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CHAPTER I 

HISTORICAL REVIEW AND INTRODUCTION 

The effects of volatile alcohols on fungal metabolism 

are probably best known from studies of citric acid pro

duction. Slightly growth inhibitory concentrations of 

these alcohols give a marked Increase in yields of citric 

acid (Moyer, 1953)• These studies included only the short-

chain aliphatic alcohols. Little work has been published 

concerning the metabolism of higher fatty alcohols by 

microorganisms. 

The filamentous fungi do not generally utilize the 

lower aliphatic alcohols (methanol, ethanol, etc.) as 

carbon and energy sources (Cochrane, 1958). Stahl and 

Pessen (1953) demonstrated that Aspergillus versicolor 

yielded poor growth with ethanol and none at all with the 

other primary alcohols from methyl through undecyl (C^-

^11)• ^^^ ^^® aliphatic saturated alcohols containing from 

12 to 18 carbon atoms supported some growth of this fungus, 

but there was a definite chain length optimum from 13 to 

15 carbon atoms. 

Short-chain alcohols have been used as microbial 

inhibitors for some time. Aqueous solutions of ethanol 

and isopropanol have found wide spread application as 

medicinal disinfectants. Ogawa and Lyda (19^0) reported 



that aqueous solutions of methanol, ethanol, and propeinol 

were very effective as peach fruit dips against several 

fruit rotting fungi. Allyl alcohol (2-propenol), first 

used as a weed killer, has been found active against many 

soil-borne pathogens (Isaac and Heale, I96I; Overman and 

Burgls, 1956). Domsch (I962) found allyl alcohol an active 

inhibitor of Thielaviopsls baslcola but ineffective toward 

Fusarlum spp. Conversely, Jensen (1959), reported that 

Trichophyton vlrlde could utilize allyl alcohol as a carbon 

source. 

Even-chain aliphatic alcohols are frequently con

stituents of plant waxes. The free alcohols are particu

larly common in leaf waxes of monocots but also appear in 

other types of plant waxes (Robinson, I963). Since free 

fatty alcohols occur ubiquitously in nature and do not 

accumulate in soils as plants die and are deposited there, 

it seems reasonable to believe they are oxidized to carbon 

dioxide and water by soil microorganisms. 

A significant amount of the literature involving 

metabolism of fatty alcohols by microorganisms is con

cerned with the use of long-chain fatty alcohols as a means 

of retarding evaporation from lakes, reservoirs, plants, 

and the soil. The idea that the rate of evaporation of 

water could be suppressed by applying a film of an oily 

substance is a very old one, dating back to the work of 



Langmulr in I917. He demonstrated that fatty alcohols 

and other substances spread spontaneously on water to 

produce a film only one molecule thick, I.e., a monolayer. 

The molecules in the monolayer were oriented so that the 

hydroxyl groups resided in the water phase and the 

hydrophobic parafflnlc chains extended into the atmosphere. 

Rldeal (1925) devised a simple but effective experiment 

which clearly demonstrated that certain monolayers 

produced a 50% retardation of evaporation of water. 

Monolayers spread upon a natural water surface are 

depleted continuously by the processes of retraction, 

sublimation, dissolution, collapse by wave action, and 

biological degradation. The problem of biological 

degradation has presented a major deterrent to evaporation 

control. Chang, McClsuiahgin, and Kohler (1959) demonstrated 

that hexadecanol supported the growth of certain bacteria 

among which the pseudomonads and flavobacterla were 

constantly capable of utilizing hexadecanol as a carbon 

source. Bacterial growth was accompanied by the destruction 

of the hexadecanol film and interference with its repair. 

Incorporation of bacteriocldes into hexadecanol reduced 

the film pressure as well as its evaporation suppression 

efficiency over long periods. 

The experimental work with fatty alcohols as tools 

for retarding evaporation has led to extensive work 



regarding reduction of transpiration losses and water 

retention In plants (Roberts, I96I; Atsatt and Bliss, I9631 

Olsen et al, 1962). Aubertln and Gorsllne (196^) con

tradicted the above reports that hexadecanol and octa-

decanol retarded soil surface evaporation. The application 

of these alcohols to the soil at the rates employed had a 

detrimental effect on plant growth, did not reduce 

trauisplrational losses and actually increased the amount 

of water required to produce one gram of plant material. 

In evaluating the possible merits of the addition of fatty 

alcohols to soil to reduce evapo-trfioispiration, knowledge 

of the microbial degradation of fatty alcohols under 

various conditions could be of great Importance. 

Recently, several workers have renewed efforts to 

determine the effects of fatty alcohols on soil fungi. 

Krause and Lange (I965) found that many water-Insoluble 

compounds when added to the soil in finely divided form 

supported vigorous growth of Fusarlum solanl, Fusarlum 

dlverslsporum and Fusarlum equlsetl. Dodecanol, tetra-

decanol, hexadecanol, and octadecanol served as sole carbon 

sources for these orgauiisms. Hexanol, octanol, and decemol 

did not support growth. Methyl esters of fatty alcohols 

reduced the ability of these fungi to utilize the alcohols 

as carbon sources. Transformation from an alcohol to a 

monoglycol ether did not effect its growth supporting 



ability, but several ether linkages prevented mold growth. 

Atsatt and Bliss (I963) reported Intense growth of soil 

fungi, such as Coemansla spp. and green algae in the 

presence of fatty alcohols. They also noted that these 

compounds provided a useable substrate for numerous other 

microorganisms. 

Strobel êt al, (I966) carried out studies of submerged 

mold cultures and reported that mycella absorbed fatty 

alcohols only when they were in direct contact with solid 

alcohol particles. Krause and Lange (I965) Indicated, that 

in submerged cultures, the alcohol particles adhered to the 

well defined mucilaginous layer which coats the mycella 

and the particles moved through the layer until direct 

contact with the cell wall was established. Electron 

microscopic observations showed that the mucilaginous 

layer, although often much thinner thsui the alcohol 

particles, would flow over and coat them. Apparently 

assimilation occurred at this time. 

Considerable data is available concerning the inhibitory 

effects of short-chain alcohols on microorganisms. In 

addition, a significant body of information has accumulated 

concerning the utilization of longer-chain fatty alcohols 

by soil microorganisms. Nevertheless, no systematic studies 

of fatty alcohol metabolism by soil fungi have been done. 

This study deals with fatty alcohol (C2-C-L3) metabolism by 



Fusarlum oxysporum, a common soil fungus and the 

relationship of molecular structure of these compounds to 

their effects on and metabolism by this organism. 



CHAPTER II 

MATERIALS AND METHODS 

Stock cultures of Fusarlum oxysporum were maintained 

on a glucose-peptone-yeast extract (GYP) medluni (̂ OilOi 

5 g/1). Spore Inocula for the production of vegetative 

hyphae used in all growth and respiration experiments were 

grown on the stock culture medium. All media were steri

lized in the autoclave for 15 minutes at 121 C unless other

wise stated. 

Even-chain fatty alcohols (Cp-C-̂ g) were used as sub

strates in all experiments. The long-chain alcohols (Ĉ î̂ -

C^o) were sterilized directly with the medium as mentioned 

above. Due to the volatility of the short-chain alcohols 

(Cp-C-jp)' filter sterilization was utilized (Ultra Fine 

Sintered Glass) and the alcohols were added to the sterile 

medium aseptlcally. All growth and respiration experiments 

were conducted at pH values of 5«5f 6.5i 7.2, and 8.5. The 

pH of the medium was adjusted to the desired value using 

O.IN HCl or KOH. 

Experiments to measure growth response were made In 

Czapeks-Dox mineral salt solution (NaNO^, 2.0g; K2HPOK, 

l.Og; KCl, 0.5s; MgS0j^-7H20, 0.5g; FeSO^-7H20, O.Olg; 

distilled H2O, 1000 ml) containing the desired fatty alcohol 

as the sole source of carbon at 0.5^ concentration. Growth 

studies were carried out in 250 ml Erlenmeyer flasks, each 
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containing 50 ml of the above medium. The pH of the medium 

was adjusted to the desired value before sterilization and 

rechecked aseptlcally after sterilization. 

Using aseptic technique, spores from 3-^ day old 

slants were harvested with 10 ml of sterile 0.85^ (w/v) 

NaCl to yield a heavy suspension of vegetative hyphae. 

Inocula were then trainsferred aseptlcally to a sterile 500 

ml Erlenmeyer flask. Three ml of Inocula were pipetted 

into each flask containing the above mineral salts medixxm 

and the appropriate substrate. Liquid cultures were 

incubated on a rotary-type shaker (New Brunswick Scientific 

Co.) operated at 280 rpm at 25 C for six days. Dry cell 

weights were determined by filtering the supernatant 

liquid through tared Whatman (#1) filter papers and drying 

the hyphal pellet overnight at 90 C. Before filtration, 

residual fatty alcohol (OQ-C-^Q) not utilized by the fvmgus 

was removed by extraction with chloroform. The water 

solubility of ethanol, butanol, and hexemol exceeds 

0.5^ at 25 C. 

In some experiments, glucose at a 4.0^ (w/v) con

centration was added as a second carbon source. Vegetative 

hyphae used in this experiment were prepared in the same 

manner as previously described for cultural experiments and 

the medium used was the same as described above. Glucose 

was sterilized separately and added aseptlcally to the 



sterile mineral salts medium to give a final concentration 

of k%» Incubation conditions, time, and dry cell weight 

determinations were the same as described above. A flask 

containing glucose as the only carbon source was used as a 

control. 

Manometrlc measurements were made using standard 

techniques (Umbrelt, £t al., 196^). Spore Inocula for 

these studies were obtained by harvesting spores from 3-^ 

day old cultures with 10 ml of sterile 0.85^ (w/v) NaCl, 

which were added to 50 ml of the GYP medium contained in 

250 ml Erlenmeyer flasks. After 24 hours of incubation 

(rotary-type shaker), vegetative hyphae were harvested 

and washed three times in 0.85^ NaCl to yield 0.25 ml 

packed cells per ml of cell suspension. Harvesting and 

washing were done by centrlfugatlon. All respiratory 

experiments were carried out at the same pH values as the 

growth experiments. 

Each Warburg vessel contained 1.0 ml of substrate at 

the proper concentration, distilled water for the endogenous 

vessel, and 1.0 ml of O.O66M phosphate buffer (Na2HP0/̂  + 

KHpPO^,) at the desired pH. The center well contained 0.10 

ml 20^ (w/v) KOH, and the side arm contained 1.0 ml of the 

above described hyphal suspension. The gas phase was air, 

6Uid the vessels were equilibrated for 7 minutes before the 

hyphal suspension was tipped from the side arm into the main 
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compartment. Flasks were shaken at 110 oscillations per 

minute at 30 C. Dry cell weight determinations were 

accomplished by centrifuglng 5«0 ml of cell suspension in 

tared centrifuge tubes. The supernatant liquid was de

canted and the hyphal pellets dried overnight at 90 C. 

Due to the insolubility of the long chain fatty 

alcohols (C-,^-C-,Q), they were treated differently in the 

respiratory studies. The proper amounts of these alcohols 

were dissolved in 10 ml portions of acetone. One ml was 

pipetted into the main compartment of the appropriate 

Warburg vessel and the acetone allowed to evaporate. After 

evaporation, 1.0 ml of distilled water was added to each 

vessel and agitated with an applicator stick. Activity 

was calculated from the rate of oxygen uptake and expressed 

in ul of Op taken up per hour per mg dry cell weight (QQ ). 
^ 2 

In some respiratory experiments, glucose was added as 

a second carbon source to duplicate flasks. Glucose was 

Incorporated into the phosphate buffer at the proper con

centration to yield a final concentration of 0.5^ upon 

mixing. A control flask was used which contained glucose 

as the only carbon source. All other conditions and 

procedures in these experiments were the same as 

described above. 

At the completion of the growth experiments, a sample 

of the culture filtrates (Cg-C^) or a chloroform extract of 
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the growth media (CO-C-,Q) was analyzed by gas liquid 

chromatography for residual alcohol. Samples were injected 

onto a stainless steel column (5 ft, x 1/8 Inch) packed with 

dlmethyldlchlorosllane-treated, acid-washed, 70/80 U.S. mesh 

chromosorb W containing 10^ FFAP (Varlan Aerograph Corp.) 

as a stationary phase. The column was operated at various 

temperatures depending on the residual alcohol to be 

quantified. A Varlan Aerograph Corp. chromatograph (Model 

A-90-P) equipped with a thermal conductivity detector was 

used for all analyses. Quantification was accomplished 

by pesLk area measurements and comparison of these values 

to a standard curve obtained in the same way for the pure 

alcohols. 

An additional study was Initiated to determine how eui 

alteration of the geometry of an alcohol molecule would 

effect the growth and respiration of this orgeuilsm. For 

this study, butyl alcohol and its three Isomeric forms 

(Iso, secondary, and tertiary butanol) were chosen. Growth 

and respiratory studies were performed as described above. 



CHAPTER III 

EXPERIMENTAL RESULTS 

When F. oxysporum was grown on each of the even-chain 

fatty alcohols (^o^^lS^ ^^ sole sources of carbon (0.5̂ )t 

a distinct growth response was observed (Fig. 1). The 

short-chain alcohols (C^ and Ĉ )̂ and the long-chain alcohols 

(Ĉ p-Ĉ ĝ) were utilized for growth while the intermediate-

chain alcohols (C^-C^Q) were not. There were no qualitative 

differences in growth responses at pH values of 5*5t 6.5f 

7.2, and 8.5« However, quantitative differences In growth 

were obtained on specific fatty alcohols at different pH 

values. 

Failure of F. oxysporum to grow in the presence of 

intermediate-chain length alcohols (C^-C-J^Q) could have 

been due to its inability to metabolize these substrates or 

to toxicity of the compounds at the concentrations tested 

(0.5^). An experiment was designed to determine which of 

these alternatives was the case. Four per cent glucose 

was incorporated into each of the fatty alcohol media. 

F. oxysporum grew well on glucose, but did not grow In the 

glucose-intermediate chain length alcohol mixtures (Fig. 2). 

This demonstrated that these compounds (C^-C-J^Q) were 

inhibitory at 0.5^ concentration. The organism yielded less 

growth in six days with k% glucose alone than with 0.5^ 

12 
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ethanol, butanol, or tetradecanol (Figs. 1 and 2). 

Short-chain alcohols (C and Ci^) and long-chain alcohols 

(C-J^J^-C^Q) stimulated 0^ uptake of pre-grown vegetative 

hyphae of F. oxysporum above endogenous levels, whereas 

intermediate-chain length alcohols (C^-C^2) inhibited Op 

uptake below endogenous levels (Flg.3)» Of the intermediate-

chain length alcohols, hexanol, octanol, and decanol 

inhibited endogenous Op uptake completely. Dodecanol (C-,p) 

inhibited 0 uptake below endogenous levels, but never 

inhibited it completely in the 2 hour test period. These 

respiration responses toward the fatty alcohols (Cp-C-,o) 

were observed at all pH values tested. 

Growth experiments indicated that intermediate-chain 

length alcohol (C/'-C^Q) not only did not serve as growth 

substrates but inhibited utilization of glucose by 

F. oxysporum (Fig. 1 and 2). A similar relationship was 

found with respect to inhibition of endogenous 0 uptake 

as compared to exogenous glucose oxidation by Intermediate-

chain length alcohols i^^-^iz^* Î ^ ̂ ^is case, the inter

mediate-chain length compounds inhibited stimulation of O2 

uptake by 0.5^ glucose (Fig. 4). The same alcohols which 

inhibited endogenous Op uptake also inhibited oxidation 

of exogenous glucose and while dodecanol {^-^2^ ̂ ^^ ^°^ 

completely inhibit exogenous glucose oxidation, it did 

effect a given degree of inhibition at all pH values tested. 
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Although data obtained from the growth and respiration 

experiments seemed to be indicative of the ability of 

Fusarlum oxysporum to utilize certain fatty alcohols (Cp, Ĉ i 

^12» ^Ik* ^16» ®'̂ ^ ̂ 18^ ̂ ^ ^ sole source of carbon and 

energy, a quantitative study utilizing gas-liquid chroma

tography was conducted. The results of this study sub

stantiated the growth and respiration experiments in that 

the fatty alcohols disappeared from the growth media in 

direct proportion to the amount of growth produced. 

Structural formulae of the isomeric forms of normal 

butanol, isobutyl, secondary, and tertiary butyl alcohols, 

are shown in Fig. 5« These compounds were chosen for an 

investigation of the relationship of molecular structure 

to growth and Op uptake responses in F. oxysporum because 

of their ready commercial availability. At 0,5^ concen

tration, N-butanol, Isobutanol, secondary, and tertiary 

butsuiol yielded excellent, good, fair, and poor growth, 

respectively (Fig. 6). These growth responses were 

Independent of the pH value of the test. Pertinent physical 

properties of these compounds are shown in Table 1. 

Preliminary respiratory experiments (Fig. 7) showed 

that 0.24M N-butanol inhibited endogenous Op uptake of pre-

grown vegetative hyphae approximately 50^ below endogenous 

levels. Subsequent studies of the effects of the isomeric 

forms of N-butanol on endogenous O2 uptake of P. oxysporum 
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NAME 

N-BUTYL ALCOHOL 

ISOBUTYL ALCOHOL 

SECONDARY BUTYL 
ALCOHOL 

TERTIARY BUTYL 
ALCOHOL 

STRUCTURE 

CHjCHjCHjCHjOH 

CH, 
1 • 

CH, CH CH, OH 

CH, 
1 ' 

CH, CHjCHOH 

CH,COH 
' l 

CH, 

Pig, 5. structural formulae of N-butyl, isobutyl, 

secondary, and tertiary alcohol. 
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Alcohol Molecular Boiling Solubility in HpO 
Weight Point (C) g/lOO ml 20 C 

N-Butanol 

Isobutanol 

Secondary 
Butanol 

Tertiary 
Butanol 

7̂ .12 

7̂ .12 

7̂ .12 

7̂ .12 

117 

108 

99.5 

82.8 

7.9 

9.5 

12.5 

* 

* Soluble in all proportions 

Table 1.—Physical properties of isomeric butanols. 
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oxysporum by different concentrations of n-butanol. 
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were done at this concentration auid at the same pH values 

as for the growth experiments (Fig. 6). Equlmolar con

centration of these alcohols had the opposite effect on 

endogenous O2 uptake as on growth. Tertiary butanol 

stimulated Op uptake above endogenous (Fig. 8). Secondary 

butanol effected only a weak inhibition of Op uptake below 

endogenous levels while Isobutanol was much more inhibitory 

and N-butanol yielded the most vigorous inhibition of all 

(Fig. 8). These Op uptake responses to the Isomeric 

butanols were qualitatively identical at all pH values 

tested. 
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CHAPTER IV 

DISCUSSION AND CONCLUSION 

Stahl and Pessen (1953) reported that while 

Aspergillus versicolor grew poorly on ethanol and not at 

all on other short-chain alcohols (C -C ), all the 

alcohols from dodecanol (C ) through octadecanol (C^o) 
12 18 

yielded some growth. They reported a chain-length 

optimum of 13-15 carbons. Fusarlum oxysporum grew best on 

ethanol and yielded good growth on butanol; however, among 

the longer-chain compounds (Ĉ p-C-ĵ g), tetradecanol (C-.̂ ) 

gave the best growth (Fig. 1). These findings are in 

general agreement with earlier reports that intermediate 

chain-length alcohols are poor growth substrates for fungi 

while the longer-chain alcohols yield good growth (Domsch, 

19621 Krause and Lange, I965). 

The inability of P. oxysporum to utilize intermediate-

chain length alcohols as growth substrates was a result of 

inhibition since these compounds prevented growth In the 

presence of glucose, a readily utlllzable substrate (Fig. 

2). Similarly, these same alcohols inhibited endogenous O2 

uptake of pre-grown vegetative hyphae of this orgamism 

(Pig. 3). Oxidation of exogenous glucose was also 

vigorously inhibited by these compounds (Fig. 4). There 

has been no previous report concerning the effect of an 
25 
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homologous series of fatty alcohols on respiration in 

fungi. 

Lewis (1965) reported that F. oxysporum could 

utilize the even-chain aliphatic fatty acids (Cp-Cĵ g) as 

sole sources of carbon and energy. Growth was inhibited by 

the intermediate-chain length fatty acids hexanoate 

through decanoate (C^- C^Q) at pH 6.5* When the pH value 

of the growth medium was lowered to 5.0, acids from 

butyrate through decanoate (C^-C-J^Q) inhibited growth. 

Decanoate through tetradecanoate (C-,̂ -C-,|.) inhibited 

growth at pH 8.5. Similar results were reported for 

germination of conldla and inhibition of Op uptake. 

Growth and Op uptake responses of Cunnlnghamella echlnulata 

on even-chain fatty acids were reported by Lewis and 

Johnson (I967). These workers demonstrated that inhibi

tion of growth fiind respiration was not a constant property 

of the intermediate-chain length acids but that the 

inhibitory acids were different at different pH values. 

For example, decanoate and dodecanoate were inhibitory 

at pH 8.9 and 7.2; only decanoate inhibited at pH 6.5; 

while butyrate, hexanoate and octanoate Inhibited at pH 

5.5, These data were Interpreted as indicating that the 

fatty anion was the permeauit form of the long-chain acids 

(C-iQ-C-î ), whereas the undlssoclated molecule was the 

permeemt form of the short-chain compound. In the case of 
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the fatty alcohols, the chain-length required for inhibi

tion of growth or respiration was Independent of the pH 

value of the medium (Figs. 1, 2, 3, and ^ ) . 

Obviously, if a molecule Is to serve as a growth sub

strate or to inhibit growth processes, it must gain access 

to the interior of the cell where these reactions are 

proceeding. Fungal cells are surrounded by a cell wall 

and a semipermeable membreine. The latter structure Is 

usually considered to be the barrier to entrance into cells. 

Based on many penetration studies, Overton developed the 

••lipoid solubility** theory of cell permeability (Overton 

1895» I896, 1899. 1902). According to this theory, the 

permeation of a solute into and out of a cell is 

determined by its distribution coefficient between a 

lipid and an aqueous phase. The inhibition of endogenous 

Op uptake of F. oxysporum by intermediate chain-length 

fatty alcohols (C5- C^Q) certainly appears to fit this 

concept (Figs. 3 and 4). Conversely, failure of the longer 

chain length fatty alcohols ^^-i2'^\^^ ^° inhibit 0^ 

uptake is contrary to this concept (Figs. 3 and ^ ) . 

According to Ruhland (I9O8), the cytoplasmic membrane 

behaves as a molecular sieve and has pores of definite 

size. This theory was based on the finding that cells 

took up dyes soluble in lipids as well as those soluble in 

water, while dyes which formed colloidal suspensions did 
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not penetrate. The long-chain fatty alcohols (C-,p-C.o) 

seemed to follow this mechanism with respect to Inhibition 

of Og uptake by F. oxysporum (Figs. 3 and k), and at the 

concentrations and temperature tested were well above their 

critical mlcellar concentrations (CMC). 

The overall growth and Op uptake responses of 

F. oxysporum toward fatty alcohols (C^-CTQ) follows both 
d. ±o 

the "lipoid solubility" (Cg-C^^) and the molecular sieve 

theory (C-|̂ 2"'̂ i8̂  °^ membrane permeability. This type of 

response is identical to the "llpld-fliter" theory proposed 

by Collander euid Barlund (1933). Movement of molecules in 

and out of fungal cells is undoubtedly more complicated 

than can be explained by a combination of these two 

theories, but they do give a satisfactory explanation of 

the effects of fatty alcohols on P. oxysporum. 

Historically, the activity of structurally non-specific 

inhibitors (such as fatty alcohols and fatty acids) has been 

related to the effects of homologous series of these 

compounds on biological systems. In general, toxicity 

Increases with molecular weight as the series Is ascended, 

but at some point the trend is reversed, and higher members 

of the series are less toxic. Explanations of this 

homologous series effect have usually been based on 

permeability of cells to the compounds involved, Ferguson 

(1939) enlarged this concept by introducing chemical 
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potential as the index of activity. Essentially, 

Ferguson's theory regards biological effectiveness as a 

function of proportional concentrations at the site of 

action. At equilibrium, a compound should be at the same 

proportional saturation in all phases of the system. As 

a result, toxicity is not a function of bulk concentration 

in the suspending medium, but of relative concentrations 

or chemical potential. It follows, that a compound only 

slightly soluble in water will be more active, mole for 

mole, than a more soluble related substance. For example, 

if the solubility of compound I in water is 0.8M and 

compound II only 0.08M, then compound II should have the 

same non-specific effect at O.O^M (50^ of saturation) as 

compound I at O.^M. Ferguson (1939) actually Illustrated 

this principle for the activity of a series of aliphatic 

primary alcohols against Salmonella typhosa. 

Ferguson's (1939) principle is almost perfectly 

Illustrated by the responses of F. oxysporum to the 

isomeric butyl alcohols (Figs. 6 and 8). As the water 

solubility of these compounds Increased, they yielded less 

growth (Table 1). On the other hand, as the water 

solubility decreased their ability to inhibit endogenous 

Op uptake increased. These findings indicate that the 

Utility of an alcohol as a growth substrate is, to some 

extent, a function of its availability. That is, the more 
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hydrophobic the compound is the more likely it is to gain 

access to the interior of the cell. Conversely, the 

ability of an alcohol to inhibit endogenous Op uptake 

appears to Increase with hydrophoblclty (Fig. 8). Based 

upon Ferguson's (1939) concept, this indicates that the 

distribution in the cellular phase susceptible to 

inhibition is greater for those molecules more soluble in 

lipid solvents. 

The growth responses on the isomeric butyl alcohols 

C£in, of course, be Interpreted quite differently. As the 

chain-length decreased, proceeding from normal to tertiary 

butanol, less energy should be derived from oxidation of 

these compounds, assuming known metabolic pathways (Davis, 

196^). Furthermore, as the methyl branch is moved nearer 

the hydroxyl-terminal carbon, the ability of the fungal 

enzyme systems to attack the substrate appears to be 

impaired (compare Isobutanol and secondary butanol. Fig. 

6). 

It should be recognized that Ferguson's (1939) 

hypothesis does not yield Information concerning the site 

or mode of action of the alcohols. It is clear, however, 

that toxicity depends upon a certain distribution between 

two or more heterogenous phases. At this point one cannot 

argue for a specific distribution i.e. between external 

solution euid the cell surface as compared to the non-polar 
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portions of a peptlde-chaln or the surrounding Intracellular 

milieu. Thus, acceptance of Ferguson's (1939) principle 

does not obligate one to accept any particular phase 

distribution, site of action, or mode of action. It is 

true, nevertheless, that the distribution function is 

currently most susceptible to experimental attack. 

Lewis and Johnson (I968) presented evidence for a 

specific mode of action for fatty acid inhibition of 

endogenous 0^ uptake in £. echlnulata. They demonstrated 

that while earlier work has attributed the inhibitory 

effects of fatty acids to disruption of membrane systems 

and dissociation and denaturatlon of enzymlc and structural 

proteins, that "within the limits of minimum toxic 

concentrations, comparisons of the physiological effects 

of fatty acids (Cp- C-,g) with changes in the physical 

properties of their solutions have shown no conslstant 

correlations to date between such changes in physical 

properties and any resulting biological effects." 

Co-enzyme-A concentration appeared to play a critical role 

in fatty acid toxicity. This observation is substantiated 

by the finding that long-chain acyl-Co-A derivatives 

inhibited acetyl-Co-A carboxylase (Bortz and Lynen, I963). 

Tubbs and Garland (1964) demonstrated inhibition of fatty 

acid synthetase and citrate synthetase by palmltyl-Co-A. 

All of these workers interpreted their data as having 
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physiological significance. Comparable data for fatty 

alcohols have not appeared. 

Short-chain fatty acids inhibited endogenous Op uptake 

in A. niger without causing a change in Intracellular pH 

values (Lewis and Darnall, 1970). Neal ejfc al (I965) 

proposed that the primary mechanism by which these compounds 

inhibited yeast respiration was by acidification of 

intracellular contents. These findings suggest that fatty 

acids and fatty alcohols may inhibit fungal metabolism by 

rather specific processes. 

Increasing national and world populations make greater 

demands on our water resources each year. Many attempts 

have been made to decrease evapo-transplratlonal losses 

from soil, plants, and water reservoirs by application of 

film forming substances such as long-chain fatty alcohols. 

This work has met with limited or no success, primarily, 

because of biological degradation of the alcohols by soil 

and water microorganisms. Data presented in the present 

work clearly demonstrate that soil fungi are capable not 

only of degrading long-chain fatty alcohols, but can grow 

on them as sole sources of carbon and energy. On the other 

hand, many of these compounds were effective inhibitors of 

fungal growth and respiration. In addition, methyl breuiches 

at the proper points on alcohol molecules could render them 

poor growth substrates for soil and water fungi while 
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decreasing their toxicity, as Illustrated with the isomeric 

butanols (Figs. 6 and 8). Thus, it is possible that the 

properly substituted fatty alcohols, e.g., methyl branches 

near the hydroxyl terminal carbon, could be of great 

Importance as evapo-transplratlon retardeuits. Further 

work appears to be in order to establish the efficacy of 

this hypothesis. 
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