxharmoglobin eluled in ibe ideal
PIJ‘HIiUl'l-i transferrin ebutes laer.
Column; SR 10V50. Bed helghe: 3 cm,
Sample: 15 ml comiakning tranafeerin (B
mgh and carbosyhaemaglohin (10 mgh
Elution comditions: Siam buller

0025 M Tiria HCL, pH &.2, elutian
Bualfer 0U0TE mmol/pH unid/ml
Polybaffer #6: Polybaifer 74 01:2 pH
e i 5. Flow rae: 80 cmuh®

154
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If the ispelectric point of the sample is unknown it can be deétermined by
isochectric focusing or by a simple test using jon exchangers (4, 5).

Alternatively, use chromatofocusing with Polybuffer 74 or Polybuffer 96, and
PBE 24. This covers the range pH 9-4 and is thus sufficient for at least 85 % of
characterised proteins (6). When working with an unknown sample, it is best to
start with a gradient of Polybuffer 74, since if the sample does not have a pl in the
range pH 7-4 it will pass straight through the column and can be recovered casily.
IT the first experiments are run at a pH above its pl, it will bind to the column and
recovery will be more difficult since the column will need (o be washed with salt
and the sample re-equilibrated with eluent before re-application to the colummn,
Furthermore, most proteins have isoelectric points in the range pH 74 (6). Once
the pH range of the experiment is known, then the gel, start buffer and PolybufTer
solutions can be chosen from the information given in Table 2.

Choice of gel quantity

The amount of gel réquired for a chromatofocusing run dependes on the amount
of sample, the nature of the sample and contaminants, and the degree of
resolution required. For most separations, a bed volume of 20—230 ml is sufficient
for the separation of samples containing up to |—200 mg of protein/pH unit in
the gradient. However, the precise amount of gel used will depend on the
resolution required from the experiment and can only be discovered empirically.

16



Table 2. Buffers and gels for chramatofocusing in different pH ranges.  Approximaie volume (in
colama yodumes)

Iilwtbon  Desd Cradient  Toanl
pll range Gl Siard buffer Elmemi Tecior wiimse w ol volums
10.5—9" PBE 118 pH I} = - = = —
S—8 - 0.023 b pH B0 1:48 1.5 ins 13,0

irienhyiamine- HC Phasenalyte
nH B-10,5-HL1
[0.5—=7 i I pH D 1:45 2.0 11.5 13.5
Pharmalyie
pH B-10.3-H{1
G PREW4 pH 94 pHED 1243 |t 0.5 12.0
0023 Fhanmalve
eilanodamine-HO  pH 8-10.5-HO1
-7 i - H 7.0 1 2.0 12.0 14.0
Podybul Ter 96-HC1
- . pH 5.4 pH il 110 I3 T 120
mazs & PolybulTer i
sihanolamine. CHp OO0 H
CHyOOOH
. . | PHEY pHE&2 pH 7.0 1:13 .5 AL LU
025 M ore-HCT  Polybulfer 96-HCI
A5 1 pH .1 pH 6.0 111 L] 9. 120
0RO K PodybulTer W
- H O CH OO
B 51 i “ pH A0 i 20 i3 0.4
PolybufTer 9
{309 )+ Polybalfee
Tk (TP ==
CH COOH
T—h  PHES pH 7.4 pH 6.0 I 30 70 g
0,028 %1 smidazale-  Polybuffer 6
CHCTHOH CHOD0H
T—5 - pH 7.4 pH 5.0 1:8 2.5 1.5 (BN
0,025 ¥ miglamie-  Polybuller 7O
HTY
- pH 4.0 I8 1.8 1.4 14,0
Podybufer TdHCI
fiee§ PEE®S pHAZ pH A0 AT 0 RO 10,0
0,02 8 Podybuf fer T4-HCI
bt id e HO
fh—a - pH 4.0 1id ] 1.0 9.0
Podybuller T4-HO
t—d PRE %a pH 5.3 pH a0 (HE 10 8.0 1.0
0,025 M Polytufher Té-HOI
piperarine-HCl

Degas all halfors befoee use

1. Gradients ending ad pH 9 are pot recommended since 9 ia gbave ibe pH of Pharmalyte pH 8—1005,

L IFHE 11K and Pharmalyie pH 8=10.% ale cover this range, as do PRE 94 and PodybufTer 96,
L Mxing gives the best resulis. Polybuffer 74 works better than Polybulfes 36 when used alone.

The MNgures prvem for gradien) volume ane appronimate and will vary wigh Uhe exact gonditne chosen,

The difirios factor given |s oot erivical, and the best comditions will be found by experience.



6.2 Choice of column

Correct column design is essential for the best results. Amersham Pharmacia Biotech
provide a wide range of column designs to suit different applications and budgets.
The best results are obtained on a long narrow column. Useful column types are
the C10/40, SR 10/50, C16/70 and XK 16/70.

6.3 Preparation of the gel

The gel must be equilibrated with start buffer and packed into a suitable column
before running.

A list of suitable start buffers is given in Table 2. The normal counter-ion is
chloride. Monovalent anions other than chlonide may be used as counter-ions, buf i
ix critical thet these anions showld hove o pEa of least Two pH uniis below the lowest
point of the gradient chosen, Bicarbonate jons cause Mutuations in the pH gradient
=0 all baffers must be depassed before use. Atmospheric carbon dioxide may cause a
platcan in the region pH 5.5—6.5, depending on the conditions. These effects are
most marked with Polvbulfer % in pH gradients ending ai pH 6, and can be
avoided by using acetate as counter-lon, Alternatively, set the lower limit Tor
gradients with Polybuffer 96 at pH 6.5.M.B. acctate is not useally recommended as
a counter-ion with Polybuffer 74 because of its higher pKa. Multivaleni anions are
not recommended.

Polybuffer exchangers can be equilibrated in a sinter funnel or in a column after
packing.

Funnel method

The chosen amount of Polybuffer exchanger is poured into a sintered glass
funnel. Start buffer is then passed through the gel in the funnel, using aspiration,
until the pH of the eluent is the same as that of the start buffer. The gel should be
stirred gently from time (o time to ensure complete equilibration. Equilibration
isually requires 10—15 bed volumes of start buffer,

M. B. Speeding up the equilibration process by using concentrated buffer followed
by 1—2 bed volumes of start buffer is not recommended, singe the high capacity
of Polybuffer exchangers can make equilibration to a lower ionic strength
difficult,

After equilibration the gel can be packed into a suitable column,

Packing method

It is necessary to have a well packed column in order to get the full benefit of
chromatofocusing. Extremely narmow zones (0002 pH units) can be obtaimed in
the best columns, as illustrated in Figure 14 for the separation of model proteins.
Packing at high flow rates gives the best resulis and in our laboratories the
following method has been used for columns of the X K- and SE-type. Columns of
the C-type are best packed using the column packing reservoir RCI0 or RC16.
Instructions for use ore supplied with the reservair,

I8
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Fig. 14. Separation of a model favieie
af protcuns in the raspe pH 97,
Column: SR 10740, Bed height: 15 cm
Sample: ¥ ml elution buffer containing
sperm whale myoglobis (2 mgh hores
myoglebin {2 mg) amd

carbos yhasmoglabin (2 mgh, Elutlon
conidnmns wan buffer 0,029 &
etharolamise, pH 2.5, clution buller
0.0 % manol/pH usic ml PodybulTer
9, pH 7. Flow rate= 15 cmoh™.
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I. The chosen amount of gel is dispersed in a small amount of start buffer
(approx. 50 % of sertled bed volume) to make a slurry. The slurry should then
be degassed prior 1o packing in the selected column.

2, The column should be mounted vertically, and any air bubbles present should be
Mushed out from underneath the bed support neis. The tubing outlet should be
greater than 500 cm below the top of the column. Ensure that the column outlet is
closed.

3. Place 2—3 ml of start buffer in the column and pour in the gel shurry after first
mixing it by swirling the slurry round the fMask. If the volume of the slurry is
greater than that of the column, a packing extension can be used.

4. Open the column outlet and allow the gel to seitle rapidly into the column. When
all the suspension has run into the column, the packing extension can be removed
and the top piece connected to the column, taking care to exclude air bubbles,

5, Continue to pack the column at a linear flow rate of 100 cm.h™" until the gel
bed has completely settled. I the Polybuffer exchanger was not equilibrated
prior to packing, then approximately 10—15 bed volumes of start buffer will
be required for equilibration. Equilibration can be carried out at a lower flow
rate, The column has reached equilibration when the pH and conductivity of
the eluent match that of the stari buffer.

Ghacking column paﬂking

A well packed column is essential for high performance and good quality results
80 it is worth checking the packing carefully. Care must be taken in the choice of
dye substances used for checking beds as they may be strongly charged. Bovine
cytochrome ¢ is recommended as a marker substance since it is coloured, readily
available and is strongly basic (pl = 10.5) and therefore repelled from the gel.
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6.4 Preparation of sample

The emount of sample applied depends on the amount of protein present in each
zone. As & guideline 100 mg of protein can be applied for every 10 ml of gel bed
volume, although this value will vary according to the number of proteins present.
The volwme of sample i3 unimportant o long &s all of the sample is applied
before the substance of interest is eluted from the column. Normally it is not
necessary to exceed & wolume of 0.5 bed volume, The compasition of the sample is
important and it should not contain large amounts of salis (1<0.05). Ideally the
sample should be equlibrated with eluent buffer or start buffer, whichever is most
suitable for the sample, by wsing gel Nleration with Sephadex®™G-25, expecially if
the volume is greater than 10 ml. The sample pH is unimportant if the bufier
concentration is low.

6.5 Sample application

Many methods are available for sample application {4). The most convenient and
reproducible method is via a flow adaptor, using a syringe or sample applicator
SA-5 or 5A-50 (fig. 15). To ensure really even sample application, layer 1—2 cm
Sephadex G-25 Coarse on top of the bed. This acts as a mixing chamber, and
gince sample volume is not critical, permits even sample application, The sample
should be applied by first running on 5 ml of eluent, followed by the sample {in
cluent buffer or start buffer), and then switching back fo the eluent again. In this
wiy the sample proteins are never exposed to extremes of pH.

6.6 Elution

Mo special gradient apparatus is required for elution since the gradient forms
automatically, The upper limit of the gradient is defined by the pH of the column
and the lower limit of the gradient is defined by the pH of the eluent buifer,
Recommended buffer compositions are given in Table 2. The pH of the start
buffer is normally set 0.4 pH units above the desired pH. This compensates for
fluctuations in pH at the start of the run caused by slight differences in the
conductivity of start buffer and eluent. The volume of the gradient is defined by
the strength of the eluent solution. The recommendations in Table 2 are designed
to give a gradient volume of approximately 10 column volumes for pH intervals
of 3 pH units, Shorter pH gradients naturally have a smaller volume. This volume
is optimal for most separations, Stronger buffers would give o steeper pH
gradient, but some resolution would be lost since peaks would elute closer
together, Buffer strengths much less than those recommended result in gradients
which have large volume and long elution times, peaks are broader (in terms of
volume) resulting in low sample concentration, and buffering capacity is low
which may result in fluctuations in pH and poor gradient shape, Mote that there i a
dead volume of 1.5—=2.5 bed volumes of buffer which pass through the column
before the pH in the eluent starts 1o decrease, so the total amount of buffer required
is approximately 12.5 bed volumes. Polyvbulfer is not suitable for intervals wider
than 3 pH units.
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Fig. 13, Sample application using & syringe.

The choice of flow rate for elution depends on the degree of resolution required.
The cross-linked nature of Polybuffer exchangers means that they are very
resistant to pressure and give excellent flow rates (p. 14). The effect of Mow rate
on a separation is shown in Figure 16, which illustrates the separation of a
mixture of standard proteins at a flow of 15 em.h™" and 117 em.h-'. As ¢an be
seen, resolution deteriorated somewhat at the higher flow rate but was still
excellent, A flow rate of 30—40 ¢cm.h™' has been found to give consistently good

results in our laboratories.

21



Fig, 18, Scparation of & test mictare of
prodeing af different flow rates oo a
column of FBE 118, Pharmacin column
SR 1050, Bed helghe: 30 cm. Sample: 5
ml elution buffer containing cytochrome
€ (5 my) ribosuclease (8 mg) and bentil
bectin {10 mg). Elution conditions: Start
bufTer 0.025 M trbethylamine HCL, pH
10,0, elysion buifer 00075 mmol/pH
unitsml Pharmalyte pH B—10.5
cpuilibraced o pH 8. Flow ralg: A 15
emb' B 1T embt,

Prateins should be monitored at 280 nm since Polybuffer absorbs slightly at 254
nm. In addition 1o monitoring the protein content of the eluent, it is advisable 1o
monitor the pH to ensure that there are no anomalies in the gradient. This can be
done by measuring the pH in each fraction soon after it is collected 5o as to prevent
disturbances caused by amospheric CO,, or better still by using a flowthrough pH
electrode connected 1o one channel of a two-channel recorder such as the REC-112
whilst the other channel is connected to a UV-monitor such as the UV-1,

22



6.7 Separation of Polybuffer from protein

Polybuller does not interfere with ensyme assays or aming acld analyses,
Although Polybuffer does not interfere with the Coomassie Blue protein assav (7).,
it forms a complex with copper ions and interferes with the Lowey protein
method.

There is a choice of methods for separating PolybufTer from proteins.

1. Precipitation

The simplest method s precipitation with ammonium sulphate. Solid ammonium
sulphate is added 10 1he relevant fractions to a suitable concentration (80— 100 %
saturated) and the sample is allowed to stand for 1 =2 hours until the protein
precipitates. This should be relatively simple since the protein is at its pl. The
precipitate is collected by centrifugation in a bench centrifuge and washed o
couple of times with saturated ammonium sulphate, Alternatively, the Tractions of
interest can be placed in dialysis tubing and dinlysed against saturated ammonium
sulphate. Precipitation has the advantages of concentrating and stabilizing the
sample as well as being cheap 1o use.

2. Hydrophobic interaction chromatography (HIC)

HIC an Oyl or Phenyl-Sepharose CL-4B can be used in conjunction with the
above technique, Ammonivm sulphate is added to the sample from
chromatofocusing up to a level of BD % saturation o favour hydrophobic
interactions, This treatment may result in precipitation of the sample protein. IF
this happens, the purified sample can be harvested by centrifugation, washing
with saturated ammonium sulphate.

Alternatively ihe sample can now be loaded onto a column of Phenyl-Sepharose
CL-48, eguilibrated with 30 % saturated ammonium sulphate. 17 binding does
nal occur then the concentration of ammonium sulphaie should be increased or
the maore hydrophobic gel Oayl-Sepharose CL-4B should be tried. Approximately
I mil gel is required For 10 mg protein in the sample. The gel is washed with 2—3
bed volumes of B0 %% saturated (for higher) ammonium sulphate, and then elution
can be carried out with a suitable buffer at low lonic strength. If the sample is 1o
be Iyvophilized, a suitable choice is a volatile buffer such as ammonium acetale.

Strongly bound sample can be removed by agents siuch as ethylene glveal. More
informanion about hivdrophobic interaction chromatography and the gels Ociyl-
Sepharose CL-4B and Phenvl-Sepharose CL-4B is available free on requesi from
Pharmacii,

3. Gel filtration

Polybuffer can be removed from most proteins by gel filtration on Sephadex G-75
(fig. 17} If the molecular weight of the sample is less than 15,00, then some
difficultics may be encountered in getting base-line separation in short columns,
4, Aﬂinity‘ chmmatﬁgraphy

The sample of interést can easily be separated from Polybuffer by taking



Fig. 17. Separation of protein from
Palybufler on Sephadex G-T4.
Fharmecis colums K 26/40. Bed helghi:
20 cmu, Sample: § ml PofybudTer 86
(0.0075 mmol/pH enit/ml) containing 5
mg chymotrypainogen. Eleent: 0.9 ¥
MalCl Flow rales 9.5 em. k', Monitor:
L2 2 mm pazhdengit | G0 FS, 280
nem (bdsck curvel: | mm pathlength I
O F5. 254 am (colpwrad curve).

[T

advantage of the biological activity of the sample, The fractions of interest are
passed through a column containing a bioselective adsorbent which binds the
sample and allows Polybuffer to elute unretarded. Further information about
affinity chromatography 15 given in the booklet ** Affinily Chromatography
principles and methods™ available free on request.

6.8 Regeneration

Regeneration of Polvbuffer exchangers i1s particularly easy as this can be done in
the column, without repacking. The gel should be washed (2—3 bed volumes)
with 1 M NaCl 1o remove bound substances. Strongly bound proteins can be
removed by washing with 0.1 M HCL. If HCI is used, the gel must be re-
equilibrated to a higher pH as soon as possible afier washing. The gel is then
ready for re-equilibration with start buffer at the desired pH.

6.9 Storage

Polyiugffer should be stored at 3—E8° C in the dark. Polybuffer is sterile as
supplied. Care should be taken 1o prevent microbial contamination. Polybuyffer
exchangers are siable in the wet state provided microbial growth is prevented, Due
tov the nature of the charged groups on PRE 118 and PBE 94, both shoold be
stored in solutions containing 24 % ethanol as an antimicrobial agent. Agents
contaiming charged groups should be avoided.
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7. Applications

Chromatofocusing s a generally applicable technigque available for the solution of
separation problems in biochemistry.

Chromatofocusing, and the related technique ampholyvie displacement
chromatography, have been shown o be capable of solving o number of difficult
separation problems such as the purification of S-acetylhexosaminicdase
Isoenzymes (8}, the purifi<ation of phospholipid transfer proteins (91, mouse a-
foetoprodein (10, 11} the separation of human o-foetoprotein from albumin and
other serum prodeing (12—15) and the separation of haemoglobin variants (16—18).
A comparisan of chromatofocusing and ampholyie displacement chromatography
5 given on page 35,

Chromatofocusing has been shown (o give separations in some cases which are at
least as good as preparative isoelectric focusing (3) and in other cases separations
which cannod be achieved by any other physicochemical method (8, 12, 15). The
following section is devoted 10 examples illustrating the resolving power of
chromarofocusing and its applicability 1o general separation problems,

7.1 Resolution in model systems

The high resolution available from chromatofocusing has already been illustrated
for the ranges pH 9—6 (fig. 14) and pH 11—8 {fig. 16).

Figure 18 shows the separation of myoglobin, carbonic anhydrase, and albumin on
a gradient of Polybulfer 74 on PBE ™,

The mtable feature of chromatofocusing in these regions 15 the excellent
symmetry of the protein peaks, due 1o the focusing effect of the pH gradiemt, and
the very high resolution, The myoglobin samples in Figure 14 clute as zones with a
bandwidth of only 0,02 pH units.

Polybuffer performs best over pH intervals of 3 pH units or less in length. For
the highest resolution, short pH intervals should be chosen.

Several blood disorders, e.g. sickle cell anaemia, are due to the cccurence of
genetic variants of haemoglobin. Figure 19 shows the fracticnation of
carboxvhaemoglobin info a number of sub-components by chromatolocusing over
a short pH interval {(pHE—T) using a gradient of Polybuffer % on a column of
PBE %, Chromaiofocusing is an excellent technigque for studying the composition
of genetic variants of haemoglobin.
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Fig. 18, Scparation of a madel mixture
of proteins in 1ke range pH 7—4.
Column: T 10/50. Bed heighi: 13 ¢m.
Sample: 4 ml cluion buller

hooee myoglobin (12 mg), carboais
wnhydrase (& mg) and albumin (12 mg).
Elustion condishons: S1am bufler 0025 M
Emidarole O, pH 7.4; dution buffer
0,007 5 enimol./ pH wnatml

T4, pH 4. Flow rate; 12,5 cm ¥,

Fig. 19, Froctionason of
ith @ mairow pH

imterval {pH §—Th, Column: SR 1080,
Hheuf heigha: M cm, Sample: {5 mil
conl#ning

elution buller

113 mgh. Elurion
comsditlonn: Sare boffer 0025 M Tri-
methane sulphonic acid, pH #,2; elaion
ey BLOOTE mmal pH anig/ml
Palybulfer 96, pH 7. Flaw ruts: 40

7.2 Resolution of complex samples

The resolution obtained with model systems suggests that chromatofocusing with
Polybuffer should be capable of giving high resolution with relatively crude
samples. Figure 20 shows the fractionation of crude egg white on & gradient from
pH T—4. The white of an egg was filtered on a glass sinter (Gi) and diluted with
PolybuiTer 74, and was then centrifuged ar 10K g for 10 minutes before being
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L1k Fig. 0. Fractionation of egg white
Column: SE 100500 Deed height: 30 cm
£ Sample: § mi elugion bislTer consaiming
0.4 ml egp white. Elution condstbons:
Srart buffer 0S8 imidarole-HCL,
pH 7.5 edution bulfer 00078 mmolpH
) e ) unit /el Polybufifer 74, pHd, Flow raie

applied to a column of PBE 94 equilibrated 1o pH 7.2 with 0.025 M imidazole-
HCl. The column was eluted with 1:10 Polybuffer 74, pH 4. The sample was
separated into a large number of peaks with excellent resolution.

Resolution in the higher pH range is also excellent. Extracts from mammalian
muscle are highly complex mixiures of proteins, and difficult to separate by a
single step. Figure 21 shows the separation of proteins exiracted from elk muscle,
Approximately 10 g of elk muscle was homogenised with an equal volume of
water, and the resultant mix was then centrifuged at 3000 g for 10 minutes, The
supernatant was equilibrated with eluent and applied to a column of PBE %4 and
gluted with Polybuffer 96, Again chromatofocusing was capable of resolving the
sample into a large number of peaks, as shown in Figure 21, Analytical [EF
showed that these peaks eluted in order of their isoelectric points. In addition to
the proteins separated in this region several proteins remained bound to the
column. These proteins had isoelectric points below pH 6 and could be separated
with a gradient of Polybuffer from pH 6—d.

Chromatofocusing with Polybuffer is also a high capacity rechnique, Trichoderma
recsed (s 8 microorganism which produces large quantities of extracellular
cellulases. Preliminary investigations indicated that these enzymes could be



Fig. 21, Fractionation of soluble protcins extracted from clk muscle. Cobama; © 10040, Bed height: 3%
m.ms_mﬂwmnmmmmmmmu

separated preparatively by chromatofocusing. Figure 22 shows the fractionation
of 460 mg of freeze-dried culture supernatant on PBE 94 using a gradient of
Palybuffer 74.

Fig. 11, Fractionation of extraceifular prodeins from Trichodermg reesed. Column: SR 1050, Bed
hedght: 30 em. Sample: § mi ehution buffer contaiming £50 my freezedried culture supernatant. Elution
comidithoni: Start buffer 0.025 M imidasabe-HOL pH 7.4, elution bufTer 0,0075 mmol/pH unitml
Polybufler 74, pH 4, Flow rate: 30 ¢ h", The sample was supplied by courteey of Dir. Giman
Petierson.



7.3 Chromatofocusing in combination with
other techniques

Although chromatofocusing gives excellent resolution of complex mixtures, the
best results are obtained when chromatofocusing is used in combination with
techniques which use other criteria for separation, such as gel filtration or affinity
chromatography, The high resolving power means that chromatofocusing is most
suitable for wse in the intermediate or later siages of a separation. An example of
the use of chromatofocusing in this way 15 shown in the separation of proteins
from the potato.

Potate protein was chosen since it contiins o number of proteins resembling each
other in molecular weight but differing |n isoeleciric point. Potato {1 kg) was
frozen, thawed and peeled prior 1o homogenization (o a thick paste. 60 ml of a
sodium sulphite: thiosulphate solution (5 g NaS0, + 3,78 g Na, 5,0,/ 100 ml) was
added 1o prevent oxidation. The homogenate was centrifuged (15000 g for

10 min} and the supernatant (750 ml) was dialyzed against 60 | distilled warer for
72 h, and Ivophilized.

The protein sample prepared in this fashion was examined by two-dimensional
electrophoresis, using 1EF in 5 % polyacrylamide in a gradient pH 3—10 in the
first dimension, followed by SDS gradient gel elecirophoresis (10—20 Ty
polvacryvlomide) in the second dimension. Figure 23 shows thist there were several
proteins with similar molecular weights, but which differed in charge properties in
the sample.

pHX L —_ pH 10

Flg. XX [EF followed by S05-gradient
polyaeivlamide gel elecirophor=sis af
potado projeins., Firs dimession:
Isscbecdrafocusang for 20 boar 500 Y in s
gradeeen of Pharmahie pMi 3—10 in a

- -
..h_ e 5 % polyacrylamide rod { E30 mem = 2.7
=W ), Secand dimension:

Elecirophoresis in & gradicni
& {§0—X0 %] of polyacrylomide in 0,3 %
S0, Ssmple size: 100 4|

These proteins were partially purified by gel filirution on Sephadex G-100 in a
Pharmacia column K 26/100. The eleent was analysed by gradient gel
elctrophoresis and the relevant proteins were found to lie in the third peak. These
fractions were pooled prior to further separation. The sample from gel Rliration
was then applied o a column of PBE %4, and eluted using a gradient of
Polybuffer 74. The results are shown in Figure 24
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Fig. M. Chromatofooasing «f partially
L, purified potsio protging on PHE 94,
Column: SR 10730, Bed beight:
5.1 een, Samples 7 mi partially parified
potio provein; Eluidon conditioes: Stary
-4 bufTer 0.025 M imiderole-HCL pH 7.0,
elutian bufler 0.0073 mmol'pH i ml

Polybufier T4, pH 4, Flow rate; 30
I——— ik,

The purity of these peaks was examined by isoelectric focusing, Figure 25 shows
that the peaks eluted in order of their isoelectric points. Some of the peaks give
more than one band on isoelectric focusing. This could be due cither to the
protein having charge isomers, or to proteins migrating in association with one
another as complexes, The elution pH is determined by the isoelectric point of the
complex.

— 'R
= = = = =
- -
Fig. 25, liosloctric focusing of peaks
= = - = ¥ from the chromatofocusing run of
— — — paritally purified potaio proteiny i
— polyacrylansids wsing Fhasmalyte pH
1=k Power maximum J0W, sollage
5 - mia s 2 500, Focusing was for
JEEVE, Sample: 1.9, enele sameple;

2,10, peak froem gel flirmion; 3—8,
1 2 3 4 5 & 7 8B B W peays s~ respectively from fig 24

The popularity and high resolution that isoeleciric focusing combined with
polyacryvlamide gradient gel electrophoresis has as an analytical technigue
indicates the enormaous potentiol chromatofocusing, coupled with gel filtration,
has as a preparative analogue 1o the above method, Many teresting proteins in
complex mixtures have previously only been identified using electrophoretic
technigques but chromatofocusing may now permit these proteins 1o be obtained in
quantities sufficient for further studies on their structure and biological function.

kL]



8. Interpretation of
experimental results obtained

by chromatofocusing
8.1 Effect of the composition of the eluent

One of the consequences of internal pH gradieni formation is that the ionic
stremgth in chromatofocusing increases throughout the separation. This is because
during the early part of gradient formation, most of the Polybuffer ions bind 1o
the ion exchanger and only the most basic species pass through the column.
However, as more and more of the charged groups on the column are titrated and
the pH of the column decreases, so can more Polybuffer species pass through the
column unretarded. The ionie strength in the eluent thus increases gradually as
elution progresses, The relationship between chloride ion concentration and pH
during a run with Polybuffer is shown in Figure 26,

Flg. 3. The relationship between ionic
strengih, pH asd volume during
chromarofonesing with Palybuaiier,

This increase in jonic strength during gradient formation will also affect the pH at
which a protein elutes, This is discussed further in the next section, buf in general
the elution pH iz closest 1o the pl of the protein when the ionic strength is low.
Conditions in chromatolocusing should therefore be chosen so that the protein of
interest elutes between 3 and 5 bed volumes from the start of the gradient,
especially il the separation is designed wsing pl data from isoelectric focusing or
ion exchange.

The composition of the buffer ag any stage during the elution i such that each
species Tollows the previous one as its ““breakthroogh' point is reached. At this
point it becomes responsible for a large amount of the buffering capacity present.
However i1 s not the only jonic species present, as is the case in isoeleciric
Focusing, since Polybulfer species with higher isoelectric poinis will also be
present. The elution profile of a pair of Polybuffer species is shown in Figure 27,

The concentration of cach Polybulfer species in the eluent after its breakthroagh
point is the same &g that in the Polyboffer mixture prior to elution.
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) T Fig. IT. Eluion profies of PodybulTer
spRoCies;

8.2 Mechanism of protein elution

Thiere are a number of factors which will influence the pH at which a protein
elutes, and which will affect the interpretation of results in chromatofocusing.

1. Displacement effects

In addition to differing from each ather by virtue of their isoelectric points,
proteins also differ from each ather by wirtue of the shape of their titration
curves. An example of this is shown in Figure 28, where the first protein (a) has a
steep titration curve and the second protein (B) a much Matter titration curve, This
means that i a protein melecule of the second type, b, diffuses a small distance
away Trom its pl, the size of the charge it carries will only be very small and thus
the electromotive force on the protein, requiring it to return 1o the point where it
has & net charge of zero, will also be small. Proteins of this type are known (o
focus poorly in IEF, giving diffuse bands, Fortunately they are few in number.

Pk ot o 1 prestesn

: Fig. 1%, Titratton carves of two

o profesns. Prolein (&) has 4 sbeeper
titratbon curve than protein () snd will
give a sharper band oo focusing,
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It may be expecied that proteins of this tvpe would also give diffuse bands in
chromatofocusing. However, binding to an ion exchanger depends on the
presence of competing ions as well as on the charge, A protein with a Mat titration
curve will be strongly bound to Polybuffer exchanger so long as the pH is well
above the pl of the protein. However, as the pH decreases, so the binding
becomes weaker, and the interaction betwesn the prodein and the gel becomes
more sensitive (o the presence of competing jons, such as Polybuffer ions. Thus
the protein may clute from the gel via a process akin 1o ampholyre displacement,
at a pH above its pl. This effect would be most pronounced in the latter portion
of the pH gradient where Polybuffer concentration is higher (see fig. 26), and =0
it is advisable 1o design experiments so that elution occurs between 3 and 5
eolumn volumes from the gradient start, This effect can mean a displacement as
high as 1—2 pH units for certain proteins, but these are few in number.,
Furthermore, protein siill elutes as a discrete band in chromatofocusing, and
resolution is nod impaired.

2. The Surface Potential

Since Polybuffer exchangers carry a strong charge, there exists an electrostatic
field between the surface of the pore and the external liguid, which decreases with
distance, This is similar to the well known electrochemical potential, sel up across
a semipermeable membrane by large, impermeable ionic species, known as the
Dionnan potential,

Since Polybuffer exchangers carry a posititive charge, cations, including hydrogen
ions, are repelled by the matrix, As a result the pH inside the matrix is higher
than the pH of the eluent immediately outside. It follows, therefore, that when
the charge on a bound protein becomes zero (at its true pl) and it diffuses away
from the interior surface of the pore, it will move into an area of lower pH. Here
it will acquire a positive charge which will accelerate its migration out of the bead
into the eluent, This happens throughout the column, The elwent in which the
protein finds itself when it elutes will therefore be at a lower pH than the pl of the
protein, and so the apparent pl is less than the pl measured by, say, isoelectric
focusing. The opposite effect would be found for a cation exchanger used with
ascending pH gradients.

3. The solubility of protein at its isoelectric point

The salubility of a protein varies with pH and is least near the isoelectric point,
When working with large amounts of sample there may be a tendency for some
proteins 1o be eluted slightly later than their normal elution pH. This will be due
10 the prodein precipitating at its isoelectric point as the gradienl migrates down
the column, and redissolving as the pH reaches a suitably lower value. At this
point it will be repelled from the matnx and will migrate down the column with
the eluent, until it tends to precipitate again, The elution pH will thus be slightly
lower than the pl of the protein, Precipitation can be prevented by increasing the
salt concentration or Polybuffer concentration, with some loss of resolution.

33



4. Other factors

Any comparison of the pl obtained by chromatofocusing and other metheds such
as isoelectrie focusing should be made at the same temperature, The same is also
true of comparisons made for the same protein on different chromatofoousing
runs,

It is also imporiant to take into account the presence of differedt counter-ions. It

i% particularly imporeant to take care to exclude COy from the sysiem by
degassing buffers as dissolved COy readily causes disturbances in the pH gradient.



9. Ampholyte displacement
chromatography

Ampholyie displacement chromatography (ADC) was first reported by Leaback
and Robinson (8). In ampholyie displacement chromatography a column of
conventional 1on exchanger 15 eluted using carrer ampholyies, The major
differences between chromatolocusing and ADC is that in ADC conditions are
nat 5o well defined, Specifically, conditions are not always chosen to favour the
formaiion of a pH gradient. We have reserved the term amphelyie displacement
chromatography to describe techniques in which the gel and eluent are at the same
pH. and 30 no pH gradient is formed.

The elution mechanism in ADC s net ¢lear, but is thought 10 involve competition
between bound proteing and ions in the eluent for charged sires.

The major disadvantage of ampholyre displacement chromatography is the high
cost of carnier ampholytes (12). Concentrations as high as &0 g ampholyie/] have
been used for elution. Concentrations required for chromatofocusing are usually
much lower {in the region of 10 g/l), since in chromatolocusing the protem is
eluted from the gel primarily by losing its charge (15), and no1 by a displacement
process.

Drue presumably 1o the lack of & pH gradient, proteins are nod always eluted in
order of their soeleciric poinis in ADC (14) and there is no focusing effect (15).
Several workers have reported difficolties in achieving lingar gradents with
conventional ion exchangers (8, 15); this can be attnibuted to vanalions in
capacity ol these gels with pH.

A summary of the major differences between chromatofocusing and ADC is given
below

Feature Chromaiofocusing Ampholyte displacemeni
chromalography
Cost of eluent Low High
Proteins elute in order
of pl Yes ]
Focusing effects oocur
tio give high resolution Yes Mo
Linear pH gradient
forms automatically Yes Mo
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Fault finding chart

Froblem

Canse

Commenl

Protein does no
bind to column

Protein binds, but
does not elute from
the column

Ciradient does not
reach desired pH

Gradient fluctuates

Bands skewed

Several bands on
column, fewer on
reconder

Column incorrectly
equilibrated

Start pH too low

lomic strength of eluent foo

high

lomig strength of sample 1oo
high

Column contaminated with

protein

Check that pH at bottom of
column matches that of start
buffer

Choose o start bulTer with a
higher pH

Lise buffer composition
recommended in instructions

Remove salt in sample by gel
filtration in Polybuffer

Wash thoroughly before reuse
(p. 24)

Eluent composition incorrect Check pH of eluent

pH of eluent too high

Try a lower pH range

Imcorrect eluent composition Check eluent pH. Make up

Eluent contains C0s

Incorrect counterion
C0z preseni

Blocked bed net

Poorly packed column

Poor design of end piece

lresh eluent if necessary
Degas all buffers prior to use

Lise recommended counterions

Degas all buffers prior to use.
In alkaline regions, degas waler
befiore making up eluent

Remove bed net. Clean or
replace with a new net

Check packing with cytochrome
. Repack bed if necessary.

LUse correctly designed end

piece, Marrow columns (10 mm)
glve the best resulis




Ordering information

Type Code Mo, Pack size
Folybuffer Polybuller 74 ET-071 %01 250 m)
PolybulTer 9 PT-0714-00 250 m)
Pharmalyic Pharmalyie pH B-10.5 | 7-D455-001 25 ml
Folybuifer exchungers PHE 115 IF-0700-00 20480 el
PRE %4 [7-07012-001 200 ml
Sephadex Sephadex G-25, Coarse 17-0034-01 100 g
Code Mo,
Columns SE 1v50 19-2638-01
C 1040 159-5003-01
C 1&/40 19-5102-01
C 1870 19-5103-01
XK 16/40 18-8774-01
XK 16/T0 18-8775-001

A full list of columns and accessories is available free on reguest.

Peristaltic Pump-1

18-1110-91

L)
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Polybuffer, Pharmalyte, Sephadex and Sepharose are trademarks of Amersham Pharmacia Biotech Limited.

Amersham is a trademark of Amersham plc.

Pharmacia and Drop Design are trademarks of Pharmacia Corporation.

All goods and services are sold subject to the terms and conditions of sale of the company within
the Amersham Pharmacia Biotech group that supplies them.

A copy of these terms and conditions is available on request.
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