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ABSTRACT 

A procedure was developed to purify glucose/xylose isomerase 
from cell extract of Streptomyces sp. NCIM 2730 using immunoaffinity 
chromatography. High-titer polyclonal antibodies were raised in rabbit 
using electrophoreticaUy homogeneous glucose/xylose isomerase as 
an antigen. The specificity of antibodies was confirmed by double im- 
munodiffusion, rocket electrophoresis, and Western-blot ELISA, which 
revealed the presence of a single immunoreactive protein with an Mr 
of 40,000. The antibodies recognized 2-3 antigenic determinants/mol 
of enzyme and were found to partially neutralize the enzymatic activity 
in an immunotitration experiment. The affinity gel was prepared by 
coupling antibodies at pH 10.0 to divinyl sulfone-activated Sepharose 
CL-4B. The glucose/xylose isomerase purified by immunoaffinity 
chromatography yielded 75% recovery with a single enzymaticaUy 
active protein band on gel electrophoresis and showed specific activity 
of 16 U/mg. The crossreaction of the antibodies with glucose isomerase 
from other actinomycetes indicated that they share common epitopes. 

index Entries: Glucose/xylose isomerase; antibody specificity, 
immunoaffinity purification; Streptomyces. 
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INTRODUCTION 

D-Glucose/D-xylose isomerase (GI/XI) (E.C. 5.3.1.5) is generally an in- 
tracellular enzyme that catalyzes the reversible isomerization of D-glucose 
to D-fructose and D-xylose to D-xylulose. Both these reactions are impor- 
tant industrially, the former in the production of high fructose corn syrup 
and the latter in the production of ethanol from hemicelluloses. Despite 
its industrial importance, relatively little is known about the structural 
basis of its catalysis. Recently, based on the crystallographic data, the 
possibility of a 1,2-hydride shift mechanism in the isomerization of sugars 
by XI has been suggested (1,2). Involvement of a single histidine residue 
in the catalytic mechanism has been reported (3,4). Based on the kinetic 
analysis, we have reported that the enzyme has a single active site for the 
isomerization of both D-glucose and D-xylose (5). A limitation of more 
extensive investigations on the structure-function relationship of this 
system is imposed by the scarce quantities of the purified enzyme available 
with classical purification techniques. 

In the present paper, we report a single step and easy-to-handle 
purification procedure for GI based on immunoaffinity chromatography. 
The enzyme purified by this method yielded 75% recovery with a specific 
activity (SA) of 16 U/mg, which is the same as that for the enzyme purified 
by conventional method of purification (5). 

MATERIALS AND METHODS 

Enzyme Production and Assay 
The intracellular GI/XI from Streptomyces sp. NCIM 2730, Chainia and 

Streptomyces lividans TK24 were produced as described by Gaikwad et al. 
(5). GI/XI was estimated by colorimetric method of Takasaki and Tanabe 
(6). D-fructose/D-xylulose produced in the reaction was determined by 
the method of Dische and Borenfreund (7), as modified by Marshall and 
Kooi (8). The assay for GI was carried out at pH 7.5 at 70~ for 30 min, 
and that for XI at pH 7.5 at 35~ for 20 min. The unit of GI/XI activity is 
defined as the amount of enzyme that produces 1/anol of D-fructose/D- 
xylulose under the assay conditions. The protein content of enzyme prepa- 
rations was measured according to Bradford (9) and that of antibodies was 
measured by using the formula: IgG (mg/mL) -- (k 280- k 310)/1.5 x dilution 
factor, where X 280 and X 310 represents the optical densities at respective 
wavelengths. 
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Antibody Preparation 
Antibodies against electrophoretically pure GI/XI from Streptomyces sp. 

NCIM 2730 (5) were raised in a New Zealand white rabbit by injecting sc 
the enzyme (1 mg) emulsified with equal vol of complete Freund's adju- 
vant. Booster injections were given at fortnightly intervals for 10-12 wk. 
The rabbit was bled when the antibody titer reached 1:32. 

Specificity of the Antibody 
Otichterlony double-diffusion was carried out in 1% agarose gel in 

PBS (phosphate buffered saline: 0.1M Na2HPO4, 0.4M NaH2PO4, 0.14M 
NaC1, pH 7.2) at 4~ for 24-48 h. Rocket electrophoresis was performed 
by incorporating the antibody into 1% agarose gel. Antigen was applied 
in a well, cut at one end and electrophoresis was carried out at 8 mA, 5-10 
V/cm. Precipitin lines formed were visualized after drying the gels and 
staining with 0.25% Coomassie brilliant blue R-250. Western-blotting and 
the following immunodetection were performed in a modified version of 
the method of Towbin et al. (10). Proteins from SDS-PAGE (1"1) were 
electrophoretically transferred to nitrocellulose paper over a period of 2 h 
at 150 V in a buffer containing 20 mM Tris, 50 mM glycine, and 20% 
methanol at pH 7.8 at 4~ The blot was treated overnight with 10% goat 
serum in PBS at 4~ and washed thoroughly with PBS containing 0.1% 
Tween-80. It was then treated with anti-GI antibodies diluted 250-fold with 
1% BSA in PBS for 2 h at room temperature, followed by incubation with 
1000-fold diluted goat antirabbit IgG horseradish peroxidase conjugate 
(Sigma Chemical Co., USA) in 10% goat serum, for 2 h. Bound peroxidase 
was detected with 0.5% 3,3-diaminobenzidine tetrahydrochloride in 0.5M 
sodium citrate buffer, pH 5, containing 0.03% H202. 

Determination of Antigenic Valency 
Varying amounts of GI ranging from 0 to 75/~g were added to a series 

of tubes containing 10 #L of antibody (22.4 mg/mL) to the final vol of 500 
#L in PBS. The tubes were incubated at 37~ for I h, followed by an over- 
night incubation at 4~ On centrifugation, the precipitate was washed 
twice with cold PBS and dissolved in 0.1N sodium hydroxide. The anti- 
genic valency was determined according to Heidelberger and Kendall (12). 

Calculation of Antigenic Valency 
In an immunoprecipitation curve, at low antigen concentration, there 

is a relative antibody excess. Under such conditions, every antigenic deter- 
minant is likely to be covered by a separate antibody molecule and the 
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'antigenic valency' can be determined by calculating the molar ratio of 
antibody to antigen using following equation 

Wt of antigen * Wt of antibody Antigenic Valency -- 
Mol wt * Mol wt 

of antigen of antibody 

The tool wt of antibody and antigen were assumed to be 1,50,000 and 
1,60,000, respectively. The wt of antigen and antibody in the precipitate 
were calculated based on the extinction coefficients of 0.695 and 0.667 
mg/mL, respectively. 

lmmunotitration 
GI (20/~L, 10 U/mL) was added to antiserum (30-200 #L) in 0.05M 

sodium phosphate buffer, pH 7, in a total vol of 500/~L. After incubation 
at 37~ for 1 h, each reaction mixture was assayed for GI as well as XI 
activity. 

Immunoaffinity Column Chromatography 
Ten grams of Sepharose CL-4B (Pharmacia, Sweden) was activated 

with 2 mL of divinyl sulfone (DVS) (Aldrich Chemical Co., USA) for 80 
min at room temperature. The activated resin was washed with 0.3M 
sodium carbonate, pH 10, to remove unreacted DVS. Two milliliters of 
antibody (15 mg/mL) dialyzed against 0.3M sodium carbonate, was added 
to the resin and was allowed to react for 6 h at room temperature. The ex- 
cess of antibody was removed by washing successively with 0.3M sodium 
carbonate, pH 10, 0.3M sodium chloride, 0.3M glycine, and PBS. 

The coupled resin equilibrated with 0.05M sodium phosphate buffer, 
pH 7, containing magnesium sulfate (1 mM) with cobalt chloride (0.5 
mM) was packed in a column (10 x 2 cm). The crude enzyme preparation 
was allowed to adsorb on it for I h at 4~ The column was washed with 
0.05M sodium phosphate buffer, pH 7. The bound GI/XI was eluted with 
0.3M glycine, pH 4, with a flow rate of 20 mL/h. Fractions (2 mL each) 
were collected and immediately neutralized with solid Tris to pH 7.2-7.4. 
The fractions were assayed for GI activity, dialyzed against 0.005M sodium 
phosphate buffer, pH 7.0, containing magnesium sulfate (1 raM) and 
cobalt chloride (0.5 mM), concentrated and checked for homogeneity on 
gel electrophoresis. 

Polyacrylamide Gel Electrophoresis (PAGE) 
Electrophoresis in nondenaturing gels (7.5%) was carried out using 

Tris-glycine buffer, pH 8.3 (13). The in situ staining for GI activity in the 
gel was performed according to Yamanaka (14). 
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Fig. 1. Specificity of the antibody against GI/XI. A. Double immunodif- 
fusion: The central well contained the antibodies. The peripheral wells contained 
(i) sonicated cell extract, (ii) heat treated, (iii) ammonium sulfate precipitated and 
dialysed, (iv) purified GI (10/Lg), and (v) purified GI (20/~g). B. Rocket immuno- 
electrophoresis of crude GI/XI. C. Western-blot-ELISA of GI/XI. Lane i, mol wt 
markers, lanes ii and iii, immunoblots of crude and pure GI/XI. 

RESULTS AND DISCUSSION 

Specificity of the Antibody 
The specificity of antibody toward GI/XI was determined using con- 

ventional immunological techniques. A single precipitin arc was obtained 
by Ottchterlony double-diffusion (Fig. 1A), as well as by Rocket electro- 
phoresis (Fig. 1B), against both crude and purified GI/XI preparations. 
The sensitivity of Western-blot-ELISA technique is much higher than the 
gel-precipitin test, hence it was used to further confirm the specificity of 
the antibody. A single band at 40 Ka, corresponding to the Mr of the sub- 
unit of GI/XI, was immunoblotted from the crude and pure enzyme prep- 
arations (Fig. 1C). 

Antigenic Valency of Gi/Xi 
In a quantitative precipitin test, when the antigen concentration is 

low, there is a relative antibody excess wherein every antigen determinant 
is likely to be covered by a separate antibody molecule. Figure 2 shows 
the graph of antigen-antibody complex against the amount of GI/XI used. 
The calculations for the antigenic determinants were made in the anti- 
body excess region (viz, at the antigen concentrations of 5, 15, and 20 #g) 
before the equivalence point was reached. The average value of molar 
ratios of antibody to antigen were found to be between 2 and 3, indicating 
that the antiserum recognizes 2-3 determinants/mol of enzyme. 
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Fig. 2. Precipitation curve of GI/XI with anti GI/XI. Varying amounts of 
GI (0-75/~g) were added to 10 aL (22.4 mg/mL) of antibody. The precipitate was 
quantitated as described in Materials and Methods. 

Immunotitration 
The influence of the immunocomplex formation on the enzyme activ- 

ity helps to monitor the resulting modification of the enzyme. Neutraliza- 
tion of GI activity with the antibodies resulted in nearly 30% loss in activity, 
whereas in case of XI the loss in activity continued to 50% (Fig. 3). Absence 
of complete inactivation of the enzyme after antibody reaction suggests that 
the antigen-binding site does not overlap the center of biological activity of 
GI. As the activity of the enzyme solely depends on the active site and the 
appropriate conformation of the protein, the partial loss in activity may be 
attributed to the change in conformation of the enzyme owing to the im- 
munocomplex formation. 

Purification of GI/X! 
by lmmunoaffinity Chromatography 
Since the antibodies recognized a single antigenic protein, viz, glu- 

cose/xylose isomerase, from the crude enzyme extract, they were used to 
purify the enzyme by coupling them to an insoluble matrix and passing 
the crude extract over it. Figure 4 shows the elution profile of bound en- 
zyme. Seventy-five percent of the enzyme activity was recovered in frac- 
tions 4 and 5. When these two fractions were pooled and subjected to gel 
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Fig. 3. Immunotitration of GI/XI. GI/XI (20/~L, 10 U/mL) was added to 
varying amounts (50-200/~L, 15 mg/mL) of antibody and the reaction mixture 
was estimated after 1 h at 37~ �9 GI, O XI. 
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Purification of GI/XI by immunoaffinity chromatography. 
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Fig. 5. Polyacrylamide gel electrophoresis of GI/XI purified by affinity 
chromatography stained for: i, protein and ii, activity. 

Table 1 
Purification of Streptomyces GI/XI 

Sample vol, Total protein Total enzyme 
Method mL concn., mg activity, U SA Recovery % 

Crude extract 0.89 0.89 9.8 11.00 100 
Affinity eluate 4.0 0.48 7.4 15.5 75.5 
Crude extract 30 66 697 10.6 100 
Gel a electroproduct 18 18 285 16.0 41 

a Data from previous work (ref. 5). 

electrophoresis, a single protein band that showed GI activity on in situ 
staining was observed (Fig. 5). The SA of the purified enzyme was 16 
U/mg, which is similar to the enzyme purified by gel electrophoresis (5). 
As evident from Table 1, chromatography using immunoaffinity yields 
75% of the purified enzyme as compared to 41% by gel electrophoresis, 
which requires an additional step of DEAE-cellulose chromatography to 
eliminate the acrylamide impurities. Although there was some loss in 
enzyme activity after immunotitration, the activity was regained after the 
dissociation of antigen-antibody complex by glycine, resulting in a rea- 
sonably good yield of purified enzyme. 

Ours is the first report on the rapid, virtually instantaneous method 
for obtaining the large amount of purified GI/XI by immunoaffinity 
chromatography. The column after reequilibration-with 0.05M sodium 
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Fig. 6. Crossreaction of the antibody with other GI/XI preparations. The 
central well contained the antibodies. The peripheral wells contained crude 
extracts of (i) Streptomyces sp. NCIM 2730, (ii) Chainia (extracellular GI and XI), 
Off) Chainia (intracellular GI/XI), and (iv) S. lividans TK24. 

phosphate buffer, pH 7.0, was subsequently used three times without 
any observable loss in efficiency. 

Crossreactivity of the Antibody 
with Other Gi/XI Preparations 
The antibodies raised against electrophoretically purified GI/XI of 

Streptomyces sp. NCIM 2730 reacted with (i) extracellular GI and XI of 
Chainia sp., (ii) intracellular GI/XI Chainia sp., and (iii) intracellular GI/XI 
of S. lividans TK24 (Fig. 6), indicating the presence of common antigenic 
determinants among the GI/XI preparations of different actinomycetes 
tested. As such, the antibodies raised against GI/XI from Streptomyces sp. 
NCIM 2730 can be used for screening high glucose isomerase producers 
among actinomycetes. 

CONCLUSION 

Polyclonal antibodies raised in rabbit against electrophoretically 
homogeneous glucose/xylose isomerase were used for preparing immuno- 
affinity matrix for purification of the enzyme. The specificity of the anti- 
bodies was confirmed by various immunotechniques, and antibodies were 
found to recognize 2-3 antigenic determinants/mol of enzyme. Purification 
using immunoaffinity chromatography yielded 75% recovery of electro- 
phoretically homogeneous GI/XI of SA 16 U/mg. 
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