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Chromatofocusing, a new separation method, was first described by 

Sluyterman et aZ_ ‘-’ This method requires a specialized, anion-exchange medium with _ 

high, even-buffering capacity over a broad pH range, and an amphoteric buffer with sim- 

ilar characteristics. Suitable ion-exchange media and buffers are commercially available 

from Pharmacia Fine Chemicals (Piscataway, NJ 08854). For chromatofocusing, the ion- 
exchange column is equilibrated with a buffer of low ionic-strength and a pH higher 

than that of the amphoteric buffer. After application of a protein mixture, the column 

is eluted with the amphoteric buffer, establishing an internaL pH gradient that results in 

desorption of the proteins in the order of their isoelectric points_ The present investiga- 

tion was carried out to determine the usefulness of chromatofocusing for the fractiona- 
tion of lysosomai acid hydrolases. 

A mixture of lysosomal enzymes was prepared from bovine testis as folIows4: 
After homogenization of the tissue and three cycles of freezing and thawing, the in- 

soluble material was removed by centrifugation, and the enzymes were precipitated with 
ammonium sulfate between 20 and 40% saturation_ Further purification was accom- 

plished by chromatography on concanavalin A-Sepharose. The material eluted with 0.5hf 

methyl ar-D -mann opyranoside in 0.1~ citrate buffer (PH 6.0) was concentrated on a 

W-10 membrane (Amicon Corporation, Lexington, MA 02173) under nitrogen and 

stored at -10”. Prior to chromatography, the enzyme preparation (protein content by 
Bio-Rad Assay, 3.6 mg/mL) was dialyzed overnight against 25mM imidazole-hydro- 
chloric acid buffer, pH 7.4 (100 mL). 

A column (1 X 20 cm) containing packed Polybuffer exchanger 94 (14 mL, 
Pharmacia Fine Chemicals) was prepared as recommended by the manufacturers. The gel 

was equilibrated with 25 mM imidazole-hydrochloric acid buffer, pH 7.4 (-60 mL), 
and, immediately before sample application, Polybuffer 74 (4 mL), adjusted to pH 4.0 
with 0.1~ hydrochloric acid and diluted 1: 10 with de-ionized water, was run into the 

gel_ The dialyzed enzyme preparation (5 mL) was applied, and the column was eluted 

(4mL fractions) with Polybuffer 74, pH 4.0 (200 mL), at a flow rate of 10 mL/h. 
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The pH and protein content (Bio-Rad Assay) of the fractions were measured, 

and the activity of tfle folIowing enzymes was determined: N-acetyk-D-+cos- 
aminidase, Nacetyt-SD-hexosaminidase. o-L-fucosidase, a-D-galactosidase, P-D- 

glucuronidase, ar-L-iduronidase, and heparin N-sulfate sulfatase. These assays were carried 

out essentially as described by Hall et aL6, except that heparin N-sulfate sulfatase activ- 

ity was determined by a modification of the method of Thompson’, and o-L- 
iduronidase activity according to the method of Rome et aZ_‘. Substrates were obtained 

from Sigma Chemical Co_ (St_ Louis. MO 63 178), except for p-nitrophenyl 2- acetamido- 

3_-deoxy-ar-D-glucopyranoside purchased from Aldrich Chemical Co. (Milwaukee, WI 

Fig. 1. Chromatofocusia~ of lysosomat hydrolases 
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53233); heparin N-[35S]sulfate from Amersham Corp. (Arlington Heights, IL 60005); 

and (4methylumbelliferyl a-L-idopyranosyluronic) acid from Research Products Inter- 

national Corp. (Elk Grove, IL 60007). All assay mixtures were incubated at 37” for 3 h 

except that for N-acetyl-cu-D-glucosaminidase. which was incubated for 48 h owing to 
the low activity of this enzyme_ Between 5 and 10 ~g of protein in a 50-PL sample was 

used for all assays. 
‘The results of chromatofocusing of the bovine testis preparation are shown in 

Fig. 1_ Heparin N-sulfate sulfatase, a-L-fucosidase, and P-D-ghrcuronidase were eluted 

from the gel as single peaks having PI’S of 6-7, 6.8-6.2, and 5.5, respectively. The elu- 

tion profiles of the other five enzymes show more than one peak of activity. N-Acetyla- 

D-glucosaminidase activity was eiuted as a broad peak with indication of two com- 

ponents of approximately equal activity. o-L-Iduronidase gave a heterogeneous pattern 

partly overlapping with that of P-D-glucuronidas e; however, the peaks with the !ughest 

and lowest PI’S (6.7 and 4.6) were essentially free of this enzyme. /3-D-Galactosidase and 

N-acetyl-/3-D-hexosaminidase were eluted broadly in three or more peaks. This was ex- 

pected, since both enzymes have been reported to exist in several isoenzymic formsg. 

With the exception of the pI of heparin N-sulfate sulfatase (pH 6.7) which was 2 pH 

units above that reported for the enzyme from rat spleen, the pi’s observed in this study 

were within 0.5 pH units of previously reported values (Table I)_ 

The chromatofocusing procedure afforded a high recovery of protein (86%) 

and recovery of enzymic activities ranged from 19% for heparin N-sulfate sulfatase to 91% 

for X-acetyla-D-glucosaminidase; however, five of the seven enzymes were in the range 

of 49 to 66% (Table I). This is in contrast to the poor yields obtained for several of 

these enzymes in our previous fractionations on Cibacron Blue-Sepharoser6 _ 

The purification of fl-D-glucuronidase, heparin N-sulfate suhatase, and N-acetyl- 

cY-D-glucosaminidase was 1.6-, 1.7-, and 2.6-fold, respectiveiy (calculated for the entire 

pooi of each enzyme)_ The specific activity of the other four enzymes remained essentiai- 

ly unchanged, and, in these cases, the separation from other proteins was apparently off- 

set by the loss of enzyme activity. However, further improvements of the chromatofocus- 

ing procedure are obviously possible, e.g., fractionrtion over a narrower pH range should 

give better resolution of some of the enzymes, and, if the substantial loss of heparin N- 

sulfate sulfatase activity can be avoided, chromatofocusing should be especially useful 

for the purification of this enzyme_ 
Although a direct comparison between p1 values determined by chromatofocus- 

ing and other methods has not yet been carried out, it is apparent that the new method 

will be valuable for such measurements_ The results of the present study also demon: 

strate clearly that chromatofocusin g wiU be a powerf-ul tool, analytical as well as prepara- 

tive, in continuing investigations of the lysosomal hydrolases. 
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