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CHAPTER I

INTRODUCTION

The role that aquatic actinomycetes play, in the pro-

duction of tastes and odors in water supplies has been in-

vestigated since 19!+8 (3). The ability of these organisms

to produce by-products in lakes and streams, which renders

the water unpalatable, is of considerable public health im-

portance. It is desirable that the waterworks industry has

as much information as possible concerning the factors that

contribute to the growth of these organisms. Since it ap-

pears that the aquatic actinomycetes may be isolated from

most fresh-water sources, the problem of diversified environ-

ments and nutritional requirements offers an excellent field

of investigation. The fresh-waters of the world contain

variable quantities of electrolytes that may determine in

part the biological activity of these organisms. The unsolved

questions in this instance are concerned with the electrolytes

present and their quantitative effects on the growth and de-

velopment of these forms. Since few investigations have been

conclusive regarding the electrolyte composition optimum for

the growth of the aquatic types, references to the literature

must consider the results obtained from studies on the
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terrestrial forms. It is not intended that such references

may apply directly, but cognizance of the knowledge is advis-

able if one is to conclude the aquatic and terrestrial

species have different requirements.

Literature

Investigations on the electrolyte effects on actinomycetes

development have been done in artificial medium and therefore

may be subject to considerable question. However, specific

effects ofcation and anion activity should be detectable if

the other ingredients composing the medium are constant. It

is proper to consider the studies that appear to give the

most conclusive information regarding stimulation and de-

pression effects of either cations or onions. Since the

cations have been investigated in greater detail, reference

is made to conclusions drawn by various workers in that field.

Each cation is cited with reference to the present knowledge

concerning its nutritional activity in regard to concentration.

Potassium.--Waksman (6) cited the work of Beijerinck and

Van Delden which emphasized the importance of potassium as a

growth stimulant for the terrestrial actinomycetes. In the

medium they used for cultivation, they suggested a potassium

concentration of 1,400 parts per million obtained from KNO 3

and K 2HPO4 . Kober (1) was of the same opinion as Beijerinck

and Van Delden in that potassium stimulated growth but was

injurious in concentrations of 5,000 parts per million unless
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neutralized by magnesium sulfate. Both Munter (2) and Waks-

man (5, 6) recognized the importance of potassium in the

nutrition of the terrestrial actinomycetes. Silver, and

others (4), in their studies of the aquatic actinomycetes

showed that potassium contributed to both growth and develop-

ment. The stimulation effect of potassium,in all instances,

appeared to be much greater than calcium, magnesium, or sodium.

Sodium.--Munter (2) and Waksman (5, 6) employed sodium

in their nutritional studies of the terrestrial actinomycetes.

Neither felt that sodium per se stimulated a more luxuriant

growth. Waksman (6) used sodium in the form of the chloride

in concentrations ranging from 50 to 2,000 parts per million

and found that the actinomycetes possessed a very high

tolerance for sodium chloride.

Magnesium.--Munter (2) believed that magnesium was a

growth inhibitor when used in conjunctionwith sodium and

potassium while Kober (1) felt that high concentrations of

magnesium were necessary to neutralize the lethal effects of

high concentrations of intramycelial-potassium. Waksman (5)

sugg :ested that 500 parts per million are adequate for a well-

balanced medium for the culture of terrestrial actinomycetes.

Calcium.--Kober (1) explored the value of calcium as a

nutrient and concluded that calcium failed to stimulate a

more luxuriant growth and development. He also pointed out

a negative effect in that a lack of calcium was injurious

unless magnesium was present.



a4

Irace elements.--aksman (6) believed that phosphorus

was often necessary as a growth requirement but doubted the

need of sulfur and iron. H.e further believed that traces of

other elements, such as zinc, frequently had.a marked effect

upon the growth of certain organisms. Beijerinck is quoted

by VWaksman (5) as doubting the need for manganese, sulfur or

iron.

The attention given to the part anions play in nutrition

of the actinomycetes has been somewhat limited since it was

at times dependent on the source of a particular cation.

Waksman (6) indicated that the ions were of little consequence

so long as the medium was properly buffered to a pH of /7.2

to 7.6. In the thirty-one media utilized in his research,

the following ranges of concentrations of anions occurred-

nitrates, 50 to 2,000 parts per million; phosphates, 3,000

to 6,000 parts per million; sulfates, 10 to 23,000 parts per

million; and chlorides, 50 to 7,900 parts per million. He

noted that his concentrations were not designed to demonstrate

optimum inorganic salt requirements but to enhance the various

organic constituents of his media such as: yeast extract,

beef extract, proteins, peptone, and various amino acids.

Nitrogen.--Munter (2) preferred nitrates and ammonium

salts of inorganic acids in lieu of proteins, peptones, and

amino acids as a nitrogen source in the preparation ofa

synthetic. culture medium for the terrestrial actinomycetes.

In direct opposition to Munter, Waksman (5) in his early
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studies of the terrestrial actinomycetes believed that pro-

teins, peptones, and amino acids proved to be the most de-

sirable source of nitrogen, with ammonam s'lts of inorganic

acids, second in importance. Of the two ammonium salts Waks-

man studied, ammonium sulfate appeared to give a more lux-

uriant growth than ammonium chloride. The most desirable

concentration of ammonium sulfate was determined to be 2,000

parts per million. Other less important sources of nitrogen

investigated by Waksman included nitrites. A few species of

actinomycetes were able to utilize nitrites; however, they

proved to be detrimental to the growth as the concentration

began to rise. Si~vey, and others (4), in their nutritional

studies of the aquatic actinomycetes, found that their mycelial

yields were enhanced by using ammonium nitrate in concentra-

tions of 4,000 parts per million. The use of proteins, pep-

tones, and amino acids occurred as an occasional nitrogen

source used in rejuvenation of effetecultures.

Sulfates.--Waksman (6) reported that Beijerinck and Van

Delden employed 500 parts per million of manganous sulfate

in a medium they designed for the growth of actinomycetes.

Waksman (6) used media in his studies containing a range of

from 10 to 23,000 parts per million sulfates. lThe compound

most frequently used was magnesium sulfate. Silvey and others

(4) used sulfates in concentration of 100 parts per million

with ao differential effects as long as they were added as

salts of sodium, calcium or magnesium.
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Chlorides.--MBunter (2) used @ medium for terrestrial

actinomycetes containing 5 per cent inorganic salts, two of

which were NaCl and KCl. Kober (1) reported that actinomy-

cetes are able to withstand salt concentrations up to six-

tenths molar and suggested that actinomycetes might easily

adapt to a marine environment. Waksman (6) varied chlorides

Irom 50 to 7,900 parts per million in the form of either

potassium chloride or sodium chloride. Silvey, and others

(4), .demonstrated the effect of the cation part of salts on

growth of aquatic actnomycetes by using several chloride

salts with the chloride concentration often measuring 3,000

parts per million. They believed that the chloride concen-

tration merely gave a consistent effect to the growth of

aquatic actinomycetes.

Phosphate.--There is general agreement among investigators

that phosphate is a necessary micro-constituent. Waksman (6)

writes of Beijerinck and Van Delden as having employed in-

organic salts containing phosphates in the ranges up to 200

parts per million.. Waksman (5, 6) utilized 300 to 6,000

parts per million phosphate and suggested 1,000 parts per

million to be desirable concentration for a balanced medium.

All investigators employed the phosphate sources of either

dipotassium hydrogen phosphate or dihydrogen potassium phos-

phate principally for their buffering qualities.



It is the purpose of this study to determine the optimum

concentration of certain anions and cations required by the

aquatic actinomycetes and to demonstrate the actual assimi-

lation of these ions by the organisms.
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CHAPTER Ii

METHODS

Prior investigations of the aquatic actinomycetes by

Silver et al. (2) indicated that two of the important factors

in the environment that affected the growth and development

of these organisms were the types and concentrations of in-

organic nutrients and the proportion of hydration. Since

natural growiths are frequently observed in shoreline areas as

well as in zones occupied by aquatic plants it is likely that

the demand for specific inorganic substances may be an impor-

tant limiting factor. Also, one may not overlook the water

requirement s of these actinomycetes in their cycles of

development.

The most feasible experimental design was to employ a

representative mixture of the aquatic actinomycetes and to

culture them in environments exiibiting diverse quantities of

water as well as variable amounts of inorganic nutrients.

In order to show available water and nutrient ion correlations,

nineteen organic salts, commonly found in natural waters, were

individually varied in series at each level of water tension.

In addition, this procedure yielded data for the effect of

each ion and at its different concentrations.

9
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The remainder of the experimental design consisted of

measuring growth and developmental response of the actinomy-

cetes to the combined environmental series either by noting

deviations in germination, size and macromorphology or amount

of mycelium produced expressed as a dry weight percentage.

These methods depended upon the technique used to determine

the effect of water tension and will be presented under the

method descriptions of the three levels of available water.

In addition to growth response measurements, the effect of

the ion type and varied concentrations of each were evaluated

by a micro-chemical analysis of the mycelium. These analyses

were accomplished by comparing amounts incorporated into the

protoplasm after treatment to amounts present in the mycelium

produced on ion deficient medium and of the media before and

after growth.

Experimental Materials

A combined inoculum was prepared by making a spore sus-

pension from four North Texas State College strains, numbered

14, 17, 24, and 30, .of the tentative genus Waksmara. The

inoculum containing the four strains of spores was prepared

in deeminized sterile water so that each milliliter delivered

an average of 300 spores.

The salts utilized in this study were reagent, grade

chemicals which occur most commonly in the fresh waters of

the world. They were potassium nitrate, dipotassium hydrogen
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phosphate, potassium chloride, potassium sulfate, potassium

bicarbonate, sodium phosphate, sodium chloride, sodium sul-

fate, sodium nitrate, sodium carbonate, calcium carbonate,

calcium phosphate, calcium nitrate, calcium chloride, calcium

sulfate, magnesium chloride, magnesium sulfate, magensium

nitrate, and magnesium phosphate.

A liquid base medium containing 0.2 per cent yeast ex-

tract, 8.0 per cent sucrose, 0.4 per cent ammonium nitrate

in deeminized water was used with variable concentrations of

the experimental salts. Generally, five concentrations of

each individual salt were added to the above medium in quanti-

ties to obtain 0.0, 1,000, 2,000, 3,000, and 4,000 parts per

million. Each type of medium was produced in sufficient

quantities so as to prepare petri plates, plugged test tubes

and flasks. These three sets of cultural medium were used

also to demonstrate the effects of available water. Each

series of concentrations of a particular salt was compared

to a control which consisted of only the base medium. The

one exception to this routine was the series involving the

various nitrate salts. In that instance ammonium nitrate was

left out of the base media, since this would otherwise yield

little information concerning the effects of deficient nitrate.

Sterilization, equipment and reagent quality were care-

fully controlled and maintained throughout the experimental

period. The cultures were grown in an air-conditioned lab-

oratory at 220C., a temperate near the optimum of the
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adaptive range of aquatic actinomycetes. Although actinomy-

cetes are non-photosynthetic, the cultures were grown under

low light intensities to avoid any possible light induced

polymerization in the growth medium.

Combined Available Water-Nutrient Ion
Experimental Procedures

Mineral available water series.--A minimum amount of

available water for growth was achieved by adding to the test

medium per cent agar-agar and inoculating with 1 milliliter

of the spore suspension. This augmented agar concentration

produced a substrate for the actinomycetes, to grow upon

which was hard and damp. The actinomycetes were allowed to

grow in petri dishes for seven days before a colony count

and size determination was made. This afforded an opportunity

to demonstrate the differential effects of the five concen-

trations of each of the nineteen inorganic salts in these'

test media.

Intermediate available water series.--In this series

lipless test tubes 25 x 200 millimeters received 20 milli-

liters of each of the concentrations of the nineteen types

of liquid test medium, prepared in each instance in duplicate.

A plug of glass wool was then inserted above the liquid so as

to have contact with the surface film. This type of container

was devised to establish an environment in which the liquid

phase would compose more than 50 per cent of the zone of

growth. The glass wool remained in approximately the same
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condi t ion of hydration throughout the experimental period.

At the end of a thirty-day period the plugs were removed,

weighed, and then washed free of actinomycete growth with

acid before they were reweighed. The data secured from this

portion of the investigation showed the effect of increased

moisture as well as the differential effects of the inorganic

nutrients.

maximum available water series.--In order to more care-

fully evaluate the effects of hydration on actinomycete, de-

velopment, it was desirable to study their growth in a liquid

that afforded no substrate other than the container wall. In

this detailed investigation itwas also possible to consider

the nutritional aspects of the inorganic substances previously

accounted. Sterile 250-milliliter erlenmeyer flasks were pre-

pared in sets to acco modate a study of different quantities

of each salt under investigation. Each flask was calibrated

to show precisely a volume of 100 milliliters and this quantity

of medium was added to each container. At the same time,

similar quantities of each medium were placed in like con-

tainers for chemical analyses. One set of flasks were in-

oculated and permitted to grow for 30 days. At the termina-

tion of this period the growth was centrifuged from the media,

washed free of salts with deeminized water, dried at 1000C.,

weighed and preserved for intramycelial cation analysis. The

media from which the growth had been removed was used for
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analyses in order to determine the quantities of cations and

anions assimilated by the actinomycetes.

Microchemical Assay of Media Mycelia

In order to determine the effects of the various anions

and nations on the growth and development of the actinomycetes

it was necessary to do assimilation studies of these ions by

the mycelial mats. To accomplish this part of the experimental

design, the chemical analyses in this investigation were

divided into two distinct phases namely, the pre-growth and

post-growth studies. The pre-growth analysis was made to

determine the exact concentration of a particular cation and

anion present in the freshly prepared media. These analyses

were the criteria for judging the concentration of anions and

cautions available to the actinomycetes in their growth and

development. Since a liquid medium lends itself more readily

to analytical procedures the media in one set of flasks was

used. The tests comprised a complete inorganic analyses on

each series of culture flasks involved in a particular study.

After a thirty-day grovith period the actinomyceties were re-

moved by centrifugation, and the second phase or post-growth

analyse's were made on the medium.

Since some evaporation of the media occurred during the

thirty-day growth period, it was necessary to add deionized

water to each calibrated flask to correct the fluid to the

original volume. Consequently, the differential analysis



15

between the pre-growth and post-growth phases indicated pre-

cisely the reduction in concentration of cations and/or anions.

In comparing the results obtained from the two growth test

media one would presume that any reduction in the post-growth

medium in salt concentration should be reflected in the salt

content of the actinomycelial mat.

The mycelia harvested from the thirty-day growth were

subjected to inorganic analytical procedures. 'In instances

where nitrates had been available in the medium, hydrochloric

acid was employed to bring about reduction and/or oxidation

of the dried hyphae preparatory to flame analysis. In a sim-

ilar fashon -where chlorides had been available in the nutrient

medium, nitric acid was employed to bring about degeneration

of the hyphal body and make the cations available for flame

procedures. There was no manner in which the anion content

of the mycelial mats could be comprehensively studied. There-

fore, the investigations may reveal the' differential assimila-

tion of the sodium, potassium, calcium, and magnesium cations.

Numerous methods may be employed in all types of analytic

procedures. Detailed analyses are available in the chemical

literature which depict highly accurate methods for the de-

termination of numerous anions and these procedures are chang-

ing from day to day. In order to have some basic procedures

that would be flexible and at the same time consistent, the

analytical procedures generally were modeled after those de-

scribed in Standard Methods (1). This applies especially to



anionic determinations since only fluid was involved and the

methods described were applicable. In cationic determina-

tions the descriptions shown in Standard Methods (1) appeared

archaic and in the consideration of this work probably not

too accurate. Any reference made in the results of descrip-

tions relative to cation concentration is based on determina-

tions made by the use of a Beckman DU Flame Spectophotometer

employing hydrogen and oxygen. While all workers recognize

certain limitations to this technique, it is acknowledged

that sufficient dilution ordinarily mitigates any serious

difficulties with interfering anions or cations. Therefore,

elaborate details will be dispensed with concerning the cation

determination except to express the fact that dilutions ordi-

narily were made to a point so as to have from one to two

parts per million present in any sample in which a cation was

being determined, Although this procedure is frequently

laborious, it is fraught with few pitfalls since any inter-

fering compound would have been so greatly diluted as to be

of no importance.

Special techniques were devised for the determination

of phosphates and nitrates following closely the descriptions

found in Standard Methods (1) with slight modifications due

to the interference of sugar and yeast extract. A complete

account of these methods is available in the laboratory files,

Water Laboratory, North Texas State College.

16
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CHAPTER III

'RESULTS

The actinomycetes used in this investigation responded

with the normal developmental steps described by Silvey and

others (1) in that the various stages occurred with about the

same degree of regularity and order that would have been an-

ticipated from the standard working stock cultures. The im-

mature colonies were actinomorphic, accrescent, and fracidus,

often very pale stramineous to a deep yellow in color. As

the age of the actinomycetes progressed the color began to

change, depending upon the appearance of the secondary hyphae.

Of the four varieties used, one was white, one was buff and

uwo were of diverse intensities of gray. By the time the

color appeared the colonies usually assumed a mammiform

structure with an exogenous margin composed as a tough and

leathery mat with numerous sporophores characteristic of the

species.

Hydration

The petri plate cultures generally produced growth

typical of the genus Waksmara in that the young colonies ap-

peared mucoid, yellow to cream in color, and minute. Most

of the colonies grew to be about 0.5 millimeters in diameter

before any sporulation appeared on the secondary hyphae. In
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a few instances the agar failed to absorb the excess water

from the inoculum resulting in failure of the appearance of

typical secondary growth structures. All colonies assumed

the flat, actinomorphic, mammiform to crateriform structure

if extra time was allowed for the plate to become relatively

dry.

In the tubes of the intermediate available water series,

the actinomycetes were first apparent in the interstices of

the glass-wool plugs as a colorless opalescence. Within a

few hours stramineou areas became visible which gave rise

to a deeper yellow mucoid growth dotted with minute spicules

of sporulating bodies. In most of the tubes the sporulating

growth soon appeared throughout the entire glass-wool plug,

including the underside of the plug. In many instances the

growth of the actinomwycetes also appeared on the medium be-

neath the plugs and frequently reached sporulation stages.

In the flasks with maximum available water, the actinomy-

cetes appeared as a subsurface flocculence which ultimately

developed into floating colonies exhibiting, for the most

part, defimbrilated but, otherwise, coriaceous margins. The

surface colonies appeared similar to those found on a more

solid substrate. Occasionally some flasks in the various

series failed to support floating sporulating stages but re-

sulted in balls of ;oft cottony growth characteristic of

younger stages of development. Before the end of the experi-

mental growth period these soft cottony balls usually sank
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to the bottom of the flasks and, on rare occasions, appeared

to lyse or disintegrate.

Figures 1, 2, 3, and 4 demonstrate the relationship of

actinomyCete growth to each of the three states of available.

orater. The abscissa are graduated in milligrams and represent

the average growth weight at each concentration of water.

The ordinate depicts by number the ascending quantities of

inorganic salt levels in various test media. For example,

I in Figure I represents the minimum salt concentration where-

as 5 indic rates the maximum. Th e .same conditions are implied

in the figures listed. The data are divided into their four

cationic groups, namely, potassium, sodium, calcium and

nagnesiurm, respectively.

The maximum differential observed in the three water

levels was in the potassium series as depicted in Figure 1.

It appeared that the fourth level of salt concentration,

which was 3,000 parts per million, produced the maximum growth

in the flasks and plates, while the third concentration or

2,000 parts per million of a salt appeared to produce the

maximum growth in the intermediate water series.

Figures 2, 3, and 4, showing the effect of the sodium,

calcium and magnesium series at certain water levels, indi-

cated approximate equal responses of the actinomycetes. In

Figure 2, the fourth level or 3,000 parts per million, ap-

peared to be the most effective. In Figures 3 and 4 the
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third level of concentration., or 2,000 parts per million,

was the most effective in the flask and plate cultures, while

tube growths elicited more response at 3,000 parts per million

concentration. Minimum growth was obtained in all cultural

studies where salt levels were minimum, indicating their spe-

cific effects on growth. However, this part of the investi-

gation also demonstrated that water requirements for growth

were an important factor as well as inorganic nutrients in

complete development.

Specific Effects of Inorganic Salts

In order to graphically demonstrate the relationship be-

tween various types of cultures and the average concentrations

oi inorganic nutrients complete figures were prepared. Figure

5 shows the average effect of potassium nitrate, phosphate,

chloride, carbonate, and sulfate in culture media grown on

plates, tubes and flasks. As previously shown, plates pro-

duced maximum actinomycete development. Any variance in

growth should consequently be due to the effects of either

cations or anions. Referring again to Figure 5, it is noted

that carbonate, sulfate, and phosphate elicit unusually lux-

urial't rowth while nitrate and chloride have minimum effect. In

the plugs used for intermediate water levels, carbonate con

tinued to be the maximum stimulating anion. Conversely,

however, nitrate appeared important where water levels were

higher. Sulfate and chloride, in such instances, were only
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of moderate effect. It was interesting to note that phosphate

in the plug or tube series produced no apparent growth.

As has been previously indicated, growth in liquid is

minimal regardless of the nutrients available. In the potas-

sitLm series (Figure 5) carbonate elicited maximum growth;

nitrate, chloride, and phosphate were about equal although

small in quantity, and sulphate apparently inhibited growth

or failed to stimulate it.

Figures 6, 7, a'.nd 8 reveal similar types of data in re-

lation to sodium, calcium, and magnesium, respectively. For

comparative purposes it is observed that the plates in all

instances showed some growth, none other being as luxuriant

as that found in the potassium series. The most variable was

calcium (Flgure 7), probably due to the insolubility of the

carbonate and phosphate. In regard to the plug or tube series,

sodium appeared to have a greater stimulating effect on the

average than potassium. The maximum development interestingly

enough occurred in the magnesium sulfate series. There are

so many factors in the plug development that could give false

results that possibly an evaluation at this point is not in-

dicated. The fluid series noted in the bottoms of Figures

5-8 showed a high concentration of growth in calcium chloride

with lower quantities in the other calcium salts. 6odiun in

all anion combinations investigated demonstrated average to

poor growth. The magnesium series were relatively good. In

o0serving Figure 8 the relatively high concentration of
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mycelial development is noted in that series, particularly

when they are compared with potassium (Figure 5). There is

a distinct differential in the quantities of actinomycete

growth shown in the three types of cultures.

Comparative Effects of Inorganic alts
in Fluid Medium

In the preparation of fluid medium for rearing actinomy-

cetes it was mentioned in the section on methods that two

sets of media were prepared in sterile 250-millimeter Erlen-

meyer flasks. The uninoculated set was analyzed for both

anions and nations az demonstrated in Figures 9, 10, 11, and

12. The millIequivalents of each individual salt is shown

as pre-growth analytical data. The second set of flasks was

inoculated and permitted to grow for 30 days, then analyzed

in the same fashion after the actinomycete growth had been

centrifuged from the media. These data demonstrated the

quantities of each inorganic nutrient available in the medium

after the completion of growth. In Figure 9 it is apparent

that potassium bicarbonate was consumed in the largest quantity

on a iillieouivalent basic . It should be stated that the

milliequivalents shown in these figures represent the total

salt i'ather than the quantities of potassium alone. This was

necessary because anion analyses of the mats were impractical.

In these investigations it was presumed that the quan-

tities of inorganic nutrients lost from the liquid medium
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would probably be assimilated into the hyphal bodies of the

actinomycetes. In order to determine whether this type of

metabolic activity occurred cation analyses of the actinomy-

cete mats were completed. Referring to potassium in Figure

the quantities of potassium bicarbonate available in the

mycelial growth are stated in percentage of the dry mat.

While it is realized that these figures are not directly com-

parative to the loss of inorganic nutrients it was felt that

the relationship between the salt loss from the medium to the

salt stored in the mat should be diagrammatically representa-

tive of the actual condition. Insofar as potassium was con-

cernet this condition was not perfect but when it is con-

sidered that milliequivalents were quoted in regard to the

compounds rather than in respect to the cations alone, then

the relationships are indicative of assimilation.

2ome of the most valuable observations made from these

studies concerned the loss in inorganic compounds produced

by actinomycete growth. In Figure 10 there appeared to be

similar quantities of assimilation of the sodium salts in all

cultures. Although there were variable quantities of these

salts stored in the mycelia, the demand for each of the salts

was somewhat consistent. These results were similar to those

shown for sodium salt stimulation throughout the entire in-

vestiation. Apparently the optimum quantities of sodium

compounds may be hig or low so long as a minute quantity is

available in the medium. The calcium salts (Figure 11)
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conversely stimaulated, unusual growth on the plates and even

in the flasks there was more exhibition of growth than in the

other types of medium. Distinct losses in calcium chloride,

sulfate and itrate were noted in all series. The actinomy-

cete mycelia apparently stored large quantities of calcium,

and in reference to calcium nitrate in particular the ana-

lytical data were somewhat Surprising. It is possible that

calcium salts are not as readily removed from the mats as the

more soluble sodium 'nd potassium salts which may have caused

the results to indicate higher storage than actually occurred.

It is important to note that calcium would be a contributing

factor in the growth of these actinomycetes.

The magnesium salt cultural series did not show as much

loss from the liquid medium as the calcium. The differences

were iot great but probably of some experimental importance.

Some of the magnesium salts are not readily soluble so it is

probable that the analyses indicating the quantities of stored

magnesium can be somewhat in error. The direct relationships

would show that magnesium sulfate was extremely important and

stored in high quantities. So far as these studies were con-

cerned it was quite apparent in all cultural media that mag-

nesium did contribute to growth of the actinomycetes.

Optimum Concentrations of Specific Salts

In the citation of previous results reference has been

made to the various salts involved in this investigation and
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their nutritional effects. In the data shown in Figures 5-8

the anion and cation combinations are listed for different

types of medium and thaverage growth shown. In Figures

9-12 the milliequivalents of each salt were indicated as well

as the specific quantities lost and/or stored in the mycelial

mats. One of the objectives of this investigation was to

demonstrate optimum concentrations of each of the inorganic

nutrients so that a balanced medium could be properly prepared.

In a complete perusal of the data secured from actinomy-

cetes growing in a fluid medium it was found that certain

optimum quantities of specific chemicals elicited maximum

growth. In Figures 13-16 the four cationic salts involved

in this investigation are depicted with the milliequivalent

concentrations on the abscissa and the dry weight of the

mycelial mats on the ordinant. In graphically representing

these data in this fashion it was immediately obvious that

certain specific salts in kno n quantities induced greater

quantities of growth. Obviously this type of information was

new since detailed studies of this group of organisms in re-

gard to inorganic nutrition were incomplete and somewhat hap-

hazard. Apparently potassium bicarbonate (Figure 13) in con-

centration of twenty milliequivalents produced a maximum

growth. Larger quantities did not appear to be detrimental

but would not stimulate more growth. Potassium nitrate in-

duced good growth of the mixed species of the actinomycetes.

The requirements, however, were approximately three times
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greater. Other combinations of potassium did not appear to

provoke unusual growth. As a matter of fact, potassium suN-

-ate proved to be inhibitory.

The sodium salt that produced the greatest growth (Fig-

ure 14) was in the form of sodium phosp1hate. It would be

difficult to determine Whether the anion or the cation was

the source of inorganic nutrition. Interestingly enough,

the quantities of sodium phosphate were quite critical since

a maximum growth was obtained only at forty-six milliequiv-

alents. Quantities above and below did not produce growths

equal to sodium nitrate. Here again there is a question con-

cerning the stimulating effect of the anion or the cation.

The calcium salts could not be studied in great detail

due to their insolubility. However, the data showed that

calcium chloride in a concentration of fifty-six milliequiv-

alents produced the greatest quantity of growth. Other forms

of calcium were only slightly stimulating. In thee m.agnesium

series (Figure 16) in general, less information was obtained,

due largely to the lack of solubility of the phosphate and

carbonate salts. Apparently magnesiuii sulfate produced the

maximum actinomycete development while the magnesium phos-

phate available proved to be second in importance in this

group. It might be presumed that magnesium nitrate would

cleary demonstrate the stimulation of magnesium due to its

ionization and solubility. The .same statement would apply
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to magnesium chlorideA however, neither compound was as ef-

fective as potassium bicarbonate, sodium phosphate, and

calcium chloride.

One of the major results contributed from this section

of the investigation involved the stimulating effect of onions.

In most of the literature concerning ray fungi, reference is

made to the importance of nitrate and carbonate. Studies on

this group of actinomycetes did not show a consistent stimu-

lation by any one anion in association with all cations. In

each instance in the study of the four cations a different

anion was involved in producing the maxium actinomycete

growt h. Doubtless combinations of the otimum concentrations

of the anions and cations shown in Figurs 13-6 should pro-

duce the maximum growth.
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HAP TER P

DISCUSSION

The aquatic actinomycetes have been of interest to all

individuals connected with waterworks since the research by

Silver and others (11) was published. It is reac;ily admitted

that this was not the first observations that indicated that

the actinomycetes might be involved in the production of

tastes and odors in surface waters. An investigation (12)

of certain problems in England concluded that tastes and

odors in potable water were doubtless due to products elab-

orated by the actilomycetes. Later Issatchendo and Egorova

(2) made similar observations in the water supply to Moscow.

since taste and odor problems in water supplies are of con-

siderable public health and economic importance, research was

institUted at North Texas State College (Denton, Texas) and

a program of intense study has been underway since that time.

One phase of the investigation concerned itself with the

environmental factors contributing to growth and development

of these organisms. It was desirable to produce an environ-

ment in he laboratory that would approximate natural con-

ditions as nearly as possible. Previous studies contributing

to this portion of the investigation.by Silvey (5, 6) and

Silver and Roach (9) indicated that the growth of the

33
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actinomycetes was more luxuriant in or on media that was only

partIally hydrated. Further investigations by Silvey and

Roa'ch (10) revealed the importance of the amount of hydration

as well as the fact that certain inorganic compounds appeared

to be important in the nutrition of the organisms.

Laboratory investigations, Silvey and Roach (7), revealed

the fact that actinomycetes apparently had two stages in

their life history. One stage was designated as a primary

sta.e and was shown to require a fluid medium for development.

The secondary stage which produced spores vas found to grow

bette in a medium that had a reduction in total water con-

centration. It was not readily determined whether this was

due to water content alone or to possibly a substrait and

higher oxygen tensions. The complete morphology of the

organismswas described by Roach and Silvey (3) so that spe-

ifi designations could be made concerning the various stages

in the life history of the organisms and their environmental

requirements.

Since the laboratory cultural techniques described by

3ilvey and Roach (10)) showed that certain inorganic compounds

were essential to growth, it was decided that an investiga-

tion evaluating both the condition of hydration and varying

inorganic nutrients migth prove valuable in understanding the

ecology of these organisms. Thus the investigation presented

has several rather important phases that are worthy of con-

sideration and detailed discussion.
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The primary stares of the actinomycetes investigatedin

this study apparently are individually sub-microscopic.

Collectively they may appear as very fine flocculent masses

in liquid medium but are not discernible on solid medium.

Whher these primary stages are a separate generation or

merely young mycelia is not of immediate imoortance to this

investigation. It is apparent that an environment is necessary

that will provoke development of the spores into primary

stages before the secondary or older stages can be produced.

If the environment is unfavorable for the germination

of spores and consequently the development of young mycelia

then there would be no older stages developed. The present

investigation does not indicate the effect of hydration on

primary stages. It must be presumed, however, that if older

stages are present they have arisen from spores and since

counts made on the plates conclude that quantities of water

less than 0 per cent of the total volume of a medium are

adequate for spore development. The length of the primary

stages after the spores germinate is not known. In certain

instances these starres appear to be short lived, indicating

that growth from the primary to the secondary occurs within

a very few hours. This may be due to the nutrients, the

quantity of water, the temperature, or to many other factors

that cannot be immediately evaluated. During the past year

studies were made on Lake Hefner (1) which indicated a rise

in spore concentration in the lake during July, August, and
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early eptember. The spore count increased prior to the

time tastes and odors were observed in the water. Whether

these spores were being freshly washed into the lake or being

produced from planktonic actinomycetes is not known. The

whole point in raising the question is to state that if pri-

mary stages grew rapidly in a liquid medium, surely spore

counts would not attain high concentration since they would

germinate too rapidly. It is possible that the spore counts

may later serve as an index of secondary growth and not be

at all concerned with primary g rowth. That problem is yet

to be solved.

The secondary stages or sporulating mycelia are doubt-

less the most important stages in the life history of these

organisms. Durn thi, stage the organic compounds are elab-

orated as metabolites from the sporulating mycelia. As long

as the environment is optimum for the growth of these organisms

miiore and more public health problems will arise for the water-

works industry to solve. The results from this investigation

clearly indicate that the secondary stages of the actinomycetes

grow more luxuriantly in an environment that is not totally

liquid.

It is proper to consider field observations as a cor-

relative to laboratory findings if definite conclusions are

to be made. In the summary report, Silvey and Roach (8),

showed that numerous water supplies contained tastes and



odors produced by these organisms and that the organisms

could not be specifically cultured from the water. It was

further observed in the same report that macerated algae,

bull rushes, reeds, cattails, water lilies, and other types

ol aquatic vegetation supported growths of the actinomycetes.

Apparently this condition was controlled somewhat by the

amount of water available in the environment. In a similar

fashion observations in the report (8) showed that colonies

of actinomycetes frequently developed around the perimeter

of reservoirs during the latter part of the summer. At that

time evaporation amounted to 0.1 to 0.2 inches per day, de-

pending upon the wind and temperature. The declining water

line left a deposit of an organic nature and created the

proper zone of hydration for growth of the actinomycetes.

Thus field observations agree with the laboratory findings

in all instances which showed an inclination on the part of

the actinomycetes to grow in an environment incompletelr

hydrated. It may well be that hydration alone was not the

total reason. As previously mentioned, oxygen tension, tem-

perature and, most important, the available nutrition may

have served to stimulate growth of these organisms.

Th reults of this investigation also indicate that

different grades of hydration are important in the development

of the secondary stages of the actinomycetes. Figures 1-4

showed that the growth of the organisms in the glass-wool

plugs in cultural tubes is intermediate between the flasks
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and the plates. Again, these data should be scrutinized very

carefully since it is quite possible that the oxygen tension

and the concentration of nutrients were higher in both the

plates and the tubes than were available to the actinomycetes

in the flasks. Also the higher organic concentration of nu-

trients in the liquid medium would create a certain amount

of biochemical oxygen demand which might reduce the growth of

the organisms. In a. general perusal, however, of all data

relative to hydration it is concluded from this study that

water per se with additional nutrients is an imperfect medium

for the growth of these organisms. This work is well sub-

stantiated in the work published by Silvey and Roach (10)

which describes the laboratory techniques involved in cul-

turing these organisms.

previous investigations concerning the effects of in-

organic salts (10) have clearly demonstrated that potassium,

chlorine, ammonium and nitrate are effective in stimulating

actinomycete development. Moreover, the investigation (10)

ndicated that orthophosphates sulfates, chlorides, and

bicarbonates appeared to have some importance in the metabolic

activity of a specific aquatic actinomycete. The extent to

which these anions were effective was not quoted because the

investigation made no attempt to consider those aspects of

nutrition. In the same paper (10) it was shown that calcium,

magnesium, sodium, aluminum, and iron were tolerated by the
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organisms but apparently not necessarily required. Again no

detailed investigations were made on the cations in question

since potassium was being considered in great detail. The

present study showed that potassium elicits the greatest

response on a partially hydrated medium which is concluded

to be the normal environment of these organisms. The study

further showed that sodium had a slightly stimulating effect

although greater concentrations did iot appear to be detri-

mental. This again considered the growth of the organisms

in conditions of partial hydration. From the findings of

Roach and Silvey (4) in investigations on the marine actinomy-

cetes it was apparent that these laboratory studies were cor-

rect. Actually, the actinomycetes will tolerate higher con-

centrations of sodium than used in this investigation. There

appears, however, to be no particular optimum since it is

dependent upon the anions associated with the sodium.

The study of the effects of calcium salts on actinomycete

growth indicated that it was also an important cation and

possibly might be necessary for development of the secondary

mycelium. It was presumed from the investigation that it was

very well tolerated and possibly might be a limiting factor

if deleted from the environment of these organisms. It should

be observed that the effect of the calcium was somewhat de-

pendent upon the onions associated with it. In this study

chloride appeared to be the most stimulating of any of the

calcium compounds but it should be held in mind that the
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ionization constant of calcium chloride is greater than that

of the other calcium salts evaluated. Calcium nitrate re-

sembles calcium chloride in that particular regard although

it does not stimulate as much growth. The cation of calcium

is apparently more important than the specific anions as-

sociated with it.

Magnesium salts showed some valuable results which in-

dicated that this element was important. The greatest growth

was stimulated by magnesium sulfate but again the ionization

of the magnesium sulfat e is slightly greater than phosphate

or chloride which may indicate the specific effects of the

magnes-ium cation itself. In the instance of magnesium sul-

fate there was a sharp decline after the optimum concentra-

tion were reached. This could readily have been due to the

free Sulfate ion which produced an unfavorable pI for develop-

ment 0o the secondary mycelia.

The concentrations of inorganic nutrients involved in

this investigation were in most instances greater in concen-

tration than those found in natural fresh water environments.

Since these higher concentrations obviously stimulated the

growth of the secondary stages of the actinomycetes in a

partially hydrated environment the results would indicate

some interesting implications. First of all, of necessity

it would be concluded that the actinomycetes would complete

development in an environment relatively. high in potassium

with an association of bicarbonate, phosphate and chloride.
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By the study of a fresh water environment it is observed

that these conditions were found in algae and in seed plants.

Both of these groups of plants store high concentrations of

potassium. Consequently the secondary stages of the actinomy-

cetes might be immediately associated with the remains of the

above uamed organisms. In a similar fashion animal cells

and animal integuments in particular such as found in the

Crustaceans have high quantities of potassium. Field obser-

vations showed that the aquatic actinomycetes frequently re-

sorted to this source of nutrition. Laboratory findings in

this instance supported the field observations and indicated

that the greater the concentration of plants and plant remains

as well as animal and armal remains in fresh water environ-

ments, the greater the actinomycete population. Whether the

actinomycetes liberated the potassium salts when they dis-

integrated is not definitely known. It should be observed,

however, that the concentration' of potassium in natural

waters rarely exceeds five parts per million. This would

necessitate plants, animals, or their remains, as sources of

.nutrition for these organisms.

Similar consideration of the other types of inorganic

nutrients with exception of sodium would read to the same

conclusions. Due to the insolubility of the calcium and mag-

nesium salts particularly in the carbonate and hydroxide

forms neither of these nations would obtain concentrations

which were shown to be optimum by these investigations.
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atural animal and plant materials composing the organic

ooze have quantities of calcium and magnesium commensurate

with those used in the medium. It would therefore be necessary

to conclude that the secondary stages of these forms would

grow best in association with organisms or environments

mentioned above.

In respect to sodium the findings indicated that it was

essential in small concentrations but ineffective in large

quantities. This would indicate that the actinomycetes stored

small quantities of sodium as an aid in their metabolic cycle

as is found inhigher plants and animals. Since sodium as a

cation carries a large envelope of water around it, it would

doubt1 ess pass in and out of the hyphae almost at will, de-

pendent upon the concentration of water. If the water con-

centration was unusually high, that is with very little solid

medium, the sodium would not be stored in large quantities

but would equalize itself in ionic equilibrium. As the amount

of hydration decreased in the medium the sodium would decrease

in th mycelial mat, therefore servings a mechanism of de-

hvdration. Since low concentr ations of sodium may sometimes

result in lysis of the hyphae the potassium-ion would serve

to revoke this activity. It is likely that the high potassium

concentration required and stored was necessary to reduce the

dehydration effect resulting from sodium loss. This mechanism

is not uncommon in either the plant or animal kingdom, par-

ticularly in marine biota.
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From a consideration of the laboratory investigations

on the mixed culture of the actinomycetes it might readily

be concluded that an optimum mixture of potassium bicarbonate,

sodium phosphate, calcium chloride and magnesium sulphate

would furnish s efficient nutrient background for normal de-

velopment of the aquatic actinomycetes in a partially hydrated

medium. The organic constituents have not been considered

in this study but are at present under investigation.



CHAPTER IV BIBLIOGRAPHY

1. City of Oklahoma (Oklahoma), Oklahoma State Department
of Health, United States Department of Health,
Education and Welfare, United States Departme nt of
Commerce, United States Department of the Interior
Water Loss In stations: Lake Hefner Evaporation
Reduction Investigation, 195,Washington, D. C.,
United States Printing Office, June, 1959.

2. Issatchenko, B. and A. Egorova, "Actinomycetes in Reser-
voirs as One of the Causes Responsible for the
Earthy Smell of Their Water," Microbiology XIII
(1944), 224.

3. Roach, A. W.* and J. K. G. Silvey, "The Morphology and Life
Cycle of Fresh Water Actinomycetes," Transactions of
the America j pical Societ, LXXVII, No. 1TJanuary, 1958,757-1.

4. Roach, A. W. and J. K. G. Silvey, Texas Gulf Coast MarineActinomycetes, Denton, Texas, North Texas State
College Press, 1959,

5. Silvey, J. K. G., "Newer Concepts of Tastes and Odors in
Surface Water Supplies," Water and Sewage Works C
(1953), 426-29.

6, ,"Newer Concepts of Tastes and Odors inSurface ater Supplies," Water and rks CI
(1954), 208.

7. and A. W. Roach, "Actinomycetes in the
Oklahoma City Water Supply," Journal American Water
Works, XLV (April, 1953), 49-17.

. . .....- 1__ _ _ _ ,and R. B. Escue, "The
MorphologyTaxonomy, and Ecology of Aquatic Actinomy-cetes.," North Texas State College, Water Research
Laboratory, Biology Department, Denton, Texas,
February, 1957.

9. _ ._________, Actinomycetes May
Cause Iastes and Odors in Water Supplies," Public
Works, LXXXVII (1956), 103.

49



50

10. Silvey, J. K. G. and A. W. Roach, "Laboratory Culture of
Taste and Odor Producing Aquatic Actinomycetes,"
Journal American Water Works Association, LI
(January, 1959), 20-32.

11. Silver, J. K. G., J. C. Russell, D. R. Redden, and W. C.
McCormick, "Actinomycetes and Common Tastes and Odors,"
Journal American Water Works Association XLII
(November, 1950), 101-

12. "The Role of Actinomycetes in Producing Earthy Tastes
and Smells in Potable Water," Paper 14, Reprt of
Public Works, Roads and Transport Congress, Londoin

(9-53.7e'



CHAPTER V

CONCLUSIONS

The data presented in this investigation indicate the

following conclusions:

1. Different levels of available water appear to be im-

portant in the maximum development of the aquatic actinomy-

cetes with those levels of less than 50 per cent liquid

being the most effective.

2. Potassium i n combination with bicarbonate, phosphate,

or chloride and t hebasic medium insures the most complete

development of the aquatic actinomycetes.

3 Sodium appears essential to the growth of the aquatic

actinomycetes in low concentrations but non-consequential in

high concentrations.

4. The data indicated that calcium was essential if com-

pletely deleted from the medium and show a slight stimu-

latory effect on the growth of the aquatic actinomycetes if

appropriate concentrations of the chloride or nitrate are

used.

5. Magnesium salts are effective in producing growth of

the aquatic actinomycete with magnesium sulfate exhibiting

the most critical concentration for maximum stimulation of

all the salts in this investigation.
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6. Potassium bicarbonate, sodium phosphate, calcium

chloride and magnesium sulfate in appropriate concentrations

with the basic mediiui fulfill the inorganic requirements in

a synthetic medium for the culture of the aquatic actinomy-

ce es.
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