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Note 

Nature of the binding of a /?-l&glucan hydrolase to Son exchangers 

In an earlier paper1 the abnormally strong binding of an endo-P-I,+glucanase 
(P-I,+glucan 4-glucanohydrolase, EC ~,z.I.L+..) to microgranular DEAE-cellulose was 
reported, During chromatography on this medium at pH 5.0 the enzyme could only 
be recovered by prolonged elution with a high concentration (1.0 M) of sodium chloride. 
It was difficult to rational& this bchaviour, which suggested the enzyme was es- 
ceptionally acidic, with the fact that most enzymes of this type are, like lysozyme, 
rather basic in natur@. Eximination of the behaviour of the same enzyme on other 
ion-exchange media. has ndw confirmed that binding to anion-exchange cellulose is 
due mainly to the charge properties of the enzyme rather than being of a substrate 
affinity type as has been observed in the cast of some related enzyme@-6. However, 
the possibility that the binding is enhanced by affinity interactions cannot be ruled 
out. The present work has also suggested an alternative, possibly superior, procedure 
for purification of the@-glucnn hydrolase, namely by chromatography on microgranular 
CM-cellulose, Interaction w&h this medium.is solely of an affmity type as is evident 
by comparison with the behaviour of the enzyme on CM-Sephadex where little or no 
binding takes place. 

The P-I,$-glucanase preparation had been partly purified from the extracellular 
culture filtrate of a species of Cytophaga (BDH Ltd., Poole, Great Britain, catalog 
No. 3go72), and was free from the other glucan hydrolases”. and most of the carbo- 
hydrate present in the crude starting material. Chromatography was performed at 
room temperature on columns (g x 2,s cm I.D.) of DUE-Sephades A-go, CM-Sepha- 
des C-25 (products of Pharmacia Pine Chemicals) and microgranular CM-cellulose 
CM-52 (a product of H. Reeve Angel), Chromatography on the anion-exchanger was 

Fig. I. Chromatography of Cytophnjia cndo-/%I ,+~lucnnasc prcparntion on DEAE-Scphaclcx. 
Elution wns pcrformccl with n &wwzlicnt of sodium chloriclc (- - - -) o-x ,o Ar over I 1 in 25 m&I 
citrate-phosphate buffer, 1~1-1 8.0, Frnctions of g,o ml wore collcctcd uutomitticnlly. Protein in the 
fractions (-) wns dctcctcd by nicwarcnicnt of ultraviolet absorption nt 280 nm (AgBo). @-I,+ 
glucnnnsc ncttvity ( 0 - - - o) was mcnsurccl using CM-ccllulosc as substmtc. 
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Fig# z. As for Pip. I, but chrornatogrsphy pcrformccl on CWScphaclcs in IO mid acctatc buffer 
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Fig, 3. As for Pig. I. but chromatography porformccl on CM-cellulose in IO m&I acctato buffer 
pH 500. 

performed in 25 mM citrate-phosphate buffer, pH 8.0: in the case of tbc cation es- 
changers the column buffer was 10 mM acetate, pH 5.0. In all cases clution was carried 
out after application of the sample, using a salt gradient (o+ 1.0 M sodium chlo,ide 
over I 1) and fractions of 9 ml were collected automatically, Figs. 1-3 show the distribu- 
tion of protein and activity towards soluble CM-cellulose (Cellofas B, medium viscos- 
ity, Imperial Chemical Industries Ltd.), measured by increase in reducing power”R, 
in the effluents from the three columns. 

Chromatography on DEAE-Sephadex gave a peak of enzymic activity eluted 
as a fairly sharp peak (c$ elution from DEAE-cellulosel) at high salt concentration 
(ca, o.S M sodium chloride), and associated with only very small amounts of protein 
(Fig. I). The enzyme showed no significant adsorption to CM-Sephadex and was 
recovered in the fractions containing unbound protein (Fig. 2.) When the enzyme 
preparation was chromatographcd on CM-cellulose the protein elution profile was 
closely similar to that from CM.Sephadex but in this case the enzyme was only eluted 
after the concentration of sodium chloride in the gradient applied to the column 
reached about 0,s M (Fig. 3). In all cases the fractions containing the enzymic activity 
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were combined, concentrated using an ultrafiltration cell fitted with a UM-LO Diaflo 
membrane (Amicon Corp., Lexington, Mass., USA.), assayed for protein and p-r,+ 
glucanasc activity, and the specific activities calculated. The results e.re shown in 
Table 1. 

TAULI;: I 

PUl~IFIC,\TION OF CYTOI’HAC;,\ /%I ,.I-GLLlCANASlS MY Cl-II~OXIATOCil~~\I’l~lY ON ION ESCHANL;ERS 

lo,1 l!.rl:tlaragl~, A~dllYG of birding Spcific taclivily 

Dl%\r!xcllukm! 

DEr\B-Sophaclcx 
ionic (f ntlinity ?) j.;I’L 
ionic 

CM-Sc}~hnclcs no birding o*37 
Chl-Ccllulosc dlinit~ 5*9 

11 I+oin mf. I. 

While ion-exchange chromatography is one of the most useful techniques for 
protein purification O--ll, it has the limitation that it results, more often than not, in 
only partial separation of the components of mixtures. There are, however, cases 
where specific single-step purifications to homogeneity may be effected by chromato- 
graphy on cellulosic anion exchangers as the result of the matrix of the ion ex- 
changer acting as an affinity adsorbent. Advantage has been taken of this phenomenon 
to purify endo+r,S- and endo-/?-r,+glucanases from several sources+6. Generally 
the strength of the enzyme-matrix interaction in such cases is strong enough to 
resist displacement of the protein by a salt gradient with the result that specific elution 
can be achieved by an acid wash after removal of unwanted protein by clution with 
8 high concentration of salt. 

In the case of Cytophaga endo-&r,+glucanase, a rather abnormally strong 
binding to DEAE-cellulose has been reported prcviouslyi. Since the binding to DEAE- 
cellulose could be reversed by prolonged elution with a high salt concentration it 
was not, in this case, entirely clear what factors were involved in binding. These 
could be either (a) ionic interactions, (b) affinity interactions, or (c) a combination 
of both types. The behaviour of the enzyme on DERE-Sephadex (Fig, I), where the 
enzyme is again eluted at the end of the salt gradient suggests that the binding 
is due to ionic forces. The rather sharper nature of the peak from DEAE-Scphadex 
as compared with that from DEAE-cellulose might suggest the additional involvement 
of affinity interactions with the latter me.dium. However, this cannot, by itself, be 
taken as definitive evidence that the interaction is ionic since cases are known where 
anomalous binding, but by an interaction less specific than enzyme-substrate binding, 
to both modified cellulose and modified Sephadex ion exchangers (but not to the 
corresponding polyacrylamide ion exchanger) takes place ia. For this reason the behav- 
iour on the cation exchangers was investigated, 

The inability of the enzyme to bind significantly .to CM-Sephadex at pH 5.0 
is indicative that the protein is still negatively charged at this pH, i,e. is an acidic 
protein, Chromatography on this medium does not lead to any significant purification 
and, as is apparent from Table I, the enzyme recovered is far from pure. 

To test for the involvement of any affinity interactions with the modified 
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celluloses the behaviour on CM~cellulose was investigated. Since the negatively- 
charged carboxymethyl groups cannot bind the enzyme, ionic and affinity binding 
can be clearly differentiated by comparison of the behaviour on cation-exchange 
cellulose and Sephadex. The relatively strong binding to the cellulosic cation ex- 
changer, in contrast to the Sephadcs cation eschanger, only overcome by 0.5 M 
sodium chloride, is a clear indication of affinity binding. Thus it cannot be ruled out 
that affinity binding also plays a part during chromatography on DEAE-cellulose ;1s 
mentioned above. 

The conclusion is, tllerefore, that the Cytophaga endo-&I,+glucanase is un- 
usual for this type of enzyme, in being acidic, this accounting for its bchaviour on 
anion exchangers. The enzyme sl~ows what appears to be affinity interaction with CM- 
cellulose and this may also be involved in the binding to DEAE-cellulose. 

This enzyme may therefore be purified specifically in any of three ways, viz. 
by salt-gradient chromatography on DEAE-cellulose, DEAE-Scphadex or on CM- 
cellulose. The preparations obtained by each method are of comparable specific 
activity (Table I) and all are considered to be homogeneous. The highest specific 
activity is obtained by chromatography on CM-cellulose and this probably reflects 
a lower extent of enzyme inactivation on this cation axchanger than on the two 
anion exchangers. This IS now the preferred procedure for purification of this enzyme. 

With the elucidation of the nature of the interactions of this enzyme with ion- 
exchange media we are one step nearer our aim of establishing systematic methods 
for purification of the glycoside hydrolases, This will greatly aid the preparation of 
quantities of tllese enzymes for our work on their structures and mechanisms of action. 
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