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CHAPTER I 

INTRODUCTION 

The cellulases of bacteria have been studied in species of 

Cytophaga (Chang and Thayer, 1977), Cellvibrio (Berg et al., 1972; 

Berg, 1975), Pseudononas (Yamane et al., 1970; Yamane et al., 1971), 

and Cellulononas. B^guin, Eisen, and Roupas (1977) found twD forms 

of extracellular cellulase frcm Cellulcmonas, a free and a 

cellulose-bound cellulase. Stewart and Leatherwood (1976) found 

that cellulase production by Cellulcmonas was repressed by the 

presence of either 1% glucose or 1% cellobiose. However, only 

cellobiose inhibited the cellulase activity of a crude enzyme 

preparation. B^guin and Eisen (1978), using mutants of 

C. flavigena, demonstrated that the ability to utilize cellulose 

is directly dependent upon the organism's ability to use cellobiose. 

All prior studies of the cellulase system of Cellulcmonas were 

performed with either growing cells or crude enzyme extracts. This 

paper reports the purification and characterization of a carboxy-

methylcellulase (CMCase) isolated from C. flavigena. 



CHAPTER II 

METHODS 

Organian and growth conditions. Cellulcmonas flavigena 

(ATCC 482) was grown in a medium containing 0.5% Sigma carboxy

methylcellulose C8758 {CMC), 0.2% yeast extract, 0.5% K2HPO., and 

1% (NH^)2S0^ (all w/v) adjusted to pH 7.1. Cultures were grown 

in 600 ml of medium in 2800 ml baffled Fembach flasks and 

incubated at 35 °C while agitated at 200 rev min~ . 

CarboxymethylcelliiLase purification. The carboxymethyl-

cellulase was isolated from the cell free supematants of stationary 

phase cultures. The culture supematants were concentrated 30 

fold by lyophilization. Forty milliliters of this concentrate were 

eluted frcm a Biogel P-100 column (5.0 x 72 cm) with 0.05M, pH 7.0, 

phosphate buffer. The flow rate was 33 ml h at a hydrostatic 

pressure of 22 on. All fractions with CMCase activity were pooled 

and lyophilized. The dried material was resuspended in 10 ml 

of distilled water and applied to a Sephadex G-75 column 

(2.5 X 50 cm). The flow rate was 7.5 ml h at a hydrostatic pressure 

of 20 cm. The Sephadex G-75 column was calibrated for molecular 

v^ight determination using aldolase, ovalbumin, chymotrypsinogen A, 

and ribonuclease A (Pharmacia) as protein standards. The Kav 

values were plotted versus the molecular weights. The Kav value 

is equal to Ve-VoA't-Vo: v̂ iere Ve = elution volume for the protein; 

V6 = elution volume for Blue Dextran 2000; and Vt = total bed volume. 
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The final enzyme preparation was checked for purity by polyacrylamide 

gel electrophoresis (Cooksey, 1971). 

Assay methods. Two methods were used for assay of CMCase 

activity. The saccharification of CMC was determined by the method 

of Miller et al. (1960) . One milliliter of substrate was added 

to 1.0 ml of enzyme solution. The assay mixture was incubated for 

30 min at 35 C and shaken at 200 rev. min" in a New Brunswick 

water bath shaker. The reaction was stopped by adding 3.0 ml of 

the dinitrosalicylic acid reagent. The color was developed by 

heating the assay mixture at 100 °C for 15 min and the A-. .̂  

determined. One unit of activity was defined as 1.0 mg of 

reducing sugar produced per ml of enzyme in 30 min. The reduction 

of the specific viscosity of CMC solutions also was used to 

measure CMCase activity (Hulme, 1971). Viscosity measurements 

were made in an Ostwald viscometer at 35 C. One viscanetric (vise.) 

-1 2 
unit of activity was defined as d(n )dt' x 10 . 

The substrate used in bgth assays was sodium carboxymethyl

cellulose type 7LF (Hercules, Inc., Wilmington, Delaware, U.S.A.). 

The CMC solutions were prepared by the method of Hulme (1971) after 

dissolving the powder in 0.05 M, pH 7-0, potassium phosphate buffer. 

Sodium azide was added at a concentration of 0.2% (w/v) as a 

preservative. 

Avicelase (C. - cellulase) activity was assayed according to 

the method of Miller et al. (1960). The substrate was prepared 

by suspending 5 g of Avicel PHlOl cellulose (IMC Corporation, 



Newwark, Delaware, U.S.A.) in 100 ml of 0.05 M, pH 7.0, phosphate 

buffer. Para-nitrophenyl-B-glucosidase was assayed by the method 

of Yamane et al. (1970). Protein was assayed by the method of 

Lowry et al. (1951) using bovine serum albumin as the proteijn 

standard. 

The inhibition of CMCase activity by sugars was determined 

viscometrically. The sugars were added to the s\±>strate at a 

concentration of 0.5%. The substrate contained 0.5% CMC7LF in 

0.05 M potassium phosphate buffer at pH 7.0. The sugars tested 

were glucose, cellobiose, sucrose, lactose, maltose, and fructose. 

The reaction rate constant for the saccharification of CMC 

was determined using several concentrations of substrate. CMC 

solutions were prepared at concentrations of 0.2, 0.4, 0.6, 1.2, 

and 2.0% (w/v). One milliliter of si±»strate was added to 1.0 ml 

of enzyme solution. Mixtures were incubated for 10, 20, 40, 60, 

and 80 min. The reactions were stopped by adding 3.0 ml of the 

dinitrosalicylic acid reagent. The rate constant was determined 

graphically according to the first order rate equation of Ghose 

and Das (1971) : 

Kt = In {E/E'-li) 
CO CO c 

v̂ iere K = rate constant; t = incubation time; H^^ = initial 

cellulose concentration; and H = the amount of cellulose sacchari-

fied, in terms of milligrams of glucose. 

The sugars produced by the action of the purified enzyme on 

CMC v^re identified by thin layer chrcmatography. One milliliter 



of enzyme was added to 1.0 ml of 0.5% CMC and incubated for 48 h 

at 35 C. TwD micrograms of each reference sugar were applied to 

the chrcmatogram. Cellobiose, lactose, sucrose, maltose, fructose, 

and glucose were used as standards. The solvent syston contained 

ethyl acetate, methanol, glacial acetic acid, and water at the 

ratio of 60:15:15:10 (v/v/v/v). The chrcmatograms were developed 

using a benzidine reagent (Jfenzies and Seakins, 1969). 



CHAPTER III 

RESULTS 

The relationship between growth of C. flavigena and extra

cellular CMCase is presented in Fig. 1. The CMCase was released 

into the medium containing CMC during late log phase. No appreciable 

grcwth was observed in the same medium lacking CMC. The level of 

activity increased and reached a maximum during stationary phase. 

Therefore, the CMCase was isolated in the culture supernatant by 

centrifuging down sta1d.onary phase cells. 

The results of molecular exclusion chrcmatography of the 

concentrated supernatant on Biogel P-100 are presented in Fig. 2. 

CMCase activity was present in fractions 48 through 91. Fractions 

51 through 85 were pooled. These fractions contained 59.7% of 

the total original activity and the specific activity was increased 

20.9 times. This pool was lyophilized and resuspended in 10 ml 

of cold distilled water. The resiilts of chrcmatography of the 

concentrated pool on Sephadex G-75 are presented in Fig. 3. CMCase 

activity was present in frac±ions 31 through 59; those containing 

the greatest activity, 38 through 48, were pooled. This pool 

contained 14.9% of the original activity and the specific activity 

was increased 40.3 times. The purification is summarized in 

Table 1. 

Cne milliliter of this purified preparation was concentrated 

10 fold and rechrcmatographed on the calibrated Sephadex G-75 
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Figure 1. C. flavigena Growth (O.D. 280; 0 ) and Extracelliolar 

CMCase Activity ( vise, units ml , 0 ) . 
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Figure 2. Biogel P-100 Chrcmatography of Concentrated 

Supernatant. OD^QQ (0) and CMCase Activity 

(vise, units ml"" , # ). 
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Figure 3. Sephadex G-75 Chrcmatography of CMCase Eluted 

frcm Biogel P-100 Column. O.D. 20Q ( 0 ) and 

CMCase Activity (vise, units ml , © ) . 
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column (fig. 4). All QCAse acrtivity and protein was found in 

fractions 28 through 30. The results of the determination of 

molecular weight are presented in Fig". 5. The estimated nolecular 

weight of the CMCase was 40,000. 

Polyacrylamide gel electrophoresis of the purified CMCase 

resulted in a single protein band when stained with Cocmasie blue. 

Neither the original culture supernatant, nor the purified 

CMCase had p-nitrophenyl-6-glucosidase activity. However, both 

the supernatant and the purified enzyme had activity on Avicel. 

The Avicelase specific activity was increased approximately 10 

fold, frcm 0.02 to 0.21 mg reducing sugar per mg protein in 2h. 

The defease activity of the purified enzyme was maximom at 

pH 7.0 (Fig. 6). All subsequent experiments were run at this pH. 

The only detectable product of the action of the CMCase on 

CMC was cellobiose. Cellobiose was also the only sugar which 

had any inhibitory effect on CMCase activity. The effect of 

increasing cellobiose concentration on CMCase activity is presented 

in Fig. 7. The percent inliibition ranges frcm none to 1.1 mM 

cellobiose to 95% at 22.5 mM cellobiose. 

The reciprocal plot of CMCase acrtivity versus CMC concentration 

is presented in Fig. 8. The K for CMC7LF was 7.5 mg ml" as 

determined fron this graph. Figure six also shows the effect of 

cellobiose on both the K and V . Cellobiose was added to each 
m max 

CMC solution at a concentration of 9.2 mM. The K increased to 
m 

37.8 mg ml while the V remained relatively unchanged. Thus, 
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Figure 4. Sephadex G-75 Chrcmatography of the Purified 

CMCase. O.D.20Q ( 0 ) and CMCase Activity 

(vise, units ml 
-1 

• ) 



^ 

\ ^k 



w^ 7 

16 

CMCase Act iv i ty 
's* cs 



17 



y 

Figure 5. Estimation of Molecular Weight of the Purified 

CMCase by Sephadex G-75 Chrcmatography. 
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Figure 6. The Effect of pH on CMCase Activity (vise, units ml ). 
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Figure 7. The Effect of Cellobiose on CMCase Activity 

(vise, units ml ), 
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Figure 8. The Reciprocal Plot of CMCase Activity Versus CMC 

concentration. CMC with Added Cellobiose ( 0 ) and 

CMC without Cellobiose (• ). 
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cellobiose exhibits end product inhibition and appears to be a 

conpetitive inhibitor v^en CMC7LF is the substrate. 

The Ghose and Das plot is presented in Fig. 9. The reaction 

rate constant, K, increases with increasing CMC concentration. 

-3 -1 

The K value increases frcm 2.6 x 10 at 0.2% CMC to 0.1 min 

at 2.0% CMC. The reaction rate increased sharply frcm 

8.2 X lO""̂  min "•'* to 7.4 x lO""̂  min""'" between 0.6% and 1.2% CMC. 

The effects of the degree of substitution (DS), the degree 

of polymerization (DP), and the molecular weight of the CMC on 

QlCase activity are presented in Table 2. The CMCase activity 

increased with increases in either DP or molecular weight. The 

activity on 12M31 was 33 fold greater than on 7LF, while the 

activity increased only slightly between 12M31 and 7HF. 
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Figure 9. (3iose and Das Plot at Various Concentrations of 

Carboxymethylcellulose. 
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CHAPTER IV 

DISCUSSICN 

The CMCase of Cellulomonas is apparently not truly an 

extracellular enzyme. Han and Srinivasan (1968) isolated a species 

of Cellulomonas that excreted cellulase during the late log grcwth 

phase. The CMCase of C. flavigena (ATCC 484) also was released 

into the growth medium during late log growth. However, there 

must have been CMCase activity throughout the growth cycle as CMC 

was the major carbon source in the medium. These results indicated 

that the CMCase was cell bcund and was released only xipon cell 

aging and autolysis. The nature of extracellular a4Case production 

by Cellvibrio fulvus was found to be similar to that of the 

cellulcmonads. Berg et al. (1972) found cell "free CMCase activity 

as cultures of C. fulvus entered stationary phase. Yamane et al_. 

(1971), however, found two cellulases of Pseudcmonas fluorescens 

var. cellulosa that were definitely extracellular enzymes. Cell-free 

cellulase produc^tion by this organian was detecrted during all 

growth phases. 

The CMCase of C. flavigena corresponded to an endo-3-l,4-glucanase 

(E.C. 3.2.1.4). Cellobiose was the only detectable product of C C 

hydrolysis and the depolymerase activity was much higher than the 

saccharification activity. The CMCase reaction proceeded to 

oorpleticn within 30 min. when assayed visccmetrically, while the 

29 
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release of reducing sugar maintained linearity through 80 min. 

incubation. The saccharification assay also required 25 times more 

enzyme per assay mixture to detect CMCase activity than did the 

viscanetric assay. 

The CMCase of C. flavigena exhibited activity on both CMC 

and Avicel. It is not known whether Avicelase was co-purified with 

the CMCase as it was not monitored throughout the purification 

procedure. Chang and Thayer (1977) purified a periplasmic 

cellulase frcm Cytophaga that also had activity on both CMC and 

Avicel. Yamane et al. (1970) purified three cellulases frcm 

Psei-Tdomonas fluorescens var. cellulosa that all had activity on 

CMC, swollen cellulose and Avicel. Thus the bacterial cellulase 

systems have not followed striĉ tly the C, - C concept of Reese 

et al. (1950). 

Cellobiose was found to be a coipetitive inhibitor of the 

CMCase of £. flavigena. Glucose, hov\ever, had no effect on cellulase 

activity. Therefore, the repression of CMCase activity by glucose 

observed in growing cells of Cellulcmonas (Stewart & Leatherwood, 

1976) was not due to direct inhibition. A high glucose concentration 

may have had an inhibitory effect on B-glucosidase activity resulting 

in an accumulation of cellobiose. The cellobiose in turn probably 

inhibited CMCase activity. 

Ghose and Das (1971) proposed the equation Kt = In ^^^/^^'^^) 

to determine the reaction order and the rate constant. At each 

concentration of CMC a straight line was obtained for CMCase acrtivity, 
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indicating that this CMCase follows first order kinetics. A higher 

rate of saccharification was observed with increasing CMC concen

tration. Chang and Thayer (1977) found just the opposite for the 

CMCase of Cytophaga; the rate of saccharification decreased with 

increasing CMC. The sharp increase in reaction rate be-to\?een 

0.6% and 1.2% CMC was interesting. Hofsten (1975) proposed that 

cellulase activity is enhanced by a favorable alignment between 

enzyme and substrate. The CMC in the more concentrated solutions 

may have undergone a (X)nformational change, making it more 

susceptible to enzymatic hydrolysis. 

The differences in acrtivity on carboxymethylcelluloses 7LF, 

12M31, and 7HF may also be explained by Hofsten's proposal. The 

polymers of Q C 7HF and 12M31 are probably more ordered in solution 

than those of CMC 7LF, resulting in a more favorable enzyme-

substrate association. 
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