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Summary. Mutants from Cellulomonas sp.Ilbc were ob- 
tained by combined treatment of UV light and N-me- 
thyl-N'-nitro-N-nitrosoguanidine. The selection crite- 
rion for the screening of catabolite-repression-resistant 
mutants was based on the formation of clear zones 
around the bacterial colonies in medium containing 
0.5% Walseth cellulose and 0.5% glucose. Mutants pro- 
duced not only clear zones in significantly lower times 
than the parent strain, but also exhibited higher specific 
growth rates and cellulolytic activity when grown on 
bagasse pith. The cellulase-derepressed character of the 
mutants was demonstrated by the presence of cellulo- 
lytic activity in cultures grown in the presence of high 
levels of glucose. These results raise the possibility of 
enhancing the productivity of bacterial degradation of 
lignocellulosic substrates for single cell protein produc- 
tion. 

Introduction 

In the production of single cell protein (SCP) from lig- 
nocellulosic materials the low cell productivity of the 
fermentation process is one of the present problems to 
be overcome. The low growth rate of the available 
strains, among others factors, influences the low cell 
productivity. Many genetic improvements have been 
performed to obtain mutants resistant to catabolite re- 
pression or end-product inhibition, which seem to be 
the elements responsible for slow cellulose degradation 
(Choi et al. 1978; Hagget et al. 1978; Stewart and 
Leatherwood 1976). 

The objective of this work was to search for mutants 
from a Cellulomonas sp. resistant to catabolite repres- 
sion with increased  cel lulolyt ic  activity, thus a l lowing  
the poss ibi l i ty  of  more  efficient deg rada t ion  of  l igno-  
cel lulosic substrates  for SCP produc t ion .  

Materials and methods 

Strain and cultivation conditions. Cellulomonas sp. strain Ilbc was 
used (Enriquez 1981). Shake cultures were carried out in 500-ml 
erlenmeyer flasks modified by the addition of a lateral tube, using 
an optimized (MO) saline medium (Rodriguez et al. 1983) and 1% 
pretreated sugar-cane bagasse pith at 32°C and 100 rpm. The su- 
gar-cane bagasse pith was pre-treated with NaOH (20% NaOH/ 
pith proportion) for 1 h at 80 ° C. 

Growth was monitored by measuring the absorbance at 
600 nm after decanting the medium for 10 min into the lateral 
tube for sedimentation of the bagasse particles. 

Fermentor cultivations were carried out in a 5-1 (effective vol- 
ume) fermentor, under approximately optimal growth conditions 
(pH 6.5, 32°C and 1.5 v/v/min air-flow rate, Enriquez 1981), in a 
fermentor (MF) medium (Rodriguez et al. 1983). Dry biomass and 
substrate consumption were determined as described previously 
(Alea et al. 1988). 

Induction and isolation of mutants. For induction of mutants with 
UV light, the bacterial culture was irradiated at 20 erg/mm per 
second for 160 s, corresponding to a 1% survival level. The induc- 
tion of mutants with N-methyl-N'-nitro-N-nitrosoguanidine (NG) 
was based on the procedure described by Adelberg et al. (1965). 

The selection criterion for the screening of catabolite repres- 
sion-resistant mutants was based in the formation of clear zones 
around bacterial colonies in the selection medium (Alea et al. 
1988), in the presence of glucose. 

Enzymatic activity determinations. Whole culture samples were 
used for these determinations. The carboxymethylcellulase 
(CMCase) and filter paper (FP) activity were assayed as described 
by Rodriguez and Volfovfi (1984). The activity was expressed in 
international units (IU: moles of glucose released per millilitre 
per minute) and the specific activity was expressed in IU per op- 
tical density (OD) units of the culture. The xylanase activity was 
determined according to the technique described by Rickard and 
Laughlin (1980). 

Regulation experiment. In order to establish the possible dere- 
pressed character of the cellulolytic systems of the mutants, 
strains were cultivated in 2-1 capacity erlenmeyer flasks contain- 
ing 200 ml MO medium with 1% pretreated bagasse pith and 0.5% 
glucose or xylose (in separate flasks). At time intervals, samples 
were taken and the OD of the cultures and the CMCase and xyla- 
nase activities were determined. 
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Results and discussion 

From about 30000 screened colonies from the UV mu- 
tagenic treatments, five colonies were isolated that ex- 
hibited clear zones in shorter times than the parent 
strain on selection medium. From their growth on MO 
medium with 1% sugar-cane bagasse pith two mutants, 
designated M-2 and M-13, which showed a diauxic pat- 
tern of growth on this substrate (Enriquez 1981) were 
selected for further experiments. Mutant M-13 showed 
a higher specific growth rate in comparison to the par- 
ent strain (Ilbc) in both exponential growth phases 
(0.199 and 0.112 h -1 versus 0.120 and 0.096 h -1 for the 
Ilbc strain) while the M-2 mutant only yielded a higher 
growth rate than Ilbc in the first growth phase 
(0.165 h-l) ,  according to Student's t test, at 95% relia- 
bility. 

The mutant M-13 produced higher levels of 
CMCase activity than mutant M-2 and the parental 
strain (Student's t test, 95% reliability) in both phases of 
growth (4.4 and 4.7 IU/OD x 10 -2 for M-13, versus 0.9 
and 3.0 IU/OD x 10 -2 for the parent strain) in agree- 
ment with their growth characteristics. Besides this, 
mutant M-2 showed higher enzymatic activity than the 
wild-type strain in the first growth phase (2.4 IU/  
OD × 10 -2 for M-2, versus 0.9 IU/OD x 10-2 for strain 
Ilbc), coinciding with its higher specific growth rate in 
this phase. 

Maximum CMCase activity yielded by mutant M- 
13 was 0.15 IU/ml. This value represents about ten 
times the maximum CMCase activity reported by 
Langsford et al. (1984) for C. fimL and about six times 
that produced by a recombinant Escherichia coli bear- 
ing cloned Cellulomonas cellulase genes (Owolabi et al. 
1988). 

Figure 1 shows the CMCase activity of mutant M- 
13 compared to the IIbc strain, both cultivated in a 5-1 
fermentor. This mutant yielded higher CMCase activity 
with respect to the parent strain (IIbc) throughout the 
culture, corresponding to the results obtained in the 
shaker runs. 

With regard to xylanase activity, mutant M-13 pro- 
duced 31.8 IU/OD×10  -2 in the first growth phase 
compared to 27.6 IU/OD × 10 -2 produced by the IIbe 
strain, and 25.8 IU/OD × 10 - 2  by the M-2 strain. The 
main attack on the bagasse hemicellulose takes place in 
this first growth phase (Enriquez 1981 ; Rodriguez et al. 
1985). The kinetics of xylanase production in the fer- 
mentor showed higher activity within the first few 
hours of growth, compared to the IIbe strain (Fig. 2), 
thus corresponding with the shake flask results. 

A second mutagenesis was on mutant M-13 using 
NG as a chemical mutagen with similar selection meth- 
ods. From about 40 000 colonies, four presumptive mu- 
tants were isolated. One of them, mutant M-32, showed 
a slightly higher specific growth rate in the second 
growth phase compared to the parent strain (0.123 h -  
versus 0.112 h -1 for the M-13 strain), while the rest of 
the putative mutants showed similar results in all pa- 
rameters evaluated. 
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Fig. 1. Carboxymethylcellulase (CMCase) activity of the M-13 
and IIbc strains in a 5-1 fermentor on a fermentor (MF) medium 
plus sugar-cane bagasse pith: 1, mutant M-13; 2, strain IIbc. IU, 
international units; OD, optical density 
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Fig. 2. Xylanase activity of the M-13 and Ilbc strains in a 5-1 fer- 
mentor on MF medium plus sugar-cane bagasse pith: 1, mutant 
M-13; 2, strain Ilbc 

Catabolite-repression-resistant mutants may in- 
elude hyperenzyme-produeing strains (Demain 1972). 
The Cellulomonas cellulase complex is repressed by 
several catabolites; mutants resistant to cellulase-cata- 
bolite repression should be detectable by observing 
their cellulolytic activity when grown on cellulosic sub- 
strates in the presence of these catabolites. The results 
of the regulation experiment performed with the new 
mutant M-32 are presented in Figs. 3 and 4. 

Very low cellulolytic activity was found in the wild- 
type culture in the presence of high levels of glucose or 
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Fig. 3. CMCase activity of mutant M-32 and the wild-type (Ilbc) 
in an optimized (MO) medium plus sugar-cane bagasse pith cul- 
tures, in the presence of glucose or xylose 
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Fig. 4. FP activity of mutant M-32 and the wild-type (Ilbc) in MO 
medium plus sugar-cane bagsasse pith cultures, in the presence of 
glucose or xylose 

xylose. When the sugar concentration decreased to val- 
ues below 0.3% (this level was reached at 48 h of  culti- 
vation), the enzyme activity increased sharply. This re- 
sult agrees with other studies of  cellulase repression in 
bacteria by high reducing sugar levels (Saddler and 
Khan 1981; Stewart and Leatherwood 1976). The re- 

pression of  cellulases by xylose in the I lbc  strain is con- 
sistent with previous reports on the interrelationship 
between xylanase and cellulase systems (Hrmov~ et al. 
1986; Rapp and Wagner 1986). In contrast to the I lbc 
strain, M-32 yielded high cellulolytic activity even in 
the presence of  high glucose or xylose levels, i.e., on 
initial cultivation (Figs. 3 and 4). Therefore, its dere- 
pressed character for both sugars was demonstrated. It 
seems that the mutants were derepressed with regard to 
glucose and xylose. This mutation allowed them to pro- 
duce a higher level of  both cellulolytic and also xylano- 
lytic enzymes, and, correspondingly, to exhibit a higher 
growth rate on the lignocellulosic substrate. 

References  

Adelberg EA, Mandel M, Chen GCC (1965) Optimal conditions 
for mutagenesis by NG in E. coil K 12. Biochem Biophys Res 
Commun 18:788-795 

Alea F, Rodriguez H, Enfiquez A (1988) Obtenci6n de mutantes 
hiperceluloliticos de Cellulomonas. Interferrn y Biotechnol 
15:158-164 

Choi WY, Haggett KD, Dunn NW (1978) Isolation of a cotton 
wool degrading strain of Cellulomonas: mutants with altered 
ability to degrade cotton wool. Aust J Biol Sci 31:553-564 

Demain AL (1972) Theoretical and applied aspects of enzyme reg- 
ulation and biosynthesis in microbial cells. Biotechnol Bioeng 
Symp 3:21-32 

Enriquez A (1981) Growth of cellulolytic bacteria on sugarcane 
bagasse. Biotechnol Bioeng 23:1423-1429 

Haggett KD, Choi WY, Dunn NW (1978) Mutants of Cellulo- 
monas which produce increased levels offl-glucosidase. Eur J 
Appl Microbiol Biotechnol 6:189-191 

Hrmovfi M, Biely P, Vrsansk~ M (1968) Specifity of cellulase and 
xylanase induction in Trichoderma reesei QM 9414 Arch Mi- 
crobiol 144:307-311 

Langsford ML, Gilkes NR, Wakarchuk WW, Kilburn DG, Miller 
RC, Warren AJ (1984) The cellulase system of Cellulomonas 

fimi. J Gen Microbiol 130:1367-1376 
Owolabi JB, Beguin P, Kilburn DG, Miller RC, Warren RAJ 

(1988) Expression in E. coli of the Cellulomonasfimi structural 
gene for endoglucanase B. Appl Environ Microbiol 54:518- 
523 

Rapp P, Wagner F (1986) Production and properties of xylan-de- 
grading enzymes from Cellulomonas. Appl Environ Microbiol 
51 : 746-752 

Rickard PAD, Laughlin TA (1980) Detection and assay of xylano- 
lytic enzymes in a Cellulomonas isolate. Biotechnol Lett 
2: 363 -368 

Rodrlquez H, Volfovfi O (1984) Formation and localization of cel- 
lulases in Cellulomonas culture on bagasse. Appl Microbiol 
Biotechnol 19:134-138 

Rodriguez H, Enriquez A, Volfovh O (1983) Optimization of cul- 
ture medium composition for cellulolytic bacteria by mathe- 
matical methods. Folia Microbiol 28:163-171 

Rodriguez H, Enrlquez A, Volfov~ O (1985) The localization and 
activity of Cellulomonas xylanase on sugarcane bagasse pith. 
Can J Microbiol 31:754-756 

Saddler JN, Khan AW (1981) Cellulolytic enzyme system of Ace- 
tivibrio cellulolyticus. Can J Microbiol 27:288-294 

Stewart B J, Leatherwood JM (1976) Derepressed synthesis of cel- 
lulases by Cellulomonas. J Bacteriol 128:609-615 


