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Entry of Rhizobium into the root hairs of leguminous plants 
has been suggested to be facilitated by hydrolytic enzymes 
that cleave glycosidic bonds in plant cell walls. McCoy 
(1932) was unable to detect these enzymes in Rhkobium. 
Since then, however, detection techniques for these enzymes 
have been improved and this improvement has enabled the 
detection of pectinolytic (Hubbell et al., 1978; Martinez- 
Molina and Olivares, 1982; Plazinski and Rolfe, 1985; 
Angle, 1986; Prasuna and Ali, 1987) cellulolytic (Martinez- 
Molina et al., 1979; Morales ef al., 1984) and hemicellu- 
lolytic (Martinez-Molina et al., 1979) enzyme activities from 
pure cultures of rhizobia. The activity of these rhizobial 
enzymes, however. is always very low. Using methods that 
reliably detect and measure enzyme activities, Mateos et al. 
(I 992) have shown that pectinolytic and cellulolytic enzymes 
are cell-bound and that they are produced by diverse 
wild-type strains of Rhizobium leguminosarum bv. trfolii. 
The results prese,lted in this work show that R. 
leguminosarum bv. trifolii ANU843 has two CM-cellulase 
isozymes: Cl and CZ. Cellulase Cl is encoded by the pSym 
plasmid but is not ocated within the genetically clustered 
nod gene region of the plasmid. The locus for the cellulase 
C2 isozyme does not reside on its pSym. 

The strains of R leguminosarum bv. rrifolii used were: 
ANU843, wild-type (Rolfe et al., 1980); ANU845, a 
pSym-cured derivative of ANU843 (Schofield et al.. 1983); 
ANU845pRt032, a recombinant strain containing the l4-kb 
Hind111 DNA fragment encoding the entire nod region of 
pSym cloned on plasmid pRt032 and introduced into the 
pSym-cured derivative ANU845 (Schofield et ol., 1984); 
ANU851, a derivative of ANU843 containing a Tn5 
insertion in the pSym nodD gene (Schofield et al., 1983; 
Djordjevic et (II., 1987); and ANU277, a derivative of 
ANU843 containing a Tn5 insertion in the pSym nodC gene 
(Djordjevic et al., 1985). 

Bacteria grown in B-INOS defined medium were 
separated by cent]-ifugation. The cells obtained were 
suspended in PCA buffer and broken by sonication. Finally, 
the sonicated cell extract was clarified by centrifugation. The 
pellet was discarded and the supernatant was used as 
enzymatic sample (Mateos et al., 1992). 

Analyses of CM-cellulase isozymes produced by the 
different strains were performed as described by Mateos 
et al. (I 992) with the following modifications. The sonicated 
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cell extract proteins were separated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
The separating gel contained 12% acrylamide and 0.33% 
Bis. Samples were electrophoresed and, after renaturing the 
enzymes, the running gel was placed on the substrate-im- 
pregnated overlay and kept in a moist chamber at 37°C. 
Finally, the overlay was stained in aqueous 0.1% Congo 
Red solution. This procedure revealed enzymatic activity as 
clear areas of hydrolysis. 

Enzyme activity was quantitated by measuring the 
reducing sugars with a 2,2’-bicinchoninate reagent (BCA) 
(Waffenschmidt and Jaenicke, 1987). Reaction mixtures 
contained 0.4 ml of 1% (w/v) carboxymethyl cellulose 
(CMC) solution, 0.4 ml of the enzyme sample and 0.8 ml of 
200 mM potassium phosphatecitric acid buffer (PCA: 
pH 5). After the reagents had been mixed, a 0.8-ml aliquot 
(considered t = 0 h) was frozen at -80°C and the 
remaining sample was kept at 40’C for 5 h. Compared with 
the method described by Mateos et al. (1992) we made the 
following changes: concentration of substrate from 0.05 to 
0.25% w/v and reaction temperature from 30 to 4o’C. These 
new conditions were found to be optimal for CM-cellulase 
activity in sonicated cell extracts of ANU843 (J. 
Jimtnez-Zurdo, 1993, Ph.D. Dissertation, Univ. of Sala- 
manta). Product formation was measured as described by 
Mateos et al. (1992). A standard curve for reducing sugar 
was prepared with glucose in the range of O-20 nmol. One 
enzyme unit was defined as the amount of enzyme releasing 
I nmol of reducing sugar equivalent per mini’ at 40°C and 
pH 5. The amount of protein in each sample was measured 
by the dye-binding method of Bradford (1976) using bovine 
serum albumin (BSA; Sigma) as standard. 

The sensitive BCA-reducing sugar assay revealed 
equivalent amounts of CM-cellulase specific activity in 
sonicated cell extracts of the wild-type (ANU843) strain and 
the nodD::Tn5 (ANU851) and nodC::TnS (ANU277) 
insertion mutant derivatives (Fig. I). However, the specific 
enzyme activity was about half in the pSym-cured derivative 
ANU845 and the recombinant strain ANU845pRt032, 
suggesting the involvement of pSym but not of the nod 
region in cellulase production by R. leguminosarum bv. 
tri/olii ANU843. These diferences in CM-cellulase activity 
of the wild-type strain ANU843 and its derivatives ANUS45 
and ANU845pRt032 were not found by Mateos ef al. (1992) 
or Morales et al. (1984) owing to the suboptimal conditions 
(temperature and substrate concentration) under which the 
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Fig. 1. Contribution of pSym to the CM-cellulase activity of R. leguminosarum bv. trifolii ANU843. 
Enzyme activity was measured in sonicated cell extracts of the wild-type strain and derivatives. Specific 
activity is given as units of enzyme activity per milligram of total protein. Values represented are means 

from triplicate experiments. SEMs are indicated by error bars. 

enzymatic reactions were performed. Consistent with the 
results of Mateos et al. (1992) growth of ANU843 and 
ANU845pRt032 in the presence of the nod-inducing 
flavone, 4’-7-dihydroxyflavone (Djordjevic ef al., 1987) did 
not significantly alter these amounts of cell-bound 
CM-cellulase activity when assayed under these new 
conditions. 

Two CM-cellulase isozymes with approximate molecular 
masses of 44.3 and 33.3 kDa (hereafter called cellulase Cl 
and cellulase C2, respectively) were resolved in sonicated cell 
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Fig. 2. Activity gel overlay detection of CM-cellulase 
isozymes in sonicated cell extracts of R. leguminosarum bv. 
rrifolii ANU843 and derivatives. Lanes: 1, ANU843; 2, 
ANU277; 3, ANU851; 4, ANU845; 5, ANU845pRt032. The 
molecular masses (in kDa) of protein standards are 

indicated to the right of the panel. 

extracts of the wild-type strain ANU843 by SDS-PAGE and 
detected by the activity stain overlay technique under the 
conditions described above (Fig. 2). Sonicated cell extracts 
of ANU277 (Tn5::nodC) and ANU851 (Tn5::nodD) 
electrophoresed under the same conditions yielded these two 
CM-cellulase isozymes. while only cellulase C2 could be 
resolved by the same electrophoretic procedure in extracts 
of the pSym-cured derivative ANU845 and the recombinant 
strain ANU845pRt032 containing the entire nod region of 
ANU843. These results show that pSym does contribute 
positively to the total CM-cellulase activity by allowing the 
production of Cl. As expected, growth of the bacteria in the 
presence of DHF did not alter the CM-cellulase isozymes 
profiles (data not shown). 

These data obtained with R. leguminosarum bv. trifolii 
ANU843 grown on B-INOS medium indicate that: (I) R. 
leguminosarum bv. trifolii ANU843 has two CM-cellulase 
isozymes-Cl and C2; (II) Cl isozyme is encoded by the 
pSym plasmid because cellulase Cl is not produced by the 
pSym-cured derivative ANU845; (III) cellulase Cl is not 
nodD-controlled because flavone induction of pSym nod 
genes and the positive regulatory gene, nodD. are not 
required for its production; (IV) cellulase Cl is not located 
within the genetically clustered nod gene region of the 
plasmid because the recombinant plasmid pRt032 contain- 
ing the cloned 14-kb pSym nod region does not restore 
production of this enzyme in the pSym-cured background; 
(V) the C2 isozyme is encoded by a gene not present on the 
pSym plasmid because C2 is produced by pSym-cured 
derivative ANU845; (VI) the C2 isozyme is not regulated by 
the nodD gene of R. leguminosarum bv. trifolii because 
flavone induction of pSym nod genes and the positive 
regulatory gene, nodD, are not required for its production. 
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