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Abstract 

Most applications of affinity chromatography employ the cyanogen bromide activation scheme 
first devised by Axtm et al. (1967). Porath and Sundberg (1972) reported an alternative procedure 
in which phloroglucinol and divinylsulphone are used in activating reactions. The advantages of 
this scheme and parameters relevant to the activating reactions are reported here. Conditions for 
the attachment of various ligand molecules to sepharose using a divinylsulphone activation method 
are defined, and a comparison with cyanogen bromide activating and coupling techniques is 
drawn. 

a-Chymotrypsin is immobilized by covalent attachment to activated sepharose. The optimum 
coupling pH is 8· 0-8· 6 and the reaction is virtually complete after 20 h at room temperature. 
Conjugates containing as much as 2 g of enzyme per gram dry weight of polymer were obtained. 
The immobilized enzyme retained 41 % of the free enzymic activity. 

An affinity column of divinylsulphone-activated methicillin-sepharose was used to demonstrate 
the reversible adsorption of penicillinase. 

Introduction 

Affinity chromatography is essentially a new biochemical technique and has 
achieved widespread use only during the past several years. In principle, ligand 
molecules are attached to an insoluble support enabling reversible, specific adsorption 
of proteins or other macromolecules. An enzyme, for example, may be reversibly 
adsorbed onto an insoluble support to which is attached a specific substrate or inhibitor 
of the enzyme. The method thus exploits the unique biological specificity of 
macromolecules. 

The methodology has been extended to include almost any specific interaction. 
Affinity chromatography has proved useful for the isolation and purification of many 
enzymes, antibodies and antigens, nucleic acids, polysaccharides, lymphocytes, 
viruses, and cellular particles such as ribosomes. This versatility is dependent upon 
the choice of insoluble polymer, the activation of the polymer matrix, the nature 
of the ligand or protein, and the method of attachment of the ligand or protein 
to the activated matrix. 

Sepharose beads display virtually all the desirable characteristics of a matrix for 
the immobilization of biologically active molecules (Cuatrecasas et al. 1968). They 
are readily activated with cyanogen halides (Axen et al. 1967; Porath etal. 1967) 
thereby enabling the coupling of ligands while retaining good flow properties. 
Enzymes and other biological particles can be fixed to sepharose gels with substantial 
retention of activity (Axen et al. 1969, 1971; Kay and Lilly 1970). 
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Although many successful applications of affinity chromatography have been 
reported, these have usually employed the cyanogen bromide activation reaction 
first described by Axen et al. (1967). Porath and Sundberg (1972) briefly reported a 
novel activation reaction in which phloroglucinol and divinylsulphone are coupled 
to the insoluble matrix. Little is known of parameters such as reaction time, pH, 
temperature, and concentrations of ligands and reactants controlling the activating 
and coupling reactions for this newer activation scheme. A further problem, and one 
which is common to all coupling methods, is the quantitative estimation of the 
polymer-bound ligand concentration. 

This paper attempts to define the best conditions for the attachments of various 
ligand molecules to sepharose using a divinylsulphone activation procedure. A 
comparison with cyanogen bromide activating and coupling techniques is drawn. 
Conditions for the immobilization of IX-chymotrypsin are evaluated and the rever
sible adsorption of commercial penicillinase to an affinity column of divinylsulphone
activated methicillin-sepharose is demonstrated. 

Materials and Methods 

Chemicals 

Epichlorohydrin and divinylsulphone were from Koch-Light Laboratories; phloroglucinol, 
p-nitrophenol and p-nitrophenyltrimethylacetate from Aldrich; sepharose 4B and cyanogen bromide 
(CNBr)-activated sepharose 4B from Pharmacia; Penicillinase B grade and l-ethyl-3(3-dimethyl
aminopropyi) carbodiimide hydrochloride from Calbiochem (Aust.); IX-chymotrypsin (bovine 
pancreas) type II from the Sigma Chemical Company; Celbenin (methicillin sodium for injection) 
from Beecham (Aust.); benzyl-penicillin injection (sodium salt) from Commonwealth Serum 
Laboratories (Aust.). All other chemicals were of analytical grade. 

Instruments 

All experiments requiring spectrophotometric readings, standard calibration curves and enzyme 
assays were performed with the use of a Varian Techtron 635 Double Beam UV-VIS'Spectro
photometer, incorporating a Digital Multimeter (Marconi Instruments). 

Phloroglucinol Assay 

The method of Pen (1965) was used to estimate the amount of phloroglucinol recovered in the 
gel washings. 

Divinylsulphone Assay 

Divinylsulphone was estimated titrimetrically as the total number of 'available' vinyl groups, 
using the method of Davies et al. (1970) modified in the following way. Divinylsulphone-coupled 
sepharose was thoroughly washed with distilled water on a glass filter. An aliquot (1 ml) of the 
divinylsulphone gel was taken and stirred for 30 min with 1 M NaOH (10 ml) and 0·097 M 

p-mercaptoethanol (10 ml), the latter previously standardized with iodine-thiosulphate using starch 
as indicator. The suspension was washed and the washings sucked through a glass funnel into a 
large hypodermic syringe. The filtrate was then acidified with 1 M HCI and the excess p-mercap
toethanol back-titrated with 0·1 M iodine solution. A blank was prepared by using 1 ml of 
unactivated sepharose 4B under the same conditions. 

Qualitative Test for the Presence of Free Amino Groups on the Gel 

The method of Bartos (1964) was adapted and applied as a qualitative test for the presence of free 
primary amino groups on derivatized sepharose gels. Activated sepharose beads containing free 
aliphatic amino groups (yellow) develop a crimson red colour when tested. 

Quantitative Estimation of Bound Ethylenediamine 

Aliquots (100 mg) of washed ethylenediamine--sepharose were added to 10 ml of 0·01 M HCI 
(previously standardized with borax). The suspensions were left at room temperature for 15 min 
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and then filtered and washed with small amounts of distilled water, the filtrate being drawn into a 
hypodermic syringe. Unreacted HCI in the filtrate was back-titrated with 0·009 M NaOH 
(previously standardized with 0·01 M HCI) using methyl orange as indicator. A blank was prepared 
using divinylsulphone-sepharose (100 mg) under the same conditions. 

Estimation of Bound Methicillin 

The amount of methicillin coupled to each gel was taken as the difference between the amount 
recovered in the washings and that quantity originally added to the reaction mixture. For this 
purpose a standard methicillin curve (0-0·1 mg/ml) was calibrated at 280 nm. 

Estimation of Bound Enzyme 

The quantity of ex-chymotrypsin immobilized was calculated as the difference between the 
amount recovered in the washings and the amount originally added to the coupling solution. A 
standard enzyme curve (0·0-0·5mg/ml) was calibrated at 280nm (8 was calculated as 4·45xl04 

M-1 em-I). 

Measurement of ex-Chymotrypsin Activity 

The method of Bender et af. (1967) was adapted for the calculation of free and immobilized 
enzymic activities. Velocities were estimated from a standard curve for p-nitrophenyltrimethyl
acetate (0-5 x lQ-5 M) in 0·1 M NaOH, calibrated at 400 nm (8 was calculated as 1· 835 x 104 M- 1 

em-I). 

Penicillinase Assay 

The micro-iodometric method of Novick (1962) was used for all cuvette enzyme assays. The 
reagent solutions contained benzylpenicillin (200 J.lM), iodine (20 J.lM), penicillinase (0·2-0·8 units·) 
and methicillin (80-200 J.lM). 

Results 

Activating and Coupling Reaction Sequences 

Figs 1a and 1b are flow schemes for the diviny1sulphone activation of sepharose 
and subsequent covalent attachment of methicillin or protein. In Fig. 1a methicillin 
is coupled to ethylenediamine by an amide linkage. In Fig. 1b protein is coupled either 
directly to divinylsulphone via an amino residue or to ethylenediamine via a carboxyl 
residue. 

Coupling of Phloroglucinol to Sepharose 4B 

(i) Amount-dependence 

Reaction mixtures contained sepharose 4B (5 ml settled gel), 1 M NaOH (20 ml), 
epichlorohydrin (48, 96, 147, 220 or 367 mg), and phloroglucinol (65, 130, 200, 300 
or 500 mg). The contents of each reaction mixture were stirred gently for 2 h at room 
temperature. The suspensions were then washed with distilled water on a glass 
filter until the washings were neutral. The amount of covalently bound phloroglucinol 
was calculated as the difference between the quantity of phloroglucinol recovered in 
the washings and that amount originally added to the reaction mixtures. The 
amounts of phloroglucinol bound to sepharose 4B were 17, 50, 95, 114 and 250 mg 
in the five mixtures respectively. 

The quantity of phloroglucinol bound increases as the amounts of epichlorohydrin 
and phloroglucinol added are increased. This result is consistent with the observation 
of Cuatrecasas et al. (1968) for the CNBr activation reaction. 

• One enzyme unit hydrolyses one unit of benzylpenicillin (0· 6 J.lg) per minute at 25°C and pH 7. 
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(ii) Time-dependence 

Reaction mixtures contained 0·5 ml sepharose 4B, 37 mg epichlorohydrin, 50 mg 
phloroglucinol, and 5 mIl M NaOH. The contents of eight such mixtures were shaken 
gently at room temperature for 30, 60, 90, 120, 150, 180, 210 or 240 min. The 
suspensions were washed as before and the amounts of bound phloroglucinol 
estimated by difference. 

(a) 

sepharose (S-OH) 

epichlorohydrin, phloroglucinol 

OH 

S-O-CH,-CH(OHl-CH,-0-Q 

OH 

divinylsulphone 

O-CH2-CH2-S02-CH=CHz 

S-O-CH,-CIl(OHl-CH,-0-Q 

O-CH2-CH2-S02-CH=CH2 

ethylenediamine 

O-(CHZ)Z-S02-CH2-CHz-NH-(CH2)Z-NHz 

S-O-CH,-CH(OHl-CH,-0-Q 

O-(CHZ)Z-S02-CH2-CHz-NH-(CHzh-NHz 

methicillin 

O-(CH2)z-S02-(CH2)z-NH-(CHz)z-NH-CO-methicillin 

5-0-CH,-CH(OHl -CH,-o-Q 

O(CHz)z-SOz-( CHZ)2-NH-(CHzh-NH -CO-methicillin 

Fig. l(a). Scheme for the activation of and attachment of methicillin to divinylsulphone
activated sepharose. 

The amounts of phloroglucinol bound were found to be 44'4,58'0,60'8,61'4, 
60'4, 61'2, 60·1 and 60·8 mg in the eight mixtures respectively. It is seen from 
these results that a reaction time of about 2 h is necessary for phloroglucinol to 
couple under the conditions used. 
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Coupling of Divinylsulphone to Phloroglucinol-Sepharose 

Phloroglucinol-sepharose (10 ml) was stirred gently at room temperature or 40°C 
in 5 % (w/v) divinylsulphone (40 ml). The pH was adjusted to and maintained at 
11 by the dropwise addition of O· 1 M NaOH. After the elapsed reaction time, the 
brownish orange suspension was washed on a glass filter with distilled water. 

The results (Table 1) indicate that the divinylsulphone reaction requires about 
30 min for maximum coupling to occur. About 30% more divinylsulphone was 
bound at 40°C than at room temperature. Coupling at higher temperatures was not 
attempted because of the risk of partially solubilizing, and therefore irreversibly 
damaging, the gel matrix. Divinylsulphone was estimated titrimetrically as the total 
number of 'available' vinyl groups (see Methods). 

(b) 

sepharose 

t 
sepharose -epichlorohydrin - phloroglucinol 

1 divinylsulphone 
/ 

sepharose-epichlorohydrin -phloroglucinol 

\ivinylSulphone 

divinylsulphone- NH -protein 
/ 

sepharose- epichlorohydrin - phloroglucinol 

\ivinyISuIPhone- NH -protein 

/divinylsulphone-ethylenediamine 

sepharose -epichlorohydnn - phloroglucinol I \divinylSUIPhone - ethylenediamine 

clivinylsulphone-ethylenediamine-CO-protein 
, ' / 

sepharose -epichlorohydrin - phloroglucinol 

\iivinylsulphone-ethylenediamine-CO-protein 

Fig. 2(b). Scheme for the activation of and attachment of protein to divinylsulphone-activated 
sepharose. 

Coupling of Ethylenediamine to Divinylsulphone-Sepharose 

The polymer 'arm' can be extended beyond divinylsulphone by attaching, for 
example, ethylenediamine. The advantages of the extension are (1) the availability 
of primary amino groups for the subsequent coupling of proteins and small molecules 
by the formation of amide bonds (Figs la and Ib), and (2) the positioning of ligand 
molecules at a sterically free distance from the polymer backbone. 
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(i) Effect of varying the amount of added ethylenediamine 

In a typical experiment, solutions of ethylenediamine (0, 1, o· 5, 1·0 or 2·0 g) in 
distilled water (20 ml) were adjusted to pH 10 with 6 M HCI and then added to washed 
divinylsulphone-sepharose (10 ml settled volume). The suspensions were stirred 
gently at room temperature or 4°C for 2 h. The now yellow suspensions were then 
thoroughly washed with distilled water on a glass filter. The amounts of ethylene
diamine bound per millilitre of divinylsulphone-sepharose were calculated as 6· 0, 
8'4,12'0 and 14·4,umol in the four mixtures respectively. These 'results show that 
the amount of ethylenediamine bound to divinylsulphone-sepharose increases as the 
amount of ethylenediamine added to the reaction mixture is increased, but the 
amount coupled is ultimately limited by the number of available vinyl groups on the 
polymer. 

Table 1. Effect of time and temperature on the coupling of divinylsulphone 
to phloroglucinol-sepharose 

Time Divinylsulphone coupling 
(min) (mg bound/m1 polymer) 

Room temp. 40°C 

10 
15 
20 
30 

6'40 

6'48 

(ii) Effect of reaction time 

7·38 

8·10 
8·58 

Time Divinylsulphone coupling 
(min) (mg bound/m1 polymer) 

Room temp. 40°C 

40 8·35 
45 6·20 
50 8·58 
60 6·45 

Solutions containing ethylenediamine (2 g) in distilled water (20 mI) were adjusted 
to pH 10 with 6 M HCI and added to divinylsulphone-sepharose (10 ml). The suspen
sions were stirred gently at room temperature for 1, 2 or 3 h. The amounts of 
ethylenediamine bound per millilitre of divinylsulphone-sepharose were 12, 14 
and 14,umol in the three mixtures respectively, indicating an optimum coupling 
time of about 2 h. Cuatrecasas (1970) reported 12,umol of ethylenediamine bound 
per millilitre of CNBr-activated sepharose. 

Coupling of Ethylenediamine and 1,6-Diaminohexane to CNBr-activated Sepharose 

Commercially available CNBr-activated sepharose was used to couple ethylene
diamine and 1,6-diaminohexane. CNBr-activated sepharose (10 mI) was added to 
ethylenediamine (1 g) or 1,6-diaminohexane (2 g) in distilled water (10 mI). The 
diamine solutions were previously adjusted to pH 10 with 6 M HCI. The suspensions 
were stirred gently for 2 h at room temperature then thoroughly washed with 
distilled water on a glass filter. l1'05,umol of ethylenediamine and 12,umol of 
1,6-diaminohexane were bound, respectively, per millilitre of CNBr-sepharose. 
These values are consistent with those reported by Cuatrecasas (1970) for the same 
derivatives. 1,6-Diaminohexane-CNBr-sepharose ('AH-sepharose') is commercially 
available and contains 6-10 ,umol of 1,6-diaminohexane per millilitre of polymer. 

Covalent Attachment of Methicillin to Sepharose Derivatives 

Table 2 summarizes experiments in which methicillin was attached to various 
derivatives of sepharose by a carbodiimide coupling procedure: 5-ml samples of 
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divinylsulphone-sepharose, ethylenediamine-divinylsulphone-sepharose, ethylenedi
amine-CNBr-sepharose and 1,6-diaminohexane-CNBr-sepharose were added to 
50-ml final volume solutions containing methicillin (50-250 mg) and l-ethyl-3-
(3-dimethylaminopropyl) carbodiimide hydrochloride (50-250 mg). The pH of each 
solution was adjusted and maintained at the pH value indicated in Table 2 by the 
dropwise addition of 0·1 M NaOH. The temperature was 4°C or room temperature. 
At the completion of the allocated reaction time (3-20 h) the suspensions were 
thoroughly washed with distilled water on a glass filter. Divinylsulphone-sepharose 
was the least successful and divinylsulphone-ethylenediamine-sepharose the most 
successful derivative for the attachment of methicillin. The temperature of the 
coupling reaction appears to be unimportant, the same results being achieved at 4 
and 23°C. 1,6-Diaminohexane-CNBr-sepharose coupled more methicillin than 
ethylenediamine-CNBr-sepharose, presumably because in the latter case the length 
of the spacer arm might not have been long enough to avoid steric interference by the 
gel matrix during the coupling reaction (Cuatrecasas et aI. 1968). 

Table 2. Coupling of methicillin to various activated sepharoses 

DVS, Divinylsulphone; ED, ethylenediamine; DH,1,6-diaminohexane; CNBr, cyanogen bromide; 
EDC, 1-ethyl-3(3-dimethylaminopropyl) carbodiimide hydrochloride 

Sepharose type Methicillin EDC pH Time Temp. Methicillin coupling 
added added (h) ("C) (Jlmol bound/ 
(mg) (mg) mI sepharose) 

D VS-sepharose 50 50 6·2 6 4 0 
D VS-sepharose 50 50 6·2 6 23 0 
D VS-sepharose 50 50 8·4 6 4 0'425 
D VS-sepharose 50 50 8'4 6 23 0·425 
ED-D VS-sepharose 50 50 6·5 20 4 3·5 
ED-D VS-sepharose 50 50 6·5 20 23 3'5 
ED-DVS-sepharose 250 250 6·5 20 23 5·0 
ED-D VS-sepharose 100 200 6·5 3 23 3·125 
ED-DVS-sepharose 100 200 6·5 5 23 3·5 
ED-DVS-sepharose 100 200 6·5 20 23 4·4 
ED-CNBr-sepharose 100 200 6·5 20 23 2·5 
D H -CNBr-sepharose 100 200 6·5 20 23 3·42 

Generally, the carbodiimide-mediated reaction of methicillin and derivatized 
sepharose follows the pattern of other ligand coupling reactions. That is, the number 
of ligand molecules attached to sepharose is limited by the number of available 
activated groups on the polymer, the concentration of reactants, the pH of the 
reaction mixture, and the reaction time. 

The stability of the f3-lactam rings of sepharose-attached methicillin molecules 
was tested by applying the iodometric method of Alicino (1946). In all experiments 
involving the coupling of methicillin to sepharose it was found that approximately 
90 % of the attached molecules retained intact f3-lactam rings. However, this value 
was reduced to about 70 % after storage of the methicillin gels at 4°C in pH 6· 5 sodium 
phosphate buffer for I week. 

The experiments summarized in Table 2 were designed for the purpose of categor
izing the effectiveness of various activated sepharoses in coupling methicillin, since 
the preparation of methicillin conjugates has not been previously reported. 
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Immobilization of a-Chymotrypsin 

(i) Effect of pH on the coupling of a-chymotrypsin to divinylsulphone-activated 
ethylenediamine-sepharose 

Reaction mixtures contained 50 mg enzyme, 1 ml ethylenediamine-sepharose, 
and 10 ml buffer (pH 6·0-10· 0). The reaction mixtures were shaken gently at room 
temperature for 4 h and then washed thoroughly on a glass filter with (1) sodium 
acetate buffer, pH 4, 0·5 M NaCI, and (2) sodium borate buffer, pH 8, 0'5 M NaCl. 

Fig. 2a depicts the amount of a-chymotrypsin immobilized as a function of pH. 
The optimum pH for the covalent attachment of enzyme is 8·0-8· 6. Axim and 
Ernback (1971) coupled a-chymotrypsin to CNBr-activated sepharose at pH 8·3. 
Stage and Mannik (1974) coupled macromolecules to sepharose at pH 8 because this 
value was consistent with availability of unprotonated amino groups and also with 
retention of native conformation and biological activity of macromolecules . 
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Fig. 2. Effect of (a) pH and (b) enzyme concentration on the coupling of 
a-chymotrypsin to ethylenediamine-sepharose. 

(ii) Effect of enzyme concentration on the coupling of a-chymotrypsin to divinyl
sulphone-activated ethylenediamine-sepharose 

Reaction mixtures contained O· 1 ml ethylenediamine-sepharose and 10-200 mg 
of enzyme. The suspensions, in lOml of 0·1 M NaHC03 buffer, pH 8'5, were 
shaken gently at room temperature for 4 h and then washed as before. 

Fig. 2b indicates that the amount of enzyme coupled increases as the enzyme 
concentration in the reaction mixture is increased. This can result in conjugates 
containing as much as 2 g of enzyme per gram dry weight of polymer. 

(iii) Effect of time on the coupling of a-chymotrypsin to divinylsulphone-sepharose 

Three reaction mixtures containing divinylsulphone-sepharose (1 m!) and a-chymo
trypsin (10 mg) were shaken gently at room temperature for 2, 5 or 20 h at pH 8·5 
and in 0·1 M NaHC03 buffer containing 0·5 M NaCI (10 ml). The suspensions were 
washed on a glass filter as before. 

From Fig. 3 it is seen that the coupling of enzyme to divinylsulphone-sepharose 
at room temperature proceeds almost linearly for the first 5 h and then gradually 
levels out. The reaction is virtually complete after 20 h have elapsed. 
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Calculation of Immobilized Enzyme Activity 

The method of Bender et al. (1967) was adapted for the estimation of bound 
enzyme activity. 

Samples of 100 mg of IX-chymotrypsin-divinylsulphone-sepharose (0·7 mg enzyme/ 
100 mg gel) were incubated at 37°C with· 0·1 ml p-nitrophenyltrimethylacetate 
(final concentration 5 x 10- 5 M) in 4·8 ml of 0·01 M tris buffer, pH 8' 5 (final enzyme 
concentration 2·18 x 10-5 M). Readings of liberated p-nitrophenol were taken at 
5-min intervals to 40 min and the results were expressed as velocity against time. 
Extrapolation of the linear portion of the curve to the ordinate axis yields the actual 
enzyme concentration (Kezdy and Bender 1962). 

8 • 
-g ~ 
j~6 I c OIl 
'2_ 

~~ 4 
c> e 

812 /. 
I 20 1l 10 

o 
Time (h) 

Fig. 3. Effect of time on 
the coupling of oc-chymo
trypsin to divinylsulphone
sepharose. 

Pregrinding of the enzyme-gel conjugate increases the enzymic reaction velocity, 
presumably by facilitating the diffusion of substrates into, and products out of, the 
matrix (Kay and Lilly 1970). Hence the two curves in Fig. 4 represent recovered 
activity of the unground enzyme-sepharose conjugate and recovered activity of the 
preground enzyme-sepharose conjugate. The attached enzyme in the two preparations 
had 32 and 41 %, respectively, of the free enzymic activity. 

:!: 1·65 

. ~ 
.!l 
ii 
::! 8 1·10 

"! 
! j' 0·55 

1l 

] 
:5 
x 

'" ~ o 

.---. ......--. 
.--.~ . ......--............ .---. ......--. ... ............~ --............. _. 

10 20 

Time (min) 
30 

Affinity Chromatography of Penicillinase 

40 

Fig. 4. Calculation of 
immobilized enzyme activity. 
.... Preground enzyme-sepharose 
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The elution profile of penicillinase on a column of methicillin-sepharose (Fig. 5) 
demonstrates affinity chromatography. Sodium phosphate buffer (0·5 ml, 0·05 M, 

pH 6· 5) containing 3500 penicillinase units was applied to a column of bed dimensions 
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0·9 by 25 em; the flow rate was 30 mljh. The first protein peak, eluted at 30 ml, 
has certainly been retarded because the same protein was e~uted from a sepharose 
column at 10 ml and the total bed volume of either column is only 15 ml. This first 
protein band represents 23 % of the total amount of enzyme added to the column. 
When the elution volume reached 60 ml the ionic strength of the eluant was increased 
by the addition of NaCI to a concentration of 1 M. A sharp protein peak was eluted 
at 70 ml. This second band contained 64 % of the protein originally added to the 
column. The total recovery of protein was 87 %. 
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Fig. S. Elution profile of penicillinase 
on methicillin-sepharose. A, 0·05 M 

sodium phosphate buffer, pH 6· 5. 
B, 0·05 M sodium phosphate buffer, 
pH 6'5, containing 1 M NaCl. C, 0·05 M 

sodium phosphate buffer, pH 6'5, 
containing 2 M NaCl. D, Acetate 
buffer, pH 4'0, containing 0·5 M NaCl. 

Representative proteins are not influenced to any great extent by the derivatized 
sepharose in their passage through the affinity column. The elution volumes and 
percentage recoveries were 14 ml and 96 % for a-chymotrypsin, and 12 ml and 93 % 
for bovine serum albumin on a sepharose column; and 15 ml and 95 % for 
a-chymotrypsin, and 16 ml and 92 % for bovine serum albumin on a methicillin:
sepharose column. 

The first protein band in Fig. 5 is probably the result of incomplete solubilization 
of the sample applied to the column, or overloading of the column. 

Discussion 

The intermediate activating and coupling reactions are necessary before the 
attachment of the specific ligand molecule to sepharose. The presence of a chemical 
extension arm between the gel matrix and the attached ligand is needed to minimize 
steric interference by the gel matrix on the ligand-macromolecule interaction 
(Cuatrecasas 1970) and to avoid the diffusional barrier of ordered water molecules 
surrounding the matrix backbone (Lowe et al. 1973). However, extension of the spacer 
arm beyond 10 carbon units may result in decreased binding, presumably by folding 
back of the spacer to bring the ligand back into the sphere of influence of the matrix 
backbone. 

In the present report, a divinylsulphone activation scheme (Porath and Sundberg 
1972) has been compared to the more conventional CNBr activation method (Axen 
et al. 1967; Cuatrecasas et al. 1968). In the divinylsulphone scheme phloroglucinol 
is cross-linked to sepharose by epichlorohydrin (Fig. la). The advantages of this 
reaction are: (1) an increase in the total number of available hydroxyl groups, (2) the 
introduction of hydroxyl groups of higher reactivity, and (3) sterically more suitable 
location of the hydroxyl groups. Following activation with the bifunctional reagent 
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divinylsulphone, reactive vinyl groups are available for coupling to the free amino 
groups of small ligands or proteins. 

Reaction parameters relevant to the divinylsulphone activation and coupling of 
sepharose have been described and some conclusions may be drawn from the results. 
The coupling yields of diamines, methicillin and IX-chymotrypsin reported here are the 
same or greater than for similar molecules attached after CNBr activation. In general, 
higher coupling yields can be obtained if the concentrations of reactants are increased, 
but the initial activating reactions are important in that they place a limitation on the 
number of ligand molecules that may be attached in subsequent reactions. 

A large number of gel activating groups can be.a disadvantage, for example in the 
coupling of some sensitive molecules such as enzymes. A protein should be attached 
to a matrix by the fewest possible bonds (Cuatrecasas 1969), therefore increasing the 
probability that the bound macromolecule retain its tertiary structure and the 
properties of the same native protein in solution. Axen and Ernback (l971)reported 
that the specific activity of IX-chymotrypsin was inversely related to the density of the 
enzyme conjugated to sepharose. In the present paper a substantial percentage of the 
inherent activity of IX-chymotrypsin is retained upon immobilization (Fig. 4). Full 
manifestation of fixed enzyme activity is probably prevented by steric factors (Axen 
and Ernback 1971) or diffusional barriers (Kay and Lilly 1970). These observations 
are supported by the increase in recovered activity of preground IX-chymotrypsin
sepharose (Fig. 4). 

The experiment summarized in Fig. 5 demonstrated that a methicillin-sepharose 
conjugate can be used to effect the reversible adsorption of pencillinase by affinity 
chromatography. The enzyme is retained on the column by specific interaction with 
methicillin and is released by increasing the ionic strength of the eluant. This experi
ment suggests a general procedure whereby any penicillinase or cephalosporinase 
could be purified by reversible adsorption to an appropriate penicillin or cephalosporin. 
A forthcoming publication will demonstrate the isolation and purification of a 
bacterial penicillinase using an affinity column prepared by the procedures described 
above. 

Acknowledgment 

We wish to thank Professor E. P. Abraham for helpful discussions and for 
providing laboratory facilities during the early part of this work. 

References 

Alicino, J. F. (1946). Iodometric method for the assay of penicillin preparations. Ind. Eng. Chem. 
Anal. Ed. 18, 619. 

Axen, R., Carlsson, J., Janson, J. c., and Porath, J. (1971). Ribonuclease chemically attached to 
beads of epichlorohydrin cross-linked agarose. Enzymologia 41, 359. 

Axen, R., and Ernback, S. (1971). Chemical fixation of enzymes to cyanogen halide activated 
polysaccharide carriers. Eur. J. Biochem. 18, 351-60. 

Axen, R., Heilbronn, E., and Winter, A. (1969). Preparation and properties of cholinesterases 
covalently bound to sepharose. Biochim. Biophys. Acta 191, 478-81. 

Axen, R., Porath, J., and Ernback, S. (1967). Chemical coupling of peptides and proteins to 
polysaccharides by means of cyanogen halides. Nature (London) 214, 1302. 

Bartos, J. (1964). Colorimetry of alpha-amino acids and primary amines with ascorbic acid. 
Ann. Pharm. Fr. 22, 383-5. 



316 R. G. Coombe and A. M. George 

Bender, M. L., Kezdy, F. J., and Wedler, F. C. (1967). Alpha-chymotrypsin: enzyme concentration 
and kinetics. J. Chem. Ed. 44, 84. 

Cuatrecasas, P. (1969). Interaction of insulin with the cell membrane: the primary action of insulin. 
Proc. Nat. Acad. Sci. U.S.A. 63, 450. 

Cuat :casas, P. (1970). Protein purification by affinity chromatography. J. Bioi. Chem. 245, 
3( .9-65. 

Cuatrecasas, P., Wilchek, M., and Anfinsen, C. B. (1968). Selective enzyme purification by affinity 
chromatography. Proc. Nat. Acad. Sci. U.S.A. 61, 63~3. 

Davies, W. G., Hardisty, E. W., Nevell, T. P., and Peters, R. H. (1970). The addition of alcohols 
to vinylsulphones and sulphonamides. J. Chem. Soc. (B) 998. 

Kay, G., and Lilly, M. D. (1970). The chemical attachment of chymotrypsin to water-insoluble 
polymers using 2-amino-4,6-dichloro-s-triazine. Biochim. Biophys. Acta 198, 276. 

Kezdy, F. J., and Bender, M. L. (1962). The kinetics of the alpha-chymotrypsin-catalysed 
hydrolysis of p-nitrophenylacetate. Biochemistry 1, 1097. 

Lowe; C. R., Harvey, M. J., Craven, D. B., and Dean, P. D. G. (1973). Some parameters relevant 
to affinity chromatography on immobilized nuc1eotides. Biochem. J. 133, 499-506. 

Novick, R. P. (1962). Micro-iodometric assay for penicillinase. Biochem. J. 83, 236. 
Pen, R. Z. (1965). Photometric determination of quinol, resorcinol, phloroglucinol. Anal. Abstr. 

12,2867. 
Porath, J., Axen, R., and Ernback, S. (1967). Chemical coupling of proteins to agarose. 

Nature (London) 215, 1491. 
Porath, J., and Sundberg, L. (1972). High capacity chemisorbents for protein immobilisation. 

Nature (London) 238,261-2. 
Stage, D. E., and Mannik, M. (1974). Covalent binding of molecules to CNBr-activated agarose: 

parameters relevant to the activation and coupling reactions. Biochim. Biophys. Acta 343, 
382-91. 

Manuscript received 1 March 1976 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 6.38, 692.52 Width 455.30 Height 6.38 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     6.3828 692.5231 455.3032 6.3828 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     12
     11
     12
      

   1
  

 HistoryList_V1
 qi2base



