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PREFACE 

This work on molecular cloning of cellulase g~nes was 

undc~taken at Genetics Department, Trinity College, rniversity of 
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cellulolvtic enzymes for use in the pro~~ction of products like 

alcohol and protein rich biomass. This research was made possible 

due to the interest, guidance and help from Dr. David ~cConnell fJr 

which I am highly grateful to him. To be able to obtain substantive 

results within a period of three months of experimental work was m~inly 

due to availability of all the facilities in his well equipped and 

productive laboratory of Molecular Genetics at the Trinity College. 

I am also thankful to Dr. Barbara Cantwell, Dr. Terek Schwartz and 

all the other colleague~ at the Genetics Department for their 

cooperation and help. I really enjoyed working with them which made 
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of Pakistan, for providing the financial support for this work. I also 

wish to thank the University of the Punjab and the Government of 

Pakistan for allowing me to undertake this research programme. 

This work was indeed made possible due to the immense 

patience shown by my wife Seemi, daughter :'-!aryam and son Jananzeb 

during mv stay away at Dublin. 
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S~tARY 

This work on molecular clo~ing of cellulase genes was 

initiated with ultimate objectives to develop microbial st•aius 

especially a eucaryotic like yeast that could breakdown lignocellulosics 

and hemic~lluloses of the agricultural bye-products and to convert the 

sugars thus obtained into the end products like alcohol and p~otein 

rich biomass, preferably in a single process. The experiments done 

during the three month period of the last summer dealt with cloning 

of Cellulomonas biazotea eudoglucanase genes in Escherichia coli. 

Conditions were studied and standardised for the preparation of 

chromosomal DNA and the plasmiJs, restriction of the DNAs and ligation 

and transformation reactions. Congo red dye staining method was 

employed to screen the transformants for endoglucanase activity. Over 

12,000 clones transformed with pUC18 carrying inserts of BarnHI 

restriction fragments of chromosomal DNA were screened and two of 

these showed the enzyme activity. Further experiments to characterise 

th~se genes and to clone the other enzymes involved in the b<eakdowu 

of cellulosic materials are planned. 
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INTRODUCTION 

Cellu.:.us..;, the most abunda,1t urga11ic conp<)untl in our planet, 

is of trernenJous impJrtance because of its possible utilisation in th~ 

pr0ducti.Jn of al...:onul, protein rich niumass and oti1er pr0Jucts. In Pakistan 

output of cellul0sic materials like wheat straw, rice straw, c0tton wood, 

baggase, wooJ wastes, etc., is estimated to be over 40 mil~ion tonnes per 

year. This cellulase which occurs in the form of lignoceilulose must first 

be hydrolysed to glucose anri other cellulosic sugars before it can b2 

further utilized. 

tiydrolysis of lignoceli.ulosics can be achieved eiti1er by acid 

or enzy:natic treatment. Since the application of enzymes to achieve this 

objective seems to have much more potential, a lot of work has been done 

on the breakdown of cellulosic materials by the enzy1.1es produced by a 

variety of bacterial, yeast or fungal species. It is now known that at 

least four different enzynatic activities are present in Trichoder:na, 

which is one of the most extensively st~di.:::J cellulolytic org;rnism(i-3). 

These are~ 1, 4-enJoglucanse, ~ 1, 4-glucan cellobiohydrolase, cellobiase 

and exo-~ 1, 4-glucohydrolase. Organi3mS ~elonging to about two do~ens of 

genera are known to produce c~~lulolytic enzymes(4). Apart from Tricl1orlerma 

other organisms like Eupe.nicillium javanicum(S), Scvtalidiun lignicola(6), 

Pellicularia filanentosa(7), Thermonospora species(cl), Ci1aetomium 

celll'lclv:icum(9), Aspergillus terrecis(lO) ::iporotrichum pulverulentuin(l)), 

Phanerc-:h;;iete ~~sosporium(l2), Cellulomonas ~·p.(13) ha\·e bet:!n stud~ ·J 

for the producLion of cellulolytic enzymes. Apart from production and 

cellulolytic action of these enzynes, .:onversion of cellulosic materials 

directh· into alcohol(l4,15) or protein rh:ll biornass(l6) have bt:!en 

reporteJ. 

lnspite of the m:rny studies reported on ti1e enzym.Jti.c bre.Jkdown 

of cellulose much remains to be dont~ stil 1 in ordt:!r to make t.hl! process 

economically viable. it is highly desirable that tile cellulolytic organism 

is st.able and gives hi~h yields of the various enzymes involved 

in the breakaown of cellulose and po~sibly lignin and 

hemiccllulose, wl;ich occurs in significJnt amuu11ts alon;., with 

cellulose in the nat ivc form. Th1.~ l'ozymt.•s produced should have high 
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specific activities, they should be stable at high temperatures and 

resistant to end product inhibition and physical factors other than 

temperature as well. It would be far more desirable if the same svstem 

is capable of not only breaking down cellulose to glucose but also 

utilize products in a si,gle process. Although ~n order to accompiish 

the above mentioned objectives in a single process the use of mixed 

culture has been suggested, genetic rnaniou)ation 0f microorganisms 

seems inevitable. 

During the recent years cloning of gen~s corling for 

enduglucanase activity has been achieved by a few workers. Two genes 

from Ther~omonospora which code for endoglucanase activity were cloned 

and expressed in Escherichia col~ which resulted in the production of 

50 times more ccllulase activity than the original strain(l7). Similarly 

genes for cellulases of an alkalophilic Bacillus which were found 

t0 be in 2.0 - 2.8 kilobase HindIII fragments were cloned and expressed 

in E. coli (18). Gilkes~~ ~.(19) isolated and characterized E. coli 

clones expressing cellulase genes from cellulomonas fim~. Out of the 

various clones obtained those transformed with the plasmid having a 

5.0 kb insert contained high levels of CX-cellul~s~ activity. Cloning 

and expression of a~- subtilis gene coding for endo-~-1, 3-1,4-glucanase 

h~s been transferred to ~- coli by molecular cloning using bacteriophage 

A and plasmid vectors(20). The gene was contained within a 1.6-kb 

EcoRI-PvuI ::i:;.; fragment. It would be apparent that the reports available 

dealt with only endoglucanase activity whereas cloning of other 

cell~!olytic enzymes have not been report~d yet. Through gene cloning 

it is possible to develop strains ~hich have high cellulolytic activity 

and can grow under favourable nutritional and physical conditions. 

This can be accomplished by isolating genes coding for cellulases on 

n:con:binant DNA plasmid or other vectors and then to modify the 

expresEinn of these genes by current molecular genetit techniques which 

include coupling the gene to a strorg promoter, eliminating operators 

sensitive to repression and increasing efficiency to translation. 

We have been engaged in screening ~f a v2riety af 

microorganisms in order to obtain potent cellulolytic organisms and 

also on the production, purification and characterization of cellulolytic 
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enzym~s from some of these strains at the Institute of Chemistry, 

University of the Punjab, Lahore, Pakistan(21-23). As a result of 

this work it has been possible to develop some fungal and bacterial 

species· through ~ulture enrichme.1t~nJ optimizing fermentation conditions, 

which have high cellulolytic activity. One of these strains i.e. 

Cellulomonas biazotea was used as a source of C~-cellulase gene for 

cloning in !_. coli in this research project. This work on molecular 

cloning and expression of cellulase gene is a part of the overall 

programme to develop a system for ef ficiert utilization of cellulosic 

materials through the action of enzyme5. 
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EXPERI~!!:~'TAL 

Organisms and growth media 

The strain of Cellulomonas biazotea t.:as j_solated in Pakistan 

under a programme for the collection and screening of cellulolytic organisms. 

It was grown in the medium containing 1 ml of the salt mixture of composition 

(g/100 tr.l) NaN03 5, KH2?04 10, HgS04.7H20 5, K<::l. 5, and FeS04.7Hz0 0.1 

and yeast ~xtract 0.21. and cellobiose 0.5% (FH 7.3).~. coii LS supE, 

ton.~, hsdR-k, thr, leu, thi ( imm434clts)(23) was used for cloning 

and it was grown at 30°c on agar plates containing Vogel as Bonner salts, 

glucose 0.4%, yeast extract 0.1%, 1-leucine (5 mg/100 ml) and carboxymethyl 

cellu1ose (CMC)(0.2%). The plates used for screening the clones also 

contained ampicillin 25 µg/ml. The strain~- ~oli .Dll07 lac pro, endAI, 
/ + -

gyrA96, thi-I, hsd~_:7, SupE44, relAI, f, traD36, ProAB, laciq Z/Ml5(24) 

was employed to monitor the rate of transformation with pUC plasmids 
0 

carrying DXA fragment inserts. It was grown at 37 C on the LB agar 

plate with 0.1 ml overlay of x-gal (5 broruo-4-chloro-3-indolvl­

galactopyranoside) and IPTG (isopropyl-~-D-thiogalactopyranoside), prepared 

by mixing 30 µl of x-gal(20 mg/ml dimethyl formamide) and 30 )ll of 

IPTG (2l! mg/ml water) in 0.1 ml LS broth. Appearance of white colonies 

among the blue ones on agar plate5 showed transformation with plasmid 

carryin~ DXA inserts. 

SLreening for cellulolvtic organisms 

Method for the detection of CM-cellulase activity on agar 

plates in order to screen cellulolytic organisms and to detect the 

positive clones was developed. The method employed the respective 

agar media containing 0.4% CMC. The plates after sufficient growth 

of the colonies we~e incubated at S0°C for 2 hours before flooding these 

with a 0.1% solution of congo red. Cellulolytic colonies showed haloes 

against a red background as shown in Fig.I. This screening method was 

employed to de::ect th.! positive clonef after transformation. 
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Fig.I. Detection of cellulolytic colonies 

of Cellulomonas biazotea(left~ and 

a strain of Bacillus_ subtili~_(right) 

after growing on a CXC-agar plate and 

staining with congo red. 
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A loop of cells from a freshly grown slant of C. biazotea 

was grown overnight in SO ml medium of the composition given above 

in 250 ml flask at J0°c with shaking in a Gallenkamp Orbital 

Incubator Shaker. 10 ml of this culture was then used to inoculate 

500 ml medium contained in a 2 Lflask and incubated overnight as 

above. Harvested the cells by centrifugation in a Sorval RC SB using 

the rotor GSA at 12,000 rpm for 30 minutes at 4°C. The cells were 

washed with 250 ml TEN buffer Q.om."! Tris-HCI (pH 7 .6), lm.\1 EDTA, 

l~f NaCl]. The cell slurry thus obtained was lysed and the chromosomal 

DNA was prepared according to the method described by Rodriguez and 

Tait(25). The DNA thus prepared was dissolved in TEN buffer and 

after appropriate dilution it gave a proportion of 1.9 between absorptions 

at 260 and 280 nm. The same sample showed a single band on agarose 

electrophoresis(Figs. 2-4). 

The chrn~osomal DNA prepared as above was restricted with 

the enzymes Sa~)Aiand Bamiil in order to obtain fragments of a suitable size. 

The reaction mixtures consisted of 4pl DNA (approx. 2ug), ~ul of the 

lOx buffer as recommended by supplier of the enzyme and 0.05 - 0.5 U 

of Sau)AI (BRL Cambridge, UK) or 0.2-2.0 U of BamHI (BRL, Cambridge, 

UK) in a total volume of 10 ,ul. The reaction mixtures were incubated 

at 37°c for 8 mins. The Sau)AI reactions ~ere stopped bv heating ~he 

~ixture at 65°C for 10 minutes while those of Baml!I were stopped by 

washing the mixture with TE~ buffer equilibrated phenol:CHCI
3 

(1:1). 

D~A from the aqueous layer was precipitated with two volumes of 

absolute alcohol at -2o
0

c after adding I/10th volume of 3~ sodium 

acetate, centrifuged off the precipitate, washed with 70% alcohol and 

redissolved in lO)Jl TEN buffer. After agarose (0.8%) electrophoresis 

the bands were stained with 0.1% ethidium bromide and photographed 

over CV plate. As shown in Fig.2 the DNA was restricted nfficiently 

with Sau3AI and BamHI and there was increased breakdown of the DNA 

with increasing amounts of the enzymes. 
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2 3 4 5 6 7 8 10 

Fig.2. Sau3AI and BamHI restriction digests of 

Cellulornonas DNA with different levels of 

the enzy~es. Reaction conditions were as 

givPn in the text. L1nes from left: 1, uncut 

DNA (approx. 0.5 ug); 2-5, restriction with 

Sau3AI, 0.05, 0.1, 0.2 and 0.5 U, respectively; 

6, Clal restriction fragments of bacteriophage 

~ with (from top to bottom) 22856, 9980, 4243 

and 2858 base pairs; 7-10, restriction with 

!IE.!!!llI, 0.2, 0.4, 0.8 and 2.0 V, respectivdy. 

• 
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fir;.3. Sau3:\I and Bar.J!I restrictioD digests of 

Cellulomonas m::\ '.v'hen reacted for different 

time periods. Reaction conditions were as given 

in the text. Lanes from Left: l, uncut o;;A 

(atJprox. 0.5 ,ug); 2-5, rc~triction with S~_3AI 

for 5, 10, 20 and 40 mins., respectively; 6 ClaI 

restriction fragments of bacteriophage T7; 

7-10 rc>striction with Ramlll for 5, 10, 20 and 

40 mins. 
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Restriction of the DNA was also done with fixed amounts o• 

the en.~ym:::s, i.e. 0.1 U for Sau3Al and 0.5 U for BamHI, for l.Opg of 

the D~A but for time periods of 5,10,20 and 40 mins., while rest of 

the reaction conditions were the same as described 3~ove. The restriction 

patterns are given in Fig.3 which show increased hydrolysis of the D~A 

with time, being more marked with Sau3AI digests. ThE central lane in 

Figs.2 and 3 is the restriction digest of bactericphage 1 7 with ClaI 

which give fragments of 22856, 9980, 4243 and 2858 uase pairs were 

~sed as size markers. The Sau3AI restriction for 20 mins. and that of 

BamHI for 10-20 mins. yielded much of th2 DNA in the form of 

fragments which were in the size range of 3-10 kb pairs which would be 

suitable ior the ligation reactions. These reaction digests after 

washing with TEN buffer e~uilibrated phenol and then with chloroform: 

isoamyl alcohol(24:1), were precipitated with two volumes of absolute 

alcohol at -20°c. The DNA precipitate after centrifuging off was 

redissolved in TEN buffer for use in the ligation reactions. 

Preparation and Linearisation of plasmids 

The plasmids rBR322(26) and pUC18(24) were prep~~ed from 

the strains of~- coli carrying these for use in the cloning experim~~ts. 

The organisms were grown overnight in 10 ml LB medium containing 

50 ,ug/ml ampicillin in a test tube at 37°C with sterile air bubbling 

throu)jh it. 500 ml of tl1e LB medium containing 50 pg/ml ampicillin 

in a 2L flask was inoculated with 5 ml of the bacterial culture and 

incubated at 37°c and 140RP~ in a Gallenkamp Orbital Incubator Shaker 

till 00
600 

of the culture was 0.4. The plasmid was then amplified oy 

adding 2.5 ml chloramphenicol solution in ethanol (35 mg/ml) to make 
. 0 

a final concentration of 170 )Jg/ml and incubating overnight at 37 C. 

The cells were then harvested and the plasmid prepared by the alkali 

lysis method described by :-l"aniatis ~al. (27). Milligram quantities of 

both the plasmids as judged by comparison with stanJard quantities 

of DNA on agarose electrophoresis, were thus prepared, each of which 

showed a number of bands due to supercoiled, open circular, nicked and 

multimeric forms on agarose electrophoresis (Fig.4). Each of the 

preparation was rendered into a single band of linearised form on 

cutting with 8amHT under thr conditions described above. 
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2 3 5 6 7 9 

Fi.;.'+. Bamtlf a'.1li S.w),\l restriction di~;ests of 

Cellulom.mas D:.\,\ useJ in the li;.;.1tion rl.!a...:t1.:n:;, 

and tlw p!.asr.1iJs plrn322 .'.l11ll pCC18, th~ ori . ..;i11.:i l 

prt!parations ;ind thosl.! li11l.!aris"d with lt1~rtl. 

L.rnes from lt!ft: l, 1.rnu1L 0.~A; .?., S;_iuJAI Ji,.;1:st 

of Cellulomo11as 

of T .. ; 4, 8amr![ digL'St l>f C<::_l_~1J.,11:!l11~ LJ~,\; 
I --

), ori;~inal preparatin11 of pLC18; 6, pCC18 

linearised witil li.1ml1I; 7, Clal restrktivn 

fragments uf bactL·ri•Jrhagc T7 ; 8, ,Jriginal 

prL'parati1111 1>f pirn322; 9, pl~RJ22 I inv.1r ist•d \.'i tii 

Ba;nH I • 

. ;, . '• 
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Ligation reactions 

Restriction digests of the chrom0somal DNA with Sau3AI 

and BamHI and the rlasmids pUClti and pBR322, linearised with B.imHI 

(Fig.4), were used for the ligation reactions. Tne DNA restriction 

digests as well as the linearised plasmids were pu•ified by washing 

with phenol: chloroform mixture and precipitating with alcohol as 

described above. Each of the Sau3AI and BamH!. partials were used for 

ligation with the linearised ?UC18 in proportions of 1:2, 2:1, 1:1, 

with total DNA content of 1 µg, 1 U of ten-fold diluted T4 DNA ligase 

(BRL, Cambridge, UK), 1 pl 10 x T4 DNA ligase bdfer (200 ;n}i Tris-HCl, 

pH 7. 5, 100 Il!J.'1 MgCI
2

, 100 mM dithiothrietol), 1 pl SmM(lOx)ATP and 

water tc ~ke 10 pl in an Eppendorf tube. The reaction mixtures 

were incubated in a water bath at 12.5°C for 18 hours. 1 mg of the 

linearised pUC18 and the DNA partials were also religated alone under 

the ~bove conditions. The ligation mixtures were electrophoresed on 

0.8% agarose. As shown in Fig.5 much of both the Sau3AI and BamHI 

partials of the chromosomal DNA and almost all the linearised plasmid 

were religated when reacted alone. A proportion of 1:2 between the 

linearised plasmid and the DNA partials seemed best as the baads 

corresponding to religated linearised plasmid were weakest, which 

would ensure a higher proportion of the bacterial cells transformed 

with recombinant DNA carrying a D~A fragment. 

Electrophoretic patterns obtained with ligation mixtures 

between linearised pBR322 and Sau3AI and BamHI partials (Fig.6) showed 

quit2 similar results as in the case of ligations involving pUC18. 

Ligation reaction was also carried out under the conditions described 

above initially for three hourE, the reaction mixture was then 

diluted ten-fold with 9)11 lOxligase buffer, 9 pl lOxATP, 1 U of 

T'DNA ligase and water to make 100 µl, and ligation continued 

overnight at 12.S°C. Th~ ligation mixture thus obcained was tested 

for transformation of the cells with the plasmid carrying DNA 

inserts. 
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1 2 4 5 6 7 9 10 11 12 

fig. "J. Ligation mixture of BamHI <l.nd Sau3.U partials of 

Cellulomonas DXA and linearised rUC18. Laaes from 

left: 1, Ba~HI partials religated on itself; 2, BamHI 

partials used in the ligated reactions; 3-5, ligation 

mixtures of linearised pl!Cl8 aml Sau3AI partials in 

proportions of 2:1, 1:2, and 1:1, respectively; 6, 

linearised pCC18 religated en itself; 7, pCC18 linearised 

w:th BamHI; 8-10, ligation mixtures of Ene.:irised pCC18 

and BamHI partials in proportions ol 2:1, 1:2 and 1:1, 

"."('.Suei:tivf'ly; 11, Sa~3AI partials religate<l on itsdf; 

12, Sa113AI partials used i.n the ligation reactions. 
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2 3 4 5 6 7 8 9 10 11 12 

Fi~. 6. Ligation rnixtures of BamHI and ~i!_ul\.;: partials of 

Cellulomonas DNA and linearised pBRJ22. 

Lanes from left: l, Sau3AI partfals used in the ligation 

reactions; 2, Sau),\I partials reli_gated on itself; 3-5, 

ligation mh.tures of linearb~d pBRJn and _!!.amHi: pan i<! 1:-> 

in proportion of 2:1, 1:2 and 1:1; 6, pBR322 linearised 

with BamHI; 7, linearised pBRJ22 religated on itself; 

8-10, ligation mixtures of linearised pBR322 and Sau)AI 

partials in propo::-tions of 2:1, 1:2 and 1:1; 11, _!3amHI 

partials used in the ligation reactions; 12, BamHI 

partials religated on itself. 
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Preparation of competent cells 

J~tl07 and LS strains of I· coli were cultivated overnight at 

37° and 30°C respectively in a 10 ml broth contained in a 30 ml test tube 

with sterile air blowing through it. Inoculated 40 ml L broth contained 

in a 250 ml flask with l ml of this culture and incubated in a shaking 
0 0 water bath at 37 or 30 C until OD550 = 0.30,chilled the culture, 

centrifuged off the cells and washed with 20 ml lOm..'1 NaCl ascepticcilly. 

Washed the cells again with 20 ml 30m}1 CaC12 , resuspended in 20 ml 

30m..'1 CaC1
2 

and placed on ice for 20 minutes. After centrifugation the 

cells were resuspended in 4 ml 30m.~ CaC12 containing 15% glycerol and 

stored in aliquots of 0.2 ml in Eppendcrf tubes at -70°c. The competent 

cells thus prepared were found good with respect to viability and 

transformability. 

Transformations and screening 
for positive clones 

Transformations were Jone by thawing 0.2 ml of the competent 

cells on ice and then adding an aliquot of the ligation mixture (total 

DNA content approx. O.Spg) followed by incubation on ice for 1 hour. 

Then incubated the transformation mixture of LS cells at 3S°C and that 

of the JM107 at 42°c for 2 mins. After incubating the mixtures at 30°c 

and 37°c for the LS and JM107 strains, respectively, for 30 mins. added 

1 ~l L broth and incubated for another 3 hours at the same temperature. 

0.1 ml aliquots of the transformation mixtures were then spread on 

C-!C-<!gar plates for screening. 

JM 107 strain of E. coli was employed to ~onitor the rate of 

DNA inserts in the linearised pUC18 in the ligation reactions. The 

transformed cells were spread on the x-gal plates and incubated overnight 

at 37°. The proportion of white colonies among the blue ones showed the 

efficiency of DNA inserts in the recombinant DNA. As shown in Table 1 the 

rate of DNA inserts in the plasmid was only 7-97. with the BamHI partials 

while it was over 207. with the Sau3AI partials. However, when the 

ligation mixture was diluted ten times after an initial reaction for 

three hours, the rate of DNA Jnserted into the plasmid increased to 

approximately 3S%. The ligation mixtures obtained thus were used to 
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transform the E. coli LS strain. 

No. 

1. 

2. 

3. 

4. 

5. 

Table 1. Rate of DNA inserts in the linearised prC18 
as shown by the proportion of white colonies 
when i· coli J~107 cells, after transformation, 
were grown on x-gal plates. 

Li~ation mixture used for transformation 

pUC18:BamHI partials (1:2) 

pUC18:BamHI partials (1:4) 

pUC18:Sau3AI partials (1:2) 

pUC18:Sau3AI partials (1:4) 

Ligation mixture at '4' above 
reacted for 3 hours, then diluted 
ten times and ligation continued 
overni ht 

Proportion of white colonies 

7-8% 

8-9% 

Approx. 20% 

Approx. 25% 

Approx. 35% 

The lysogenic st~ain i· coli LS was transformed with the 

ligation mixture 5 given the Table 1 according to the method described 

above. 0.1 rnl aliquots of the transformation mixture were spread on each 
0 

CMC-agar plates containing ampicillin and grown overnight at 30 C. Replica 

plates were then prepared asceptically using velvet cloth ~nd both the 

original as well as the replicas were again incubated overnight. The 

original plates were then incubated successively at 42°C for 15 mins, 

37°c for 3 hours and 50°c for 2 hours before staining these with congc 

red. Clones including over 12,000 transformed with pUC18 having chromosomal 

DNA inserts were screened for CNCase activity. Two of these clones were 

found to have the activity as shown by the appearance of haloes on 

staining with congo red. 

Miniscreen preparatio~ Jf the plasmid DNA from the colonies 

on the replica pla~es corresponding to the ones that gave positive tests 

for CMCase activity were obtained according to the method described by 

Rodriguez and Tait(28). ~· coli LS when transformed with this preparaticn 

showed CMCase activity. Further experiments on characterisation and 

expression of these genes are in progress. 
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DISCt;SSION 

Cellulomonas biazotea, one of the strains in our collection 

of cellulolytic organisms, was selected as a source of cellulase genes 

for cloning purposes in this work. Although cloning of cellulase genes 

have been studied in a procaryote E. coli, it is planned to undertake 

such investigations eventually on eucaryotic system like yeast. The 

chromosomal D:~A o~ C. biazotea prepared seemed a good preparation as 

shown in Figs. 2-4. This DNA could be restricted efficiently with both 

Sau3AI aad BamHI. Experiments were undertaken on restriction with both 

these enzymes in order to obtain D~A fragments mostly within the size 

range of 3-10 Kb pairs which could be expected to be a suitable size 

to obtain the enzyme genes in intact form. 

The two plasmias pUC18 and pBR322 were prepared from the 

respective strains of ~- coli by grow~ug the organisms in LB medium 

containing ampicillin and then amplifying the plasmids in the presence 

of chlorau1phenicol. Each of the plasmid thus obtained showed a number of 

bands due to their different forms which could all be rendered to almost 

a single band of the linearised molecule on restriction with BamHI as 

shown in Fig. 4. 

Ligation reactions were carried out between SauA1 and Bam~l 

restriction digert~ of the chromosamal DNA and the linearised plasmids 

pLlClH and pBR322, keeping different proportions in each case. A higher 

proportion of the plasmid seemed to yield a higher percentage of the 

plasmid with U~A inserts which would oe apparent by reading Figs. 5 and 6. 

Tile st rain E. coli J:1107 and the plasmid pUC18 complement 

each other with respe=t to the expression of l3c operon. The lac region 

in the pUC18, which has a BamtU site, when cut \.'ith this P.nzyme and 

religated with a DNA insert at this site, expression of lac operon and 

tnus .:lf ~-galactosi<lase in l· coli JX107 cannot take place wnen transformed 

with such a plasmid. On the other hand linearised pUC18 rei.igated on 

itself, on transforming~· coli J~ll07 would allow the expr~ssion of 

~-galactosi<lase, thus hydrolysing X-gal to the blue produce when grown 

our agar plates. The number of wl1ite colonies amongst the blue would 

thus show the proportion of c~lls transformed with pDC18 carrying a 
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chromos0m.al o;:.;A insert. Ligation mixtures obtained with Jifforent proportions 

of pCC18 anJ the D:\A partials reacted under differeat conditions 1.:ere used 

to tra.,::;form ~- coli J:·1107. Since Ba::iHI is a 6-base cutter would yi..eld 

bigger fragments as compareJ to those of Sau3AI which is a 4-tiase cutter. 

The rate of ins~rts can thcref ore be expected to be much lcwer in t~e 

former c2se. As shown in Table l the proportion of white colonies was 

less tnan 101. when ~- coli JN107 was transformed with ligation mixture 

when obtained from pCClo and BamHI partials. In the case of SauAl 

partials there was a 3-fold iPcrease in the rate of insert. After an 

initial incubation for 3 hours when reaction mixture was diluted ~C-fold 

and then ligation continued overnight with mon; T4 IJ:~A ligase the ratf! 

of insert increased significantly. Dilution, after initial annealing 

would provide a better chance for the recombinant molecule to fold bad~ 

upon itself and religate. 

Recombinant D~'A molecules used in transformations of £. coli 

for obtaining cellulase positive clones were constructed frora Ba~Jll 

linearised pUC18 and Sau3AI partials of the chromosomal DNA. Sau3Al 

partial digest of the chromosomal D~.:\. could obtain so:ne fragments cf 

suitable size having intact cellula~e gene, even if it has restriLtion 

sites for this enzyme. ~early complete digestion of the chromosomal ~~A 

would be required for obtaining segments of suitable size if restriction 

is d0~~ with BamHI. If the cellulase gene has a BamHI site it would not 

be possible to obtain fragments with intact gene in such a case. Sau3Al 

partials of o,..;,\ can be ligated in the Bamrtl site of the plasmid since 

re..::ognition sites of the two enzymes are compatible. 

~· coli LS was used for. cloning cellulase genes because being 

d lysogenic strain the cells can oe lyseJ by activating the bacteriophage 

at 42°C. This would allow the release a( the enzymes which may not te 

secreted a11d hence difficult to detect. The ligation mixtures prepared 

as above were used for transformation with pUC18 having DNA inserts. The 

transformants were screened for cellulase activity by growing these on 

CMC-agar plates, incubating these at so0 c and th~n staining the plates 

with c~ngo red. Other methods have been used by other workers for 

deterting cellulase transformants. filesi;? include measurement of reducing 

sugars from C~IC (17), and imr. inological dt.!tection methoJs (18,19). Congo 

red stai11ing method which nas been shown tu worK successfully in the 
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cloning of ~-glucanase (20), was used in this work due to its ease and 

simplicity. Two clones expressing CMCase activity were detected during 

this screening. Furtt~r experiments on characterisation and expression of 

the genes thus clone~ are planned. 

This work has dealt with cloning of endoglucanase genes of 

Cellulomonas in ~- coli. Apart from further studies on cloning of genes 

coding for this enzyi;1e, work on those of the other enzymes i.e. exoglucanase, 

cellobiotwdrolase and cellobiase are planLied. High production of not only 

the various enzyw.es involved in the breakdown of cellulose but also those 

which could break dow'll the lignocellulosic complexes, the form in which 

cellulose exists natively, is aimed. Capability to break down hemicelluloses 

which is also a significant conteat of the native celluloses would also 

be needed. To be able to clone and c~press all these activities at a 

high level would enable to develop a system in which cellulose breakdow'll 

could be achiev~d efficiently. ~n organism which could grow at elevated 

temperature and produce the enzymes that are stable at such temperature 

would be t1ighly desirable from the application point of view. Developing 

a eucaryotic organism like a yeast from these points of view could allow 

not oniy saccnarif ication of lignocellulosics but also utilise the sugars 

chus produced for the production of alcouol or protei.1 rich biomass in 

a single process. These are therefore the ultimate objectives of our 

research on utilization of cellulosic substances. Further line of work 

in this respect is being proposed separately. 
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