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Endoglucanase B (EB) of Cellulomonas fimi has an M, of 110,000 when it is produced in Escherichia coli. The
level of expression of the cenB gene (encoding EB) was significantly increased by replacing its normal
transcriptional and translational regulatory signals with those of the E. coli lac operon. EB was purified to
homogeneity from the periplasmic fraction of E. coli in one step by affinity chromatography on microcrystalline
cellulose (Avicel). Alignment of the NH,-terminal amino acid sequence with the partial nucleotide sequence of
a fragment of C. fimi DNA showed that EB is preceded by a putative signal polypeptide of 33 amino acids. The
signal peptide functions and is processed correctly in E. coli, even when its first 15 amino acids are replaced
by the first 7 amino acids of B-galactosidase. The intact EB polypeptide is not required for enzymatic activity.
Active polypeptides with M, s of 95,000 and 82,000 also appear in E. coli, and a deletion mutant of cenB encodes

an active polypeptide with an M_ of 72,000.

The gram-positive bacterium Cellulomonas fimi produces
a complex mixture of enzymes active against carboxymethyl
cellulose (CMC) during growth on microcrystalline cellulose
(Avicel) (3, 4, 22). Several of the enzymes bind very tightly
to the substrate, and others bind weakly to the substrate and
are removed by water or dilute buffer (3, 4, 22; N. R. Gilkes
personal communications). Two of the tightly bound en-
zymes have been characterized in detail. They are eluted
from microcrystalline cellulose with 6 M guanidinium hydro-
chloride. One of them is an exoglucanase (EXG; 1,4-B-D-
glucan cellobiohydrolase; EC 3.2.1.91); the other is an
endoglucanase, endoglucanase A (EA; 1,4-B-D-glucan gluca-
nohydrolase; EC 3.2.1.4) (11, 12).

The genes for the enzymes, cex for the EXG and cenA for
the EA, have been sequenced previously (31, 46). The amino
acid sequences of the enzymes, which were predicted from
the nucleotide sequences of their genes, show that each
enzyme contains three distinct regions: a short sequence of
about 20 amino acids containing only proline and threonine
(the Pro-Thr box); an irregular region that is predicted to
lack secondary structure, which is rich in hydroxyamino
acids but of low charge density; and an ordered region with
a secondary structure and a higher charge density. The
amino acid sequences of the irregular regions are 50%
conserved; those of the regular regions do not appear to be
conserved (44). The two proteins are very similar in size.
Each protein contains a single polypeptide of 443 amino
acids in EXG and 418 amino acids in EA, with molecular
weights of 47,000 and 43,800, respectively.

The gene for a second endoglucanase, cenB has been also
cloned (11, 12). Results of preliminary analyses indicated
that the enzyme that it encodes, endoglucanase B (EB), has
an M, of about 110,000, i.e., more than twice those of EXG
and EA. The considerable difference in size prompted a
closer examination of cenB and its encoded polypeptide. In
this report we describe the initial characterization of the
cenB gene, its manipulation to give significantly increased
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levels of expression in Escherichia coli, and the identifica-
tion of its product in and purification from E. coli.

MATERIALS AND METHODS

Bacterial strains, media, and vectors. Except for E. coli
BD1854, E. coli RR1, and E. coli JM101, the bacterial strains
and the media used for their cultivation have been described
previously (11, 45). E. coli BD1854 was the strain that was
used to identify plasmid-coded proteins by the minicell
method (19). E. coli RR1 was the host for the pUC-derived
plasmids (33). E. coli JM101 was the host for M13 phage
vectors (47). Plasmids pBR322 (6), pUC19 (27), pEC3 (11),
and pDRS540 (37) and phages M13 mpl1 and M13 mp18 (25,
47) have been described previously.

Preparation of proteins, enzymatic assays, and protein
determination. Proteins from total cell extracts were pre-
pared by breaking the cells with a French press (45).
Periplasmic proteins were isolated by osmotic shock (28).
Cytoplasmic proteins were prepared by rupturing the osmot-
ically shocked cells with a French press. CMCase activity
was determined as described previously (11). B-Lactamase
activity was assayed spectrophotometrically by using nitro-
cefin as the substrate (30). B-Galactosidase was measured
with o-nitrophenyl-B-D-galactopyranoside as the substrate
(26). One unit of endoglucanase (CMCase) released 1 nmol
of glucose equivalent min~!. One unit of B-galactosidase
released 1 nmol of o-nitrophenol min~!. Zones of hydrolysis
around colonies on CMC plates were detected with Congo
red (41). Protein was determined by the dye binding assay (7)
by using bovine plasma albumin as the standard.

DNA isolation and fractionation. Plasmid DNA for restric-
tion analysis was isolated by the alkaline lysis procedure (5).
The plasmid DNA to be sequenced was purified by banding
in CsCl-ethidium bromide density gradients (23). The M13
replicative-form and viral DNAs were isolated from infected
cultures (25). DNA restriction fragments were resolved by
agarose gel electrophoresis (23).

DNA sequence determination. Fusion regions of deletions
at the 5’ end of the insert in pJB3, which were generated with
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exonuclease III and S1 nuclease (15, 34), were sequenced
directly as described previously (17). The 400-base-pair
BamHI-Pst] fragment of pJB3 and the 5’ end of some deleted
inserts were subcloned into M13 mpll, M13 mpl8, or both
and then sequenced by the dideoxy method (38).

Minicells. Minicells were prepared and labeled with
[>*SImethionine by a modification of the method described
by Jensen et al. (19).

Electrophoretic analysis of proteins. Proteins were sepa-
rated by electrophoresis in 7.5 or 10% polyacrylamide gels in
the presence of 0.1% sodium dodecyl sulfate (SDS) (21).
[3S]methionine-labeled proteins were located by autoradi-
ography of the dried gels. Zymograms were obtained by the
agarose gel overlay technique (2).

Affinity chromatography of EB. The recombinant EB was
purified by a modification of the procedures described by
Halliwell and Griffin (16) and Nummi et al. (29). E. coli
RR1(pJB301) cells were grown in 40 liters of Luria broth
supplemented with ampicillin (100 g ml~!) (11) in a stirred
fermentor at 30°C. Exponentially growing cells were har-
vested with a centrifuge (Sharples) and washed with 2 liters
of ice-cold, 0.01 M Tris hydrochloride (pH 7.1)-0.03 M
NaCl. The periplasmic fraction of the cells was prepared (28)
and kept in buffer A (50 mM potassium phosphate [pH 6.9],
0.02% sodium azide) containing 20 pg of phenylmethylsul-
fonyl fluoride ml~! at 4°C until needed.

Microcrystalline cellulose (Avicel) was stirred gently in
distilled water (20 ml g~!) and centrifuged at 4,000 x g for 5
min to remove fine particles. This step was repeated 4 times,
and the microcrystalline cellulose was finally suspended in
the same volume of water. After it was autoclaved for 30 min
(121°C, 15 Ib/in®), it was left to cool to room temperature
(22°C). The aqueous phase was replaced and discarded
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FIG. 1. Diagram of various recombinant plasmids containing
cenB. The circular plasmids are shown in a linear fashion for clarity.
(a) pEC3; (b) pEC301; (c) pEC302; (d) pEC303; (e) pJB3; (f) pJB301;
() pJB302; and (h) pJB303. The open bar represents pBR322 and
pUC19 DNA in the pEC and pJB plasmids, respectively; the solid
bar represents C. fimi DNA; the hatched bar represents the 0.3-kbp
fragment from pDR540 containing the tac promoter; the single line
represents the regions that were deleted in each derivative. The
arrows indicate the functional orientations for the ter promoter in
rows a and b; the tac promoter in row d; and the lac promoter in
rows e, f, g, and h. The rer promoter was deleted in row c. The total
length of each plasmid is indicated; the C. fimi inserts were 5.6 kbp
inrows a, b, ¢, d, and e; 5.3 kbp in row f; 4.1 kbp in row g; and 2.1
kbp in row h. The deletion in row h extends to the Smal (Sm) site of
pUC19. Only relevant restriction sites are shown. Abbreviations: A,
Aval; B, BamHI; E, EcoRI; H, HindlIll; P, Pst1; Pv, Pvull; S, Sphl;
Sc, Scal; Sm, Smal; X, Xbal.
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TABLE 1. Endoglucanase activities of various cenB clones

Host strain Plasmid® CMCase sp act®

C600 pEC3 7.61
pEC301 0.28
pEC302 0.16
pEC303 51.10

RR1 pJB3 38.9
pJB301 146.7
pIB302 167
pIB303 156.7

4 For details of plasmid structure, see Fig. 1. pEC3 and pJB3 are the
parental clones containing the entire cenB gene. pEC301, pEC302, and
pEC303 are derivatives of pEC3 that were produced to investigate control of
transcription. pJB301 is a gene fusion of lacZ and cenB. pJB302 and pJB303
are deletion derivatives of pJB301.

5 CMCase specific activity is expressed as nanomoles of glucose equiva-
lents released per minute per milligram of soluble cell protein.

twice, as described above, and finally replaced with buffer
A. After overnight equilibration at 4°C, the liquid was
removed. The wet, settled microcrystalline cellulose was
suspended in ice-cold buffer A (4 ml g~?) and kept on ice.

A 350-ml volume of periplasmic fluid (from 10 liters of
culture) was mixed with 150 ml of the autoclaved microcrys-
talline cellulose (which contained approximately 25 g of dry
microcrystalline cellulose) and kept on ice for 1 h. All
subsequent steps were carried out at room temperature. The
unadsorbed material was separated from the microcrystal-
line cellulose by filtration (GF/C filter; Whatman, Inc.,
Clifton, N.J.) through sintered glass. The microcrystalline
cellulose-enzyme complex was washed once with buffer A
by filtration as described above, suspended in half its volume
of fresh buffer, and packed into a column (2.5 by 13 cm).
Proteins bound to microcrystalline cellulose were eluted
with a concave descending gradient of buffer A (55 ml) and
water (800 ml) at a flow rate of 30 ml/h. Fractions were
assayed for endoglucanase activity (11). EB-containing frac-
tions were pooled, lyophilized, suspended in distilled water,
and desalted by gel filtration by using Bio-Gel P-6DG.
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FIG. 2. Autoradiogram of polypeptides encoded by various plas-
mids. E. coli BD1854 was transformed with plasmids pBR322,
pEC3, and pEC303. The proteins encoded by the plasmids were
labeled in minicells (19). The labeled proteins were analyzed by
SDS-polyacrylamide gel electrophoresis. Lane A, BD1854; lane B,
BD1854(pBR322); lane C, BDI1854(pEC3); lane D, BDI1854
(pEC303). The molecular weight (M.W.) standards are as described
in the legend to Fig. 3. The positions of the bla and cenB gene
products are indicated by arrows. The exposure was too short to
visualize the tet gene product.
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FIG. 3. SDS-polyacrylamide gel electrophoretic analysis of sam-
ples during the purification of EB (indicated by the arrow). Lane B,
Total cell extract; lane C, periplasmic fraction; lane D, pooled active
fraction from the microcrystalline cellulose column; lane A, molec-
ular weight (M.W.) standards (rabbit muscle myosin, 205,000; E.
coli B-galactosidase, 116,000; rabbit muscle phosphorylase b,
97,400; bovine serum albumin 66,000; ovalbumin, 45,000; carbonic
anhydrase, 29,000).

Amino acid sequence analysis. The purified EB was se-
quenced by automated Edman degradation with a gas-phase
sequenator (model 470A; Applied Biosystems).

Enzymes and reagents. All restriction endonucleases were
purchased from Bethesda Research Laboratories, Burling-
ton, Canada, or Pharmacia, Dorval, Canada. Calf intestinal
phosphatase was from Boehringer Mannheim, Dorval,
Canada. Isopropyl-B-p-thiogalactopyranoside, S-bromo-4-
chloro-3-indolyl-B-p-galactopyranoside, CMC (low viscos-
ity), phenylmethylsulfonyl fluoride, and o-nitrophenyl-B-D-
galactopyranoside were from Sigma Chemical Co., St.
Louis, Mo. Microcrystalline cellulose (Avicel; type PH-101)
was from FMC International, Cork, Ireland; nitrocefin was a
gift from Glaxo Group Research Ltd., Greenford, United
Kingdom. SDS was from BDH Biochemicals, Toronto,
Canada. Radioactive deoxyribonucleoside 5'-triphosphates

AppPL. ENVIRON. MICROBIOL.

and [**S}methionine were from New England Nuclear Re-
search Products, Boston, Mass., and Amersham Canada
Ltd., Oakville, Canada, respectively.

RESULTS

Expression of cenB in E. coli. Plasmid pEC3 contains a
5.6-kilobase-pair (kbp) BamHI fragment of C. fimi DNA
cloned into the BamHI site of pBR322 (11) (Fig. 1). Expres-
sion of the endoglucanase activity that it encodes is depen-
dent on the tet promoter, because inversion of the C. fimi
insert with respect to the tet promoter (39, 40) (Fig. 1,
pEC301) or deletion of the tet promoter drastically reduced
the expression (Table 1). When the 5.6-kbp BamHI fragment
was fused to the tac promoter by replacing the small
EcoRI-BamHI fragment of pEC3 containing the fet promoter
with the 300-base-pair EcoRI-BamHI fragment from pDR540
(37) (Fig. 1, pEC303), expression of cenB was increased
sevenfold (Table 1). The polypeptide encoded by cenB was
detected in an E. coli minicell system (Fig. 2). It had an M,
of 110,000.

Delineation of the cenB gene. The 5.6-kbp BamHI fragment
of pEC3 was subcloned into pUC19 such that the 5’ end was
adjacent to the lac promoter and operator region to give
plasmid pJB3 (Fig. 1). The plasmid was linearized at the
Xbal site, end-labeled with [a->?P]JdCTP, and digested to
completion with Sphl. Then, exonuclease III was used to
delete DNA from the 5’ end of the insert as described
previously (15, 34). After S1 nuclease digestion, ligation, and
transformation, Amp" colonies were screened for endoglu-
canase activity. The extents of the deletions in active clones
were determined by restriction analyses and by sequencing
of the fusion regions of the plasmids.

Deletions of more than 385 base pairs from the 5’ end of
the insert prevented expression of cenB (data not shown).
The most active deletion plasmid, pJB301, lost 319 base
pairs from the 5’ end of the insert, resulting in an in-frame
fusion between codon 16 for the EB signal peptide and codon
7 for the a-fragment of B-galactosidase (data not shown).
The level of activity determined by pJB301 was significantly
higher than those observed with pJB3 and pEC303 (Table 1).

Purification of EB. The EB protein that was present in the

GGATCCCGCGCCCGGCGCGA
1 20
GCCCGCAACCCACGCGCCCACGGATCGGGCCTCACGAGCCCGACGTTGGCGGCCGGGCCGGGGGGCGACCTCGAGACCGA
40 60 80 100
GGAGCCCCCGCGTGAGGCGACGTTGGCCGCGCACGCCGCTGGTGAGCGGGCTGAATCGTTTAGGGCGTTGACCTGCGGAC
120 140 160 180
GGACCCGTCTGGACGATGCGCCAGGCGTCGTGCGGGTGCGACTGCGGACAGCACGGGTCGCCGACCACCACTCCCGTGCC
120 220 240 260

-33 -30 -20

M L R @ VvV P R T L V A G G S A L
CGGAAGAGGACCCC ATG CTC CGC CAA GTC CCA CGC ACG CTC GTC GCG GGT GGC TCC GCC CTC

280 300 320

-10 -1 J+1

AV A V 6 V L V A P L A T G A A AYA P T
GCC GTC GCC GTC GGG GTG CTC GTC GCC CCG CTC GCG ACC GGC GCG GCC GCC GCG CCC ACC

340 360 380

10 20
Y N Y A B A L Q K S M F P Y Q A Q G G
TAC AAC TAC GCC GAG GCC CTG CAG AAG TCG ATG TTC TTC TAC CAG GCG CAC GGC TCC ...
400 420

) FIG. 4 Nucleotide sequence and deduced amino acid sequence of the 5’ terminus of the cenB gene. The putative ribosome-binding site
is underlined. The arrow indicates the signal peptide processing site. The underlined amino acids were determined by automated Edman

degradation of the purified recombinant EB.
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FIG. 5. SDS-polyacrylamide gel electrophoresis and zymograms
of total cellular proteins from E. coli RR1 containing pJB301 or its
deletion derivatives. Lanes A, B, and C are total cellular proteins
stained with Coomassie blue. Lane A, RR1(pJB301); lane B,
RR1(pJB302); lane C, RR1(pJB303). Lanes 1, 2, and 3 are zymo-
grams of lanes A, B, and C, respectively. Molecular weight (M.W.)
standards are as described in the legend to Fig. 3. The arrows
indicate active endoglucanase components.

osmotic shock fluid from E. coli RR1(pJB301) was purified
approximately 50-fold to homogeneity by a one-step proce-
dure in which affinity chromatography on microcrystalline
cellulose was used (see above) (Fig. 3). Recovery of activity
from the microcrystalline cellulose column was 60%. The
purified enzyme had a specific activity of 94,400 U mg™!
protein (defined as nanomoles of glucose equivalents re-
leased per minute).

Structure of the 5'-terminal region of the cenB gene. The
nucleotide sequence of the 5’ end of the C. fimi DNA
fragment containing cenB is shown in Fig. 4. The sequence
corresponding to the amino terminus of the mature enzyme
was located by using the amino acid sequence of the protein
purified from E. coli (see above). This sequence was pre-
ceded by one that encoded a putative signal peptide of 33
amino acids, with a hydrophilic NH, terminus of 7 amino
acids, including 2 arginines, followed by a hydrophobic
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sequence of 26 amino acids. The translational start codon at
nucleotide 275 was preceded by a stretch of nucleotides
(GGAAGAGGA) closely resembling other ribosome-binding
sites (13, 24, 42). The region upstream of the ribosome-
binding site contains a sequence that resembles other C. fimi
promoter sequences (14).

Localization of the 3’ end of the cenB gene. pJB301 was
cleaved partially with Smal or Pstl and religated. This
resulted in the deletion of various lengths of DNA on the 3’
side of the cenB gene. Transformants were screened for
endoglucanase activity, and plasmids from active clones
were characterized by restriction mapping (Fig. 1). The cells
from selected clones were assayed quantitatively for endo-
glucanase activity (Table 1). The shortest, uninterrupted
fragment of the 5.3-kbp insert which expressed endogluca-
nase activity equal to that of pJB301 was 2.1 kbp long; it was
found in pJB303 (Fig. 1 and Table 1). It should be pointed out
that a protein with an M, of 110,000 requires a nucleotide
sequence of at least 3 kbp.

Cellular location of EB. Exponential-phase cells of E. coli
RR1 containing pJB3, pJB301, pJB302, or pJB303 were
fractionated by the osmotic shock method (28). The endo-
glucanase activity of pJB3 appeared in the periplasm (Table
2). In the fusion plasmids pJB301, pJB302, and pJB303, the
first 15 amino acids of the EB signal peptide were replaced
with the first 7 amino acids of B-galactosidase; and in
pJB303, the carboxy-terminal region of the mature polypep-
tide was deleted. Nonetheless, endoglucanase activity ap-
peared in the periplasms of the cells that carried those
plasmids (Table 2).

Characterization of the endoglucanase activities expressed
by E. coli RR1(pJB301) and deletion derivatives. Cell extracts
of E. coli containing pJB301, pJB302, and pJB303 were
subjected to SDS-polyacrylamide gel electrophoresis. The
separated polypeptides were screened for endoglucanase
activity. This activity was easily detected in SDS gels
prepared from samples that were heated in loading buffer for
2 min at 65°C prior to loading. Control experiments showed no
noticeable difference in migration of the polypeptides from
gently heated or boiled samples (data not shown). Three active
polypeptides with Ms of 110,000, 95,000, and 82,000 were
observed for pJB301 and pJB302; pJB303 encoded an active
polypeptide with an M, of 72,000 (Fig. 5). The numbers and

TABLE 2. Localization of EB, B-lactamase, and B-galactosidase in E. coli RR1 cultures

Enzyme activity? (sp act®) of:

1san6 Ag #T0Z ‘&T 1990100 uo /H10 WSk wak//:dny woll papeojumod

Plasmid Fraction
EB B-Lactamase B-Galactosidase
pJB3 Periplasmic 1.9 (148.3) 770 (53,600) 0.85 (67.7)
Cytoplasmic 3.5(53.5) 108 (1,120) 355 (3,669)
Whole cells 5.4 (38.9) 980 (7,210) 427 (4,611)
pJB301 Periplasmic 11.6 (644) 260 (14,330) 7.9 (441)
Cytoplasmic 5.6 (52.3) 12.1 (92) 123 (1,156)
Whole cells 18.1 (146.7) 320 (3,400) 142 (1,150)
pJB302 Periplasmic 13.6 (689) 323 (16,400) 11.7 (594)
Cytoplasmic 7.9 (100) 16 (200) 132.2 (1,679)
Whole cells 22.1 (167) 371 (3,960) 142 (1,515)
pJB303 Periplasmic 14.1 (726) 420 (21,600) 9.1 (467)
Cytoplasmic 6.9 (68.3) 20 (200) 208 (2,037)
Whole cells 22.6 (156.7) 453 (3,700) 265 (1,595)

< Enzyme activity is nanomoles of products (see text) released per minute per milliliter of culture. o ) ) ) .
b Specific activity is nanomoles of products released per minute per milligram of protein. Specific activities were computed by using protein concentrations in
shock fluid for the periplasmic fractions and soluble cell protein for the whole-cell fractions.
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FIG. 6. Comparison of the EXG (Exg), EA (EngA), and EB (EngB) signal peptides. The amino acid sequences were deduced from the
following DNA sequences: cex (31), cenA (46), and cenB (this study). Conserved residues are boxed. The asterisks note a gap that was left

in the sequence.

sizes of active endoglucanase polypeptides did not differ when
E. coli PAM163, which is deficient in La protease (20), was
transformed with these plasmids (data not shown).

DISCUSSION

To our knowledge, this is the first report of the application
of affinity chromatography on cellulose to the purification of
the product of a cloned cellulase gene. The procedure is
relatively simple, fast, inexpensive, and efficient. Autoclav-
ing of the microcrystalline cellulose (Avicel) resulted in a
more specific adsorption of the recombinant cellulase.

The cenB gene encoded an endoglucanase with an M, of
110,000 in E. coli. A polyclonal antibody raised against the
EB purified from E. coli recognizes a C. fimi extracellular
protein with an M, of 110,000, as well as six polypeptides
with lower molecular weights (J. B. Owolabi, unpublished
results). Furthermore, a polypeptide with an M, of 110,000,
which binds weakly to the substrate in C. fimi cultures grown
with microcrystalline cellulose, has been purified but not
sequenced (N. R. Gilkes, personal communication). The
relationship of these polypeptides to each other and the
identity of the C. fimi cenB gene product remain to be
determined.

The sequence upstream from the translational start site of
cenB does not contain an E. coli-like promoter (36). It does
contain sequences similar to those of two other C. fimi
promoters (14), however. The cenB promoter is weak or
nonfunctional in E. coli, like those of the cenA and cex genes
of C. fimi (31, 46).

Only 0.2% of the total bacterial protein constituted EB
when the cenB gene was cloned in phase with lacZ gene. The
apparent low EB expression is in agreement with our earlier
data on the expression of the cex gene in E. coli (32). A
lacZ-cex fusion plasmid yielded a 15-fold increase in EXG
expression when compared with the expression of EXG
under its own translational initiation signals. However,
fusion of the cex gene to a portable translation initiation
signal and placement of these sequences under the transcrip-
tional control of the lambda p, promoter contained in
plasmid pCP3 resulted in overproduction of EXG (32).

Although it is longer than most E. coli signal peptides, the
EB signal peptide allowed export of EB from E. coli.
Furthermore, replacement of its basic NH,-terminal section
with the NH,-terminal amino acids of B-galactosidase did
not block the processing and export of EB. Deletion of the
basic amino acids in the signal peptide of E. coli lipoprotein,
or their replacement with neutral amino acids, had little
effect on lipoprotein export (18, 43). Their replacement with
negatively charged amino acids, however, reduced lipopro-
tein export drastically.

The significance of the hydrophobic region of the EB
signal peptide remains to be determined. The EA, EB, and
EXG signal peptides exhibit extensive homology in their
hydrophobic carboxy-terminal sequences (Fig. 6). The con-

servation of these sequences, especially in EA and EB,
suggests an essential role for this region of each leader
peptide in the export and processing of the enzymes. Some
mutations in the hydrophobic regions of the leader peptides
of the E. coli LamB and maltose-binding proteins prevent
export of these proteins (1, 9).

The properties of the cenB deletion plasmid pJB303 indi-
cate that the intact EB is not required for enzymatic activity.
A similar observation has recently been reported for an
alkaline cellulase gene from an alkalophilic Bacillus sp. (10).
It is possible that the active site of EB lies in the NH,-
terminal region and that the multiplicity of the activities
encoded by the complete gene is a result of secondary
proteolytic processing from the carboxy-terminal region.
The limited proteolysis of EB does not appear to result from
La protease activity since there was no difference in the
endoglucanase activity pattern obtained from an E. coli lon
mutant (data not shown). Multiple active polypeptides are
determined by other genes cloned in E. coli: the celA gene
from Clostridium thermocellum (8), a B-1,4-glucanase gene
from Bacillus subtilis DLG (35), and the cex and cenA genes
from C. fimi (Z. M. Guo and N. Arfman, personal commu-
nications). We are presently carrying out more detailed
biochemical characterization of purified EB.
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