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CHAPTER I 

CYTOPHAGA UREAE, A NEW SPECIES ISOLATED FROM SOIL 

Abstract 

Cytophaga ureae, a new species isolated from cotton 

farm soil is described. The organism is characterized by 

its urease activity, anaerobic production of acid from 

sucrose and cellobiose but not from glucose or lactose, 

sensitivity to bacitracin but not to tetracycline, polymyxin 

B, and kanamycin, and a guanine plus cytosine content of 

44.3 mol%. These and other characteristics differentiate 

this organism from other Cytophaga species. The type 

strain of C. ureae is WTHC 2421. 
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Introduction 

A cellulose-decomposing microorganism was isolated 

from soil during a study of the production of single cell 

protein from wood. It is a gram-negative, flexible 

bacterixim with gliding motility. Its morphological and 

physiological properties conform to those of Cytophaga 

in the eighth edition of Bergey's Manual of Determinative 

Bacteriology (10). However, the bacterium differs in 

several major features from any of the reported species 

(4, 10). Therefore a new species is proposed for the 

strain, and its characteristics are described. ,̂  

Materials and Methods jj/j 

Bacterial Strains: Cytophaga johnsonae ATCC 17061 was Q 

obtained from the American Type Culture Collection. Ten ^ 

identical isolates of the new strain were obtained from 13 

soil samples collected from cotton farms near Lubbock, 

Texas in October, 1970 and were designated WTHC 2421 in a 

previous publication (1). The isolation media included: 

i. wet filter paper strips in Petri dishes; 

ii. cellulose agar—Stanier's cytophaga mediiim 

(16) with microcrystalline cellulose powder 

(Biorad) as the carbon source, plus 1% w/v 

agar; 

iii. dextrose agar—Stanier's cytophaga medium with 

dextrose as the carbon source, plus 1% w/v agar; 



iv. filter paper-peptone broth (14); and 

V. Trypticase Soy Agar (TSA)—Difco. 

Soil samples were dropped on the wet filter paper 

and incubated at 25 C. Slimy yellow growth was observed 

after 2 days incubation and this was used to inoculate 

the cellulose agar. The cellulose agar plates were incu

bated at 30 C and the cultures which developed were trans

ferred to dextrose agar and subsequently cloned on nutrient 

agar (Difco) and TSA, Pure cultures were used to inoculate 

filter paper-peptone broth. The cultures able to degrade 

filter paper were retained and maintained on TSA. 

Morphological Studies: The cellular morphology was 

studied with both phase contrast and electron microscopy. ^ 

Two hundred ml of Trypticase Soy Broth (TSB) in a 500 ml •% 

Bellco shake flask were inoculated with a loopful of cell '.-
Si 

mass from a TSA slant. The flasks were incubated at 30 C •'•^< 

and agitated at 200 rpm. Cells were removed periodically 

from the flasks and washed twice with water and then 

negatively stained with 1% phosphotungstic acid at pH 5.5 

for 20 seconds. Thin sections were prepared (2) and the 

cells examined with a Hitachi HS-8-2 electron microscope. 

The morphology of colonies on TSA was examined after incu

bation for 24 hr at 30 C. Photomicrographs were taken with 

a Bausch and Lomb phase contrast microscope at 40 X 

magnification, 
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Physiological Studies: All of the physiological 

studies, unless stated otherwise, were performed at 30 C 

in triplicate. Sugar fermentation tests were performed 

in several media: phenol red broth base (Difco), Stanier's 

cytophaga medium (16), Stanier's sole carbon source mediiom 

(.17)., Hugh-Leifson's medixim (6), and Yamada' s medium (22). 

The concentration of organic acids in Yamada's medium was 

0.5% w/v. Each tube of medium was inoculated with 0.1 ml 

of washed TSB-grown cells except the Hugh-Leifson's medium 

which was inoculated by stabbing with a needle. The results 

of phenol red broth fermentation were determined after 14 

days incubation. The production of acid in Stanier's cyto- /"> 

•A 

phaga medium was tested by the addition of a drop of 0.04% iO 

M 

phenol red on the third day of incubation. The growth was llfl 

assayed by visual comparison of turbidity between the * 

inoculated control. Antibiotic sensitivity was determined '̂  

with antibiotic sensitivity discs (Difco) on penassay agar „ 

(Difco) and by serial dilution of actmomycm D, chlor

amphenicol and polymyxin B in penassay broth (Difco). Other 

physiological tests were performed according to methods 

already described (14). 

Pigments were extracted from the cells by the 

techniques of Starr and Stephens (19). The extraction of 

deoxyribonucleic acid was performed according to the 

technique of Clowes and Hayes (3). The mol% guanine plus 

cytosine (G + C) was determined by Mandel and Marmur's Tm 

technique (12). 
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Results 

Morphology: Cells of the new isolate were gram-

negative rods. The cells were 1.5 x 6.0-7.5 pm when young 

(Fig. 1) but became 1.4-0.5 x 3.5-4.0 jim in cultures more 

than 48 hr old (Fig, 2). The cells were flexible and 

exhibited gliding motility on solid surfaces. One or 

occasionally two electron-dense spots were observed on the 

surface of cells negatively stained with phosphotungstic 

acid (Fig. 2). This spot may represent a mesosome-like 

structure which has not been reported in Cytophaga. Further 

evidence will be published in another paper (2). 

Cultural characteristics: Colonies on nutrient agar 

and TSA were flat and increased in size rapidly. The 

. . . . Si 
colonies increased m diameter from 0 to 0.4 cm m 24 hr. 0 

% 
The colonies on TSA were flat, yellow, opalescent, and ^ 

% circular in shape. The pigments extracted from washed TSB- ĵ 

grown cells by methanol had absorption peaks at 400, 435 |̂  

and 464 nm. The edges of the colonies had finger-like pro

jections typical of Cytophaga species (Fig. 3). The colonies 

became transparent after inciobation for 14 days and sank into 

the agar surface. Spores and microcysts were not observed. 

Physiological and biochemical characteristics: The 

physiological characteristics of C. ureae and other species 

of Cytophaga are compared in Tables 1 to 6. Sugar fermenta

tion were identical in phenol red broth and Stanier's 



cytophaga medium. Comparisons with other reported species 

of Cytophaga, including those incertae sedis listed in the 

Bergey's Manual were also made. However, these other species 

were not described in sufficient detail to allow a complete 

comparison (5, 7, 8, 9, 11, 18, 21). On the basis of the 

reported features none of the insertae sedis species 

resembled the new strain. C. ureae resembled C. johnsonae 

most closely. Parallel tests were performed with these 

two species and their differences are presented in Table 7. 

Type Strain Description: The cells which are gram-

negative rods with gliding motility on solid surfaces are 

1.5 x 6.0-7.5 urn when young and 0.4-0.5 x 3.5-4.0 jam after H 

48 hr incubation. Cells occur singly, or sometimes in pairs. 

H 
.'Tl 

The colonies on Trypticase Soy Agar (Difco) are flat, light ',|f5 yellow and increase in size rapidly. The methanol-extractable 

pigments from the cells have absorption peaks at 400, 435, 

% 

and 464 nm. In older colonies the organisms tend to accumu- ^ 

late into drop-like masses which contain normal vegetative 

cells. The colonies become transparent and sink into the agar 

surface after prolonged incubation. The optimal temperature 

for growth is 30 C. The optimal pH is 6.5 to 7.0. Acid but 

no gas is produced from the following sugars in both Phenol 

Red Broth base and Stanier's cytophaga medium (16): a-cellulose, 

araginose, cellobiose, fructose, galactose, lactose, maltose, 

mannose, mannitol, melezitose raffinose, rhamnose, sucrose, 

trehalose, and xylose. No acid is produced from glucose. 
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dulcitol, sorbitol, carboxymethylcellulose, inulin, salicin, 

and glycerol. Pyruvic, malic, oxalic, fumaric, succinic, 

and propionic acids are utilized (assimilated into the cells 

as determined by a change in the indicator in Yamada's 

medium). Cellobiose, a-cellulose and maltose are utilized 

as the sole sources of carbon while glyceric, hippuric, 

uric, glutamic, adipic, tartaric, citric, and fumaric acids 

are not. In Hugh-Leifson's medium acid is produced 

aerobically from glucose, sucrose, and cellobiose but not 

from lactose. Anaerobically acid is produced from sucrose 

and cellobiose but not from glucose and lactose. Urease .̂  

is 
activity IS positive. The Methyl Red test is positive. i* 
Ammonium salts can be used as the nitrogen source in the 

m 

4 

0 

!?« 

presence of glucose or cellobiose but not mannitol nor O 

dulcitol. Nitrate is not reduced. The catalase reaction is , 

positive. Alpha-amylose is hydrolyzed. Gelatin is liquified 

slowly. Litmus milk is peptonized and reduced. Chitin agar ^ 

supports growth. The strain is sensitive to actinomycin D, 

chloramphenicol, erythromycin, novobiocin, streptomycin, 

bacitracin, neomycin, and oxytetracycline. It is slightly 

sensitive to polymyxin B (there is growth in penassay broth 

containing 6.25 pg/ml). It is resistant to penicillin, 

tetracycline and kanamycin. The deoxyribonucleic acid contains 

44.3 mol% guanine plus cytosine. The type strain is Cytophaga 
ureae WTHC 2421. 
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Discussion 

The genus of Cytophaga proposed in the latest Bergey's 

Manual includes a group of non-flagellated cells with gliding 

movements which do not form fruiting bodies. Mitchell et al̂  

(13) defined Cytophaga similarly to Leadbetter's proposal in 

Bergey's Manual except for the range of G + C content of DNA. 

Mitchell's proposal was 29-45% and Leadbetter's proposal was 

32-42%. Soriano (15) differentiated Cytophaga from 

Flexibacter by its ability to attack cellulose and carbo

hydrates as well as the ability to use organic nitrogen 

compounds as the sole carbon and energy source. Leadbetter 

adopted the former characteristics while not mentioning the 

latter in Bergey's Manual. It is obvious from the species 

characteristics of Cytophaga that some are able to use pep

tone or other organic nitrogenous compounds as their sole 

carbon and energy source. These and other morphological and 

physiological characteristics of our new strain clearly 

indicate that it belongs to the genus Cytophaga. There are 

no other reported species that are identical to the new 

strain. C. johnsonae most resembles the new strain. It 

differs from the new strain by the anaerobic production of 

acid from various sugars, indicating different metabolic 

pathways may be used by the strains. The variations in anti

biotic sensitivity may indicate different characteristics in 

membrane structure or mechanisms of protein synthesis. However, 

both strains were sensitive to chloramphenicol, which is 

iMMiiaiiMifenneiiHUijiHaHl 



contrary to the report by Warke and Dhala (20) . Mitchell 

et al̂  proposed the use of polymyxin B and chloramphenicol 

in selective media for Cytophaga. The results of our study 

do not demonstrate the feasibility of such a technique. 

The G + C content of DNA was used for classification in 

many other species. The smallest range proposed for 

Cytophaga was 32-42%, a difference of 9% (10). The value 

reported for this strain 44.3% was an average of five tests, 

The ATCC strain of C. johnsonae also had a value of 44.3%, 

11% higher than the result by Mandel and Leadbetter (12). 

Mitchell et̂  al̂  and Soriano agreed that the G -̂  C content 

of DNA of Cytophaga should not be higher than 50%. The 

posposed new species was still well within this range. On 

the basis of the differences between strain WTHC 2421 and 

other known species the establishment of a new species 

Cytophaga ureae ('ure.ae. M.L. gen. n. ureae of urea; and 

hence of urease) is warranted. 
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Fig. 1. The cells of Cytophaga ureae grown in TSB 8 hr. aft 
inoculation. They were stained with 1% phospho
tungstic acid at pH 5.5. The electron-dense spot 
indicated by the arrow is believed to be a mesosome 
like structure. The magnification is 47500 X. 



11 



12 



Fig. 2. The cells of C_. ureae grown in TSB, 48 hr after 
inoculation. The magnification is 4 750 0 X. 

Fig. 3. The edge of a three day old colony of C. ureae 
on TSA. The magnification is 40 X. 
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TABLE 1 

COMPARISON OF C. UREAE WITH C. HUTCHINSONII 

Organism 

C. Ureae 

C. hutchinsonii 

Acid production in Phenol Red Broth 

galactose xylose arabinose fructose mannitol 

+ + + + + 

C. ureae 

C. hutchinsonii 

Utilization of peptone as sole 
carbon and energy source 

Reference 

(10) 



Organism 

C. ureae 

C. rubra 

15 

TABLE 2 

COMPARISON OF C. UREAE WITH C. RUBRA 

Acid production in 
Phenol Red Broth 

galactose arabinose fructose mannitol 

+ + + + 

Urease 
Activity 

C. ureae 

C. rubra 

Utilization of peptone as sole carbon 
and energy source 

+ 

+ 

Reference 

(10) 
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TABLE 3 

COMPARISON OF C. UREAE WITH C. KREZEMIENIEWSKAE 

Organism Acid production in Urease Growth with 
y ' 

nitrogen source 

Phenol Red Broth activity (NH.)2S0. as sole 

ureae 

arabinose sucrose 

+ + 

C. krezemieniewskae 

Nitrate 
Reduction 

C. ureae 

C. krezemieniewskae + 

Requirement of high 
concentration of 
NaCl for growth 

Reference 

(10) 



Organism 

17 

TABLE 4 

COMPARISON OF C. UREAE WITH C. DIFFLUENS 

C. ureae 

C. diffluens 

Acid production in 
Phenol Red Broth 

arabinose sucrose 

+ + 

Starch 
hydrolysis 

Nitrate 
reduction 

Colony pigmentation 

C. ureae yellow 

C. diffluens pink 

Reference 

(10) 
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Organism 

TABLE 5 

COMPARISON OF C. UREAE WITH C. SALMONICOLOR 

Acid production in 
Phenol Red Broth 

C. ureae 

C. salmonicolor 

rhamnose 

+ 

mannitol 

+ 

glucose inulin 

Requirement for high concentra- Reference 

C. ureae 

C. salmonicolor 

tion of C0„ and NaCl for growth 

+ (10) 
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TABLE 6 

COMPARISON OF C. UREAE WITH C. FERMENTANS 

Organism 

C. ureae 

C. fermentans 

Acid production in Phenol Red Broth 

trehalose glucose sorbitol inulin 

+ -

- + + + 

Requirement for high concentra- Reference 

C. Ureae 

C. fermentans 

tion of CO- and NaCl for growth 

(10) 
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Organism 

TABLE 7 

THE COMPARISON OF C. UREAE WITH C. JOHNSONAE 

Acid production 
in Phenol 
Red Broth 

C. ureae 

C. johnsonae 

Anaerobic acid production 
in Hugh-Leifson's medium 

glucose sucrose cellobiose lactose glucose 

+ + - -

+ - - + + 

C. ureae 

C. johnsonae 

Utilization of maltose as sole 
carbon & energy source 
in Stanier's medium 

Urease 
Activity 

Antibiotic Sensitivity 

tetracycline polymyxin B kanamycin bacitracin 

C. ureae - - - + 

+ + + -C. johnsonae 

* -: not sensitive 
+: sensitive 
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CHAPTER II 

THE ULTRASTRUCTURE OF TWO SPECIES OF CYTOPHAGA 

Abstract 

The ultrastructure of two celluldytic strains of 

Cytophaga was studied using thin sections and negatively 

stained preparations. There were no significant differ

ences between C. johnsonae and C. ureae. Both bacteria 

had a layer of electron-dense material surrounding the 

cell. This material linked the daughter cells after divi

sion. The cell walls of these bacteria were 11 to 13 nm 

thick. The cells had large sac-type mesosome-like 

structures which extended into the nuclear material and on 

occasion were three-fourths the length of the cell. The 

membranes of the sac-type mesosome were 3.0 to 6.0 nm 

thick. A vesicle-type mesosome was associated with septiom 

formation in C. johnsonae. Many electron-translucent 

bodies were embedded in the cytoplasm but were enclosed by 

the cytoplasmic membrane. The ultrastructure of Cytophaga 

was compared with that of other gram-negative bacteria. 

23 
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Introduction 

The fine structure of the slime bacterium Cytophaga 

has not been studied extensively. Verma and Martin (20) 

studied C. hutchinsonii and reported that the cell wall 

did not contain teichoic acid, protein or polysaccharides. 

They proposed that the murein layer, was responsible for 

the flexibility of the cells. Follett and Webley (4) 

reported structures they designated as "strand" which 

extended from the periplasmic space through the cell wall. 

They postulated that the strand formed the slime layer which 

surrounded C. johnsonae cells. They reported that the 

cell envelope was composed of two layers of "unit membrane." 

There have been no reports of meinbrane structures within 

the cytoplasm. This report presents evidence for membrane 

structures and other organelles in two species of Cytophaga. 

Morphologically aberrant cells formed during division are 

described. The term "mesosome" in this paper will be used 

as the term "mesosome-like structure" as defined by 

Greenwalt and Whiteside (5). 

Materials and Methods 

C, johnsonae ATCC 17061 was obtained from the 

American Type Culture Collection, C. ureae sp, nov, was 

isolated from soil. Cells were grown in Difco Trypticase 

Soy Broth (TSB) for 18 hr at 30 C. Ten ml of washed cells 

were transferred to Stanier's medium (16) which contained 
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0.1% microcrystalline cellulose (Biorad) as the caron 

source. These cultures were incubated on a rotary shaker 

at 30 C for 18 hr. The cellulose residue was removed by 

filtration of the culture through Whatman GF/A fiber glass 

filter paper. Two hundred ml of the filtrate were mixed 

with 20 ml of 1% OsO^ in Kellenberger's buffer (14). The 

mixture was filtered through a 0.45 um membrane filter. 

The cells were washed off the membrane filter with 10 ml 

of the filtrate and fixed according to the method of Ryter 

et al. (14). The agar cubes containing the cells were 

dehydrated in ethanol and embedded in Spurr's low velocity 

plastic (18). Thin sections were prepared with an LKB 

microtome and stained with 0.5% uranyl acetate for 10 

min then with 2% lead citrate for 6 min at 25 C. 

Preliminary experiments demonstrated that cells 

grown in cellulose medium and those grown in TSB did not 

differ significantly. Therefore, only cells grown in TSB 

were negatively stained. Cells cultivated in TSB for 18 hr 

were harvested by centrifugation and washed twice with 

water. The pellets were resuspended in the original volume 

of sterile distilled water. The cell suspension was dropped 

onto grids coated with 0.3% Formvar and negatively stained 

with 1% phosphotungstic acid at pH 5.5 for 20 seconds (6). 

All specimens were examined with a Hitachi HS-8-2 electron 

microscope. 



26 

Results 

An electronmicrograph of negatively stained cells of 

C. johnsonae is presented in Fig. 1. An electron-dense 

spot was observed at the tip of each cell. No structural 

detail was found in these spots. Similar spots were also 

observed on negatively stained C. ureae (Fig. 2). A 

mesosome-like structure appeared to be attached to the 

septum of a pair of divided cells (Fig. 1). The "strand" 

observed by others (4) was not observed. Fig. 3 shows the 

cytoplasmic membrane (CM), the peptidoglycan layer (PG), 

and the cell wall (CW). There was also a layer of electron-

dense material outside the cell wall (arrow). This layer 

existed after extensive washing of the cells. Therefore, 

no membrane structure was observed in this layer. From 

measurements of this and other micrographs, it was deter

mined that the CM was from 6.5 to 7.0 nm, the PG 3.5 nm 

and the CW from 11 to 13 nm thick. The electron-dense 

layer was 20 nm thick. Fig. 4 shows a cell during the 

process of division. A mesosome was located in the nuclear 

region of one of the daughter cells. Fig. 5 reveals some 

electron-translucent bodies located at the periphery of 

two cells. These bodies seemed to be connected to the CM. 

Partial portions of mesosomes were observed in the center of 

the nuclear material in this electron micrograph. Fig. 6 

shows the connection of the sac-type mesosome to the cell 
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envelope. Fig. 7 shows a cross section of a sac-type 

mesosome. The ribosomes formed a distinct ring around 

the nuclear material. The mesosome membranes in these 

sections were 3.0 to 7.0 nm thick. 

During the cell division of both species some daughter 

cells were observed which differed morphologically from the 

parent cells. These cells are termed "retarded" cells. 

In Fig. 8 the normally dividing cells of C. johnsonae are 

shown. The septum divided the two daughter cells evenly. 

In Fig. 9a a retarded cell of C. johnsonae is demonstrated. 

The retarded cell contained electron-translucent cytoplasm 

and no evidence of nuclear material. Fig. 9b to 9e shows 

the retarded cells in different forms. The retarded cells 

were smaller in size. The cell shape was irregular. One 

end of the cell wall frequently appeared in a "W" shape. 

The cell eventually collapsed. Fig. 10 shows a normal 

cell of C. johnsonae. Notice the electron-dense layer 

outside the CW which sometimes exceeded 20 nm in thickness. 

The ultrastructure of C. ureae is shown in Fig. 11 

and the following figures. Fig. 11 shows a sac-type meso

some which extended into the cytoplasm and the nuclear 

material of the cell. The electron-dense layer outside 

the CW was the last link between the two daughter cells 

before complete separation took place. Its thickness was 

about 15 nm. Fig. 12 shows a longitudinal section of a 
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as well as a cross section. The length of this sac-type 

mesosome is three-fourths that of the whole cell. Sections 

of the sac-type mesosome at different angles are shown in 

Fib. 12 and 13. The cell wall was 12 to 13 nm, the 

PG 3.0 nm and the CM 6.5 nm thick. In Fig. 14 cross 

sections of more mesosomes are presented. Several layers 

of membrane were shown in one of the mesosomes. The 

thickness of each individual membrane was 3.0 to 6.0 nm. 

The electron-translucent bodies were observed also in 

C. ureae (Fig. 14). However, no mesosome was observed 

to be involved in cell division in this species. Fig. 15 

shows a pair of normally dividing cells of C. ureae. 

Fig. 15 shows a pair of normally dividing cells of C. 

ureae. Fig. 16a to 16e show the appearance of some of the 

retarded cells. The retarded cells eventually lost all of 

their cytoplasm and became U-shaped before collapsing 

(Fig. 17). There were no significant differences between 

the two species except for the electron-dense layer out

side the cell wall. The layer outside C. johnsonae is 

thicker than that outside C. ureae. 

Discussion 

In this study some distinguishing ultrastructural 

features of Cytophaga were discovered. An electron-dense 

layer outside the cell wall has not been reported previously, 

It is the last material that links two dividing cells 
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together before complete separation. The chemical nature 

of this layer is not known. Its thickness ranges from 15 nm 

in C. ureae to 20 nm in C. johnsonae. The cell wall was 

11 to 13 nm thick. It was similar to those reported for 

other gram-negative bacteria (1, 2, 4, 9, 10, 17, 19), 

which average 10 nm. The "murein layer" of the flexi-

bacterium Sporocytophaga myxococcides was only 2 nm in 

thickness (20) . Since Cytophaga is also a flexible bac

terium, it is obvious that the flexibility of the cell is 

not related to the thickness of the cell wall as proposed 

by Verma and Martin (20). The thickness of the cytoplasmic 

membrane and pdypeptidoglycan layer are similar to those 

reported for other gram-negative bacteria (1, 2, 3, 4, 9, 

10). The "unit membrane" was believed to be 7.5 nm in 

thickness (13). The thickness of the CM of Cytophaga 

was less. The electron-translucent bodies have not been 

reported before. They were numerous and embedded in the 

cytoplasm. However, they appeared to be surrounded by the 

CM, and therefore exposed to the periplasm. The nature 

and function of these bodies is not understood. It is 

speculated that these may be the "strand" of C. johnsonae 

after negative staining by Follett and Webley (4). Further 

studies are required for clarification. 

The existence of mesosomes in Cytophaga species has 

not been reported previously. Their morphological features 
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were different from those of other mesosomes found in 

either gram-positive bacteria (3, 12, 15) or gram-negative 

bacteria (2, 7, 8, 11). Most of these other mesosomes 

were small when compared to the total bacterial cell. 

In Escherichia coli mesosomes were observed only if the 

cells were grown or fixed under specific conditions 

(.7, 10) . In Pseudomonas aeruginosa no mesosomes were 

observed when the cells were fixed by Ryter's method (14). 

In this report cells were fixed by Ryter's method and 

mesosomes were observed. Most of the mesosomes observed 

were sac-type and extended into the nuclear material of 

the cell. The length of the sac sometimes was three-

fourths that of the whole cell, which is quite different 

from the mesosomes of the other celluldytic bacteria. In 

the celluldytic bacterium Cellvibrio fulvus mesosomes were 

small and had a primitive structure (1). In C. johnsonae 

vesicle-type mesosomes seem to be associated with the 

septum of a pair of divided cells. Whether the mesosome 

is involved in cell division of Cytophaga is not clear at 

this time. 

The appearance of aberrant cells during division has 

not been reported previously. Since the cells were grown 

in cellulose medium, it may be a result of adaptation to 

the environment. This differentiation was not observed in 

cells grown in TSB. The function of the various organelles 

in Cytophaga are largely unknown. The relationship of the 
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physical structure and the physiological behavior require 

further investigation. The celluldytic activity of the 

bacterium may be associated with these newly discovered 

ultrastructures, since the cellulase activity of C. 

johnsonae and C. ureae was found to be mostly membrane 

bound (Chang, W. T. H. and D. W. Thayer, xinpublished 

data) . 
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Fig. 1. Negatively stained cells of Cytophaga johnsonae 
ATCC 17061; notice the electron dense spots on 
each cell as indicated by arrows. A mesosome-
like structure #(M) is associated with the septum 
#(S). The bar in this and the following figures 
represents 0.4 um. 

Fig. 2. Negatively stained cells of C. ureae sp. nov.; 
Arrows indicate the electron-dense spots. 

Fig. 3. The cross section of C. johnsonae. (N): nuclear 
materials; (R): ribosomes; (CM): cytoplasmic 
membrane; (PG): peptidoglycan layer; (CW): cell 
wall. 

Fig. 4. A dividing cell of C. johnsonae. 

Fig. 5. The thin sections of C. johnsonae showing the 
location of the electron-translucent bodies (L) 
in each cell. Partial sections of two mesosomes 
are shown also. 

Fig. 6. The longitudinal section of a mesosome in C. 
johnsonae; notice the linkage of the mesosome to 
the cell envelope. 

Fig. 7. The cross section of a sac-type mesosome in C. 
johnsonae. 



33 



34 



Fig. 8. The normally dividing cells of C. johnsonae. 

Fig. 9a. The appearance of aberrent cells during the cell 
division of C. johnsonae; (Rt): the "retarded" 
cell # (see text for definition). Notice that 
the electron-dense layer (arrows) outside the 
cell wall was already separated at one end of the 
septum. 

Fig. 9b. A retarded cell closely linked to a normal cell of 
C. johnsonae. 

Fig. 9c. The retarded cell beginning to separate from the 
normal cell of C. johnsonae; notice one end of 
the electron-dense layer was still linked between 
the normal daughter cell and the retarded cell. 

Fig. 9d. A separated retarded cell of C. johnsonae; notice 
one end of the cell wall appears in "W" shape 
#(W) . 

Fig. 9e. A retarded cell of C. johnsonae during collapse. 

Fig. 10. A normal cell of C. johnsonae. The arrows indi
cate electron-dense layer outside the cell wall. 
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Fig. 11. Section of a sac-type mesosome in C. ureae. 
The arrow indicates the electron-dense layer 
as the last link between the two sister cells. 

Fig. 12. The longitudinal section as well as a cross 
section of the sac-type mesosome in C. ureae. 

Fig. 13. Fine structure of a longitudinally sectioned 
cell of C. ureae. The electron-dense layer out
side the cell wall is indicated by an arrow. 

Fig. 14, Cross section of mesosomes in C, ureae. The 
longitudinal section of one of the mesosomes 
had a complex structure (M ). 

Fig. 15. A normally dividing cell of C. ureae. Notice 
the linkage of the electron-dense layer after 
the cell have completed separation. 
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Fig. 16a to 16e. The appearance of retarded cells of C. 
ureae in different forms. 

Fig. 17. A retarded cell of C. ureae containing 
no cytoplasm. 
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CHAPTER III 

THE CELLULASE SYSTEM OF CYTOPHAGA SP. 

Abstract 

Cellulases (EC 3.2.1.4) of Cytophaga ureae sp. nov. 

were found in the soluble portion of the cell-the peri

plasm and the cytoplams—and on the membrane. Most of the 

carboxymethylcellulose-liquefying activity was membrane 

bound, whereas most of the CMC-saccharifying activity was 

soluble. The CMC-saccharifying activity was increased 

500 X by purification procedures which included ammonium 

sulfate precipitation, and molecular exclusion chroma

tography with Sephadex G-75 and Biogel p-100. The protein 

was present in a single peak during elution from Biogel 

p-100 and had a molecular weight of 6500 to 8000. Analyti

cal ultracentrifugation indicated a low molecular density. 

This protein also contained C. activity which was 238 X 

higher than the activity shown by the whole cell. The 

reaction of the enzyme with either CMC or dewaxed cotton 

produced only glucose. The enzyme was slightly inhibited 

by the presence of 0.01% (w/v) glucose, lactose, or 

cellobiose, not affected by sucrose, and exhibited increased 

activity in the presence of xylose and fructose. 
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Introduction 

Cellulase (EC 3, 2, 1, 4) systems of bacteria have 

been studied in species of Pseudomonas (24, 25, 26), 

Cellulomonas (12, 13) and Cellvibrio (1, 2). The cellu

lase system of Cytophaga was investigated by several 

workers. Walker and Warren (21) isolated a strain of 

Cytophaga hutchinsonii which was able to "eat through" 

filter paper suspended in a mineral salts medium. The 

degradation was enhanced by an increased oxygen supply. 

Sixty-four per cent of the filter paper by weight remained 

after 21 days incubation. Much effort was concentrated 

on identification of the products of degradation but little 

was done on the enzymes involved. Fahreaus (9) also worked 

on the cellulase system of Cytophaga. However, Fahreaus 

and Walker and Warren were working with crude enzyme 

preparations and the reactions were subjected to inter

ference from contaminating enzymes. This paper reports 

the isolation and purification of Cytophaga cellulases 

including both C, activity—the enzyme activity which 

breaks down crystalline cellulose into oligosaccharides 

and/or monosacchraides—and carboxymethylcellulase 

(CMCase). The purified enzymes are characterized and 

compared with cellulases isolated from other sources. 
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Materials and Methods 

Bacterial strains and growth conditions: 

Cytophaga ureae sp. nov. (5) was isolated from soil. 

Preliminary experiments indicated that the production 

of cellulase by the species was not affected by the medium 

in which the cells were grown. There were no differences 

between the cells grown in mineral salts media containing 

1% (w/v) Avicel cellulose supplemented with either 0.02% 

glucose or 0.02% cellobiose. There were also no differences 

between the cells grown in Difco Trypticase Soy Broth 

(TSB) and the cells grown in the mineral salts media. 

Therefore the cellulases were purified from cells grown 

in TSB for 12 hr. Eight liters of TSB in a Chemap 14 liter 

fermentor were inoculated with 200 ml of a 24 hr old 

culture in TSB. The culture in the fermentor was aerated 

at 1 v/v/min and agitated by three disc turbines at 

1500 rom. The cells were harvested by continuous centri

fugation at 18,000 X G. The packed cells were lyophilized 

and stored at -27 C. 

Localization of enzymes in various parts of the cells: 

Preliminary experiments with French press and soni-

cation cell disruption techniques disclosed that these 

techniques were not suitable. The cellulase activity was 

lost after either treatment although special care was 

devoted to maintain the temperature at 4 C. Therefore 

the method of Yamane et al. (2b) was adopted. 
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Four grams of dried cells were suspended in 200 ml 

buffer at pH 8.0 containing 0.02 M Tris (hydroxymethyl) 

aminomethane-HCl, 0.005 M ethylenediamine tetraacetic 

acid (EDTA), 0.32 M sucrose, 0.2 g ethylmercurithio-

salicylate sodium salt (merthidate)—Sigma, and 0.4 g 

lysozyme (Sigma). The mixture was stirred at 30 C for 

120 min before centrifugation at 12,100 x G for 30 min 

at 4 C. The supernatant which contained periplasm was 

stored at -27 C. The pellet was resuspended in the 

original volume of 0.02 M, pH 8.0 Tris buffer and centri-

fuged again at 60,000 x G for 30 min. The cytoplams in 

the supernatant was frozen and stored at -2 7 C. The 

pellet was resuspended in the original volume of Tris 

buffer. The procedure is presented diagrammatically in 

Fig. 1. Samples were removed at each step and stored 

at -27 C before analysis. 

Purification of cellulase: 

The cellulase in the periplasm was able to attack 

cellulose dialyzing tubing; thus attempts to fractionate 

the protein in the periplasm by ammonium sulfate precipita

tion were abandoned. Instead, 99.3 g of ammonium sulfate 

were added to 200 ml of periplasm to achieve 90% saturation. 

The precipitate was resuspended in 60 ml of Tris buffer 

(0,02 M, pH 8,0) and eluted from a Sephadex G-75 4.0 cm x 

60 cm column under 18 cm hydrostatic pressure with the Tris 
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buffer. The flow rate was 13.8 ml/hr. The void volume 

was 390 ml. The active fractions were pooled and lyophil

ized. The dried material was resuspended in 30 ml distilled 

water and subjected to ascending molecular exclusion 

chromatography on a Biogel p-100 2.5 cm x 35 cm column. 

The flow rate was 1.5 ml/min and fractions of 5.4 ml were 

collected. The active fractioned were concentrated by 

lyophilization and rechromatographed on a 9 x 210 mm 

Biogel p-100 column with a flow rate at 3.5 ml/hr. 

Fractions of 2.6 ml were collected. The purification of 

cellulase in the cytoplasm was similar to the procedure 

described above. Eight hundred ml cytoplasm were 

lyophilized and resuspended in 33 ml Tris buffer (0.02 M, 

pH 8.0). The solution was chromatographically separated 

on the Sephadex G-75 column as above and the active 

fractions pooled and lyophilized. The dry material was 

resuspended in 8 ml of distilled water. The suspension 

was chromatographically separated on the Biogel p-100 

column as above. The active fractions were pooled and 

stored at -27 C, 

The isolation of amylase in the cell of C. ureae 

was accomplished by subjecting the cells to 20,000 psi 

pressure twice in a French press. The resultant broken cells 

were centrifuged at 15,000 x G for 30 min. The pellet was 

resuspended in the original volume of Tris buffer (0.02 M, 
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pH 8.0). The amylase activities of samples removed 

at each step were analyzed. 

Assays: 

CMCase was assayed both in terms of CMC-liquefying 

activity (20) and CMC-saccharifying activity. The latter 

was performed according to the method of Miller et_ a]^. (16) 

with slight modification. The substrate contained 1% CMC, 

0.1% merthidate in 0.1 M sodium phosphate buffer at 

pH 8.0. One ml of substrate was mixed with 1 ml of 

enzyme and incubated at 30 C for 30 min. The reaction 

mixture was added with 3 ml dinitrosalicylic acid reagent 

(16) and boiled in a water bath for 15 min. The optical 

density of the mixture at 64 0 nm and path length 10 mm 

was read with a Bausch and Lomb Spectronic 70 spectro

photometer. One unit of specific activity of CMCase was 

defined as 1 mg glucose equivalent produced/mg protein/30 

min. When the CMCase was assayed viscometrically the 
2 

definition of one unit of CMCase was d (l/Ti__)/dt) x 10 
sp 

(20). An Oswald viscometer in which the flow time of 

water was 23 sec at 30 C was used for these assays. The 

C activity was assayed according to method of Miller et al. 

(16) using 1% Avicel cellulose in 0.1 M phosphate buffer 

at pH 7.0 as the siobstrate. Alpha-cellulose (Sigma), micro-

crystalline cellulose (Biorad), ashless cellulose tablet 

(Whatman), and dewaxed cotton were also tested as sub

strates. However, preliminary experiments showed that 
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Avicel cellulose gave the best response to the assay method. 

Therefore Avicel cellulose was used for the assay of C. 

activity. 

Amylase was assayed with the method of Rinderknecht 

et al. (17). The unit of Amylase was defined in terms of 

the Somogyi unit (18). Para-nitrophenyl-g-glucosidase was 

assayed by the method of Yamane et al. (24). One unit of 

p-nitrophenyl-3-glucosdiase was defined as 1 jomole 

p-nitrophend released/mg protein/4 hr. 

For protein assay the method of Lowry et al. (14) was 

used, with bovine serum albumin as the standard protein. 

Glucose was assayed either by the method of Miller et al. 

(16) or with the glucose oxidase method of Cawley et al. 

(4). 

Sugars produced by the action of the cellulase were 

identified by thin layer chromatography on silica gel. 

One ml of purified enzyme was mixed with 1 ml of Tris 

buffer containing either 1% CMC or 1% dewaxed cotton and 

incubated for 20 hr at 30 C. Approximately 10 jig of sugar 

were applied at each spot. The solvent system contained 

ethyl acetate/methand/glacial acetic acid/water at the 

ratio of 60:15:15:10 (v/v). The chromatogram was developed 

with either a benzidine reagent (15) to test for all sugars, 

or a naphthoresorcind reagent to test for ketoses (15). 

The inhibition of enzymatic reactions by the presence 

of various sugars were assayed by adding 0.1 ml of 1 mg/ml 
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sugar solutions to 1 ml of Tris buffer containing 1% CMC. 

One ml of enzyme was added and the mixture incubated for 

30 min. The glucose produced was assayed with the dinitro

salicylic acid reagent. A set of control tubes was pre

pared for each sugar. Each tube contained 1% CMC, 0.1 mg 

of the sugar to be tested, and incremental amounts of 

glucose. The final volume in each t\abe was 2.1 ml before 

the addition of dinitrosalicylic acid reagent. The sugars 

tested were xylose, fructose, glucose, cellobiose, lactose, 

and sucrose. 

Two buffer systems were used to study the effect of 

pH on celluldytic activity of the whole cells. The 

buffer for pH 3, 4, 5, and 6 was 0.1 M citrate buffer 

and the buffer for pH 7, 8, 9, and 10 was 0.1 M phosphate 

buffer. The siobstrate was either 1% CMC or 1% Avicel 

cellulose. 

To test for the reaction rate constant of the 

CMCase several substrate concentrations were used. Carboxy

methylcellulose was dissolved in Tris buffer (0.02 M, pH 8.0) 

at concentrations of 0.1%, 0.5%, 1.0%, 5.0%, and 10.0%. 

One ml of substrate was mixed with 1 ml purified enzyme 

and incubated for incremental periods. The reaction was 

stopped by addition of dinitrosalicylic acid reagent at the 

end of each time period. The rate constant of reaction was 

plotted graphically and calculated according to the equation 

TEXAS TECH LIBRARY 
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by Ghose and Das (10): 

Kt = In ^co 
H -H 
CO c 

where H = initial concentration of cellulose, 
CO 

H = concentration of saccharified cellulose, c 

t = reaction time, 

K = rate constant. 

Results 

The relationship between the growth of cells of C. 

ureae and the production of cellulase components is pre

sented in Fig. 2. There seems to be a slight increase in 

the cellulase activity in the late log growth phase. There

fore the culture was harvested at 12 hr in order to obtain 

higher yields of the cellulases. 

The amylase activity in C. ureae was tested in various 

parts of the cells. All amylase activity was found in the 

soluble portion of the cell (the supernatant). The results 

are presented in Table 1. 

The results of the optimum pH study are presented in 

Fig. 3 and Fig. 4. The CMCase activity was maximum at pH 

8.0. The C, activity was greatest at pH 7.0. 

The CMCase activity of various parts of the bacterial 

cell as measured viscometrically is seen in Table 2. The 

total and specific activities of CMCase increased after the 

cells were plasmdyzed by lysozyme. Sixty-one percent of 
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this activity was in the periplasm. The total activity 

of the plasmdyzed mixture was further increased after 

the spheroplast was broken by osmotic pressure. The sum 

of the total activity of the periplasm and the broken 

spheroplasts was 1.5 times the total activity of the broken 

cell mixture which contained periplasm and the whole 

spheroplasts. The p-nitrophenyl-g-glucosidase activities 

in the various parts of the cell were determined and the 

results shown in Table 3. The activity also increased 

1.4 times when the cell was disrupted. Most of its activity 

was in the periplasmic fraction. There were also traces 

of enzyme activity associated with the membrane and cyto

plasm. 

The results of molecular exclusion chromatography of 

the cytoplasmic CMCase on the Sephadex G-75 is presented 

in Fig. 5. A peak of cellulase activity was discovered 

between fraction #148 and 198. Each fraction contained 

5.4 ml. The pooled fractions contained 95.5% of the 

total activity originally placed on the column. The pooled 

fractions were lyophilized and chromatographically separated 

on the Biogel p-100 column. The results are presented in 

Fig. 6. The fractions between #38 and 56 were pooled and 

lyophilized. The pooled fractions contained 75% of the 

total activity placed onto the column. The highest activity 

assayed among the fractions collected was 5.8 specific CMCase 
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units in fraction #40. The results of chromatography of 

periplasmic CMCase on the Biogel p-100 are presented in 

Fig. 7. The p-nitrophenyl-B-glucosidase was eluted with 

the void volume whereas the CMCase was eluted between 

fraction #46 and 50. The pooled fractions contained 14.4% 

of the total activity of the sample placed on the column. 

The highest specific activity obtained was 10.5 units in 

fraction #46. The pooled fractions were concentrated by 

lyophilization and rechromatographed on Biogel p-10 0. The 

results are presented in Fig. 8. The highest specific 

activity unit obtained was 14.3 in fraction #8, which was 

534 times that in the original cell suspension. The 

recoveries of the CMCase from the periplasm and the 

cytoplasm during the purification procedure is presented 

in Table 4. The only product of the purified enzyme's 

reaction with CMC or dewaxed cotton was glucose. Only 

sugars with a R^ value equal to that of glucose were 

detected. No ketose was detected by the naphthoresorcind 

reaction. The presence of glucose was confirmed enzymati-

cally. The relationship between the presence of sugars and 

CMCase activity is presented in Table 5. The CMCase activity 

was slightly inhibited by the presence of glucose, lac

tose, and cellobiose, not affected by sucrose, and increased 

by the presence of xylose and fructose. 
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The estimation of the molecular weight of the 

CMCase by p-100 molecular exclusion chromatography is 

presented in Fig. 9. The estimated molecular weight was 

6500 to 8000. The pooled fractions from the periplasmic 

cellulase also contained a c, activity with a specific 

activity of the original cell suspension. Ultracentri

fugation and SDS-pdyacrylamide gel electrophoresis 

experiments to determine the molecular weight of the 

purified CMCase were not successful. There was a floating 

effect in the schlieren pattern of the sedimentation 

velocity experiments. 

The estimated reaction rate constant of the enzyme 

at various substrate concentrations are presented in 

Fig. 10. The value of K decreased as the concentration of 

substrate increased. The K value of the reaction was 

-4 -1 4.22 X 10 min when the substrate was 0.1% CMC. 

Discussion 

Cellelase systems have been studied extensively. 

However, the unit of cellulase has not been agreed upon. 

Enzymes which attack degraded cellulose such as CMC may be 

measured in terms of CMC-liquefying activity or 

CMC-saccharifying activity. Emert et_ d. (8) proposed 

that the former was only exhibiting the activity of 

endo-3-l,4,-glucanase and the latter was exhibiting the 

activity of exo-B-1/4,-glucanase. In these experiments 
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both were assayed in the same crude enzyme preparations. 

The results indicated that most of the CMC-saccharifying 

enzyme was soluble, while the CMC-liquefying enzyme was 

membrane-bound. It is not known if other enzymes were 

involved in the cellulase reaction and affected the out

come of the assays. Enzymes capable of attacking the 

products of cellulose hydrolysis (glucose oxidase, 

hexokinase, glucose dehydrogenase) may be present on the 

membrane and result in erroneously low results for CMC-

saccharifying activity. However, all glucose-utilizing 

enzymes are soluble (3, 6 , 19). The presence of these 

enzymes in Cytophaga has not been studied. The fungal 

cellulase isolated by Thomas (20) responded differently 

to pH when assayed by either method. From these observa

tions it seems that the term "carboxymethylcellulase" 

should be more specifically defined in the future with 

regard to the method of assay. If future evidence indicates 

that either the exo-glucanase or the endo-glucanase are 

substrate specific, then the prevailing methods of assay 

should be used with discrimination. 

Yamane et̂  ad. (26) found three cellulases which 

differed in location. One was in the periplasm and the 

other two were extracellular. In these experiments extra

cellular enzymes were not discovered regardless of the 

cultural conditions. The enzyme activity increased after 



55 

the whole cell or spheroplasts were disrupted. These 

results indicated that the membrane-bound cellulase was 

probably not readily soluble and could only exhibit 

activity if it was in direct contact with the substrate. 

The mechanism by which Cytophaga cells exhibit cellulase 

activity without autolysis is further confused by these 

findings since the total activity could be increased more 

than 17 times by conversion of the cells to spheroplasts. 

How could the cellulase be active if it were membrane 

bound inside the cell and not exposed to the substrate? 

The optimxim pH for the CMCase activity corresponded 

to two of the cellulase components found by Yamane et̂  al. 

(25) in Pseudomonas fluorescens var. cellulosa. However, 

the C, activity of Cytophaga had a higher optimum pH than 

those isolated from Trichoderma konigii (11, 2 3). The 

molecular weight of the CMCase of Cytophaga was much smaller 

than those found in other organisms (7, 8, 22). From the 

floating effect of the protein during ultracentrifugation 

it is speculated that the molecule may have a low density. 

The only monosaccharide detected by the TLC method was 

glucose. This finding was different from the report by 

Yamane et al̂ . (25) on the Pseudomonas cellulase, which 

produced galactose, mannose, fucose, and glucosamine. 

Cellobiose, lactose, and glucose were all found inhibitive 

to CMCase isolated from Penicillium pusilium (10). Our 
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results showed the same effect. However, the inhibition 

of CMCase by various sugars was performed with only one 

inhibitor concentration. Higher concentrations of the 

inhibiting sugars interfered with the reading of the 

reaction results by increasing the absorbance at 640 nm 

beyond the effective range of the assay method. Since 

p-nitrophenyl-B-glucosidase was not associated with the 

purified cellulase, the glucose must be a direct product 

of the action of exo-S-1.4-glucanase on cellulose. There 

was no evidence for the presence of oligosaccharides such 

as cellobiose, cellotriose, etc. on thin layer chroma

tography. A better method to assay for the presence of 

such compounds is needed in order to confirm their 

absence. 

According to Ghose and Das (10) the Michaelis-

Menten kinetics cannot be applied to the cellulase system 

if the substrate is soluble. In order to observe the 

overall order of reaction and the rate constant they 

proposed the equation Kt = In co (see Materials and 
H -H 
CO c 

tj 

Methods). By plotting log co versus t, the value of K 
H -H 
CO c 

can be obtained. A straight line was obtained for the 

reaction of CMCase at each tested substrate concentration, 

indicating first order reaction kinetics. The results also 

indicated higher rate of saccharification at lower substrate 
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concentration, which is what was found by Ghose and Das 

with cellulase from Aspergillus niger (10). 

In our experiments the location of cellulase in 

C. ureae was discovered. The cellulase which was in the 

periplasm and the cytoplasm was purified. The optimum 

pH for the reaction of CMCase was 8.0 and that for the 

reaction of C, activity was 7.0. However, the CMCase 

purified also contained C, activity. The purified protein 

had a molecular weight of 6500 to 8000. 
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Fig. 1. Procedure for separation of various parts of the 
Cytophaga ureae sp. nov. cells. 
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Cells 

suspend cells in Tris buffer 
0.32 M sucrose, 0.005 M EDTA, 
1 mg/ml lysozyme, and 1 mg/ml 
merthidate 

Broken cells (periplasm + spheroplasts) 

Centrifuge at 12,100 x G for 30 min, 

^ 

Periplasm 
(Supernatant) 

vT 
Cytoplasm 

(Supernatant) 

Spheroplast plasmdyzed 
by suspension in 0.02 M 
Tris buffer, pH 8.0 

Broken spheroplasts 
(cytoplasm + membrane) 

Centrifuge at 60,000 x G 
for 30 min. 

1 
Membrane 

(resuspend pellet in original 
volume of Tris buffer) 
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Fig. 2. The relationship between the growth of Cytophaga 
ureae sp. nov. and the production of cellulases. 
o - viable cells/ml; a- Lowry' s protein mg/ml; 
X - mg glucose produced from CMC / ml culture; 
^ - mg glucose produced from Avicel cellulose / ml 
culture. 
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Fig. 3. The optimum pH value for the CMCase activity of 
C. ureae cell suspension. 
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Fig. 4. The optimum pH for the C, activity of C. ureae cell 
suspension ~ 
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Fig. 5. Molecular exclusion chromatography of cytoplasmic 
CMCase by a Sephadex G-75 column. • - Protein 
(OD 280 nm); X - CMCase activity (mg glucose/mg 
protein / 30 min.). 
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Fig. 6. Biogel p-100 molecular exclusion column chromato
graphy of cytoplasmic CMCase. The CMCase had been 
eluted in a Sephadex G-75 column. 0 - protein (OD 
280 nm); X - CMCase activity (mg glucose / mg protein/ 
30 min.). 
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Fig. 7. Molecular exclusion chromatography of periplasmic 
CMCase on a Biogel p-100 column. 0 - protein (OD 
280 nm); 0 - p-nitrophenyl-6-glucosidase activity 
(jjmole p-nitrophend released / mg protein / 4 hr) ; 
X - CMCase activity (mg glucose / mg protein / 30 
min.). 
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Fig. 8. Biogel p-100 column chromatography of periplasmic 
CMCase. The CMCase had been eluted on a Biogel 
p-100 column and a Sephadex G-75 column. 
• - protein ug/ml; X - CMCase activity. 
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Fig. 9. Estimation of molecular weight of the purified 
CMCase by Biogel p-100 column chromatography. 
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Fig. 10. Estimation of reaction rate constant of the CMCase 
by Ghose and Das plot; H = initial CMC concentra
tion; H = concentration of CMC saccharified. 
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TABLE 1 

THE PRESENCE OF a-AMYLASE IN DIFFERENT PARTS OF THE CELL, 
THE CELLS WERE SUBJECTED TO 20,000 psi AND THE BROKEN 

CELLS CENTRIFUGED TO OBTAIN CELL EXTRACT AND 
MEMBRANE DEBRIS 

Enzyme preparation Amylase activity, Somogyi unit (18) 

Whole cell 0 

Broken cell 0 

Cell extract 80 

Membrane debris 0 

TABLE 2 

THE CMCase ACTIVITY MEASURED VISCOMETRICALLY IN VARIOUS PARTS 
OF THE CELL. 1 UNIT = (D(l/n )/dt) x 10^, 

1 SPECIFIC ACTIVITY = 1 UNf?/mg PROTEIN 

Enzyme preparation Specific activity Total activity 

Whole cell 7.5 35.0 

Broken cell (sphero
plast + periplasm) 12.3 65.0 

Periplasm 16.0 40.0 

Broken spheroplast 

(cytoplasm + membrane) 12.6 60,0 

Cytoplasm 0.0 0.0 

Membrane 16.6 60.0 



79 

TABLE 3 

THE LOCATION OF P-NITROPHENYL-6-GLUCOSIDASE IN 
C. UREAE. 1 UNIT = 1 jimole P-NITROPHENOL 

RELEASED / MG PROTEIN / 4 HR 

Enzyme preparation Specific activity Total activity 

Whole cell 0.147 0.65 

Broken cell (peri
plasm + spheroplast) 1.222 0.94 

Periplasm 2,186 0.94 

Broken spheroplast 

(cytoplasm + membrane 0.105 0.33 

Cytoplasm 0.090 0.21 

Membrane 0.073 0.23 
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TABLE 4 

THE PURIFICATION STEPS OF CELLULASE FROM THE CYTOPLASM AND 
THE PERIPLASM OF C. UREAE. 1 SPECIFIC ACTIVITY 

UNIT = 1 MG GLUCOSE PRODUCED / MG 
PROTEIN / 30 MIN 

Purification step Specific activity Total activity 

CMCase CMCase C-

Whole cell 0.028 0.136 32.0 12.0 

Broken cell (peri-
plasm + spheroplast) 

Periplasm 

(NH^)250^90% 

saturation 
Sephadex G-75 
Biogel p-100 

Broken Spheroplast 
(cytoplasm + mem
brane) 

Cytoplasm 
lyophilzation 
Sephadex G-75 
Biogel p-100 

Membrane 

0.856 

2,800 

1.816 
9.300 
9.500 

0.084 

1.460 
1.052 
1.600 
3,210 

0,230 

0.795 

3.300 

15.400 

0.135 

1.530 

0.167 

560.0 

287.0 

258.0 
208.0 
52.3 

50.0 

65.6 
71.1 
96.0 
44.0 

33.0 

520.0 

341.5 

84.6 

80.2 

82.5 

24.9 
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TABLE 5 

THE RELATIONSHIP BETWEEN SUGARS AND THE 
REACTION OF CMCase 

Substrate Glucose produced 
1% CMC + 0.01% sugar mg/ml Specific activity 

CMC only 0.47 9,4 

CMC + glucose 0.44 8.8 

CMC + lactose 0.44 8.8 

CMC + cellobiose 0.44 8.8 

CMC + sucrose 0.47 9,4 

CMC + xylose 0.56 11.2 

CMC + fructose 0.55 11.0 
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