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The endoglucanase CelB isolated from culture filtrates of Streptomyces lividans UAF9 has an Mr of 36,000.
With carboxymethyl cellulose as the substrate, the Vmax and Km values are 110 IU/mg of enzyme and 1.3 mg/ml,
respectively. Comparison of primary amino acid sequences classifies CelB in the H family of cellulases.

Streptomyces lividans secretes all the hydrolytic enzymes
required to degrade the lignocellulosic biomass (6). To date,
we have reported the cloning and the sequences of genes
coding for three xylanases (5, 11, 15, 18), one cellulase (17),
and one mannanase (1). This was achieved in the homologous
system of S. lividans by functional complementation of a
cellulase- and xylanase-negative pleiotropic mutant (11). In
this paper, a second 3-1,4-endoglucanase (CelB) is described
as part of the study of the expression of the genes involved in
biomass degradation by S. lividans.

Production and isolation of endoglucanase. Optimal expres-
sion of cellulase by the multicopy recombinant plasmid pIAF9
was achieved by its introduction into the endocellulase-nega-
tive mutant S. lividans IAF8.83 (14). The preparation of
microbial cultures, the culture conditions, and the culture
media have been described previously (17). The mycelium was
removed by centrifugation of the fermentation broth, and the
supernatant (5 liters) was passed through a DEAE column (12
by 5 cm). The cellulase was eluted with 0.2 M NaCl-20 mM
piperazine buffer, pH 6.0. The active fractions were combined,
and (NH4)2SO4 was added to a final concentration of 1 M. This
solution was passed through a phenyl-Sepharose CL-4B col-
umn (10 by 5 cm). The cellulase was eluted with a reverse
gradient of (NH4)2SO4 (1 to 0 M). The active fractions, eluted
in 40% ethylene glycol, were purified by high-performance
liquid chromatography as described previously (17). Five liters
of fermentation broth yielded about 1.3 mg of pure enzyme. S.
lividans IAF9 produces very low levels of CelB (0.1 IU/ml) in
comparison with the levels of enzyme produced by the CelA-
producing clone IAF74 (12 IU/ml) (17). Considering that the
activity of CelB is about 10-fold lower than that of CelA, the
total production of CelB is still 10-fold less. This may be
attributed to a difference in the promoter strength, because the
same vector and the same culture conditions were used for
both clones.

Characterization of the endoglucanase. The apparent mo-
lecular mass of CelB was determined by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (7)
and estimated to be 36 kDa (Fig. 1A). Analytical isoelectric
focusing of CelB indicated a pl of 4.2 (data not shown). The
cloned endoglucanase from S. lividans IAF9 was compared
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with those of S. lividans 1326 and 3131 (the wild-type strain
containing pIJ702). SDS-PAGE followed by a Western blot
(immunoblot) (11) probed with anti-CelB antibodies showed a
single 36-kDa band in the wild type. As expected, the mutant
strain S. lividans 8.83 did not react, and the purified CeIA
showed no immunological cross-reaction (Fig. 1B). The
Michaelis-Menten constants, determined at pH 6.5 and 50°C
with carboxymethyl cellulose (CMC) as the substrate, are a
Vn,ax of 110 IU/mg of enzyme and a K,,, of 1.3 mg/ml. CelB has
more affinity for CMC than CelA does, although its Vmax is
10-fold lower than that of CelA. By comparison of the ratios of
the pseudo-second-order constant (Vmax K,,,- 1) for the sub-
strate, we observed that CeIA has a fourfold-higher relative
specificity for CMC. CelB showed no activity against synthetic
substrates such as methylumbelliferyl-cellobiopyranoside or
p-nitrophenyl-cellobiopyranoside or against xylan. CelB did
not hydrolyze Avicel, but acid-swollen Avicel was degraded
into cellobiose, cellotriose, and cellotetraose. However, CelA
produces cellobiose from Avicel (17). Only qualitative differ-
ences were observed in the hydrolysis of cello-oligosaccharides
by the two cellulases (data not shown).
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FIG. 1. (A) SDS-PAGE of purified CelB from S. lividans IAF9
stained with Coomassie brilliant blue. Lanes: 1, molecular mass

standards; 2, purified CelB (5 ,ug). (B) Western blot analysis of culture
filtrate proteins (100 p.g) with antiendoglucanase antibodies. Lanes: 1,
S. lividans 1326 (wild type); 2, S. lividans 3131 (wild-type strain contain-
ing pIJ702); 3, S. lividans IAF8.83 (cellulase-negative mutant); 4, S.
lividans IAF9/8.83; 5, purified CelB (2 ,ug); 6, purified CelA (10 ,ug).
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GGT GCG GCT GCT GCC TGG AGG AGA TGG AGG ACG
GGC ACG TCA TCC TCC GTA CCG AGC TGG TAG TCC
CAA CCG GGC CGC CGG GAG CGC TCC CGG AGC GGG
GGC TTC GAG ATT CGT TCG ACA ACT CTG CCG CGC
ACA TGA ACC GCT TCT ACA GTC CCA TCA ACC GGT
CAT CAG TGG GGA GTT GGG AGC GCT CCC GCA CCG
CCA CAC CCT CCC GGA GAG GCC CCC ATG CGA ACG

M R T 3
CGC GCC CCG CGC GGC CTC TTG GCG GCC CTG GGC
R A P R G L L A A L G 19

TTC GCC CTC GTG TCG TCC CTG GTG ACA GCC GCC
F A L V S S L V T A A 35

GAC ACC ACG ATC TGC GAA CCC TTC GGA ACG ACG
I D T T I C B P F G T T 51
TAC GTC GTC CAG AAC AAC CGC TGG GGC TCC ACC
Y V V Q N N R W G S T 67

ACG GCC ACC GAC ACC GGC TTC CGG GTC ACG CAG
T A T D T G F R V T Q 83

CCG ACC AAC GGG GCG CCG AAG TCG TAC CCG TCG
P T N G A P K S Y P S 99

CAC TAC ACG AAC TGT TCA CCG GGC ACG GAC CTC
H Y T N C S P G T D L 115

ACC GTC TCC GCG GCG CCG TCC AGC ATC TCG TAC
T V S A A P S S I S Y 131

GCC GTC TAC AAC GCC TCG TAC GAC ATA TGG CTG
A V Y N A S Y D I W L 147

ACC GAC GGG GTG AAC CAG ACC GAG ATC ATG ATC
T D G V N Q T E I M I 163

GGT CCG ATC CAG CCC ATC GGC TCA CCG GTG GGC
G P I Q P I G S P V G 179

GGC CGG ACC TGG GAG GTG TGG AGC GCG GCG AAC
G R T W E V W S A A N 195

CTG TCG TTC GTG GCA CCG TCG GCG ATC AGC GGC
L S F V A P S A I S G 211

ATG GAC TTC GTC CGG GCG ACC GTC GCG CGC GGA
M D F V R A T V A R G 227

TGG TAC CTG ACG AGC GTT CAG GCG GGG TTC GAG
W Y L T S V Q A G F E 243
GCC GGA CTG GCC GTG AAC TCC TTC TCC TCC ACC
A G L A V N S F S S T 259
CCC GGC GGC ACC GAC CCC GGC GAC CCG GGC GGC
P G G T D P G D P G G 275

GTG TCG TAC GGC ACG AAC GTC TGG CAG GAC GGC
V S Y G T N V W Q D G 291

ACC GTC ACC AAC ACG GGC ACG GCT CCC GTC GAC
T V T N T G T A P V D 307

TTC ACC CTG CCC TCC GGC CAG CGG ATC ACC AAC
F T L P S G Q R I T N 323

CTG ACG CCC TCC TCG GGC TCC GTC ACG GCA ACC
L T P S S G S V T A T 339

GCC CGG ATC GCA CCG GGC GGC AGC CTG TCG TTC
A R I A P G G S L S F 355

TAC GGC GGC GCG TTC GCC GAG CCG ACC GGC TTC
Y G G A F A E P T G F 371

GCC TGC ACC ACG GTG TAA CCG CCC CGC CTC CCC
A C T T V * 382

1489 GCC CGT CCG GTC GAA GCG CCC GCC CCG GAC GGG
1537 ACG TCC CCA CCA TTG TCA TGA ACT GAT CA

CGG GGG TTC CAC GGG

FIG. 2. DNA sequence and corresponding protein sequence of the celB gene of S. lividans. The two 13-bp inverted repeats are underlined. The
N-terminal sequence of the mature protein is indicated by shadow type. The amino acids homologous with those of CelA in the CBD are indicated
in boldface.

Subcloning of the endoglucanase B gene and determination
of its DNA sequence. The celB gene was present on a 2.8-kb
insert in pIAF9 (14). In order to localize the gene more

precisely, the insert was digested with SphI-BclI and the
fragment was subcloned in Escherichia coli by using the
phagemid pTZ19 digested with SphI-BamHI (10). The recom-

binant clone, harboring pIAF210 containing the 1.8-kb frag-
ment, still produced a clearing zone on CMC plates when the
plates were stained with Congo red after growth (17). The
nucleotide sequence of celB was established by using plasmid
pIAF210 with the Automated Laser Fluorescent (ALF) DNA
Sequencer and ALF Fragment Manager software, version 2.5
(Pharmacia LKB). The N-terminal amino acid sequence of the
purified mature extracellular CelB was determined (D1TI

CEPFGTlTIQGRYVVQN) and is shown shaded in Fig. 2. It
validated the celB nucleotide sequence. From nucleotide (nt)
328 to nt 1470, an open reading frame encodes a 39,265-Da
polypeptide, 3,955 Da of which accounts for the signal peptide.
Thus, the processed secreted CelB (35,310 Da) corresponds
closely to the Mr of 36,000 estimated for the native enzyme by
SDS-PAGE. Two 13-bp inverted repeats are present between
nt 244 and 283 (underlined in Fig. 2). A single copy of such a

sequence was found at the 5' end of celA from S. lividans (17).
Identical sequences have also been found immediately up-

stream of the coding regions of the cellulase gene of Strepto-
myces strain KSM-9 (12); the celE2, celE4, and celE5 genes of
Thermomonospora fusca (8); and celA1 of Streptomyces halste-
dii JM8 (3). A gel shift assay showed that, upon cellulase
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FIG. 3. Analysis of the CBD of CeIB. Avicel was incubated sepa-

rately with CelB (36 kDa) and a truncated version of CelB (28 kDa).
The protein fraction bound to Avicel was analyzed by SDS-PAGE and

then by Western blotting and immunodetection with anticellulase

antibodies. Lanes: A, CelB control (10 jig); B, truncated CelB control

(10 p.g); C, CelB bound to Avicel; D, truncated CelB bound to Avicel.

induction, this DNA sequence is the target of a positive
activator (9). Thus, in S. /iv'idans, ce/A and ce/B genes, which

are not linked in an operon, seem to be regulated by a similar

activator-repressor-type mechanism. Surprisingly, two rarely
used IT-A codons specifying leucine were found in the CelB

signal sequence. In streptomycetes, these rare codons are

encountered in temporally regulated genes such as genes

expressed during sporulation and antibiotic synthesis (2). The

finding of these codons in ce/B may explain the poor expression
of this gene by the wild-type strain. However, cellulase activity
is immediately detected in the culture supernatant of S.

/ividans growing on cellulose as the substrate (6), and the

presence of CelB was shown by immunodetection on a West-

ern blot (data not shown). This indicates that the cellulase

genes are involved in the primary metabolism.

Sequence homology analysis. Comparison of the predicted
amino acid sequence of CelB with amino acid sequences of

other cellulases was performed by using the TFASTA program

of the Genetics Computer Group and the GenBank and

EMBL data banks. The first 211 amino acids (aa) of the N

terminus of endoglucanase B of S. /ividans show 29% identity
and more than 50% similarity with only one cellulase: the

FI-CMCase of Aspergi//uis aclu/eatlus (13). On the basis of the

hydrophobic cluster analysis of the amino acid sequence by

Gilkes et al. (4), the endoglucanase B of S. /ividans belongs to

family H. The cellulose-binding domain (CBD) which is lo-

cated at the carboxy-terminal end of CelB resembles that of

CelA of S. /ividans (17). The highly conserved residues, mainly

the cysteine (C), the asparagine (N), and the tryptophan (W),
described for other CBDs (4) are shown in Fig. 2. The catalytic
domain of CelB is separated from its CBD by a linker sequence

(aa 212 to 225). During CeIB (36 kDa) purification, a 28-kDa

protein fraction exhibiting cellulase activity was also isolated.

The N-terminal sequence was identical to that of CelB,

indicating that this protein resulted from the carboxy-terminal
end degradation of CeIB. The difference in Mr, 8,000, repre-

sented the removal of approximately 70 amino acid residues of

the 103 aa involved in the CBD of CelB, as deduced from the

sequence. The results of cellulose-binding assays (16) with

CeIB and its truncated version are shown in Fig. 3. CelB bound

strongly to cellulose, while a very small amount of the 28-kDa

cellulase remained attached to the substrate. This experiment
confirmed the presence of a functional CBD in CelB. We now

plan to disrupt the cellulase genes in S. /ividans in order to

evaluate their respective functions during cellulose utilization.

Nucleotide sequence accession number. The ce/B sequence

of S. /ividans has been deposited in GenBank and carries the

accession number U04629.

This research has been supported by a grant from the Natural
Sciences and Engineering Research Council of Canada (NSERC).
The technical assistance of Liette Biron and Nicole Daigneault is

gratefully acknowledged. We also thank Johanne Roger for the DNA
sequencing.

REFERENCES

1. Arcand, N., D. Kluepfel, F. W. Paradis, R. Morosoli, and F.
Shareck. 1993. 1-Mannanase of Streptoniyces lividans 66: cloning
and DNA sequence of the manA gene and characterization of the
enzyme. Biochem. J. 290:857-863.

2. Chater, K. F., and D. A. Hopwood. 1989. Antibiotic biosynthesis in
Streptomyces, p. 129-150. In D. A. Hopwood and K. F. Chater
(ed.), Genetics of bacterial diversity. Academic Press, Ltd., Lon-
don.

3. Fernandez-Abalos, J., P. Sanchez, P. M. Coll, J. R. Villanueva, P.
Perez, and R. I. Santamaria. 1992. Cloning and nucleotide se-
quence of celA , an endo-,-1,4-glucanase-encoding gene from
Streptomyces halstedii JM8. J. Bacteriol. 174:6368-6376.

4. Gilkes, N. R., B. Henrissat, D. G. Kilburn, R. C. Miller, Jr., and
R. A. J. Warren. 1991. Domains in microbial ,B-1,4-glycanases:
sequence conservation, function, and enzyme families. Microbiol.
Rev. 55:303-315.

5. Kluepfel, D., N. Daigneault, R. Morosoli, and F. Shareck. 1992.
Cloning and characterization of a new xylanase (xylanase C)
produced by Streptomyces lividans 66. Appl. Microbiol. Biotechnol.
36:626-631.

6. Kluepfel, D., F. Shareck, F. Mondou, and R. Morosoli. 1986.
Characterization of cellulase and xylanase activities of Streptomy-
ces lividans. Appl. Microbiol. Biotechnol. 24:230-234.

7. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

8. Lao, G., G. S. Ghangas, E. D. Jung, and D. B. Wilson. 1991. DNA
sequences of three ,B-1,4-endoglucanase genes from Thernomono-
spora fusca. J. Bacteriol. 173:3397-3407.

9. Lin, E., and D. B. Wilson. 1988. Identification of a celE-binding
protein and its potential role in induction of the celE gene in
Thermomonospora fusca. J. Bacteriol. 170:3843-3846.

10. Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular
cloning: a laboratory manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.

11. Mondou, F., F. Shareck, R. Morosoli, and D. Kluepfel. 1986.
Cloning of the xylanase gene of Streptomyces lividans. Gene
49:323-329.

12. Nakai, R., S. Horinouchi, and T. Beppu. 1988. Cloning and
nucleotide sequence of a cellulase gene, casA, from an alkalophilic
Streptomyces strain. Gene 65:229-238.

13. Ooi, T., A. Shinmyo, H. Okada, S. Murao, T. Kawagushi, and M.
Arai. 1990. Complete nucleotide sequence of a gene coding for
Aspergillus aculeatus cellulase (FI-CMCasc). Nucleic Acids Res.
18:5884.

14. Shareck, F., F. Mondou, R. Morosoli, and D. Kluepfel. 1987.
Cloning of DNA sequences involved in overproduction of endo-
glucanase activity in Streptomyces lividans 66. Biotechnol. Lett.
9:169-174.

15. Shareck, F., C. Roy, M. Yaguchi, R. Morosoli, and D. Kluepfel.
1991. Sequences of three genes specifying xylanases in Streptomy-
ces lividans. Gene 107:75-83.

16. Shen, H., M. Schmuck, I. Pilz, N. R. Gilkes, D. G. Kilburn, R. B.
Miller, Jr., and R. A. J. Warren. 1991. Deletion of linker connect-
ing the catalytic and cellulose-binding domains of endoglucanase
A (CenA) of Cellulomonas fimi alters its conformation and
catalytic activity. J. Biol. Chem. 266:11335-11340.

17. Theberge, M., P. Lacaze, F. Shareck, R. Morosoli, and D. Kluepfel.
1992. Purification and characterization of an endoglucanase from
Streptomyces lividans 66 and DNA sequence of the gene. Appl.
Environ. Microbiol. 58:815-820.

18. Vats-Metha, S., P. Bouvrette, F. Shareck, R. Morosoli, and D.
Kluepfel. 1990. Cloning of a second xylanase-encoding gene of
Streptomnyces fiv'idans 66. Gene 86:119-122.

VOL. 60, 1994


