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S U M M A R Y  

An endoglucanase chromosomal  gene from the cellulolytic Pseudomonas fluorescens var. cellulosa (NCIB 
10462) was cloned in Escherichia coli. Chromosomal  D N A  was partially digested with the restriction enzyme 
EcoRI  and ligated into the broad host-range, mobilizable plasmid pSUP104 that had been linearized with 

the same enzyme. After t ransformation of  Escherichia coli, an endoglucanase-positive clone was detected in 
situ by use of  the Congo-red assay procedure. The endoglucanase gene on the recombinant plasmid 
p R U C L  100 was expressed in the non-cellulolytic Pseudomonasfluorescens PF41. The D N A  fragment carrying 

the gene was transferred to the plasmid pBR322, generating plasmids pRUCL150 and pRUCL151,  and its 
restriction map was derived. 

I N T R O D U C T I O N  

The cellulolytic activities of  bacteria have recent- 

ly received more attention from both biotechnol- 
ogical [12] and ecological [24] perspectives. In this 
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regard the cellulase system of Pseudomonads has 

been fairly well studied [28,39,40,43]. Endoglucan- 
ases are the major  components of  such enzyme 

complexes, with three being produced by Pseudo- 

monas fluorescens var. cellulosa [43] and four or 
more by a Pseudomonas sp. [28]. Whether or not 
these multiple forms are synthesized f rom single or 
multiple genes is unknown. Similarly, the genetic 
relationships between cellbound and extracellular 
forms of these enzymes [42] have not been deter- 
mined. The techniques for the cloning and expres- 
sion of  individual genes now facilitates the study of 
such fundamental questions. Indeed, considerable 
insight of  bacterial cellulases has been gained by 
such approaches in Bacillus sp. N-4 [32], Bacter- 
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oides succinogenes [10], Cellulomonas fimi [15], Clos- 
tridium thermocellum [8], Erwinia chrysanthemi 
[2,21,41] and Thermomonospora YX [9]. With the 
prior biochemical/physiological understanding of 
Pseudomonad cellulases at hand, it is appropriate 
to extend these studies through molecular cloning 
of the individual genes. The initial results of the 
cloning of an endoglucanase gene from P. fluores- 
cens var. cellulosa are presented. 

MATERIALS AND METHODS 

Bacterial strains and plasmids 
Microorganisms used include the cellulolytic Pseu- 
domonas fluorescens vat. cellulosa (NCIB 10462), 
the non-cellulolytic P. fluorescens 6.2 strain PF41 
(ilv32; [27]), Escherichia coli HBIO1 (leu pro lac gal 
rpsL thi recA hsdS; [36]), E. coli S17-1 (RP4-2- 
Tc::Mu-Km::Tn7, Tp r, Sm r pro, hsdR, mobilizing 
strain for conjugation [34]). The plasmids used in- 
cluded pSUP104 (Cm r, Td, broad host-range, mo- 
bilizable, 9.5 kb, [35]) and pBR322 [Ap ~, Td, 4.362 
kb, [41). 

Media and culture conditions 
P. fluorescens var. cellulosa was grown at 28~ in 

M9 mineral medium [7] supplemented with 0.4% 
cellobiose and 0.01% FeC13. LB and the mineral 
medium of Schatz and Bovel [33] containing 0.5% 
sodium lactate and 40 #g/ml each of isoleucine-va- 
line, were used for culture of P. fluorescens PF41 at 
28~ E. coli was cultivated at 37~ in LB. Agar 
(1.75%) and the antibiotics Tc (20/~g/ml), Cm (30 
#g/ml) and Ap (50 #g/ml) were used as appropriate. 

Isolation of DNA 
A rapid alkaline extraction procedure was used 

for plasmid miniscreens [3]. Larger quantities of 
purified DNA were obtained by cleared lysis and 
cesium chloride centrifugation [25] or by a scale-up 
of the alkaline procedure, including a phenol ex- 
traction step (M.D. Yablonsky, personal com- 
munication). Chromosomal DNA was prepared es- 
sentially as described by Saito and Miura [31]. Sev- 
eral phenol, chloroform and ether extractions were 

performed and the DNA was recovered by ethanol 
precipitation. The preparation was further treated 
with pre-boiled RNase T1 (25 U/ml) and RNase A 
(50 /tg/ml) and then re-extracted as described 
above. 

Gel electrophoresis 
DNA was prescreened using a horizontal mini- 

gel, and examined in greater detail by vertical aga- 
rose (0.8%) slab gel electrophoresis in TEA buffer. 
Small restriction fragments were analyzed using 6% 
polyacrylamide gels in TEB buffer. Phage 2 cut with 
HindIII or with HindIII and EcoRI served as a size 
marker. 

Restriction and ligation conditions 
Restriction enzymes (Boehringer Mannheim 

Biochemica, Indianapolis, IN), and T4-DNA ligase 
(New England Biolabs, Beverly, MA) were used in 
the buffers recommended by the suppliers. Partial 
chromosome digests and ligations were performed 
as described in Refs. 25 and 30. 

Transformation and conjugation 
E. coli HB101 was transformed by the standard 

calcium chloride procedure [25] and E. coli S17-1 
with the rubidium chloride-Mops method [22]. Bac- 
terial conjugation was performed on plates [23]. 

Detection of enzymatic activity on plates 
Endoglucanase [38]. Following growth of the 

colonies on plates, endoglucanase activity was de- 
tected by pouring (in the prsence or absence 0.1% 
sodium dodecyl sulfate) an overlay containing 
0.1% CMC (type 7MF, Hercules, France) in Tryp- 
ticase peptone agar (0.8%). After several hours of 
incubation, the plates were flooded with Congo red 
and saline. Endoglucanase activity around the ac- 
tive colonies was detected as pale yellow haloes on 
a red background. 

~-Glucosidase [11]. Following growth of the col- 
onies, they were covered by an agar overlay con- 
taining 0.1% methylumbelliferyl-/~-o-glucose. The 
cultures were incubated at 50~ for 10 rain. Positive 
colonies show a blue fluorescence under ultraviolet 
light. 
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Detection of endoglucanase activity by a rapid vis- 
cometric test 

Bacteria expressing putative endoglucanase ac- 
tivity were grown overnight in complete medium 
and sonicated after resuspension of the cells in 0.05 
M McIlvaine buffer (pH 7'.0) [26]. The sonicate (100 
#1) was incubated with 1.0 ml of a 1% solution of 
CMC in the same buffer at 30~ for various periods 
of time. The reaction was stopped by heating at 
75~ for 10 min. The relative viscosity of the assay 
mixture was determined at 22~ by measuring the 
efflux time of the solution in a 0.2 ml pipette [8]. A 
decreased efflux time (i.e., a decrease in viscosity) 
compared to that of the control was used as an in- 
dicator of endoglucanase activity. 

RESULTS 

Cloning of the P. fluorescens var. cellulosa endoglu- 
canase gene 

The cloning approach used in this study is out- 
lined in Fig. 1. It utilizes an in vitro cloning system 
with a broad host-range plasmid vector, combined 
with a further conjugation step into a non-cellulol- 

Clonrng approach 

Pseudo monas f luorescens 
v a t  cellulosa E cob 

Chromosome plasmid pSUPI04 

partJaL~ )~-total 
digest [ digest 

(Eco R]) (EcoRI) 

-- ligation 

~ -- transformation 

/Congo-red 
E. c oli $17-1 (recombinant plasmid)..methylum_ 

t belliferyl- 
glucose 

-- conjugation 
Congo-red / 

P. [luorescens PF41(recombinant ptasmid) 
methylum- 
beltiferyl- 
glucose 

Fig. 1. Outline of the cloning protocol (see text for details). 

Fig. 2. Plate detection of endoglucanase activity. E. coli trans- 
formants containing Pseudomonas DNA inserts were overlaid 
with CMC and then with Congo red (see text). One colony shows 
the presence of a cloned endoglucanase gene by the clearing re- 
action. E. coli S17-1 (pSUP104) was used as a negative control 
(upper right colony). 

ytic Pseudomonas host. The purified chromosome 
ofP.fluorescens var. cellulosa was partially digested 
with the restriction enzyme EcoRI to generate 
DNA fragments in the 10 kb range. These frag- 
ments were ligated with the EeoRI linearized plas- 
mid vector pSUP104 at a concentration of 20 #g 
DNA/ml, using 1:1 and 1:2 insert to vector molar 
ratios. The ligation products were used to trans- 
form the plasmid mobilizing E. eoli strain S17-1. 
Among 12 350 transformants detected by their re- 
sistance to Tc, 1004 (about 8% of the total) were 
Cm s, thus harboring a recombinant plasmid con- 
taining a foreign DNA insert in the EeoRI site. This 
gene bank was then screened for in situ endoglu- 
canase and fl-glucosidase activities. One endoglu- 
canase positive S17-1 was found (Fig. 2) and puri- 
fied. 

The recombinant plasmid carried by this colony 
was named pRUCL100 (Fig. 3). It was extracted 
by the rapid alkaline method and used to transform 
E. eoli S17-1 and HB101 to Tc resistance. All the 
transformants exhibited an endoglucanase positive 
phenotype on plates. E. eoli S17-1(pRUCL100) was 
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conjugated with the non-cellulolytic P. fluorescens 
PF41. All P.fluorescens PF41 that acquired the Tc 
resistance concomitantly acquired endoglucanase 
activity, thus indicating that the gene was on the 
recombinant plasmid pRUCL100. 

The presence of the endoglucanase gene was fur- 
ther demonstrated by a rapid qualitative viscomet- 
ric test, as described in Materials and Methods. A 
sharp decrease in viscosity of CMC was observed 
after only a few minutes of incubation at 30~ with 
the sonicate fraction of E. coli HB 101 (pRUCL 100) 
and P. fluoreseens PF41 (pRUCL100). Essentially 
no decrease in viscosity was noted with P. fluores~ 
cens PF41 or E. coli HB101 lacking the plasmid. 

Physical characterization of the recombinant plas~ 
mids carrying the endoglucanase gene 

The P. fluorescens var. cellulosa endoglucanase 
gene insert in plasmid pRUCL100 was subcloned 
into the EcoRI site of the plasmid pBR322. Both 
plasmids were totally digested with EcoRI, the frag- 
ments ligated at a DNA concentration of 10 #g/ml 
and an equimolar ratio, and the ligation products 
transformed in E. coli S17-1 (Fig. 3). Selection of 
the transformants was on Ap-containing plates (to 
counterselect for the transformant containing the 
pSUP104 plasmid) and further purification utilized 
Tc and Ap plates. Ten endoglucanase-positive col- 
onies were selected for further study. 

Their plasmids were isolated by the rapid alkaline 
procedure and cleaved with the restriction enzyme 
SalI. Preliminary work with the plasmid 
pRUCL100 indicated that the insert carrying the 
endoglucanase gene contained a unique decentered 
restriction site for SalI (see Fig. 3). Determination 
of the size of  the DNA fragments by agarose elec- 
trophoresis indicated that two types of plasmids in 
E. coli, differing only in the orientation of  the insert 
in the EcoRI site of  pBR322, both conferred the 
endoglucanase positive phenotype. They were 
termed pRUCL150 and pRUCL151 (Fig. 3). Large 
amounts of  plasmid pRUCL150 were extracted us- 
ing the scale-up modification of the miniscreen pro- 
cedure and this DNA was used for restriction 
analysis. Several restriction enzymes were used, 
both singly and in combination. Fig. 4 shows the 

Recomblnan l  plasrnlds Wllh c, ndoglucarlase g~'ne(s) 

EcoRI EcoRI BamHI 
Sal I PstI PSII 

Ba d l~  

Ps t I  ECORI 

Fig. 3. The plasmids pRUCL100 and pRUCL 150 (pRUCLI51) 
(not drawn to scale). The heavy line represents the pSUP104 for 
pRUCL100 and pBR322 for pRUCL150 (pRUCL151), and the 
thin lines represent the insert carrying the endoglucanase gene. 
The insert is in opposite orientations in pRUCL150 and 
pRUCLI51, as indicated by the location of the SalI restriction 
site. In addition to the restriction sites indicated, the insert con- 
tains unique unlocalized restriction sites for the following en- 
zymes: Bell, BglII and KpnI. It also contains 5 AvaI sites and 6 
PvuII sites, but it lacks an internal EeoRI site. 

band patterns of the plasmid fragments obtained 
after agarose or polyacrylamide gel electrophoresis. 

These experiments indicated that the endoglu- 
canase gene is on an insert of  approximately 10.8 
kb. Thus, plasmid pRUCL100 is approximately 
20.3 kb and plasmids pRUCL150 and pRUCL151 
are 15.2 kb. The restriction map of pRUCL150 de- 
rived from these experiments is presented in Fig. 3. 

DISCUSSION 

This study adds to the known examples of  cloned 
cellulase genes. Several points are pertinent. We 
used a broad host-range, mobilizable cloning ve- 
hicle. Several such broad host-range plasmids are 
available for cloning (see Refs. 1, 14, 16 and 35). 
They are larger than the narrow host-range, E. coli 
cloning vectors, and thus their transformation ef- 
ficiency is relatively low. However, this impediment 
can be circumvented by the use of broad host-range 
cosmids. A technical noteworthy point was that the 
transformation of E. coli S17-1 was performed us- 
ing the Mops-RbC1 procedure rather than the 
CaCI2 procedure, as we found the mortality of the 
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Fig. 4. Agarose gel electrophoresis (A-C) and polyacrylamide gel electrophoresis (D) analysis of DNA from the recombinant plasmid 
pRUCLI50 cleaved with various restriction enzymes. Lanes are numbered, left to right. 
(A) Lane 2,EcoRI; 3,PstI; 4,EcoRI and PstI; 5,SalI; 6,EcoRI and SafI; 7,BamHI; 8,Ec~RI and BamHI; 9,BcII; 10,BgPII; I i,ScaI; 12,PvuI; 
13,PvuII; 14,Aval; 1,EcoR I-linearized pBR322; 15,2 phage cut with HindIIl. 
(B) Lane l,EcoRI and SalI; 2,ScaI and Sail; 3,EcoRI and BclI; 4,EcoRI and BglI1; 5,Kpnl; 6,BamHI; 7,ScaI and BamHI; 9,EcoRI and 
Pvull; lO,EcoRI and AvaI; ll,EcoRI and Pvul; 12,HindIII; 13,EcoRI and HindlI1; 14,PstI; 15,EcoRI and PstI; 8,phage 2 cut with 
HindII1. 
(C) Lane 1,ScaI and BclI; 2,EcoRI and BclI; 3,ScaI and BglII; 4, EcoRI and BglII; 5,BamHI; 6,SeaI and BamHI; 7,SeaI and HindIII; 
8,EcoRI and HindIII; lO,PvuI; 11,EeoRI and PvuI; 12,SeaI and SalI; 13, EcoRI and Sail; 14,PvuII; 15,AvaI; 9, phage 2 cut with HindIII. 
(D) Lane 1,EeoRI and PstI; 2,EcoRI and BamHI; 3,EcoRI and SalI; 5,PvuII; 6,EcoRI and AvaI; 7,AvaI; 4,phage 2 cut with EeoRI and 
HindIII. 

cells when stored overnight  at 4~ in CaCI2 to be 
very high. 

Prior studies on the cloning o f  Pseudomonas 

genes into E. eoli have indicated that  the expression 
o f  these genes is often weak in this new background  
[5,13,18,20,29], a l though some reports note good  
expression levels [18,23]. With the possibility o f  

weak expression, we adopted  the cloning approach  

illustrated in Fig. I. Thus,  in the general screening 
protocol ,  should no expression of  the genes o f  in- 
terest have been found in E. coli, we planned to 
conjugate the recombinant  plasmids 'en masse '  to 

the non-cellulolytic P.fluorescens PF41 in order  to 
gain a better chance o f  expression o f  the genes. This 



84 

was not necessary for after transformation of E. 
coli S 17-1 and screening of the colonies containing 
recombinant plasmids with the very sensitive Con- 
go red assay technique, one endoglucanase gene- 
positive clone was evident by direct endoglucanase 
expression. 

Studies currently in progress show that the level 
of expression of the endoglucanase gene in E. coli 
HB101 is lower than in P.fluorescens PF41 and that 
the enzyme is partially excreted by the latter organ- 
ism. The subcloning of the endoglucanase gene into 
the small, multicopy and amplifiable pBR322 plas- 
mid permitted preparation of the endoglucanase in- 
sert in good yield. Furthermore, as pBR322 has 
been sequenced [37], and the exact position of the 
cleavage sites for many restriction endonucleases is 
known, its use will facilitate the restriction analysis 
of the cloned endoglucanase gene containing insert, 
and will enable us to subclone smaller fragments 
and locate the gene on the insert. 

The two plasmids pRUCL150 and pRUCL151 
differ only in the orientation of the insert in 
pBR322. The endoglucanase gene is expressed by 
both plasmids in E. coIi, and their level of  expres- 
sion is equal (unpublished results). Thus, the EG 
gene has been cloned with, and is transcribed from, 
its own promoter. 

Although P. fluorescens var. cellulosa contains 
two distinct fl-glucosidases [19], no such activity 
could be detected in our gene bank. Several reasons 
can be considered to explain this result; the fl-glu- 
cosidase genes may have been cut by the restriction 
enzyme EcoRI used in the cloning experiment, even 
though partial digests of chromosomal DNA were 
used. Their promoters may not be recognized in E. 
coli. Alternatively, if one assumes that there is but 
one fi-glucosidase gene and that the genome of P. 
fluorescens is 7600 kb in length [17], then, using the 
formula of Clarke and Carbon (1976) [6], the prob- 
ability to find one positive fl-glucosidase clone 
among one thousand recombinant ones is only 
0.73. However, the size of  the genome of  P. flu- 
orescens is not known with certainty and estimates 
vary widely [17]. The probability rises to 0.94 if one 
assumes the chromosome to be 3600 kb in length 
and over 0.99 if one assumes, based on the obser- 

vations of Hwang and Suzuki [19] that two fl-glu- 
cosidase genes are present on the chromosome. 
Similar comments apply to the cloning of the en- 
doglucanase gene. 

This initial study opens the way for further in- 
vestigations. P. fluorescens var. cellulosa is known 
to produce several different endoglucanase genes 
[42,43]. We now have a methodology to investigate 
promoter(s) function, how many endoglucanase 
genes exist, in what manners the expression of the 
gene(s) are regulated, and to compare the endog- 
lucanases produced from the cloned gene(s) and the 
native ones. A further important area of  investi- 
gation will be to gain expression of the endoglucan- 
ase gene(s) in Zymomonas mobilis. This bacterium 
is able to ferment glucose, fructose and sucrose into 
ethanol and one of the objectives of our study is to 
extend the range of substrates that it can use. 
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