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SUMMARY 

The optimal conditions for the activation of Toyopearl by epichlorohydrin and 
subsequent immobilization of ligands were investigated_ The optimal conditions for 
the activation were very different from those for agarose gel. The concentration of 
epoxy groups introduced was as high as 330 mole per gram of wet gel for Toyopearl 
H W-55 and 150 pole per gram of wet gel for Toyopearl H W-65 (diol type)_ Epoxy- 
activated Toyopearl was converted into amino and carboxyl derivatives and was 
subsequently coupled with various ligands. Glycamyl Toyopearl was prepared in a 
much shorter time (6 h) than agarose gel (800 h), because a higher reaction tempera- 
ture could be used. The adsorbents obtained were successfully used for the afinity 
chromatography of lectin and trypsin. However, their adsorption capacities were 
lower than those of the agarose adsorbents prepared by the same methods. 

INTRODUCTION 

The preparation of adsorbents for afIinity chromatography requires suitable 
matrices and el&ctive coupling methods for attachment of ligands. Beaded agarose 
gel has been most widely used as a carrier because of its porous, hydrophilic proper- 
ties and abundance of hydroxyl groups that can be activated by the CNBr method or 
the epoxy me-hod. Though the CNBr method discovered by Ax& ef al.’ has con- 
tributed greatIy to-the recent development of allinity chromatography, it does not 
completely satisfy demands such as the formation of stable linkages between ligands 
and matrix2*3, no introduction of charged groups in the linkage regio&’ and high 
yield. The epoxy method, in which a ligzmd or a spacer haviug au amino group or a 
hydra_xyl group is readily coupled to epoxy-activated agaro&-‘, gives adsorbents 
with better properties in these respects ‘~3 Though the epoxy melihod has other dis- . 
advantages, such as the requirements of high temperature6, high pH617 and a large 
excess of l&and during coupling step ‘, these problems were circumvented by de- 
rivatizing epoxy groups of activated agarose into more reactive groups, which are 
able to react with Iigands under mild conditionsg. 

However, agarose gel is not a-completely satisfactory carrier especially for aLz 
industrial use, because it has several mifavourabIe properties: instability to high 
temperature and organic solvents that are useful for derivatization reactions; poor 
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mechanical strength; inability to give a high flow-rate on the column; and sensitivity 
to degradation by micro-organisms. On the other hand, a hydrophilic vinyl polymer 
Toyopearlt”, which is now available as a carrier for gel titration and high-perform- 
ance liquid chromatography, does not have these disadvantages_ In this paper, we 
report an investigation of the optimal conditions for the activation of Toyopearl by 
the epoxy method, the subsequent derivatization and the immobilization of various 
ligands The aEity adsorbents obtained were successfully used for the affinity chro- 
matography of Iectin and trypsin. 

EXPERI,MENTAL 

_t f ateriais 
Toyopearls HW-55. -65, -65 (diol type) and -75 were obtained from Toyo 

Soda. epichlorohydrin. succinic anhydride, !actose, trypsin and 2.46~trinitrobenzene 
sulfonate (TNBS) from Wake, D-galactosamine hydrochloride (GalNHCI) from 
Seikagaku Kogyo, and sodium cyanoborohydride (NaCNBH,), l-ethyl-3-(3- 
dimethylaminopropyl)carbodi-tide (EDC) from Nakarai Chemicals. Galactose 
oxidase was purchased from Sigma, soybean trypsin inhibitor (STI) from Miles 
Chemicals and benzoyl r_-arginine ethylester (BAEE) from Fluka. Crude soybean 
agglutinin (SBA) and Ricinus conmnmnl;. agglutinin (RCA) were prepared by the 
method of Allen and Johnson”. 

Epos_y activation of Toyopearl 
The activation of Toyopearl with epichlorohydrin was performed as follows_ A 

l-ml volume of IS M NaOH and 2.5 ml of epichlorohydrin were added to 1.3 g of 
Toyopearl HW-55. The final concentrations were as follows: 50 7; (v/v) epichlorohyd- 
rin. 3 M NaOH. The suspension was incubated at 5O’C for 2 h with shaking. The gel 
v;a.s then washed extensively with water_ To 1.3 g of Toyopearl HW-65 (dioi type) 
suspended in 1 ml of water, I ml of 10 M NaOH solution and 1.5 ml of epichlorohyd- 
rin were added. The final concentrations were 30% (v/v) epichlorohydrin, 2 M 
NaOH_ The suspension was incubated at 5OC for 1 h with shaking_ To 6nd the 
optimaI conditions, a series of experiments were carried out with one of the parame- 
ters modsed in each eqxximent. The content of epoxy groups in the gel was de- 
termined according to the method of Sundberg and Porath6 and expressed as pmoles 
per gram of wet gel. The volume per gram of wet Toyopearl gels was 1.1-1.2 ml. 

Amination and succinylation of epoq--activated To_vopearl 
Ammo Toyopearl was prepared by the same method for the preparation of 

ammo Sepharose described previousIyg. The epoxy-activated Toyopeari was sus- 
pended in 1.5 volumes of concentrated ammonia solution. The suspension was in- 
cubated at 40°C for 1.5 h with shaking. Determination of ammo groups introduced 
into the gel was performed with respect to the nitrogen content by the micro Kjeldahl 
method”. 

Succinyl Toyopearl was prepared by the same method for preparing succinyl 
Sepharose described previousIy~_ Ammo Toyopearl was washed with 0. I M NaCl and 
suspended in 1.5 volumes of 0.1 M NaCl. Small portions of powdered succinic 
anhydride (0.08 g per gram of wet ammo Toyopearl) were added gradually. The pH 
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of the suspension was maintained at 6 by the addition of 20 o/0 NaOH. The suspension 
was allowed to stand at room temperature overnight. The substitution of free amino 
groups was ascertained by the negative result of the TNBS colour test. To remove 
labile carboxyl groups, the washed succinyl Toyopearl was incubated with 0.1 IV 
NaOH for 30 min at room temperature_ 

Coupling of lacfose by reductive anrination wiztk amino ToJopeari 

First. 2 g of suction-dried amino Toyopearl HW-65 (diol type) were suspended 
in 1.25 ml of 0.2 ~%f K?HPO, containing 0.2 g of lactose and 0.2 g of NaCNBH,. The 
suspension was refluxed for 6 h_ Then the free amino groups that remained in the gel 
were acetylated by the method previously describedg_ The amounts of lactose im- 
mobilized on the gel were determined as galactose liberated after hydroiysis with 0.5 
&I H,SO, at 100°C for 4 h by the galactose oxidase method13. 

Corcpling of‘ GalNHCI with succinyl To_vopeurl 

First. 3 g of suction-dried succinyl Toyopearl HW-65 (diol type) was mixed 
with 6 ml of 0.5 :M NaCl containing 0.2 g of GalNHCl. Then, after the pH had been 
adjusted to 5, the suspension was mixed with 0.1 g of EDC and was incubated at 
room temperature. Aft-r 24 h, another 0.1 g of EDC was added and the incubation 
was continued for 3 days. To determine the amounts of GalN immobilized on the gel_ 
a part of the gel was hydrolysed with 3 &I HCI at 1OO’C for 16 h and then the 
concentration of GalN in the hydrolysate was determined by the Elson-Morgan 
method”_ 

Coapiitlg of STI with succiq-l Toyopearl 

First, S g of suction-dried succinyl Toyopearl HW-55 was mixed with 16 ml of 
0.5 1M NaCl containing 0.4 g of STI. Then, after the pH had been adjusted to 5, the 
suspension was mixed with 0.25 g of EDC and was incubated at room temperature 
for more than 2 days. The gel thus obtained was then washed with water, 0.1 _&I 
sodium carbonate buffer (pH 9.5), water. 0.1 ill glycine buffer (pH 3-O), and 0.05 Iii 
Tris-HCl buffer (pH 7.8). The amount of immobilized ST1 was estimated from the 
absorbance of the supematant at 280 nm, using AlzO = 20.5. 

RESULTS 

Optimal conditions for the activation of Toyopeari by epich?oroh_sdrin 

Effect of the corrcentrations of NaOH and epicMorolz_vdrix Samples of suction- 
dried Toyopearl were mixed in a round-bottomed flask with water and NaOH solu- 
tion of various molar&s. The reaction was started in an incubator with shaking by 
the addition of various amounts of epichlorohydrin. After 2 h the gel was washed on a 
@ass filter with 50 ml of water, the amount of epoxy groups in the gel was then 
determined. The maximum amount of epoxy groups introduced into Toyopearl HW- 
55 was found at an initial concentration of 3 111 NaOH and that of 30 % epichloro- 
hydrin as shown in Fig. 1, and that for Toyopearl HW-65 (diol type) was found at 
initial concentrations of2 M NaOH (Fig. 2A) and of 30 y0 epichlorohyd_rin (Fig. 28). 

Effect of reaction time and temperature. The time course of activation was 
studied at four different temperatures: 30,40,50 and 60°C as shown in Figs. 3 and 4. 
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Fig. 1. Effect of the concentrations of NaOH and epichlorohydrin (ECH) OLL the incorporation of epoxy 
groups into Toyopeart HW-55. Curves: q . 509% ECH. WC, 2 h;A. 9% ECH. WC. 2 h; 0,207’ ECH. 
XI’C. Z h; e. 5% ECH. 4O’C. 2 h. 

The higher the reaction temperature, the quicker was the time for maximum in- 
corporation and for degradation. At 30°C the reactions were slow; the mzcimum was 
reached after 20 h for both carriers. At 60°C the maximum was reached in less than 1 
h and then the epoxy groups introduced were hydrolysed quickly. At 50°C the highest 
amount of epoxy groups was introduced in 2 h for Toyopearl HW-55 (330 pole per 

gram of wet gel) and in 1 h for Toyopeari HW-65 (diol type) (160 pole per gram of 
wet gel)_ 

Fig 2. EtTest of the concentrations of NaOH (A) and epichlorohydrin (B) on the incorporation of epoxy 
_g-vups into Toyopeari HW-65 (dial type). (A). 30 ye cpichlorchydrin, at 50°C for 2 h: (B). 2 di NaOH, at 
WC for 2 h. 
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Fig. 3. Effect of reaction time and temperature on the incorporation of epoxy groups into Toyopearl HIV- 
55. Curves: 0. at 30°C: 0. at WC; I& at SO’C;A, at WC. 

Fig. 4. Effect ofresction time and temperature on the incorporation of epoxy groups into Toyopearl HW- 
65 (diol type). Curves: 0. at 3O’C; O, at 40°C; W. at 5O”C;g. at 6OO”C. 

Derivatization of epoxy-activated Toyopearl 

The tiation of epoxy-activated Toyopearl was performed in concentrated 
ammonia solution at 40°C for 1.5 h. The introduction of amino groups into the gel 

was detected by the TNBS colour test, and the content of amino groups was de- 
termined by the micro Kjeldahl method. The content of amino groups introduced was 
200 mole per gram of wet gel for Toyopearl HW-55 and 100 mole per gram of wet 
gel for Toyopearl HW-65 (diol type). The. conversion of epoxy groups into amino 
groups was not complete and some epoxy groups remaiued, as was observed in case 
of agarose gel. The remaining epoxy groups may be less reactive and should not 
covalent& adsorb the solute non-specifically during the course of a@nity chromato- 
graphy’. 

Cotlpkg of ligands with derivatized Toyopearl 

Direct reductive amiuation of lactose and amino Toyopearl HW-65 (diol type) 
with sodium cyanoborohydride was performed in 6 h because the gel could be boiled. 
The content of lactose immobilized on the gel was 30 mole per gram of wet gel, 
which was comparable with that in the agarose gel obtained by the same reaction at 
room temperature for 800 h (ref. 133. Couplings of STI and GaiN with Toyopearls 
were performed by the aid of water-soluble carbodiiide, EDC. Some 40 mg of STL 
and 24 mole of GalN were immobilized per gram of wet gel. 

Affnity chrontatography of lectins on To.vopeml absorbents 
AtTmity chromatograms of &tins from castor bean and soybean arc shown in 

Figs. 5 and 6. Crude lectin solution was applied to the at&&y column, and emuents 
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Fig_ 5. Afiinity chromatography of Ricitzzu conmzznzir ap_lutinins on a lactamyl Toyopearl HW-65 (die! 
type) column_ Crude agghttinins (200 mg) were loaded on a column (2.1 x I .3 cm I.D.) and washed with 
phosphate-bu&red saline. The adsorbed a~@UtitkS \vere then eluted Hiith 0.2 M lactose. Fractions of I? ml 
uxre collected a: a Row-rate of 6 ml,h at 4’C. The absorption at 30 nm (e) and hemagglutinating activity 
(0) of eluted fractions lvere measured. 

were assayed for absorbance at 280 nm (protein) and for hemagglutinating activity. 
After the hemagglutinating activity of the effluent became as high as that of the 
origina: lectin soluticu. each column was washed with PBS to remove unbound 
proteins and then elution was started with 0.2 M lactose. Fractions were assayed for 
protein, and the hemagglutinating activity of each fraction was determined after 
.e.xhau&ve dialysis against PBS to remove lactose. The adsorption capacities of lac- 
tamyl Toyopearl HW-65 (dial type) and GalN-Toyopearl HW-65 (diol type) were 3.7 
mg RCAs and 2.4 mg SBA per ml of gel? respectively. The purity of the lectins ob- 
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Fig. 6. Affinity chromato_mphy of soybean a&utinin on a GalN-Toyopearl HW-65 (dial type) column 
(lo-4 x l-0 cm I.D.). A soIution of crude soybean agglutinin (50 mg/mi) was applied to the column unti! 
the hema~utkating activity became as high as that of the original solution. Hemagglutination titer m 
measured using trypsin-treated human crytbrocytes. 
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Fig. 7. Affiity chromatography of trypsin on an STI-Toyopearl HW-55 column (2.1 x 1.25 cm I.D.) (A) 
and an ST!-Sepharose 3B column (2.8 x 1.25 cm I.D.) (B). Asolution of crude trypsin (16.7 m&ml 0.05 M 
Trk-HCl-O.5 M NaCl, pH 7.8) was applied to both columns until the trypsin activity of the efnuent 
became as hi& as that of the original trypsin solution_ The columns were then washed with 0.05 M 
Tris-HCl-O.5 M NaCI, pH 7.8, and citrate-phosphate buffer (pH 3) was started. Fractions of 3 ml were 
collected at a flow-rate of 10 ml/h at 4’C. Tbe absorption at 250 nm (a) and the trypsin activity (0) were 
measured_ 

tained was examined by polyacrylamide gel electrophoresis’6. Purified SBA gave a 
single band, whereas purified RCA gave two bands as had been expected”. 

ilffinity chronmtographv of tr_vpsin on STI-Toyopearl 
As shown in Figs_ 7A and 7B, aflinity chromatography of trypsin was per- 

formed on STI-Toyopearl HW-55 (described in the section on coupling of ligands) 
and STI-Sepharose 4B prepared by the same procedures as STI-Toyopearl except the 
conditions for epoxy activation. A solution of crude trypsin was continuously applied 
to the &n&y columns untii the trypsin activity of the eflluent reached that level of the 
original solution_ Enzyme activity was determined with BAEE as substrate, the change 
in absorption at 2.53 nm being measured. After the column had been washed, the ad- 
sorbed trypsin was eluted with citrate-phosphate buffer (pH 3). STI-Toyopearl had a 
lower adsorption capacity for trypsin than STI-Sepharose containing almost the same 
amount of STI. 

DISCUSSION 

l-he optimal conditions for the epoxy activation of Toyopearls were very dif- 
ferent from those for agarose gels. Under the optimal conditions for Sepharose 6B gel 
(5 % epichlorohydrin, 0.4 M NaOH, 4O”C, 2 h)‘, only a low amount of epoxy groups 
(67 wale per gram of wet gel) was introduced on Toyopearl HW-55, as shown in Fig. 
1_ Because Toyopearl gel can withstand stronger conditions (higher temperature and 
higher concentrations of NaOH and epichlorohydrin) a sticient amount of epoxy 
groups was introduced into the gel. 
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The optimal conditions for epoxy activation varied with the pore size of the 
Toyopearl. Toyopearls HW-65 and HW-75 were activated with epichlorohydrin 
under the optimal conditions for Toyopearls HW-65 (diol type), and 51 and 36 mole 
per _m of wet gel of epoxy groups were introduced into Toyopearls HW-65 and 
HW-75, respectively. As the pore size increased, the amount of epoxy groups intro- 
duced decreased_ It may he due to a lower amount of hydroxyl groups in Toyopearls 
wi+h a large pore size. 

Because Toyopearl gels withstand higher temperatures than agarose gel, it was 
also possible to perform reductive amination of lactose and amino-Toyopeari in a far 
shorter time. However, because Toyopearl gels were not solubilized by 70% acetic 
acid at IOO’C or even by 6 M HCl at 1OO’C overnight, it was impossible to determine 
the content of amino groups introduced in the gel by the TNBS method. The micro 
Kjeldahl method was used, but a very long desadation time was required. 

As had been expected, the atkity adsorbents obtained with Toyopearl gel were 
very stable, and a flow-rate of the columns was maintained under the increased 
pressure_ The adsorption capacities of these columns, however, were lower than those 
of extremely high capacity agarose adsorhents” prepared by the same method and 
with the same amount of figand. It is well known that z&in&y adsorbents prepared 
with BioGel also have lower binding capacities than those prepared with agarose 
~e11511811p_ It may he due to the less hydrophilic properties of Toyopearl and BioGel. = 
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