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Table 1. Functional groups used on 1on exchangers.

Anion exchangers Functional group

Diethylaminoethyl (DEAE) -0-CH2-CH3-N*H(CH,CHa),
Quaternary aminoethyl (QAE) -0-CH,-CH,-N*(C,H),-CH,-CHOH-CH,

Quatermary ammonium (Q) -0-CHo-CHOH-CH,-0-CHo-CHOH-CHo-N* (CH4)

Cation exchangers Functional group

Carboxymethyl (CM) -0-CH-CO0~
Sulphopropyl (SP) -0-CH,-CHOH-CH;-0O-CH5-CH,-CH,S04"
Methyl sulphonate (S) -0-CH.-CHOH-CH,-0-CH,-CHOH-CH,S504"

Sulphonic and quaternary amino groups are used to form strong ion exchangers;
the other groups form weak ion exchangers. The terms strong and weak refer to
the extent of variation of ionization with pH and not the strength of binding.
Strong ion exchangers are completely ionized over a wide pH range (see titration
curves on page 49) whereas with weak ion exchangers, the degree of dissociation
and thus exchange capacity varies much more markedly with pH.
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Fig. 38. Test-tube methods for selecting 1on exchange conditions.
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XapaKkTepucTtmka HocUTens
MonoBeads

Properties Mone Q Mono S

Table 2. Characteristics of MonoBeads.

Charged group -0-CH,-CHOH-CH,-0- -0-CH;-CHOH-CH,-0-
-CHo-CHOH-CH,-N*(CH.) -CHo-CHOH-CH.S50"
Total ionic acity (Pmoles/ml gel) 270-370 140-180
Total protein binding capacity (mg/ml gel)
Thyroglobulin (MVV 669 000) > N.D.
HSA (MW 68 000) 65 N.D.
a-lactalbumin (MW 14 3(

IgG (MW 150

Ribonuclease (MW 13 700!

Typical protein r 2T

ical enzyme activity recc ) =80
10405
MW range (proteins) up to 107
working pH range” 31

pH ility™*
ng term 2-12

rt term 2-14

N.D. = Not determined
Solvent restrictions: The 1on exchangers are stable in alecohol/water solutions ( dimethyl
sulphoxide, dimethylformamide, and formic acid can change the scparation propertics of the gel.
Avoid oxidizing and reactive reagents. Detergents can be used if they are non-ionic or have the same
“harge as the

ki g o the pH range over which the 1on exchange groups remaimn charged and

ently high capaciry.

“* pH stability, long term refers to the pH interval where the gel 1s stable over a long period of time
without adverse cffccts on its subsequent chromatographic performance.
pH stability, short term refers to the pH interval for regencration and cleaning procedures.
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lon Exchanger Q Sepharose SP Sepharose DEAE Sepharose CM Sepharose
: C‘E Hr Fast Flow Fast Flow Fast Flow Fast Flow

Total ionic capacity

DEAE Sephams=e FastFlow - [:HE[:H‘_JI?{H {umoliml gel) 180-250 180-250 110-160 90-130

Dynamic binding capacity™
e {ma/ml gel}
C.H 3 N.D.

CH E ha.ji F;g[Fbw _ 0_ CHBCW - Thyroglobulin (MWW 669 000) 3 31

HSA (MW 68 000) 120 N.D. 110
a-lactalbumin (MW 14 300) 110 N.D. 100
1gG (MW 160 000) N.D. 50 N.D.

Q Sepharose Fast Flow -CH, —HIEH\L Bovine COHb (MW 69000)  N.D. 50 N.D.

Ribonuclease (MW 13 700)  N.D. 70 N.D.

N.D. = Not determined

*Capacitics were determined using the method described in Chapter 10 at a flow rate of
sp "?ﬂ)hmﬂ Fast How m}_ '5(1;. 75 em/h. For anion exchangers (DEAE and Q) the starting buffer was 0.05 M Tris, pH 8.3

and for cation exchangers (CM and ) 0.1 M acetate buffer, pH 5.0. Limit buffers were the

respective start buffers containing 2.0 M NaCl

Product Q Sepharose SP Sepharose DEAE Sepharose CM Sepharose
FastFlow Fast Flow Fast Flow Fast Flow

Type of gel strong anion  strong cation weak anion weak cation

Total ionic capacity 180-250 180-250 1101860 90-130
(pmoliml gel)

Recommended 100-300 100-300 100-300 100-300
working flow rate
range (crm'h)

Approx. mean
particle size (pm)

Particle size range (um)

working pH range*

pH stability**
short term

long term




Table 9. Characteristics of QQ, SP, DEAE and CM Sepharose Fast Flow.

<~

Product Q Sepharose SP Sepharose DEAE Sepharose CM Sepharose
Fast Flow Fast Flow Fast Flow FastFlow

Type of gel strong anion  strong cation weak anion weak cation

Total ionic capacity 180-250 180-250 110-160 90-130
(Hmoliml gel)

Recommended 100-300 100-300 100-300 100-300
working flow rate

range (cm'h)

Approx. mean
particle size (um)

Particle size range (um)

working pH range*

pH stability**
shortterm 1-14 3-14 1-14 2-14

long term 2-12 4-13 2-13 4-13

rking pH range refers to the pH range over which the ion exchange groups remain charged and
atain consistently high capacity.
H stability, long term refers to the pH interval where the gel is stable over a long period of time
without adverse effects on its subsequent chromatographic performance.
pH stability, short term refers to the pH interval for regeneration and cleaning procedures.

Table 10. city data for Sepharose Fast Flow ion exchangers.

lon Exchanger @ Sepharose SP Sepharose DEAE Sepharose CM Sepharose
Fast Flow Fast Flow Fast Flow Fast Flow

{pmolmigel) 180-250 110-160

amic binding capaci

il ¢
31
110
100
M.D.
M.D.
M.D.

b F
5.0, Limit buffers w
g 2.0 M NaCl.
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Sample:  Chymotrypsinogen A, Rbonuclease A, Cytochroma C,
Lysozyme (6:10:6:5), 25 pgimi gel (6 pg Minl S,
25 ugMono S )
Bufer A:  20mM acetlc acld, pH 5.0
BuFerE:  BUMer AWwHn 0.5 M Ithium chionds
Gradent:  0-100% B In 20 col. vols. (6 min Minl S, 10 min Mono S).
Fiow rate; 10 CMYmIn (200 Pmin MInl S, 200 pImin Mono S)
nstrument. SMART System with yPeak Monttor

"ﬁ‘ I'. A - Il I_'I .‘_. | .a.. Il i

—

T o I T
20 Time min) n 10,10 145.0

Time (min )

Fig. 12. Comparison of (A) Mini § PC 3.2/3 and (B) Mono 5 PC 1.6/5. M1 5 PC 3.2/3
gives a faster separation and a better resolution of the peaks. Stmilar resulrs have been
found with Mini QQ PC 3.2/3 and Mono Q) PC 1.6/5. (Work by Pharmacia Biotech,




Properties Mini QPC 3.2/3 Mini S PC 3.2/3 ;
coumn:  MInISPC 3.2/2

Type of gel strong anion exchanger strong cation exchanger - Semple:~"Chymotrypsinogen A, Ribonuclease A,
) N N . - Lysozyma 6 ug In proportions 1:3:1
Charged group -0-CH,-CHOH-CH,-O- -0-CH,-CHOH-CH,-O- utter A© 20 mM acetic acld, pH 5.0
'CHZ'(:HOH'CHO'N+"CH3"") -CH,-CHOH-CH,SO." umer B: 20 mM acetic acld, pH 5.0 with 0.4 M NacCl
o ) 7 ; s % TS Fiow rate: 400 wlimin
Total ionic capacity (pmoles/ml gel) 60-90 16-30 Gradlent:  0-100% B In 12 min

Column dimensions i.d. x bed height (mm) 3.2 x 30 3.2x30
Column volume (ml) 0.24 0.24

Average particle size (um) 3pm 3um npecion

Binding capacity (mg/column)
a-amylas (MW 48 000) =14 N.D.
Trypsin inhibitor (MW 20 100) =14 N.D.
Ribonuclease (MW 13 700) N.D. =1.3
Lysozyme (MW 14 300) N.D. =13
Max loading capacity (mg/column) 1-1.5 1-1.5
Practical loading capacity (pg/column) <200 <200
Typical protein recoveries (%) 70-90 70-90
working pH range* 311 31

pH stability**
long term 3-11 31

short term 1-14 1-14
Maximum flow rate (ml/min) 1.0 1.0
Operational pressure limit (MPa) 10 10

Normal separation times (min) 5-20 5-20

N.D. = Not determined

* working pH range refers to the pH range over which the ion exchange groups remain charged and

maintain consistently high capacity. _I = '_

i i ’ . ’ . . . : 10.0 1%.0
pH stability, long term refers to the pH interval where the gel is stable over a long period of time il s

without adverse effects on its subsequent chromatographic performance. Time (min)

pH stability, short term refers to the pH interval for regeneration and cleaning procedures.




Table 6. Characteristics of SOURCE 15() and 155, and SOURCE 300) and 30S.

Propertias SOURCE 15@ SOQURCE 30@ SOURCE 158 SOURCE 308

Type of gel strong anion exchangers strong cation exchangers

Charged group -O-CH,-CHOH-CH,-0O- “0-CH,-CHOH-CH,-0-
CH,-CHOH-CH-M*(CH;); CH,-CHOH-CH,S50,"

Matrix Polystyrenaddivingy! benzena

Bead form Rigid, spherical, porous monadisparse

Maan panicle size (pm) 15 30 15

Dynamic binding
capacity™ (ma/mil gal)

Lysozyme (MW 14 500y N.D. N.D. 80

BSA (MWET 000) 45 45 .D. N.D.
MW range (proteins) up to 10° up to 107 up to 107
working pH range** 2-12 2412 2-12

pH stability***
long term 2-12 2412 2-12

short tarm 1-14 1-14 1-14
Maximum flow rate (cnn/h) 18001 20003 20002

Recommended working 30-600 300- 1000 300-1000
flow rata range (cm:h)

Oparating temperature (*C) 4-40 440 4-40

N.D. = Nordetermined

Solvent restrictions: SOURCE is stable in alcoholiwarer solutions (C1-C4 ). 100%, dimethyl sulphoxide,
dimethylformamide, and formic acid can change the separation properties of the gel. Avold cxidizing
and reactive reagents. Detergents can be used if they arc non-ionic or have the same charge as the gel.

# Determined by frontal analysis at a flow rare of 300 cm'h, using a 5.0 mg/ml solution of proteinin 20
mM sadium phosphate butter, pH &.8 {lysozyme ) and 200 mM BIS TRIS PROPANE bufter, pH 7.0
(BSA).

#* working pH range refers to the pH range over which the 1on exchange groups remain charged and
maintain consistently high capacity.

##% oH stability, long term refers to the pH interval where the gel is stable over a long period of ime
withour adverse effects on its subsequent chromatographic performarnce.

pH stability, short term refers to the pH interval for regeneration and cleaning procedures.

1) Maximum flow rate to be applied, will depend on the pressure specificanon of the chromatographic
system used. A linear flow rate of 1 800 codh will give a pressure drop of approximately 10 MPa ata
bed heightof 3 cm.

21 Maximum flow rate to be applied, will depend on the pressure specification of the chromatographic
aystem used. A linear flow rate of 2000 crvh will give a pressure drop of approximately 10 MPa ata
bed heightof 10 cm.




Column: SOURCE 30Q, 10 mm L.d. x 50 mm (4 mi)
Ssmple: Mixture of lactoglobulin B and amyloglucceldsss
Sampée ioadt 1 mami bad volums
Eivent A 20 mM BIS-TRIS PROPANE, pH7.0
Eiuent & 0.5 M sodium chiorkde, 20 MM BIS-TRIS PROPANE, pH 7.0
Fiow rafe: a) 4 mimin (300 cmin)
bj 13 mbirin {1000 cmrvh)
Gradisnt. 0-100% B, 20 column volumes

2 Time (min) 0 : & Tme (min)

Fig. 16. The influence of increasing flow rate on resolution. (Work by Pharmacia Biotech,

Counn: SOURCE 308, 5mm |L.d. x 50 mm (1 mi)
Sanple Midure of chymotypsinogen, cytochroms C and lysozyms
Sanpleioad: anmg
b) 10 mg
ElusntA 20 mM sodium phosphats, pHE.8
Bluent B: 0.5 M sodium chiorkds, 20 mM sodum phosphate, pH 6.8
Flow msfe: 1 mimin (300 cmd)
Gradient. 0-100% B, 20 column volumss
Al
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Fig. 53. Effect of gradient slope on resolution. (Work by Pharmacia Biotech, Uppsala,

Sweden).




300VHP 301VHP
(Q) (DEAE)

Conditions

Vydac 300VHP575 (Q anion exchange, 5 um, 7.5 mm i.d. x 50 mm)
Vydac 301VHPS75 (DEAE anion exchange, 5 p, 7.5 mm i.d. x 50 mm)
Eluent: 10 mM Tris-HCL, pH 8.0 or 8.5, gradient 0-150 mM NaCl in
60 min.

Sample: carbonic anhydrase.




Effect of pH on protein separations

High resolution ion exchange separations can be optimized by careful
adjustment of the eluent pH. For instance, by changing the eluent pH from
7.5 to 8.5, histidine converts from a plus one charge to uncharged, affecting
the resoiution between similar proteins.

The effect of pH on resolution is illustrated by the separation of a small peak
trailing conalbumin. The trailing peak is only a shoulder at pH 7.5 but is
nearly completely separated at pH 8.0.

Conditions

Vydac 301VHPS75 (DEAE anion exchange, 5 pm, 7.5 mm i.d. x 50 mm).
Eluent: 10 mM Tris-HCL, pH 7.5 and 8.0,

gradient 0-0.5 M NaCl in 50 min.

Sample: conalbumin.

In the separation of several small peaks following carbonic anhydrase,
changing the pH from 8.0 to 7.5 resulted in significantly better resolution as
well as reduced retention.

Conditions

Column: Vydac 300VHPS575 (DEAE anion exchange, 5 um,
7.5 mm i.d. x 50 mm).

Eluent: 10 mM Tris-HCL, pH 7.5 and 8.0,

gradient 0-0.15 M NaCl in 60 min.

Sample: carbonic anhydrase.
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