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CHAPTER I 

INTRODUCTION 

Mesquite (Prosopis spp.) is a plant inhabiting the south

western part of the United States and central America (20). 

The beans of mesquite were used for food by American Indians 

and Mexicans and widely used for cattle feed during drought 

(28). However, the use of the beans for cattle feed some

times resulted in sickness in cattle and was therefore not 

practical (5, 28). The foliage cannot be used in any way ex

cept as fuel. Nevertheless, mesquite is a plant that is 

notorious for its ability to compete with the grass for sun

light and the limited ground water and nutrients (9, 24). It 

creates a great threat to the ranches in the area. In the 

State of Texas, 55 million acres of grassland are now infested 

with mesquite and rendered not available for cattle grazing 

(14). It is a very tough plant that still cannot be con

trolled economically by any kind of the common herbicides (1, 

2, 9, 14, 23, 24). This research, therefore, is aimed at 

solving the problems by seeking a use for the brush instead 

of trying to eradicate it. 

Microorganisms will be isolated from soil with special 

enriched media, so that the isolated species will be highly 



cellulolytic. This property will enable the organisms to 

grow on mesquite and other cellulosic materials and to disin

tegrate the cellulose. The protein produced from the bac

terial cell will be collected and used as cattle feed. It 

was reported that the nutritive value of eubacteria cell pro

tein is higher when the cell wall is removed (35). Therefore 

the isolation procedures will be designed to favor the growth 

of Cytophaga, a genus of myxobacteria. Cytophaga has a high 

cellulolytic activity and a flexible cell wall which is much 

thinner than the cell walls of eubacteria. It is speculated 

that because of this thin wall the Cytophaga cells may have 

a higher nutritive value than those of the eubacteria. 

The available information on the physiology of Cytophaga 

is very limited and confused. As late as 1969 the classifi

cation of the genus was still in debate (25, 26, 34). The 

properties of the organism therefore will be investigated 

first. The optima for pH, temperature, and the concentra

tion of mesquite wood for the growth of the organism will be 

evaluated from viable counts, protein content; and cellulose 

content. Once these factors are determined, the organism 

will be grown in a 14 1. fermenter with all of the optimum 

conditions utilized. During growth the following factors 

will be monitored: pH, cooling water flow rate, viable count, 

protein content, cellulose content, and reducing sugar con

tent. The product will be collected and the pure cells 



separated and then analyzed for their amino acid profile. 

From the changes in protein, cellulose and reducing sugar 

content during the growth, it will be possible to determine 

the optimum time for harvesting the product with the least 

expense in operation, the best production of protein and de

gradation of mesquite wood. From the viable counts, pH, 

water flow rate it will be possible also to calculate the 

generation time of Cytophaga when using the mesquite wood 

as its carbon source and to design a continuous culture 

system. This research may eventually lead to the resolution 

of the mesquite problem by considering mesquite as a crop in

stead of as a weed. The amino acid profile will also allow 

a preliminary interpretation of the nutritive value of the 

Cytophaga protein. 



CHAPTER II 

LITERATURE REVIEW 

It is believed that E. Mitscherlich, in 1850, was the 

first to study the biological degradation of cellulose. 

Omelianski in 1900-1910 first attempted to utilize a pure 

culture during research on cellulose degradation, although 

his "pure culture" was later demonstrated to be composed of 

several species (17). The genus Cytophaga was first recog

nized by Hutchinson and Clayton (15) in 1919. Numerous 

studies have been focused on the ability of this genus of 

microorganisms to decompose cellulosic materials in soil 

(10, 11, 16, 22, 33). Because of a highly mutable charact

eristic and cultural difficulties a consistent, systematic 

knowledge of the organism's behavior has not developed. The 

work done by Walker and Warren (33) revealed that no acid 

was produced during the decomposition of cellulose by Cyto

phaga. The reaction resulted in production of a mucilage 

material which was believed to be an intermediate of cellu

lose degradation. Two thirds of the original carbon source 

was released as CO^ and one third was found in the mucilage, 

according to Walker and Warren's data. Jensen (16) reported 

that Cytophaga grew only on cellulose. Norman et_ al. (22) 
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reported that the growth of Cytophaga hutchinsonii was in

hibited by 0.1% glucose or 1% cellulose in the media. Fuller 

et ajL. (10) found that the culture they isolated utilized a 

number of carbohydrates but did not produce any acid or gas. 

The same group later found that all of the strains lost their 

ability to utilize cellulose under laboratory conditions (11, 

12, 13). Stanier (29) demonstrated that cellobiose and glu

cose are the two preferred sugars for growth. In Stanier's 

study the optimum pH range was 6.5-8.5 whereas in F§hreaus' 

study (7) it was 7.0. The optimum temperature was 30 C in 

most studies (10, 25, 29) whereas it was 36 C in Fahreaus' 

results. Stanier (30) later found that some species also 

attacked chitin. Fuller and Norman (12) also found some spe

cies that would attack starch and hemicellulose. A taxonomy 

system was proposed by Stanier based primarily on morpho

logical characteristics. His system was adopted in the pre

vailing Bergy's manual with the following definition for the 

genus Cytophaga; (3) 

1. Gram negative rods with gliding motility and 

slime layer. 

2. Some are eubacterialytic. 

3. Microcyst forming. 

Obviously the definition is not very clear and can be 

very easily confused with blue green algae and many other 

myxobacteria. Recently Mitchell et. al. (25) proposed a new 



definition which includes the following characteristics: 

1. Gram negative rods with slime layer. 

2. Many lack rigid cell wall and show gliding 

motility on solid surface. 

3. No resting cells or fruiting bodies are formed. 

4. Nonlytic to living eubacteria cells. 

5. DNA base ratio in the range 29-45% GC. 

With the new definition it is possible to differentiate 

Cytophaga from some Flexibacter and blue green algae. How

ever, the Bergy's system was the one used in this report, 

since the new system had not been well established and recog

nized. 

Verma and Martin (31) found the characteristic cell wall 

of Cytophaga to be composed mainly of a thin monolayer of 

murein (or mucopeptide). The thickness of the wall was only 

20 A. They suggested, therefore, that the flexible cell wall 

of the organism results from the thin monolayer of mucopeptide 

and the lack of protein, polysaccharide and teichoic acid that 

are found normally in the cell walls of Eubacteria. The com

position ratio was Muramic acid : Glucosamine : 2,6-dia-

minopimelic acid : Glutamic acid : Alanine = 1:1:1:1:2. It 

was believed that the cellulase excreted by Cytophaga must be 

extracellular (10) since cellulose was not water soluble. 

Fahreaus (7), however, showed that both dry cell preparations 

and cell extracts had cellulase activity. The effect of the 



thin wall on the nutritive value of the cells has not been 

studied previously and could be a subject for further re

search. 
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CHAPTER III 

MATERIALS AND METHODS 

1. Isolation sources: The isolation sources of the micro

organisms were dried cotton stems and soil samples col

lected from the farms around Lubbock, Texas. The samples 

were collected on October 27, 1970. 

2. Media: The isolation medium was the same as that de

scribed by Stanier (30). Cellulose powder, glucose, 

filter paper strips, mesquite powder, and cotton gin 

trash were used as carbon sources. Ferric chloride was 

used initially in the isolation medium but was later 

2+ 3+ omitted in liquid culture because the Fe or Fe ion 

interfered with the protein determination and the omis

sion did not cause any apparent change in the growth. 

Two media were used for the selection of highly 

cellulolytic strains of organisms. The formulae are as 

follows: 

(1) Cellulose agar: Microcrystalline cellulose 

powder (Bio Rad 

Lab, Catalog No. 7482530) . . . . 1.0% 

Yeast extract 0.02% 

Agar 1.0% 

8 



(2) Filter paper broth: Trypticase Soy Broth (BBL) 

or peptone broth 10 ml in test tube, with a 

Whatman No. 1 filter paper strip suspended in 

the broth. 

The agar was poured into the petri dish and allowed to 

harden. It was then separated from the petri dish with 

a sterile spatula and turned over into another sterile 

plate, so that the sedimented cellulose powder could be 

reached more readily by the inoculum. 

The medium was evaluated from the viewpoint of econ

omy. Yeast extract was added to the Stanier's medium at 

concentrations ranging from 0 to 0.1%. Yeast extract was 

not necessary for the growth of Cytophaga on mesquite. 

The media for the taxonomic biochemical tests were 

prepared according to the Difco manual (4). 

3. Assay methods: 

A. Protein: The protein assay methods employed include 

Lowry's method (21), Nessler's modified method (19), 

and amino acid analysis. 

B. Cellulose: The cellulose assay method used was 

Viles' anthrone method (32). 

C. Reducing sugar: Dubois' method (6) was employed to 

test for reducing sugar content. 

D. Amino acid profile: The Beckman Model 116 Amino Acid 

Analyzer was used to obtain an amino acid analysis of 
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the protein. Samples containing 7.0 ± 0.5 mg of pro

tein were hydrolyzed iii vacuo with 2.0 ml of 6 N HCl 

for 22 hr at 110 C. The sample was evaporated to 

dryness with a rotary evaporator. Water was added 

and evaporation repeated twice. A pH 2.2, 0.2 N 

sodium citrate buffer was added to the hydrolysate 

to final volume of 5.0 ml and the samples were stored 

in a refrigerator until analysis. The resins used 

were Beckman Spherical Type PA 35 and UR 30. Sodium 

citrate buffer was used as recommended by the manu

facturer. 

The cellulase assay was conducted in the follow

ing manner: A 5 ml sample of the culture was centri-

fuged at 10,000 g for 10 min to separate the whole 

cells from the liquid culture. The supernatant was 

collected and the reducing sugar content was deter

mined. One milliliter of the supernatant was then 

suspended in 4.0 ml of phosphate buffer containing 

50 mg of microcrystalline cellulose. The pH of the 

buffer was adjusted to 6.0 with 32 ml of 0.1 M citric 

acid and 21 ml of 0.2 M Na^PO^ • 12 H2O. The mixture 

was put in a loosely-capped tube (16 X 150 mm) slanted 

in a test tube rack, and placed on a rotary shaker for 

24 hr at 100 rpm. The reducing sugar content was then 

assayed again. The difference in the amount of reduc-
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ing sugar before and after the incubation period was 

taken as the cellulase activity and defined as mg re

ducing sugar produced per mg of protein present in 

the supernatant. 

4. Optimum conditions for the growth of Cytophaga: 

A. Determination of optimum pH: 

Trypticase Soy Broth (BBL) was used in the pH study. 

The broth was adjusted to each pH value with filter 

sterilized concentrated HCl or 4 N NaOH. The change 

in turbidity was followed with a Bausch and Lomb 

Spectronic 20 spectrophotometer at a wavelength of 

560 nm and the path length of 1.4 cm. The number of 

viable cells was also followed throughout each study. 

The effect of pH was studied in Stanier's medium with 

filter paper or cotton as energy sources, using viable 

counts as the assay method. The cotton or filter 

paper strip (Whatman No. 1) was suspended in the 

medium at 1% concentration (w/v). 

B. Determination of optimum temperature: 

Two methods were employed for the determination of the 

optimum temperature. The first one was to shake 100 

ml Trypticase Soy Broth culture at different tempera

tures for 72 hr. The turbidity and viable counts 

were then determined. In the second method an inocu

lating needle that had been immersed in a tube of 
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broth culture was touched lightly to a Trypticase Soy 

Agar surface. The plates were incubated at different 

temperatures and the diameter of the colonies which 

developed after 24 hr incubation was measured. 

C. Determination of optimum substrate concentration: 

After the optimum pH and temperature were determined, 

the optimum concentration of mesquite for the growth 

of Cytophaga was investigated. Concentrations of 

mesquite ranging from 0.5 to 10.0% (w/v) were sus

pended in 100 ml of modified Stanier's medium. The 

mesquite powder had been ground to a maximum diameter 

of 0.2 mm. The optimum concentration was evaluated 

from the growth curve, by viable counts, protein con

tent, and cellulose content in the filtrate of the t 
I 

culture. The growth was terminated at 120 hr. The 

substrate was removed from the culture by filtration 

with a fibre glass filter (Whatman GF/A) and the re

sidue tested for reducing sugar, cellulose, and pro

tein content and the results analyzed. 

The interrelation between the organisms isolated 

was investigated grossly. The different organisms iso

lated were streaked on a Trypticase Soy Agar (TSA) plate 

crossing each other perpendicularly. The expansion or 

constriction at the junction was taken as a criterion for 

inhibitive or synergestic effect. 

/» 
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5. Fermentation in the Chemap fermenter: 

The total volume of substrate in the fermenter was 

8 1. ters. The container of the fermenter has a volume 

of 14 1, The 8 1. culture volume was selected to avoid 

over foaming. The modified Stanier's medium was used 

with 5% mesquite powder as the carbon source. Ten milli

liters of an 18 hr old Trypticase Soy Broth culture of 

the microorganism was used to inoculate one liter of the 

mesquite medium described above contained in a 2800 ml 

Fernbach flask. The culture was incubated with shaking 

for 24 hr at 30 C. This culture was then used to inocu

late 7 1. of sterile medium in the fermenter. The motor 

speed of the three bladed stirring shaft was 1500 rpm. 

The air flow rate was 1:1:1 (v/v) min). The cooling |ĥ  

water flow rate maintaining the temperature of the cul

ture at 30 C was 3 35 ml/min but only 320 ml/min were re

quired for the control. The pH value of the medium was 

monitored and sterile 1 N NaOH or HCl were added when the 

pH value decreased or increased out of the optimum range. 

The growth was followed by viable counts and protein de

terminations. Reducing sugar content, cellulose content, 

and cellulase activity were also monitored. All of the 

samples were collected in 200 ml sterile serum bottles 

and stored at 4 C until the assays were completed. No 

antifoam agent was used in the growth medium because it 
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was found that Cytophaga was extremely susceptible to the 

agent. 

The culture was harvested by removal of the residue 

by filtration of the culture through three layers of 

cheese cloth. The filtered particles were then washed 

with 8 1 of tap water. All of the filtrates washed out 

were then centrifuged at 18,000 g in a cepa centrifuge. 

The solid materials were collected and lyophylized. Pure 

cells were prepared for amino acid analysis by suspending 

100 g of the precipitate in 100 ml of distilled water and 

recentrifuging at 43 g for 10 min. The supernatant was 

collected and the precipitate resuspended in the same 

volume of distilled water again. The procedure was re

peated until the supernatant did not show any turbidity. pi 

All of the supernatant portions were then centrifuged at 

10,000 g for 10 min and all of the pellets pooled for 

lyophylization. All operations were carried out at 4 C. 

The other cellulolytic organisms isolated at the 

same time as Cytophaga were inoculated into 8 1. of 1.0% 

mesquite medium in the fermenter individually. Growth 

was followed with viable counts and protein content 

assay, and the products were treated in the same way as 

those of Cytophaga. The results were compared. 

|^ 



CHAPTER IV 

RESULTS 

1. Microorganisms: 

The isolated and identified microorganisms are de

scribed as listed in Table 1. 

2. Media: 

The effect of yeast extract on the growth of Cyto

phaga was assayed and the results are shown in Fig. 1. 

There were no significant differences after statistical 

analysis of the growth of Cytophaga in media that had 

concentrations ranging from 0 to 0.1%. Therefore yeast 

extract was not used in the media throughout the later 

experiments. The modified formula of Stanier's medium 

for the fermentation study is shown as the follows: 

NaCl 0.60% 

K2HP04 

im^)^so^ 

MgSO^ 

CaCl2 

Carbon source 
(mesquite powder) 

value for the growth 

0.10% 

0.10% 

0.01% 

0.01% 

5.00% 

of Cytophaga 

15 

M.'̂ k. t«»« l « t < l 
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evaluated by comparing the growth curves at pH values 

ranging from 3 to 11 by means of turbidity. The results 

are shown in Fig. 2. It was found that the best growth 

occurred between pH 6 and 8. A second experiment was 

done in filter paper medium with pH values set at 6.0, 

6.5, 7.0, 7.5, and 8.0. Viable counts were used as the 

assay method and the results are shown in Fig. 3. Growth 

was best in the range of 6.5 to 7.0. 

4. The optimum temperature was decided from the optical 

density at 560 nm of the Trypticase Soy Broth cultures 

incubated at different temperatures. The results are 

presented in Fig. 4. The colony size on Trypticase Soy 

Agar plates incubated at different temperatures was also 

taken as an auxiliary criterion. These results are shown 

in Fig. 5. The best temperature for growth appears to be 

30 C. 

5. The optimum concentration of substrate was obtained by 

analyzing the protein, reducing sugar and cellulose con

tents of the culture filtrates and residues. These re

sults are shown in Fig. 6. On the third day of growth, 

the viable count of the 10% mesquite culture was already 

the lowest among all of the concentrations tested. The 

protein content of all of the cultures showed a linear 

relationship to the concentration of mesquite except 

that at 10%, i.e. The expected concentration of protein 
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from 10% mesquite culture according to the linear rela

tionship should be 8.4 mg/ml. Only 6.5 mg/ml was re

corded at 5 days. Essentially the same phenomenon is 

observed in results shown in Fig. 7, in which the protein 

production in the filtrates increased as the concentra

tion of mesquite increased. However, the 10% mesquite 

did not yield a one fold increase over 5%. The protein 

content in the residue from 5% mesquite was higher than 

that from 10%. The cellulose and reducing sugar content 

in the residue from 5% was low. The optimum concentra

tion of mesquite was thus determined to be 5%. 

6. The results from synergestic effect experiments are shown 

in Figs. 8, 9 and 10. Cytophaga (#2421) was inhibited by 

all the other organisms except strain JM127, which is a 

Pseudomonas species isolated by another worker in this 

laboratory. The expansion at the junction of streaked 

colonies indicated these two strains grew better if they 

were together. 

7. The results from fermentation of mesquite in the Chemap 

fermenter by various cellulolytic organisms are shown in 

Fig. 11. The mesquite concentration was 1%. The wet 

weight yields indicated that the Cytophaga species was 

seventh in the total weight yield but highest in hydro

lysis (61.5%) among the ten organisms (Fig. 12). The wet 

weight of product from the growth on mesquite in the 
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Chemap fermenter by Cytophaga with the concentration of 

mesquite changed to 5% is shown in Fig. 13. The duration 

of the fermentation varied from 24 hr to 72 hr. The 

hydrolytic activity is also presented. The results in 

Fig. 13 show that the solid materials collected from the 

filtrate of a 24 hr culture had a greater increase in 

weight over the blank than that from the 72 hr culture. 

The protein analysis of these products (Fig. 16) showed 

that a 24 hr the protein content had already reached 

about the same as that at 72 hr. The 72 hr culture had 

a higher hydrolytic activity, lower recovery but higher 

wet weight of product (Figs. 13 and 17) than 24 hr cul

ture, a greater decrease in reducing sugar content, and 

a smaller amount of cellulosic materials in the dried 

products (Fig. 16). The amounts of reducing sugar in the 

products from both time periods were about the same (Fig. 

16) . It is postulated therefore that the organism first 

grew on the extract from autoclaved wood since there was 

little hydrolytic activity. After 24 hr, the soluble 

materials in the extract, mostly sugars, were consumed 

and the protein production was near maximum. Further 

growth of the organisms then would be primarily on the 

solid wood which would result in the degradation of the 

particles into smaller ones, and would thus show better 

hydrolytic activity. The postulation can be verified in 

k ^ ^M*. .t.^1^ 
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Figs. 14 and 15. The protein content increased in the 

solid mesquite medium shortly after inoculation, then de

creased to a low point as the cells started growth on the 

solid part. The highest viable counts were then found 22 

hr later then in the autoclaved extract. 

The harvesting technique proved to be sufficiently 

effective. The supernatant collected after the continu

ous flow centrifugation contained only 0.01% of the viable 

counts found in the culture. The protein on the residue 

after the growth of the culture was only slightly higher 

than that of the residues from the control (Fig. 18), 

demonstrating that the washing procedure was effective 

in collecting most of the adhered cells from the large 

particles of mesquite. 

The growth of Cytophaga on 5% mesquite in modified 

Stanier's medium inside the Chemap fermenter is illus

trated in Figs. 19 and 20. The generation time is calcu

lated according to the formula: 

(log 2)(t2 - t^) 

^ "^ log N2 - log N^ ̂ 2*7̂  

where G = generation time 

t, = the time when log phase growth started. 

try = any time during the log phase. 

N, == viable cells at t,. 
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N2 = viable cells at t^. 

Each result was calculated on the basis of three 

day's fermentation (Fig. 20) with t, = 24 hr, t2 = 50 hr, 

N^ = 3.2 X 10^ and N2 = 2.0 X lÔ ''̂  cells/ml, (Fig. 20) 

G = 4.36 hr/generation. The increase of viable cells be

fore 24 hr (Fig. 19) was inconsistent and the stating 

time of the log phase of the growth of the cell on mes

quite was therefore put at 24 hr. 

The efficiency of Cytophaga in digestion of mesquite 

and conversion of it into protein is presented in Table 

2. Again it was observed that there was no significant 

difference in terms of digestibility and protein yield 

between the fermentation of a 24 hr time period and that 

of a 72 hr time period. The calculation of the nitrogen 

balance is presented in Table 3. The final values of 

total nitrogen in most of the fermentations were very 

close to the starting values, except the control of the 

24 hr time period. 

The nitrogen content of the product of 72 hr culture 

was the highest of all the products, whereas the nitrogen 

content of the residue of the 72 hr culture was lower 

than its control. Two explanations are proposed for this 

phenomenon: 

(1) The organism has disintegrated the wood 

after 72 hr of growth and released the 
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embedded nitrogen materials into the so

lution as smaller particles, which were 

then collected as part of the product. 

(2) The microorganism itself metabolized the 

nitrogen into cellular protein. 

8. The results from the amino acid analysis of the pure 

cells of Cytophaga (#2421) and Sporocytophaga (#51) grown 

on 1% mesquite are shown in Table 4. Cytophaga protein 

contained higher amounts of all of the essential amino 

acids than both Sporocytophaga and the Food and Agricul

ture Organization (FAO) standard. 

The variation in cellulose and reducing sugar con

tent in the medium during the fermentation of Cytophaga 

is presented in Figs. 21 and 22. The carbohydrate con

tent of the cultures was generally lower than that of 

uninoculated medium. 

The pH variation of the medium during fermentation 

is charted in Fig. 23. Growth of Cytophaga resulted in 

an increase in the pH of the medium. The same phenomenon 

can be seen in Fig. 24 where the variations in pH of the 

media produced by the other 9 organisms in 1% mesquite 

are compared with that produced by Cytophaga grown under 

similar conditions. 

The cellulase activity of the culture in the fer

menter compared with that of the control can be seen in 

-^\^^^J^.K\maM 
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Fig. 25. The activity decreased as the growth increased. 

This phenomenon has not previously been reported. From 

the results obtained with the control the analytical 

method which was used may not be proper for this deter

mination. A new assay method will be necessary to moni

tor the cellulase activity. 

The growth curves of all ten cellulolytic organisms 

in 8 1. of 1% mesquite medium are seen in Fig. 26. 

Sporocytophaga (#51) has the highest viable counts at 

7.0 X lO"'-'̂  cells/ml. The next is Cytophaga (#2421) with 

12 3.5 X 10 cells/ml. The protein content of organism 

#2322 seems to be the highest with 1.65 mg/ml. Cytophaga 

had 1.30 mg/ml, the third highest of all of the organisms 

examined. The high number of cells existing in the cul

ture resulted in the increase of viscosity of the liquid 

and a harvesting problem. The nozzle through which the 

liquid was sucked into the continuous flow centrifuge was 

blocked frequently. 

..^^ ^dt.Mi.W9M 
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TABLE 1 

THE CHARACTERISTICS OF TEN CELLULOLYTIC 
MICROORGANISMS ISOLATED FROM SOIL 

#25: Gram negative rod, 0.5 - 0.7 X 2.0 u, non flagel

lated, non-spore forming. No gliding motility ob

served. Colonies on Trypticase Soy Agar (TSA) are 

yellow, smooth, circular, translucent, entire, and 

glistening. Sorbitol, saccharose, glycerol, suc

rose, salicine, lactose, mannose, maltose, arabinose, 

fructose, glucose, cellobiose, galactose, xylose, 

and rhamnose are utilized with acid production. No 

gas is produced. Dulcitol, inulin, and raffinose 

are not utilized. Indole and sulfide are not pro

duced. Litmus milk is reduced. The cell wall is 

rigid. Classification position not deter

mined. 

#51: Gram negative rod, 0.5 - 1.0 X 4.5 - 7.5 u. Micro-

cysts (0.5 X 1.5 - 2.0 u) predominate in older 

colonies, which are ellipsoidal to cyllindrical in 

shape. Gram variable. The long vegetative cells 

are usually curved at the ends. Heavy capsules 

appeared when the cells are grown in Trypticase Soy 

Broth (TSB) culture. Flexible cell wall, no fla-

gella. Colony on TSA appeared white to pale yellow, 

entire, convex, smooth, and opalescent. Produce 



24 

TABLE 1—Continued 

acid but no gas from sorbitol, saccharose, glycerol, 

sucrose, salicin, lactose, maltose, mannose, arabi

nose, inulin, fructose, glucose, cellobiose, galac

tose, raffinose, xylose, and rhamnose. Starch is 

utilized. Cellulose is hydrolyzed. Dulcitol is 

not utilized. Indol and sulfide are not produced. 

Lactose is produced from litmus milk. Strictly 

aerobic. Optimum temperature 30 C. be

lieved to be Sporocytophaga ellipsospora Stanier. 

#223: Gram negative rod, 0.7 - 1.0 X 1.5 - 2.5 u, dipolar 

flagellated. TSA colony appeared white, slimy, ir

regular, opalescent, granular, and convex. No 

endospore is formed. Saccharose, sucrose, lactose, 

glycerol, glycine, dulcitol, inulin are not uti

lized. Produce acid but no gas from sorbitol, mal

tose, mannose, arabinose, fructose, glucose, cello

biose, galactose, raffinose, xylose, and rhamnose. 

Starch is slowly utilized. Indole is not produced. 

Sulfide is produced. Litmus milk is peptonized. 

Filter paper strips in peptone broth are rapidly 

attacked. believed to be a species in the 

genus of Pseudomonas. 

#412: Gram variable rod, 1 . 0 - 1 . 5 X 2 . 5 - 4 . 0 u . No 

endospores are formed. TSA colonies are slimy, 
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TABLE 1—Continued 

yellow, convex with white in center, opaque, 

glistening and entire. Glycerol and dulcitol are 

not utilized. Produce acid but no gas from sor

bitol, saccharose, sucrose, salicin, lactose, mal

tose, mannose, arabinoso, inulin, fructose, cello

biose, galactose, raffinose, xylose, and rhamnose. 

Cellulose and starch are utilized. Produces lac

tose from litmus milk with an acidic reaction. 

Sulfide is not produced. Non-motile. be

lieved to be a species in the genus of Flavobac-

terium. 

#2212: Gram negative rod, 0.6 - 0.7 X 1.5 - 2.0 u. Non-

motile. Orange colored pellicle is formed at the 

meniseus of filter paper strip-peptone broth. TSA 

colonies are yellow to orange, undulate, circular, 

umbonate, radiate, rugose, and glistening. Agar-

lytic. No endospores are formed. Rigid cell wall. 

Produce acid but no gas from sorbitol, saccharose, 

sucrose, salicin, lactose, maltose, mannose, arabi

nose, inulin, fructose, glucose, cellobiose, galac

tose, raffinose, xylose, and rhamnose. Cellulose 

and starch are utilized. Glycerol and dulcitol are 

not utilized. Indol is not produced. Litmus milk 

is peptonized with alkaline reaction. Sulfide is 
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TABLE 1—Continued 

not produced. Strictly aerobic. believed 

to be a species in either Agarbacterium or Flavo-

bacterium, but the organism could be related to 

none of the existing species of either genera. 

#2321B1: Gram negative rod, 0.6 - 1.5 X 3.0 - 4.0 u. Peri-

trichously flagellated with 8-15 flagella on each 

cell. Endospores are formed which can resist 85 

C heating for 10 min. Form slimy circular trans-

luscent flat or slightly concave colonies on TSA. 

Old colonies (more than 18 hr) extended filamentous 

structures that interweave with each other from the 

edge. The colony is first colorless then grayish 

white. No biochemical tests were done, although it 

is known that it will attack filter paper. 

#2321B2: Gram negative rod, 1 . 5 - 1 . 7 X 6 - 1 0 u . Appeared 

to have tapered ends in wet mount, but the ends 

were more square shaped in stained preparation. 

Heat resistent forms existed. The cell has a 

single huge polar flagellum at the corner of the 

square end, occasionally in the middle of the end. 

The flagellum is so huge that it is visible in a 

wet mount under 1000 X oil lens of a phase contrast 

microscope. Reproduce by tranverse fission. Cells 

are flexible. TSA colonies are pale yellow to 
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TABLE 1—Continued 

transparent, circular. The edge of the colony will 

move on the agar surface to form a protruding arm 

away from the main colony and finally bend back and 

connect with the main colony forming a circle. 

Classification not determined. 

#2322: Gram variable rod, 1.5 - 2.0 X 2.0 - 2.7 u. The 

rods are peritrichously flagellated with the wave 

length of the flagella about 1 u. When the culture 

is young, long rods of 0.7 - 1.0 X 3.5 - 4.0 u in 

size predominate. Endospores are formed. TSA 

colonies are initially white then turn yellow. 

Colonies are pulvinate, glistening, circular, and 

entire. Sorbitol, glycerol and dulcitol are not 

utilized. Produce acid but no gas from saccharose, 

sucrose, salicin, lactose, maltose, mannose, arabi

nose, inulin, fructose, glucose, cellobiose, galac

tose, raffinose, xylose, and rhamnose. Cellulose 

and starch are utilized. No change is produced in 

litmus milk. Indole is not produced. Hydrogen 

sulfide is produced. Classification not 

determined. 

#2421: Gram negative rods. The rods are 1.5 X 6.0 - 7.5 u 

when young but gradually become 0.4 - 0.5 X 3.5 -

4.0 u as the culture becomes older. The cell wall 
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TABLE 1—Continued 

is flexible. TSA colonies are flat, yellow, opale

scent, dull, radiate, undulate, and circular. The 

edge of the colony is light to transparent while 

the center is dark yellow. The cells demonstrate 

gliding motility on a solid surface. No spores 

are formed. Acid but no gas is produced from suc

rose, saccharose, lactose, maltose, mannose, arabi

nose, inulin, fructose, glucose, cellobiose, galac

tose, raffinose, xylose, and rhamnose. Sorbitol, 

glycerol, salicin, and dulcitol are not utilized. 

Litmus milk is reduced and becomes acidic. Sulfide 

is not produced. Slightly agar-lytic. 

Similar to Cytophaga johnsonii Stanier except that 

cellulose is utilized. 

#2422: Gram negative rod, 0 . 6 - 0 . 7 X 2 . 5 - 3 . 0 u . No 

spores are formed. Non-motile. Rigid cell wall. 

Produce acid but no gas from saccharose, sucrose, 

salicin, lactose, maltose, mannose, arabinose, 

inulin, fructose, glucose, cellobiose, galactose, 

raffinose, xylose, and rhamnose. Sorbitol, gly

cerol, and dulcitol are not utilized. Indole is 

not produced. Cellulose and starch are utilized. 

Litmus milk is peptonized and becomes acidic. 

Sulfide is produced. TSA colonies are small. 
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TABLE 1—Continued 

circular, convex, yellow to orange, glistening and 

entire. Similar to Flavobacterium domita-

tor (Wright 1895) Bergey et aĴ . 1923 described in 

the Manual except that glycerol is not utilized 

and acid is produced from lactose, raffinose and 

inulin. 
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THE 

Growth 
Duration 

Control 
24 hr 

Culture 

Control 
72 hr 

Culture 

TABLE 

YIELD OF CYTOPHAGA 

g. Dry Product 

g. Mesquite 
Utilized 

0.406 

0.524 

0.527 

0.504 

2 

GROWN ON MESQUITE 

ug Protein 

g. Mesquite 
Utilized 

19.48 

49.30 

31.25 

37.10 

% Hydrolysis 
(see Fig. 13) 

33.4 

31.5 

29.5 

45.3 

TABLE 3 

THE NITROGEN BALANCE OF THE GROWTH OF CYTOPHAGA 
IN 1 ML OF 5% MESQUITE MEDIUM 

(all units in mg) 

Collected Nitrogen 

Growth 
Duration 

Starting Nitrogen* Super-
Mesquite Solution Product Residue natant Total 

Control 
24 hr 

Culture 

Control 
72 hr 

Culture 

0.513 0.212 

Total: 0.725 mg 

0.053 

0.119 

0.102 

0.197 

0.254 

0.337 

0.286 

0.216 

0.680 0.987 

0.272 0.728 

0.336 0.724 

0.331 0.725 

*The nitrogen content of mesquite was 1.025%, the nitrogen 
in the solution came from (NH^)2S0^. 

_V . . A : au-fl 
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THE 

Amino Acid 

Lysine 

Histidine 

Arginine 

AMINO 

Aspartic acid 

Threonine 

Serine 

Glutamic ac 

Proline 

Glycine 

Alanine 

Valine 

Methionine 

Isoleucine 

Leucine 

Tyrosine 

:id 

Phenylalanine 

TABLE 4 

ACID PROFILE OF SPOROCYTOI 
AND CYTOPHAGA (#2421) 

Percent 

#51 

8.90 

3.07 

9.39 

10.99 

6.07 

6.09 

18.32 

4.49 

8.19 

10.24 

4.95 

2.23 

3.59 

9.10 

3.61 

4.53 

Weight of 

#2421 

6.20 

2.60 

6.30 

10.50 

6.70 

6.70 

18.10 

7.09 

8.53 

10.53 

6.49 

2.96 

4.39 

9.49 

5.02 

5.80 

PHAGA 

Total 

(#51 ) 

Protein 

FAO Standard 

4.20 

2.80 

4.20 

2.20 

4.20 

4.80 

2.80 

2.80 

Total A.A. % of 
the original dry 
Cell 19.50 30.73 
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iiu: 

p^g_ 1_—The grov.'th of Cytophaga in modified Stanier's 
with 1̂  mesquite (w/v) and various concentrations of 
extract. 
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YEAST EXTRCT 
CONCENTRATION 

^-0.0 % 
°-0.005 " 
A-0.01 
O-0.02 
O-0.05 
»-0.1 

(w/v) 

n 

DAYS 
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Fi :. :.--The optimum pH for the growth of Cytophaga 
in Tryp*.lease Fey Broth. 
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j.̂ ,̂ _ 2^--^he optimum pH for the growth of Cytophaga 
in Stanier's medium with different carbon sources. The 
substr.iLe cc r.JGntration was i.e. percent (w/v). The 
viaLle count was taken after 6 days of growth in 500 ml 
shakinq flask at 30 C. 
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Fig. 4.--The optimum temperature for growth of 
Cv, or:.aj_i in Trypticase Soy Broth. The measurement 
was m.jue 12 hrs after inoculation. 
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^^^,^ ^̂ --'Phe optimun temperature for the growth of 
Cytophaga on Trypticase Soy Agar. The measurement was 
-.aoc 24 hrs after inoculation. 
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Fie. o.--The optimum concentration of mesquite as_ 
substrate for the growth of Cytophaga in modified Stani-
û r's r.odiun. The volume of all cultures was 100 ml. 
The cultures were incubated at 30 C in 500 ml flasks 
shaker, at 10 0 rpm. 
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PĴ  7 --The optimum concentration of mesquite for 
the nrowth ard degradation of the wood. The cultures 
w.rc"'iltered through Whatman GF/A glass fibre filter 
pap̂ r̂ to separate solid particles from the liquid part. 
The percent hydrolytic activity was calculated by the 
formula: 

m.esquite hydrolyzed X 100 
original mesquite 

Open circles equals cellulose in filtrate 

yiosed circles equals cellulose in residue 

Closed squares equals reducing sugar in residue 

Open triangles equals protein in filtrate 

Closed triangles equals protein in residue 

Cpen squares equals hydrolytic activity in percent 
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Fig. o.--The inhibition of Cvtophaga caused by two 
other sMo:ins of cellulolytic microorganisms after 3 
•jys :- v.th on Trypticase Soy Agar. Number 3 is an or-
:jnisr: formirg white dull, rugose, small colony on agar. 
Lumber P is a species of Sematic isolated from termifs 
intestin§. 

Fig. 5.--The inhibition of Cytophaga caused by two 
other cellulolytic microorganisms after 10 days of growth 
rn Trypticase S:y Agar. Number 2 is #2321B2 described in 
.able 1. :,'url:er ? is the same as that in Fig. 8. 



r 

47 



48 

Fig. 10.—The synergestic effect of Cytophaga with 
another cellulolytic microorganism, JM127. The plate 
was streaked with 3 strains of cellulolytic organisms, 
i.e. #2421—Cytophaga, 127—Pseudomonas, 2321B1 as de
scribed in Table 1. The picture was taken 5 days after 
streaking. 
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Fig. li.--The product of the fermentations of the 
sub. •:ate containing 1% mesquite and modified Stanier's 
r.edium. The duration of fermentation was 3 days. The 
volume of solistrate was 8 1. using a 14 1. Chemap fer-
mer * 'ir. 
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Pig. 12.--The hydrolytic activity of various cellu
lolytic microorganisms on 1% mesquite (w/v) in modified 
Startler's medium. The total volume was 8 1. The dura
tion of the lermentation was 3 days. 
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Fig. 13.--The wet product from the fermentation of 
51 mesquite in modified Stanier's medium by Cytophaga 
24 21. The length of fermentation was 3 days. The volume 
oi * he medium was 8 1. using Chemap fermenter. The wet 
wei,ih* of product includes all particulate materials: 
Ce-liular ..s v,-ell as small substrate particles that could 
pass through three layers of cheese cloths. 
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Fig. 14.--The growth of Cytophaga on the autoclaved 
extricl of raesquite wood. 100 ml medium was filtered 
with fiore qlass filter paper immediately after autoclav-
incj. The extract was then inoculated with 1 ml of 18 hr 
old leg rhase cells, and shaken at 100 rpm in a 30 C in
cubator . 
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Fia. 15.--The growth of Cytophaga on the extracted 
mesquite wood at'̂ er separation from the solution. The 
volumê  of the culture was 100 ml, contained in a 500 ml 
shaking flask. The flask was shaken at 100 rpm in a 30 
C incubator. 
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Fiq. 1G.--The analysis of the product from the fer
mentation of Cytophaga m 5% mesquite medium. The volume 
•...•as 3 1. in the Cliemap fermenter. The duration of fer
mentation was 3 days. The content of the reducing sugar 
as assayed with Dubois' method may include dextran whereas 
•he cellulose content as assayed with Vile's method may 
include all of the existing carbohydrates in the sample, 
"hercfore the sum of the percentages may exceed 100%. 
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Fig. 17.--The recovered dry m a t e r i a l s from the fer-
nu r.tation iv: Cytophaaa in a 5% mesquite medium, includes 
1-̂ th cheese c l o t h - f i l t e r e d res idue and the c e n t r i f u g e -
col lec ted product. The volume of the c u l t u r e was 8 1. 



62 

Hft FERMENTATION 



63 



Fig. 18.--The analysis of the residues collected 
after ti-.e fermentation of mesquite by Cytophaga for 3 
days. The residues had been air-dried before analysis. 
ihc results of reducing sugar content should be consid
ered m the sane manner as those in Fig. 16. 
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lie. 19.--The growth of Cytophaga in 5% mesquite 
-.edium over 2 4 hr period. The medium was 8 1. in volume 
contained ir. the Chemap fermenter. The temperature was 
kept at 30 C and the pH adjusted in the range of 6.5 to 
,' . 0 . 
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Fig. .0.--lrie growth of Cytophaga in 5% mesquite 
medium over a 72 hr period. The growth conditions 
v.ire identical to those described in Fig. 19. The re-
.sults of two fermentations were strikingly different. 
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Fig. 21.--The variation in cellulose and reducing 
sugar cc ntcr.t in the culture during the fermentation of 
Cytophaga in 5% mesquite medium for 24 hr. The growth 
conditions were reported previously. 

Closed circles equals reducing sugar of control 

Open circles equals reducing sugar of culture 

Closed triangles equals cellulose of control 

Open triangles equals cellulose of culture 
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Fig. 22.—The variation in cellulose and reducing 
suqar content in the culture during the fermentation of 
jytophaqa in 5% mesquite medium for 72 hr. The growth 
cone: It ions were reported previously. 

Closed circles equals reducing sugar of control 

Open circles equals reducing sugar of culture 

Closed triangles equals cellulose of control 

Open triangles equals cellulose of culture 
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Fiq. 23-1.--The pH variation of 5% mesquite medium 
over 2 4 hr î eriod with or without Cytophaga growth. Cul
ture -1 used 4 5 ml of l:: NaOH to control the pH within 
optimal range for the growth, i.e. 6.5 to 7.0. Culture 
•••: did not use any base or acid to control the pH. The 
closed circles represent the pH after each individual 
ad JUS tn ent. 
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Fiq -̂ 3-2 --The pH variation in 5% mesquite medium 
72 hr^period with or without Cytophaga growth. Cul-

uu.. =1 used 25 ml of 1 N NaOH and 65 ml of HCl to con
trol the pH within the range of 6.5 to 7.0. Culture tz 
used only 30 rl of 1 N NaOH to control the pH. 

{5\er 

ture 



76 

Z 
< 

6 o j 

CO 

i 

o 
en 

o o 
1̂ * . in 

Hc* 



77 

UUIMMJUUflUfMUl 



Fig. 24-1.--The pH variation of different cultures 
in 1% mesquite medium. The temperature was kept at 30 
C. T;.u pH was kept at 6.5 to 7.0. 
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Fig. 24-2.—The pH variation of different cultures 
m 1% mesquite medium. The temperature was kept at 30 
C. The culture of #2322 used 10 ml of 1 N HCl to con
trol the pH and the closed circles represent the pH 
after HCl was added. 



80 

rs> 

u 

at 
o 

c s 

«>J 

o 

; 
/ 

s 

u 

09 
O 

lO 
K3 
• r f ^ _ 
lO 

< 
IB 

5' 
3 

a 

3 « < — (/) 
O 

9 

_ i " 

(0 

3 
<D a n 
at 

6.0
 1 

- f 
; / 

6 

r 

1 

00 

O 

I 

w _ 

to 

w 

00 

b 

ISJ 

u 

L , 

00 

d 

•̂  -J 

J ^ L -



81 



Fig. 25.—The variation of cellulase activity dur
ing the Growth of Cytophaga in 5% mesquite medium. 
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Fig. 26-1.--The growth of different cellulolytic 
microorganisms in 1% raesquite medium. The volume is 8 
1. m the Chenap fermenter. Open circles equal protein 
mc/ml and cpen triangles equal viable cells/ml. The 
temperature was 30 C. 
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Fig. 2C-2.--The growth of different cellulolytic 
organisms in 1% mesquite medium. The growth conditions 
are similar to those described in Fig. 26-1. 

Open circles equals protein 

Open triangles equals reable count 
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CHAPTER V 

DISCUSSION 

The special enriched medium for the isolation of Cyto

phaga used by Stanier (30) was effective. However, along 

with Cytophaga many other bacteria species including members 

of Pseudomonas and Bacillus were also isolated. The morpholo

gies of some of these species are very interesting, such as 

the empty circular mobile colony, and the huge unstained 

flagellum of strain #2321B2 that is visible under phase micro

scopy. These would be suitable subjects for further investi

gation. 

Previously Cytophaga was grown on filter paper strips 

in liquid medium (7) or extracted cellulose (10). In this 

report its growth on mesquite and cotton gin trash was re

corded. Since the purpose of the research was to consider 

the resolution of the problem of mesquite on the basis of 

single cell protein concept, the degradation of mesquite, the 

quality and the quantity of the protein produced, and the 

cost of the involved operation were all factors which had to 

be considered. The data from Chapter IV, therefore, is eval

uated as follows: 

1. To obtain greater degradation of the mesquite, 
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longer duration of growth would be better. 

(Fig. 13; Tables 2, 3). 

2. For higher protein production in the shortest 

time, 24 hr of growth would be sufficient 

(Figs. 16, 19 and 20; Table 2). 

3. The quality of protein from pure cells of 

Cytophaga grown on mesquite was superior to 

the FAO standard. 

4. The generation time of Cytophaga (#2421) was 

4.36 hr. If a continuous growth system were 

to be prepared, the turn over time with con

tinuous harvesting would then be roughly 4.5 

hr. 

5. From the nitrogen balance study, (Table 3) the 

nitrogen originally located in the mesquite 

wood was dissolved when the mesquite was auto

claved and stored in the fermenter for 24 hr. 

6. From the evidence presented the optimum con

dition for production of single cell protein 

from mesquite with Cytophaga (#2421) will re

quire the following: 

fermentation period 24 hr, 

temperature 30 C, 

substrate . . . . modified Stanier's 

medium with 5% mes

quite, pH at 6.5 to 7.0. 
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The optimum temperature for the growth of Cytophaga was 

30 C which agreed with most of the other reports (7, 10, 29). 

The method of assay using the diameter of colony developed on 

the agar plates was a fast and simple way to obtain a general 

idea of the optimum temperature. Although obviously notwith

standing the quantitative measurement included many variable 

factors. Once grown in the fermenter, the temperature in

crease was rather minor since the difference in volume of the 

cooling water between the control and culture was only 15 ml. 

The optimum pH for growth of Cytophaga was 6.5 to 7.0, 

which agreed with the results reported by other's (7, 10, 29). 

However, the increase in pH after 24 hr of growth was never 

reported before. The reason for this phenomenon is not clear 

at the moment. 

The optimum concentration of mesquite for growth of 

Cytophaga was determined to be 5% (w/v). This result is 

different from that obtained by another worker (18). Key 

used 1% mesquite as the substrate for the growth of some 

Eubacteria species. The results presented in Fig. 6 and 7 

show that growth on a 1% concentration of mesquite is as 

great as that on a 5% substrate concentration. However, from 

the viewpoint of massive production of protein with a fair 

amount of particle degradation at the same time, 5% is the 

better choice. The reason for this conclusion is provided 

by Fig. 6 and 7, where the protein content of the 5% culture 
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was higher than that of the 1%. The hydrolytic activity of 

5% culture was also higher than 1%, and the reducing sugar 

content in the 5% culture was the lowest among all of the 

examined concentrations of substrate. 

The nutritive value of the fermentation product of Cyto-

P̂ âga still remains to be investigated, although the amino 

acid profile is superior to the FAO standard. The toxicity 

of the protein, if any, will also have to be studied. The 

puzzle of the Cytophaga cellulase system and the physiologi

cal reasons for the increase of pH of the culture will be 

important in the development of a continuous growth system. 

In the present study, the culture was harvested by filtration 

through cheese cloth in order to separate larger particles 

from smaller ones. If the material is to be fed to catties 

in large amounts, it is doubtful if this separation would 

be necessary, since it is obvious from the nitrogen balance 

calculation that an appreciable amount of nitrogen remained 

in the residue and supernatant. The form of nitrogen was in 

protein. Future experiments on this aspect would be impor

tant. 
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