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SUMMARY 

The efficient isolation of trypsin and chymotrypsin from a crude pancreatic 
extract was achieved by tinity chromatography on specific adsorbents prepared by 
coupling of both naturally occmring protease inhibitors and also synthetic low- 
molecular-weight protease inhibitors to hydroxyallql methacrylate gels. Specitk 
sorbents prepared with synthetic inhibitors are stable and are suitable for the isolation 
of chymotrypsin and trypsin even on a large scale. 

INTRODUCTION 

The last few years have witnessed great progress in the simple isoiation of 
numerous biologically active substances, especially enzymes, owing to the. introduc- 
tion of afhnity chromatography. This method makes use of the property of these 
substances to form stable, specik and reversible complexes such as, e.g., complexes 
of enzymes with their inhibitors, substrates or effkctors, antibodies with antigens and 
Iectins with polysaccharides. The efhcient isolation of trypsin and chymotrypsin 
frcm a crude pancreatic extract on specitic adsorbems prepared by the coupling of 
protease inhibitors to hydroxyalkyl methacrylate gets may serve as an example. 

The gels -used were dzveioped and prepared by Coupek et QZ.~ at the Institute 
of ~Macromolec&ar Chemistry of the Czechosiovak Academy of Sciences and their 
structure is shown in r”ig. 1. The copolymerization of hydroxyalkyl methacrylate with 
allqlene dimethacrylates gives rise to heavily crosslinked microparticles of a xerogeel, 
which subse!uentiy aggregate and yield macroporous structures of spheroids. 
&cause of thrs structure, th.o gels have ci _ some chemical properties in common with the 
most ccmmonly used support, agarose_ Thus, e.g., the hydroxyl groups of the gel can 
bc activated with cyan~gen bromide?, in a similar mauner to the hydroxyl groups of 
agarose, Amino acids; peptides and proteins can be bound to the activated gels through 
their-amino groups - At the same time, however, the gels resemble, because of their 
macroreticuk :r-Nliure, inor_&c supports. They do not change in volume with 
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Fig. 1. Structurr of hydroxyaikyl methacrylate gels (Sphero& 

changes in pH or after the addition of organic solvents, and they are not attacked by 
microorganisms and show excellent flow properties because of their rigidity. These 
properties permit the use of the gels in large-scale operations_ 

EXPERIMENTAL 

Materials 
The hydroxyalkyl methacrylate geis (Spheron 300) of particle size lCO-2OOym 

were prepared by the method described earlier’, as well as Spheron with attached 
hexamethylenediamine (NH~-Spheron)Zg3 and N-benzyloxycarbonylglycyl-o-phenyl- 
alanine-NH,-Spheron (Z-Gly-o-Phe-NH,-Spheron)-‘. Aminobc nzamidine was at- 
tached to NH,-Spheron by use of soluble carbodiimide according to Hixson and 
Nishikawa5. Ovomucoid and antilysine were coupled to cyanogen bromide-activated 
Spheror?. Ovomucoid was purchased from Koch-Lig6t (Colnbrook, Great Britain) 
and antilysine (polyvalent lung trypsin inhibitor) was purchased from Iiva (Prague, 
Czechoslovakia). 

Chromatography of crude pancreatic extract en ovomucoid-Spheron _ - _ 
A sample of active pancreatic extract (100 ml) was placed on a &umn (10 x 2 

cm) which was ~subsequently eluted with an aqueous solution of.ammon&m for-mate 
(0.05 M formic acid adjusted to pH 8.0 with 5 % aqueous ammonia). The course of 
the chromatography is shown in Fig. 2(I). ii _~ .-I _ 
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Chrom+tography of fraction (G) , eluted from an ovomucoid-Spheon column [c$, Fig: 
2(I) J, on a column of antilysine-Spheron 

The fraction of material _not adsorbed (180 ml) was placed directly on the 
antilysiue-Spheron colum.~ (10. x 2 cm). The came of the chromatography is shown 
in Fig. WI). 

%a 

ls 

1.0 

05 

1.5 

LO 

0.5. 

PH 

I a 

-6 

-b 

-2 

-a 

-6 

Fig. 2. Chromatography of crude pancreatic extr+ on ovomucoid-Sphcron (I) and antilysine- 
Spheron(II). (I) A sample of active pancreatic extract (100 ml) w&s placed on a column of ovomucoid- 
Spheron (10 x 2 cm), which wzs subsequently eluti with an aqueous solution of ammonium formate 
(O-05 M formic acid adjusted to pH 8.0 with 5 % aqueous ammonia). Fractions (6 ml) were colkcted 
at 21%min intervals. The arrow designates the change in pH from 8.0 to 3.5 (0.2 Mformic acid adjusted 
to pH 3.5 with ammonia). (XI) The C-action (a) of material not adsorbed (180 ml) was‘plaozd directly 
on the antilysine-Spheron column (10 x 2 cm). The course of the chromatography was analogous 
to that descrii for (I). (a) Cant - ts and chymotzypsin; (b) trypsin; (c) chymotrypsin; 
-, absosbance at 2M nm; - - -, pH. 

Chromatography of crude pancreatic extract on N-ben_zyloxycarbonylgIycyZ-D-phenyl- 
alanine-N&-Spheron 

A sample of active pancreatic extract (100 ml) was applied to the column 
(6.0 x 1.5 cm). The course of the chromatography is shown in Fig. 30. 

Chromutography of fraction A, fiitered through (I column of N-benzyloxycarbonyl- 
gfycyl-~phenyZalanine [c$, Fig. 3(I)], on a coizun~~ of NHz-benzamidine-NHz-Spherotz 
(25 x I cm) 

The course of chromatography is shown in I&g. 30. 
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RESULTS AND DISCUSSION 

To isolate chymotrypsin and trypsin from a crude pancreatic extract we used 
first specific adsorbents prepared by coupling naturally occurring, high-mofecular- 
weight protease inhibitors to Spheron 300 activated with cyauogen bromide. Fig. 
2(I) shows the isolation of trypsin on Spheron P 300 with attached ovomucoid. The 
capacity of the column was 1.5 mg of trypsin per millilitre of gel. &cause volatile 
buffers were used for desorption, the enzyme fraction after lyophi&ation yielded a 
trypsin preparation containing less than 5 % of salts, thus conforming to standards of 
commercial preparations. The activity of the trypsin preparation obtained was 31.3 
units/g, assayed with lysine ethyl ester as substrate. This activity is considerably 
higher than the activity prescribed by the standard for commercial preparations. 

The fraction of the material not adsorbed to ovomucoid-Spheron was directly 
applied to Spheron with attached antilysine [Fig. 2(U)]. Chymotrypsin was then 
specifically adsorbed to this polyvalent protease inhibitor at an alkaline pH. The 
capacity of the column was 1.4 mg of chymotrypsin per millilitre of gel. The fraction 
of desorbed chymotrypsin afforded, after lyophilization, a preparation with less than 
5 % of salts. Its activity, 46.5 units/g, determined with tyrosine ethyl ester as substrate, 
was again higher than that required by standards. 

The activity of ovomucoid-Spheron dropped to 20 % after ten runs. Regenera- 
tion by washing with 4 M urea restored the original capacity of the specific adsorbent 
to 90 %, yet after four runs a considerable decrease in the capacity was again observed. 
The capacity of antilysine-Spheron decreased to 23 % after ten runs. Washing of the 
adsorbent with 4 M urea regenerated 94% of the original capacity, yet a rapid de- 
crease was observed after repeated use of the regenerated adsorbent. Because of the 
low stability and high cost of naturally occurring protein inhibitors, we focused our 
attent‘ioh on the use of specific adsorhents prepared from low-molecular-weight 
synthetic inhibitors. 

NHz-Spheron was prepared by coupling of hexamethylenediamine to cyanogen 
bromide-activated Spheron P 300. Subsequently, N-benzyloxycarbonylglycyl-D- 
phenylalanine or aminobe nzamidine were attached to NH,-Spheron. Fig. 3(I) shows 
the af&ity chromatography of a crude pancreati- p extract on Z-Gly-D-Phe-NH,- 
Spheron. The capacity of the cohzrnn was 1.35 mg of enzyme per millilitre of gel. The 
activity of the lyophilized preparation obtained was 49.5 units/g, determined with 
tyrosine ethyl ester as substrate. 

The material emerging in the Grst peak was applied to a column of NH, 
benzamidine-NHz-Spheron pig. 3(II)]. The capacity of the column was 1.3 mg per 
millilitre of gel. The activity of the lyophilized preparation was 33 units/g, determined 
with iysie ethyl ester. 

The data presented here show that identical results were obtained with specific 
adsorbents prepared both with naturally occurring protease inhibitors and with Iow- 
moiecuIar-weight synthetic inhibitors_ Unlike the naturally occurring inhibitors, 
which undergo denahuation because of their protein character and thus irreversibly 
lose their activity, the synthetic low-molecular-weight inhibitors are completely stable. 
The capacity of specific adsorbents prepared with these inhibitors can be regenerated 
almost infiniteiy, e.g., by washing with 6 M guanidine hydrochloride. Synthetic low- 
mokxular-weight inhibitors coupled to both chemically and mechanically stable 
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Fig. 3. Chromatography of crude pancreatic extract on N-benzylo~~bonylglycyl-D_phenylalanin 
NH2-Spheron (I) and NH&enmmidine-NHapheron (II). (I) A sample of active pancreatic extract 
(100 ml) was applied to the column of N-benzyloxycarbonylglycyl-n-phenylalanin~NH~-Spheron 
(6.0 x 1.5 cm). The course of the chromatography was identical with that shown in Fig. 2. (II) Frac- 
tion (A), filtered through a column of N-benzyloxycarbonylglycyl-n-phenylalanine, was placed 
directly on a column of NHrbenzamidiie-NHr-Spheron (25 x 1 cm). The course of chromato- 
graphy is identiml with that shown in Fig. 2. (A) Contaminants and trypsin; (B) chymotrypsin; (C) 
trypsin; -, absorbance at 280 nm; - - -, pH. 

hydroxyalkyl methacrylate gels therefore represent specific sorbents suitable for the 
isolation of enzymes even on a large scale. 
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