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CHAPTER I 

INTRODUCTION 

The physiological and ecological relationships of the 

aquatic actinomycetes have been of interest since Silvey, 

et al. (31) reported that this group of organisms may cause 

periodic earthy, musty, and woody tastes and odors in water 

supplies. Higgins (10) showed that these organisms were 

members of the genus Streptomyces and did not exhibit the 

bisporulative characteristics that had been reported by 

Roach and Silvey (25). 

The genus Streptomyces is a member of the family Strep-

tomycetaceae of the order Actinomycetales (33). This genus 

has been described as a saprophytic, aerobic group of the 

Actinomycetales which forms a highly branched mycelium that 

terminates by forming chains of spores on aerial hyphae (3^). 

Orskov (21) was the first to observe that members of the 

genus Streptomyces produced two separate growth phases—the 

vegetative, substrate mycelium and the aerial, sporogenous 

mycelium. He believed that the aerial mycelium was a simple 

branch of the substrate mycelium. Klleneberger-Nobel (15) 

proposed that the aerial mycelium arose from the formation 

and germination of "initial cells" which were formed as a 

result of close contact, or in some instances, fusion of the 



vegetative hyphae. Also, she designated the vegetative 

mycelium and aerial mycelium as the primary mycelium and 

secondary mycelium, respectively. Finally, Hopwood (12) and 

Higgins (10) using living, unstained preparations have 

reported, as had Orskov (21), that the secondary mycelium 

was a simple branch of the primary mycelium. They could 

find no evidence of hyphal fusion prior to secondary hyphal 

development. 

Classically, the genus Streptomyces has been defined as 

an aerobic group of organisms (22). Henssen (9), however, 

described two Streptomyces species that he thought were fac-

ultatively aerobic. Waksman (32) reported that the work of 

Beijerinck indicated that the streptomycetes were facultative 

anaerobes; however, Waksman refuted that concept. Recent 

investigators (8, 11, 24) showed that members of this group 

carry out fermentations under anaerobic conditions. Erikson 

(5) suggested that free access to air was the initial stimu-

lus toward the production of the secondary mycelium. She 

further postulated that the secondary mycelium was produced 

in the air pockets in certain types of soil. Bisset (2) and 

Erikson (6) suggested that the primary and secondary mycelia 

of the streptomycetes have distinctly different physiological 

as well as morphological characteristics. Higgins (10) and 

Davis (4) concluded that the primary mycelium was faculta-

tively aerobic, whereas the secondary mycelium was an obligate 

aerobe. 



Several investigators have studied the complete respira-

tory cycles of the streptomycetes. Kollar (16) showed sub-

stantial inhibition of respiration in Streptomyces griseus by 

cyanide and arsenate. Hockenhull, jet_ a_l. (11) demonstrated 

that respiration was controlled by mechanisms involving oxi-

dative phosphorylation. Pettko, et a l . (23) found that 

cadmium, cobalt, lead, and zinc inhibit respiration. 

It was shown by several investigators that terminal res-

piration in Streptomyces sp. involved a more or less typical 

cytochrome system (20, 30). The marked inhibitory effect of 

cyanide suggested that cytochromes were the major mechanism 

of terminal respiration (20, 27). Observations by Sahay (27) 

and Nickerson, _et ajL. (19) showed that certain aspects of ter-

minal respiration could be mediated by flavoproteins rather 

than cytochromes. This work was on batch cultures; therefore, 

no attempt was made to differentiate between the terminal 

respiratory processes of the primary and secondary mycelium. 

Warburg (35) in 1926 showed that carbon monoxide revers-

ibly inhibited the oxygen utilization of yeast and certain 

bacteria. The inhibition was less in the light than in the 

dark and was proportional to the carbon monoxide partial 

pressure. Subsequent investigations by Warburg and Negelein 

(36), Kubowitz and Haas (17), and Keilin and Hartree (14) 

showed that the inhibition was due to a reaction between car-

bon monoxide and cytochrome oxidase. Keilin and Hartree (l4) 

suggested that it was the cytochromes which were responsible 



for the oxygen uptake of respiring cells. Ball (l) also 

presented evidence which strongly supported that hypothesis. 

James (13) stated that light-reversible carbon monoxide inhi-

bition of oxygen uptake by respiring cells was evidence of 

the participation of cytochrome oxidase. 

In recent years it has been demonstrated by Sato (28, 

29), Sadana (26), and others (18) that certain microorganisms 

under anaerobic conditions could utilize nitrate as the ter-

minal electron acceptor in place of oxygen. The enzymes 

which catalyzed this electron transfer were the nitrate 

reductases. These were generally associated with cytochromes, 

Many of the nitrate reductase reactions were inhibited by 

carbon monoxide. Carbon monoxide, then, may inhibit both 

cytochrome oxidase and some nitrate reductase reactions. 

Nitrate reduction has been shown to be a common meta-

bolic pathway employed by certain of the actinomycetes (3). 

Pedoror and Kudryashova (7) reported slow anaerobic growth 

of Streptomyces sp. in the presence of nitrate. 

The major purpose of this investigation was to deter-

mine the effect of carbon monoxide on the development of 

various morphological phases of a single isolate of the 

aquatic streptomycetes and to elucidate the physiological 

differences between terminal respiration in the primary and 

secondary stages. A secondary purpose was to repeat the 

work of Higgins involving the effect of anaerobiosis on the 

growth of the organism. 
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CHAPTER II 

MATERIALS AND METHODS 

The organism selected for study in this investigation 

was isolate number 62 from the North Texas State University 

Actinomycete Collection. Number 62 was originally isolated 

from a Southwestern reservoir which exhibited an earthy 

taste and odor. The organism also produced the same type 

of intense earthy odor when cultured on an artificial medium. 

This strain has been studied extensively in this laboratory 

(l, 2, 4). Higgins (2) has shown that this strain is a 

member.of the genus Streptomyces although the species has 

not been accurately determined. 

An enriched growth medium was formulated which allowed 

more rapid growth of this organism than other available media, 

The same medium was utilized in all phases of this investiga-

tion. The ingredients of the medium were as follows: tryp-

ticase soy broth 5 g.# nutrient broth 4 g., Emerson's broth 

8 g., brown sugar 8 g., neopeptone 4 g., ammonium nitrate 

1 g., soil water extract 100 ml., and distilled water 900 ml. 

The soil water extract was prepared by the dialysis against 

distilled water of 50 g. of soil in 50 ml. of water. The 

medium was then adjusted to pH 6.8 with dilute phosphoric 

acid. If solid medium was desired, 20 g./l. of agar were 

8 



added to the above liquid medium. Laboratory investigations 

involved routine preparation, sterilization, and proper 

storage of the medium until it was used. 

The inoculum for these investigations consisted of a 

spore suspension prepared from isolate number 62 cultures. 

In providing an accurate spore suspension, the initial step 

was to select an agar slant showing full growth and to add 

enough sterile tap water to completely cover the streptomy-

cete colonies. After a period of time during which the tube 

was gently agitated, one milliliter of the spore suspension 

was drawn off and added to four milliliters of sterile tap 

water. This yielded a 1:5 dilution of the original spore 

suspension. Subsequently, one-tenth milliliter of this 

spore suspension was plated onto three different petri 

plates containing the medium described above. After five 

days of incubation, the number of colonies was recorded. 

This quantitated spore suspension could be stored for one 

week under refrigeration without apparent loss of viability. 

The work of Higgins (2) involving the anaerobic culture 

of streptomycetes was repeated employing the same technique 

and approximately the same concentration of viable spores. 

These spores were inoculated onto the regular agar medium and 

placed in a Brewer anaerobic jar along with tubes of glucose-

methylene blue oxidation indicator. The atmosphere was ren-

dered anaerobic by means of either hydrogen or methane com-

bustion. At the same time inoculated tubes were prepared and 
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placed In a Brewer jar open to the atmosphere. Incubation 

continued for fourteen days, at which time the cultures were 

observed microscopically. 

The growth of the organism in various environmental 

conditions was observed, using a slight modification of the 

microculture chamber of Higgins (2). The construction was 

as follows (Pig. l): vinyl washers (4 mm height, O.D. 25 mm, 

I.D. 17 mm) were prepared with grooves 2.5 mm deep on either 

side of the washer. The washer was then fixed to a glass 

microscope slide (25 mm x 175 mm) with Ring Epoxy Adhesive. 

The grooves were placed against the glass slide along the 

long axis of the slide. These were portals for the introduc-

tion of the various gases. After the adhesive had hardened, 

Kroenig Cement was added to the ring and slide construction 

in order to assure a seal that would withstand pressure. Then 

the prepared slide and a number one round (22 mm diameter) 

coverslip were placed 10 cm from a bactericidal ultraviolet 

lamp (Westinghouse Sterilamp G15T8). These objects were ini-

tially exposed to ultraviolet irradiation for a period of ten 

minutes. This period of time was sufficient to assure ste-

rility of all parts of the microculture chamber. After the 

initial exposure, a 1.0 per cent agar slant was laid In the 

bottom of the growth chamber while the irradiation continued. 

As soon as the agar slant solidified, 0.1 ml of distilled 

water was placed in the bottom of the growth chamber opposite 

the agar slant. One side of the coverslip was then covered 
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with a thin layer (100-150 u) of the enriched agar medium. 

The medium was permitted to solidify under the ultraviolet 

lamp. At this point the ultraviolet lamp was disconnected, 

and 0.03 ml. (40-80 spores) of a spore suspension was placed 

on the surface of the enriched agar medium. The coated side 

of the coverslip was turned down onto the vinyl ring (enriched 

agar medium on the inside) and sealed to the vinyl ring with 

Kroenig Cement. A short piece of capillary glass tubing was 

inserted into one of the grooves in the vinyl ring, and this 

was sealed into place with Kroenig Cement. 

The above microculture chamber was a very satisfactory 

cultural apparatus for continuous microscopic observations of 

the development of the test organism. In the experimental 

procedure the introduction of different control and test 

gases into the chamber under controlled conditions of flow 

and pressure through the capillary tube made possible a type 

of investigation that otherwise could not have been accom-

plished in a dependable fashion (Pig. 2). 

The investigations involving carbon monoxide were organ-

ized in a manner to minimize variations in gas flow and pres-

sure within the microculture chamber. Seventeen liters of a 

98 per cent carbon monoxide to 2 per cent oxygen (vol/vol) 

gas mixture were collected by water displacement in a five 

gallon Nalgene polyethylene carboy. The gas sources were 

commercially obtained cylinders of C. P. grade carbon monox-

ide and oxygen. The proportions were chosen after preliminary 
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Pig. 2—Microscopic observation of the micro-
culture chamber with controlled atmosphere. 
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macroscopic investigations revealed that this was the highest 

ratio of carbon monoxide to oxygen which supported growth. 

The water which was displaced was distilled water which had 

been scrubbed with helium for one hour previous to gas col-

lection in order to remove all oxygen. 

The rubber stopper in the polyethylene carboy was fitted 

with three different sections of 6 mm glass tubing. Two of 

these glass tubes extended only through the stopper and were 

designated as the gas tube and water tube. The third section 

of tubing extended through the stopper to the bottom of the 

carboy and was designated the water effluent tube. Each of 

the above tubes was connected to a length of latex rubber 

tubing. During gas collection the carboy was first filled 

with scrubbed, distilled water. Then the rubber tubing 

attached to the water tube was closed by a screw clamp. The 

gas tube was connected through a glass "Y" tube to an open-

end manometer and a very fine metering needle valve. The 

needle valve, in turn, was connected to the gas cylinder. 

The gas was allowed to enter the carboy at a pressure of 8 

inches of mercury. This forced the water out of the carboy 

through the water effluent tube which extended to the bottom 

of the carboy. When the proper volume (1665O ml) of carbon 

monoxide had been collected, the system was closed with 

screw clamps. Then the oxygen was connected to the needle 

valve, and collection proceeded in the same manner until the 

desired volume (350 ml) had been displaced. 
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The pumping of the gas mixture was accomplished by 

water replacement (Fig. 3). Scrubbed water was pumped by a 

Research Appliance Model 1000 mie^o bellows pump (A) at a 

rate of 2 ral/min from a reservoir carboy to the water tube (D) 

of the gas carboy. The gas was allowed to escape through the 

gas tube ( c ) . This was connected through the "Y" tube (E) 

to the manometer (P) and to another "Y" tube (G). The second 

"Y" tube (G) was connected to two very fine metering needle 

valves (H). These were adjusted to allow 1.0 0.05 ml of 

gas to escape per minute per valve. Therefore, as two milli-

liters of water entered the gas carboy, two milliliters of 

gas escaped. The pressure and flow remained constant through-

out each experiment. 

The carbon monoxide reaction with cytochrome oxidase and 

nitrate reductase was light reversible; therefore, two vari-

ables had to be considered, the effect of the atmosphere and 

the effect of illumination. In each experiment four inocu-

lated microculture chambers were prepared. Two chambers 

received the gas mixture, and two chambers had free exchange 

of air through the capillary tube fixed to the chamber. One 

of the microculture chambers receiving the gas mixture and 

one open to the air were placed 38 cm from a 200 watt incan-

descent lamp. The illumination was 600 foot-candles. This 

was measured by multiplying the reading on the Weston Mark IV 

light meter by 4, as recommended by the manufacturer. The 

other two microculture chambers were placed next to the 
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Fig. 3--Gas pumping apparatus 

A—Micro bellows pump 

B—Five gallon carboy 

C—Gas tube 

D—Water tube 

E—"Y" tube 

F—Manometer 

G—"Y" tube 

H—Needle valve 

I—Microculture chamber 

J—To water reservoir 

K—Water effluent tube 
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illuminated chambers, but they were shielded to exclude the 

light. The temperature varied from 26°C. to 31°C. The 

experimental conditions, then, were gas mixture-light, gas 

mixture-dark, air-light, and air-dark. 

The time of development of certain morphological phases 

in the life cycle was measured. The phases selected were 

germination of the spore (Pig. 4), branching of the germ 

tubes (Fig. 5), development of a 40 u primary mycelial colony 

(Pig. 6), and initial development of the secondary mycelium 

(Pig. 7). The location of ten spores in each of the four 

experimental microculture chambers was recorded using a 

Spencer Microlocator. Initially these were observed every 

two hours for seventy-two hours. After some experience, how-

ever, it was possible to make observations every three hours 

for seventy-two hours. The time for development of each 

of the above morphological features for each of the forty 

spores was interpolated to the nearest hour and recorded. 

In order to determine whether the effects observed were 

due to the presence of carbon monoxide or to the lack of 

oxygen, the above procedure was repeated using control gas 

mixtures. These were 98 per cent nitrogen to 2 per cent 

oxygen and 98 per cent carbon monoxide to 2 per cent nitrogen 

instead of the carbon monoxide-oxygen test mixture. This 

was a modification of the method of James (3). 

All observations were made using an A. 0. Spencer Model 

635 microscope with illumination provided by an A. 0. Spencer 
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Fig. 4—Germination of the 
spore 

Fig. 5—Branching of the 
germ tubes 
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Ortho Illuminator. The microscope was equipped with a 35 mm 

camera. Photomicrographs were taken when desired using Kodak 

Plus-X film. Film development and printing were by standard 

high contrast techniques. 
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CHAPTER III 

RESULTS 

It was definitely established that the primary mycelium 

developed on enriched agar medium tubes after fourteen days 

incubation under anaerobic conditions in Brewer jars, but 

there was no secondary mycelium formed. The control cultures 

incubated aerobically, however, developed the secondary myce-

lium after two to three days incubation on the same type of 

medium. If the anaerobically grown cultures were removed from 

Brewer jars after fourteen days and exposed to the atmosphere 

of the laboratory, secondary mycelia developed in two to three 

days. Thus, it was shown that the primary mycelium could 

accommodate itself to anaerobic conditions while the secondary 

mycelium could not. These results led to investigations to 

determine the nature of the differences between oxygen metabo-

lism of the primary and secondary mycelia. 

An IBM 1620 computer was used to analyze all data accu-

mulated from this investigation. The results obtained show 

the effect of carbon monoxide on the length of time from 

inoculation to the germination of.the spore, the formation 

of the first branches of the germ tube, the development of 

the primary mycelium, and the initial development of the 

secondary mycelium (Tables I-IV). Each mean value is the 

21 
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summation of the results observed in the experiments. Each 

experiment involved the observation of ten spores developing 

within a microculture chamber in each of the four experi-

mental conditions—gas-light, gas-dark, air-light, and air-

dark. The results are arranged in pairs in each table so 

that differences between controls and tests may be clearly 

represented. It should be noted that the data presented in 

Tables II-IV concerns the further development of the same 

spores which are shown in the second column in Table I. 

It may be observed that illumination had no significant 

effect on the time required for development in either the air 

versus air or nitrogen-oxygen versus nitrogen-oxygen control 

comparisons (Tables I-IV). A difference appeared, however, 

in the nitrogen-oxygen versus air comparisons. The branching 

of the germ tube was distinctly faster in the illuminated 

nitrogen-oxygen experiment. Since this result did not appear 

to be valid when compared with the other data concerning this 

control, it was considered to be an error which was possible 

at the 5 per cent probability level. It could be assumed, 

then, that 2 per cent oxygen was sufficient for the develop-

ment of all stages at a rate comparable to that in air. 

Spore germination was not observed in the seventy-two 

hour test period during which the atmosphere was an anaerobic 

one composed of carbon monoxide-nitrogen. This observation 

was in contrast to the findings previously described, where 

the primary mycelium developed anaerobically in Brewer jars. 
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These experiments were not comparable, however, since carbon 

monoxide is a rather general inhibitor of metal catalysis. 

The development of all morphological phases in the 

carbon monoxide-oxygen atmosphere, both with and without 

artificial illumination, was significantly slower than in 

the air controls. The effect of carbon monoxide-oxygen in 

the dark on secondary mycelial formation was particularly 

noteworthy (Table IV). Of the forty spores observed in this 

series of investigations, all produced primary mycelium; 

however, none developed secondary mycelium during the seventy-

two hour period. 

Illumination had no significant effect on the period of 

time required for germination and branching in the carbon 

monoxide-oxygen tests (Tables I, II). There were, however, 

significant differences in the period of time required for 

primary mycelium formation and secondary mycelial development 

(Tables III, IV). The time period for primary mycelium for-

mation was 11.9^ pê 1 cent longer in the dark, while the 

secondary mycelial development was greater than 55-5^ per 

cent longer under the same conditions (Tables III, IV). 

These data then Indicate that carbon monoxide lengthened 

the time for development of all phases in the light or dark 

when compared to the air controls. Carbon monoxide in the 

dark had a significantly greater effect than carbon monoxide 

in the light on the development of the primary and, particu-

larly, the secondary mycelia. 



TABLE I 

THE EFFECT OF CARBON MONOXIDE ON THE MEAN TIME IN 
HOURS OF THE GERMINATION OF THE SPORE OF AN 

AQUATIC STREPTOMYCETE (NT62) 
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Atmosphere and 
Illumination 

No. of 
Spores 

Arith. 
Mean S. D. % Diff. T3 

Air lightb 

b 
Air darlc 

60 

60 

5.82 

6.35 

2.254 

2.212 
- 8.40 1.297 

98fo N2-2^ 0 2 light
b 

9 8 f o N2-2^ 0 2 darkb 

20 

20 

4.65 

4.70 

1.062 

0.954 
- 1.06 0.153 

Air lightb 

98^ Ng-2# 0 2 light
13 

20 

20 

4 . 5 5 

4.65 
0.740 

1.062 
- 2.15 0.336 

Air darkb 

98^ N2-2^ 02 dark
b 

20 

20 

5.15 

4.70 

0.910 

0.954 
9.57 1.488 

98^ CO-2f0 N2 light
0 

9 8 f a GO-2% N2 dark
c 

20 

20 

0 

0 
i • * • • 

"K 

Air light 

98^ CO-2% 0 2 light
0 J£

r 
O

 
O

 

6.45 

8 . 1 0 

2 . 4 7 9 

2 . 1 7 7 

-20.37 3.123c 

Air dark*3 

98# 00-2% 0 2 dark
0 

O
 

O
 

6.95 

8.35 

2.4l8 

2.465 
- 1 6 . 7 6 2.532( 

98$ CO-2^ 0 2 light
0 

98$ CO-2% 0 2 dark
0 

O
 

O
 

8 . 1 0 

8.35 

2.177 

2.465 
- 2.99 0.475 

aBasedon Fisher 

^Control. 

cTest. 

dP=0.01. 

t test for significance. 

"P=0.05. 



TABLE II 

THE EFFECT OF CARBON MONOXIDE ON THE MEAN TIME IN 
HOURS OF THE BRANCHING OF THE GERM TUBES OF 

AN AQUATIC 5TREPT0MYCETE (NTo2) 
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Atmosphere and 
Illumination 

No. of 
Spores 

Arith. 
Mea n S. D. fo Diff. 

Air light*3 

Air dark*5 

60 

60 

9.27 

9-37 

2.932 

2.828 
- 1.06 O.188 

98^ N2-2^ 0 2 light
b 

98^ N2-2^ 0 2 dark
b 

20 

20 

7.15 

7.25 

0.963 

1.374 
- 1.37 0.260 

Air light13 

98^ N2-2$ 0 2 light
b 

20 

20 

8.00 

7.15 

1.414 

0.963 
11.88 2.l65c 

Air darkb 

9d& N2-2# 0 2 dark
b 

20 

20 

7.60 

7.25 

1.158 

1.374 
4.83 0.849 

98$ C0-2fo N2 light0 

98^ CO-2^ N 2 dark
0 

20 

20 

0 

0 
• * • • 

Air lightb 

98$ CO-2^ 0 2 light
0 

40 

40 

9.90 

14.90 

3.270 

4.488 
-33.55 5.624( 

Air darkb 

98^ CO-2fo 0 2 dark
0 

O
 

O
 

10.25 

15-42 

2.998 

5.753 
-33.54 4.982* 

98^ C0-2fo 0 2 light
0 

98^ C0-2fo 0 2 dark
0 

'S vs'̂% tir« 

40 

40 

14.90 

15.42 

4.488 

5.753 
- 3.40 0.449 

^Control. 

dP=0.05. 

cTest. 

eP=0.001. 
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TABLE III 

THE EFFECT OF CARBON MONOXIDE ON THE MEAN TIME IN HOURS 
OF THE DEVELOPMENT OF THE PRIMARY MYCELIUM 

OF AN AQUATIC STREPTOMYCETE (NT62) 

Atmosphere and 
Illumination 

No. of 
Spores 

Arith. 
Mean S. D. % Diff. ip8 

Air lightb 

Air dark*3 

60 

60 

16.35 

16.73 

4.024 

4.381 
- 2.29 0.495 

98% N2-2# 0 2 light
b 

98f> N2-2$ 0 2 dark
b 

20 

20 

13.40 

13-45 

2.458 

2.355 
- 0.37 0.064 

Air lightb 

9&f° N2-2^ 0 2 light
b 

" ™"L ' "l" ' 11 L ilui"" " 1 , 1 " 1 u •- " 

20 

20 

13.85 

13.40 

I . 8 7 8 

' 2.458 
3.35 0.634 

Air dark 

98^ N2-2^ 0 2 dark
b 

20 

20 

13.70 

13.45 

2.100 

2.355 
1.85 0.345 

98$ CO-2f N 2 light
0 

98fa CO-2f0 N 2 dark
0 

20 

20 

0 

0 
• • • • 

Air lightb 

98$ CO-2# 0 2 light
0 

40 

40 

17.60 

25.45 

4.224 

5.603 
-30.84 6.986c 

•, , b 
Air dark 

98$ CO-2$ 0 2 dark
0 

o 
o 

1 \ 

18.25 

28 .90 

4.437 

4.805 
- 36 .85 10.l69c 

98$ C0-2$ 0 2 light
0 

98$ CO-2$ 0 2 dark
0 

40 

40 

25.45 

28.90 

5.603 

4.805 
-11.94 2.919* 

Control. 'Test. 

'£=0.001, 'P=0.01. 
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TABLE IV 

THE EFFECT OF CARBON MONOXIDE ON THE MEAN TIME IN HOURS 
OF THE DEVELOPMENT OF THE SECONDARY MYCELIUM 

OF AN AQUATIC STREPTOMYCETE (NT62) 

Atmosphere and 
Illumination 

No. of 
Spores 

Arith. 
Mean. S. D. fo Diff. Tc 

Air lightb 

Air dark*3 

60 

60 

28.55 

27.72 

5.136 

5.266 
3.00 0.870 

98fo N2-2fa 0 2 light*
3 

98fa N2-2^ 0 2 dark
b 

20 

20 

31.30 

30.70 

2.390 

2.704 
1.95 0.725 

Air light 

98f> E2-2fo 0 2 light
1 

20 

20 

31.80 

31.30 

2.182 

2.390 
1.50 0.674 

Air dark*3 

fa N2-2^ 02 dark
0 

20 

20 

31.40 

30.70 

1.800 

2.704 
2.28 

98^ CO-2fo N2 light
0 

98f> CO-2f0 N2 dark
0 

0.939 

20 

20 

0 

0 

Air light 40 

98 fa CO-2 fa 02 light
0 40 

o 6.92 

34.95 

5.410 

9.127 
-22 .97 4.724 

d 

Air dark*3 

98# CO-2 fo 0 2 dark
0 

40 

40 

25.88 

>72.00 

5.460 

0.000 
>-64.06 

98# CO-2# 0 2 light' 

98# CO-2# 0 2 dark
0 

40 

40 

34.95 

>72.00 

9.127 

0.000 
>-51 .45 

"^Based on Fisher test 

^Control. 

cTest. 

dP=0.001. 

Tor signTf'fcance 

52.758 

25.352" 
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An analysis of the Intervals, of time observed between 

the development of the morphological stages in streptomycete 

isolate number 62 is presented In Tables V-VII. This treat-

ment of the data served to eliminate certain differences 

shown in Tables II-IV which were actually due to the inhibi-

tions of earlier developmental stages rather than an effect 

on the phase measured. Thus, the mean intervals of time are 

a summation of the same experiments presented and compared 

in Tables I-IV. 

Illumination had no significant effect on the intervals 

of time between phases in either the air versus air or 

nitrogen-oxygen versus nitrogen-oxygen controls (Tables V-

VII). The nitrogen-oxygen control when compared to air had 

a significant effect only on the time Interval from germi-

nation to branching in the light (Table V"). This was due 

to the fact that branching was accelerated in this control 

(Table II). These data, again, indicate that 2 per cent 

oxygen was adequate for the development of morphological 

stages at a rate equivalent to the development when exposed 

to air. 

The mean intervals of time from germination to branching 

and branching to primary formation were significantly longer 

in carbon monoxide-oxygen in the light and dark than in the 

air (Tables V, VI). The data indicate, however, that there 

was no significant difference between the primary to secondary 

formation intervals of time in the carbon monoxide-oxygen In 



TABLE V 

THE EFFECT OF CARBON MONOXIDE ON THE MEAN 
TIME IN HOURS OF THE INTERVAL BETWEEN 

GERMINATION AND BRANCHING OF AN 
AQUATIC STREPTOMYCETE (NTo2) 
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Atmosphere and 
Illumination 

No. of 
Spores 

Arith. 
Mean S. D. <fo Diff. Ta 

Air light*3 

Air dark*3 

60 

60 

3.45 

3.12 

1.936 

1.415 
10.69 1.068 

98fo N2-2% 0 2 light
b 

98^ N2-2^ 0 2 dark
13 

20 

20 

2.50 

2.55 

0.866 

1.117 
- 1.96 0.154 

Air light13 

98^ N2-2^ 0 2 light
13 

20 

20 

3.45 

2.50 

1.396 

0.866 
38.00 2.52ld 

Air dark13 

98^ N2~2$ 0 2 dark
13 

20 

20 

2.45 

2.55 

0.864 

1.117 
- 3.92 0.309 

Air light13 

98$ C0-2^ 0 2 light
0 

40 

40 

3.45 

6.80 

2.156 

4.518 
-49.26 4.179® 

"U. 

Air dark 

98^ CO-2% 0 2 dark
0 

40 

40 

3.45 

7.08 

1.516 

4.952 
-51.24 4.372e 

98^ C0~2°/o 0 2 light
0 

98^ 00-2% 0 2 dark
0 

40 

40 

6.80 

7.08 

4.518 

4.952 
- 3.88 0.256 

for significance. 

Control. 
•% 

'Test. 

3P=0.05. 
eP=0.001. 



TABLE VI 

THE EFFECT OF CARBON MONOXIDE ON THE MEAN TIME 
IN HOURS OF THE INTERVAL BETWEEN BRANCHING 
AND FORMATION OF THE PRIMARY MYCELIUM 
OF AN AQUATIC STREPTOMYCETE (NT62) 
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Atmosphere and 
Illumination 

No. of 
Spores 

Arith. 
Mean S. D. fo Diff. Ta 

Air light13 

Air darkb 

60 

60 

7.02 

7.43 

3.170 

3.363 
- 5.60 0.694 

98^ N2-2# 0 2 light
b 

98% N2-2$ 0 2 dark
b 

20 

20 

6 .25 

6.20 

2.547 

2.379 
0.80 0.062 

Air light0 

98^ N2-2# 0 2 light
0 

20 

20 

5.85 

6.25 

2.128 

2.547 
- 6.40 0.525 

Air dark0 

98^ N2-2$ 0 2 dark
b 

20 

20 

6.10 

6 . 2 0 

2.644 

2.379 
- 1 . 6 1 0.122 

Air light^ 

98a/o CO-2% 0 2 light
0 

f |
 

[
 O
 

O
 

1 -rt 
-rt 

7 . 6 0 

10 .55 

3.434 

6.841 
- 2 7 . 9 6 2.407C 

Air dark*5 

98^ QO-2% 0 2 dark
0 

1 |
 

J£
r 

O
 O
 8 . 1 0 

13.48 

3.484 

5.463 
-39.88 5.180' 

98^ CO-2^ 0 2 light
0 

98^ C0-2^ 0 2 dark
0 

40 

40 

10.55 

13.48 
L...«..........—,..n—.. 

6,841 

5.463 
-21.70 2.086C 

^Control. 

cTest. 

d P=0.05. 

'P -0 .001 . 



TABLE VII 

THE EFFECT OF CARBON MONOXIDE ON THE MEAN TIME IN 
HOURS OF THE INTERVAL BETWEEN THE FORMATION 
OP THE PRIMARY AND SECONDARY MYCELIA OF 

AN AQUATIC STREPTOMYCETE (NTo2) 
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Atmosphere and 
Illumination 

No. of 
Spores 

• Arith. 
Mean S. D. 1 % Diff. 

Air light13 

Air darkb 

60 

60 

12.27 

10.95 

4.764 

5.527 
12.02 1.386 

98fo N 2-2^ 0 2 light
b 

V \ 

98^ N2-2^ 0 2 dark 

20 

20 

17.90 

17.25 

4.265 

4.060 
3.76 0.481 

Air light*3 

98^ N2~2$ 0 2 light
b 

20 

20 

17.95 

17.90 

2.924 

4.265 
0.26 0.042 

b 
Air dark 

98$ N2-2^ 0 2 dark
b 

20 

20 

17.70 

17.25 

3.607 

4.060 
2.60 0.361 

Air lightb 

9&fo 00-2% 0 2 light
0 

O
 

O
 

-j. 
-j. 

9.42 

9.50 

2.355 

5.518 
- 0.78 O.O78 

Air dark*3 

98# CO-2% 0 2 dark
0 

O
 

O
 

; 
-=t 

7.58 1 

>43.10 

2.268 

4.805 
>-82.42 4l.752c 

98^ 00-2% 0 2 light
0 

9%% 00-2% 0 2 dark
0 

""" " j f t 1 " '""'A'"""" W V H 11,11 

O
 

O
 

-

9.50 

>43.10 

5.518 

4.805 
>-77.95 28.677C 

^Control. 

cTest. 

dP=0.001. 
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the light versus air in the light (Table VII). There was a 

significant difference in this interval of time when carbon 

monoxide-oxygen in the dark was compared to air in the dark. 

When carbon monoxide-oxygen in the light was compared 

to carbon monoxide-oxygen in the dark, there was no signifi-

cant difference between the intervals of time from germina-

tion to branching (Tables V, VI). The intervals, however, 

from branching to primary formation and, particularly, primary 

formation to secondary formation were significantly longer 

in the dark (Tables VI, VII). 

These data indicate that carbon monoxide in the light 

when compared to air in the light affected all Intervals of 

time between the morphological phases except that from pri-

mary to secondary formation (Tables V-VII). Carbon monoxide 

in the dark as compared to air in the dark affected all inter-

vals, and carbon monoxide in the dark had a greater effect 

than carbon monoxide in the light on the branching to primary 

and primary to secondary intervals. 

At the end of two of the seventy-two hour experiments 

involving carbon monoxide-oxygen gas mixtures, the light-

shielded microculture chamber was illuminated, and the illu-

minated microculture chamber was placed under a shield to 

exclude the light. Perceivable growth ceased in the micro-

culture chambers which were then in the dark. Secondary 

mycelium had developed on 80 per cent of the primary mycelial 

colonies after eight hours in the then illuminated chamber. 
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This further demonstrated that carbon monoxide in the dark 

inhibited the formation of the secondary mycelium and carbon 

monoxide in the light did not. 



CHAPTER IV 

DISCUSSION 

Although the streptornycetes have generally been defined 

as an aerobic group (6), several workers have shown that some 

members of this group can carry out fermentations under ana-

erobic conditions (3* 5j 7). These investigators made no 

attempt to consider what morphological stages were active 

during anaerobiosis. Higgins (4) and Davis (l) demonstrated 

that the primary mycelium could develop under anaerobic con-

ditions and the secondary mycelium could not. The present 

investigation confirmed their findings. It was unfortunate 

that the growth medium utilized by Higgins (4) and Davis (l) 

as well as the present investigation had nitrate available, 

since no conclusions could be drawn as to whether fermen-

tation or nitrate reduction occurred under anaerobic con-
X 

ditions. 

Waksman (9) stated that the actinomycetes do not 

require' light for their "activities." This conclusion was 

confirmed in the present investigation utilizing the micro-

culture chamber technique. The incidence or lack of illumi-

nation did not affect the growth of the organism either in 

the air or the 98 per cent nitrogen to 2 per cent oxygen 

atmospheres. 

34 
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The experiments involving comparisons of the growth 

rate in air to that in a mixture of 98 per cent nitrogen 

with 2 per cent oxygen revealed that 2 per cent oxygen was 

sufficient for aerobic growth in both the light and the dark. 

This was not surprising, however, since even this amount of 

oxygen is considerably greater than is present in the natural 

aqueous environment of the organism. 

In an atmosphere of 98 per cent nitrogen to 2 per cent 

oxygen in the light, branching of the germ tubes occurred 

sooner than in the air (Table II). This was interpreted to 

be an error allowed by the 5 per cent probability level 

because the rest of the data involving this atmosphere did 

not support these results (Tables I-IV). Since this atmos-

phere was intended to be an oxygen control, the fact that 

there were no accelerating effects on the growth rate observed 

with the test mixtures further supported this interpretation. 

It was observed that there was no spore germination when 

an anaerobic atmosphere of carbon monoxide-nitrogen was intro-

duced into the microculture chamber. This did not necessarily 

conflict with the results of the Brewer anaerobic jar experi-

ments, since carbon monoxide could have inhibited one of the 

heavy metal dependent enzymes not related to terminal respi-

ration (2). It was also possible that a terminal respiration 

nitrate reductase was inhibited; if so, the results of the 

Brewer anaerobic jar experiments would be explained by the 

activity of this enzyme in the primary mycelium. A third 
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possible explanation would be that the enzyme which allowed 

the primary mycelium to develop during the fourteen day incu-

bation in the Brewer anaerobic jar was adaptive. Therefore, 

the seventy-two hour duration of the microculture chamber 

experiments was insufficient for its biosynthesis. No con-

clusions could be drawn from the present investigations as 

to which of these three possibilities might be valid. 

The development of all morphological phases in the car-

bon monoxide-oxygen atmosphere, both with and without illu-

mination, was significantly slower than in the air controls. 

Since it had already been shown that 2 per cent oxygen was 

sufficient for full growth, this data indicated that carbon 

monoxide inhibited one or more enzymes which were required 

throughout the development of the organism. 

There were no significant differences in the time required 

for germination and branching when the carbon monoxide-oxygen 

in the light was compared with carbon monoxide-oxygen in the 

dark (Tables I, II). This indicates that the one or more 

enzymes which were inhibited by carbon monoxide during the 

development of these stages did not have a cytochrome or 

similar hemoprotein cofactor. 

There were significant differences, however, in the time 

required for primary and secondary mycelial formation when 

carbon monoxide-oxygen in the dark was compared with carbon 

monoxide-oxygen in the light (Tables III, IV). Carbon mon-

oxide had a greater effect on these stages in the dark than 
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in the light. No secondary mycelium developed in the carbon 

monoxide-oxygen in the dark experimental condition. This 

indicates that the carbon monoxide inhibition of the primary 

and, particularly, the secondary formation was light revers-

ible. Carbon monoxide inhibition in the dark indicated either 

cytochrome oxidase or nitrate reductase was the controlling 

enzyme. But these results definitely suggested the inhi-

bition of cytochrome oxidase since nitrate reductase is usu-

ally inhibited by the presence of oxygen; therefore, it would 

be inhibited in both conditions (8). 

The results of the analysis of the time intervals between 

the various morphological stages revealed, as expected, that 

2 per cent oxygen was adequate for the full growth of the 

organism. The intervals of time from germination to branching 

and branching to primary were significantly longer than in 

air both with and without illumination (Tables V, VI). There 

was no significant difference between the intervals of time 

from primary to secondary mycelial formation when carbon 

monoxide-oxygen in the light was compared to air in the light 

(Table VII). This indicates that the differences in the 

time for secondary formation in this experimental comparison 

(Table IV) was due to inhibition of earlier stages rather than 

the formation of the secondary mycelium. There was a signifi-

cant difference in the intervals of time from primary to sec-

ondary mycelial formation when carbon monoxide in the dark was 

compared to air in the dark (Table V). This indicates that 
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carbon monoxide in the dark did inhibit the secondary forma-

tion. This would definitely suggest that cytochrome oxidase 

inhibition prevented the formation of the secondary mycelium. 

When carbon monoxide-oxygen in the light was compared to 

carbon monoxide-oxygen in the dark, there was no significant 

difference in the intervals of time from germination to 

branching. This suggests that one or more enzymes were 

inhibited in a manner which was not reversed by light. This 

suggests that cytochrome oxidase, if present, was not the 

rate controlling enzyme. When these experimental conditions 

were compared with the branching to primary formation and 

primary to secondary mycelial formation intervals, the carbon 

monoxide in the dark inhibited to a significantly greater 

degree than carbon monoxide in the light. This again would 

suggest cytochrome oxidase inhibition; furthermore, that 

cytochrome oxidase activity appeared to.be necessary for 

secondary mycelial formation. 

These data, then, indicate that carbon monoxide in the 

light and dark inhibited the earlier stages of the development 

of the aquatic streptomycete, that carbon monoxide did not 

inhibit the development of the secondary mycelium in the 

light, and did inhibit the development of the secondary myce-

lium in the dark. It is suggested that the effect on the 

secondary mycelial formation might be due to carbon monoxide 

inhibition of cytochrome oxidase. This could not be proved, 

since no spectroscopic cytochrome analysis was attempted. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

1. The primary mycelium had the ability to develop in 

anaerobic conditions. The secondary mycelium could not 

develop in these conditions. 

2. A microculture chamber technique was utilized for 

continuous observation of the growing organism. The content 

of the atmosphere in these microculture chambers was easily 

controlled. 

3. The- amount of illumination did not affect the growth 

of the organism in atmospheres of laboratory air or 98 P©** 

cent nitrogen to 2 per cent oxygen (vol/vol). 

4. It was found that 2 per cent oxygen in the atmos-

phere allowed growth at a rate indistinguishable from that 

in air. 

5. Spores did not germinate in an atmosphere of 98 per 

cent carbon monoxide to 2 per cent nitrogen. This was thought 

to be due to the inhibition of nitrate reductase or some 

other heavy metal-requiring enzyme. 

6. Carbon monoxide in the light and dark lengthened the 

period of time required for the germination of the spore, 

branching of the germ tube, and formation of the primary 

mycelium when compared to air. 

40 
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7. Carbon monoxide in the dark completely inhibited 

the development of the secondary mycelium while its develop-

ment was not inhibited in the light. 

8. The data indicate that cytochrome oxidase activity 

was required for secondary mycelium formation. 
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