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CHAPTER I 

INTRODUCTION AND HISTORICAL REVIEW 

Lineola longa was first isolated from fresh cow dung 

(Pringsheim and Robinow, 19^7) and later from decaying 

vegetative matter (Pringsheim, I950). This organism was 

originally described by Pringsheim (1950) as an extremely 

long, gram negative, peritrichously flagellated, nonspore-

forming rod. Although some trichomas reach lengths of 

150-300yx, the cells are generally 8-12^ long and lA-l,6ju, 

wide (Pringsheim, I95O). More recent workers (Jeynes, 

1956 and Bennett and Canale-Parola, I965) found that this 

organism became gram positive and could form endospores 

with continuous subculture. It also appears that L. longa 

is an obligate aerobe (Bennett and Canale-Parola, I965). 

The unusual morphology of L. longa is matched by its 

rather unique physiology. It was originally reported to 

require fatty acids for cell division (Pringsheim, 1950) . 

Jeynes (I956) reported that after continuous subculture 

the requirement for acetate was lost, Bennett and 

Canale-Parola (I965) also stated that this organism could 

grov/ in the absence of fatty acids in a medium containing 

casein hydrolysate, mineral salts, and a complex mixture 

of nucleotides and vitamins. Acetate, however, greatly 

enhances growth under these conditions. Other investi

gations have shown that L, longa, unlike most other 
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organisms, is unable to utilize glucose as a sole source 

of carbon and energy (Pringsheim, 1950 and Bennett and 

Canale-Parola, 1965). Further studies on the physiology 

of L. longa (Bennett and Canale-Parola, I965) showed that 

biotin and thiamine are required for grov/th and that in

organic salts served as nitrogen sources. 

Based on the above observations some workers have 

questioned the present classification of this organism. 

Lineola longa is presently classified as the type species 

of the genus Lineola in the family Caryophanaceae. Both 

Jeynes (1956) and Bennett and Canale-Parola (I965) have 

suggested that L. longa actually belongs in the genus 

Bacillus. This organism is not, hov/ever, readily identi

fiable with any of the established species in that genus. 

Although it is morphologically similar to species of 

Bacillus which have oval spores and slightly sv/ollen spor

angia, its physiological characteristics set it apart from 

most of the species in the genus. Furthermore, L. longa 

cannot be identified as one of the two Bacillus species 

which do not utilize glucose. These species have several 

morphological and physiological characteristics which are 

distinctly different from L. longa. 

Despite some morphological similarities with gram 

positive, sporeforming organisms, L. longa is unique both 

morphologically and physiologically. Some of these unique 

properties include its inability to utilize glucose as a 
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sole carbon and energy source (Pringsheim, I950 and 

Bennett and Canale-Parola, I965) and its reported re

quirement for fatty acids (Pringsheim, 1950). The latter 

requirement would be unusual since the bacteriostatic, 

bacteriocidal, and fungistatic action of many fatty acids 

is well known (Kodicek, 19^9). Several factors can modify 

the effect of fatty acids on an organism. These include 

the species, the structure of the fatty acid, and the 

reversal of inhibition by certain substances such as serum 

albumin and charcoal (Nieman, 1954), Pollock (19^9) re

ported that gram positive organisms are more greatly af

fected by fatty acids than are gram negative ones. Fatty 

acid structure is very important since toxicity of fatty 

acids increases with increasing chain length and unsatu-

ration (Kodicek, 19^9 and Pollock, 19^9), Furthermore, 

V/yss (1945) found that Cs-Ĉ /i saturated fatty acids were 

the most inhibitory for Aspergillus niger. He also noted 

that short chain fatty acids increase their inhibitory 

activity as the pH decreases. Humfeld (19^7) showed that 

the physical and chemical environment can alter the effect 

of fatty acids on an organism. 

Although such inhibitory properties of fatty acids 

have long been recognized, little is understood of their 

growth promoting effects. Growth promotion is an out

standing property of the long chain, unsaturated fatty 

acids, Axelrod et al. (19^8) described a "synergistic" 



action of some fatty acids. They found that saturated 

fatty acids enhanced the grov/th promoting activities of 

some long chain, unsaturated acids. Although one concen

tration of fatty acid may be growth promoting, a slightly 

higher concentration of the same acid has been found to 

be very inhibitory (Peterson and Peterson, 1945). In 

addition these workers have shov/n that some fatty acids, 

especially oleic, stimulate growth and in many cases sub

stitute for a biotin requirement. Hofmann (1959) showed 

that a chain length of twelve carbons is required for a 

fatty acid to diminish the biotin requirement of the or

ganism. It is not known if the same mechanism is involved 

in all of the above growth promoting activities of the fat

ty acids. 

The stimulation or inhibition of growth of a micro

organism by fatty acids suggests that respiration is af

fected. Since 19^0 there have been many reports on fatty 

acid stimulation and inhibition of oxygen uptake. In only 

a few instances have these studies been correlated with 

comprehensive growth studies. Franke et al. (19^9) demon

strated inhibition of respiration of Mycobacterium rubrum 

by saturated CIQ-C^I^ fatty acids and by long chain, unsat

urated fatty acids. Levine and Novak (19^9) showed that 

at pH 6.3 acetic through caprylic acids at concentrations 

of M/300 inhibited oxygen uptake. In some cases fatty 

acids inhibited all respiration for a time, after which 
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the cells recovered and respired rapidly in the presence 

of the fatty acid (Laser, I95I and Silliker and Rittenberg, 

1951a). Laser (1952) concluded that the substrate toward 

which the cell became resistant must first be metabolized 

by the cell. The acquired resistance depends on this 

metabolic process. Among the first comprehensive studies 

on the effect of fatty acids on an organism was that by 

Johnson (1952, 1958) and Johnson and Dixon (1959). At pH 

7.2 saturated fatty acids Cs-C;]̂ ^ supported slight or no 

growth of Spicaria violacea and also inhibited oxygen up

take. Saturated fatty acids 02-0-̂  and Cil^-CiQ supported 

good growth and stimulated oxygen uptake at this pH. 

Thus, intermediate chain length saturated fatty acids were 

the most inhibitory. The effect of pH on fatty acid inhi

bition or stimulation of respiration and grov/th of 

Cunninghamella echinulata was investigated by Lewis and 

Johnson (I967). Both oxygen uptake and grov/th responses 

of £. echinulata, in the presence of even chain fatty acids, 

were examined over a pH range 5.0-8.0. The results of the 

experiments led Lewis and Johnson to hypothesize that the 

permeant form of short chain acids is the undissociated 

acid, whereas the permeant form of the intermediate chain 

lengths is the anion. 

These results prompted a study of the mechanism of 

fatty acid inhibition. A simple, physicochemical expla

nation based on the assumption that the fatty acids adsorb 



to the cell v/all was proposed (Kodicek and Worden, 19^5 

and Nieman, 195^). This adsorbtion was thought to alter 

the permeability of the cell v;all, Carmium and Dunn 

(1957) suggested that the stimulation and inhibition of 

bacterial respiration by fatty acids is best explained as 

an interaction between metabolite and antimetabolite, 

Lewis and Johnson (I968) concluded that coenzyme A (CoA) 

is the limiting metabolite for £, echinulata. They found 

that the addition of CoA to cell preparations inhibited 

by a fatty acid would greatly decrease the time required 

for recovery of the cells. They hypothesized that once 

intracellular CoA is depleted by complexing with the fatty 

acid, only a small amount remains free to participate in 

the splitting of the acetyl CoA in the oxidation of the 

fatty acids by/^-oxidation. 

As early as 1905 Knopp suggested that biological oxi

dation of fatty acids occurs at the ^ -carbon atom. More 

recent work by Lynen (195^) supports this hypothesis. The 

pathway involves a series of reactions in which the fatty 

acid is activated to a fatty acyl derivative. This deri

vative is then altered through several enzymatic steps, 

the final result being the production of an activated 

fatty acid molecule tv/o carbons shorter than the original, 

A molecule of acetyl CoA is also produced (Green, 195^ 

and Vegelos, 1964), 
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Biological oxidation of fatty acids is an important 

metabolic pathway for microorganisms which utilize fatty 

acids as carbon and energy sources. An examination of the 

results of /^-oxidation in conjunction with the tricar

boxylic acid cycle (TCA cycle) can explain the ability of 

an organism to utilize most of the fatty acids. The abil

ity to utilize acetate as a sole source of carbon and 

energy cannot be explained on the basis of these pathv/ays 

alone. Krebs and Lowenstein (i960) suggested that TCA 

cycle intermediates provide carbon skeletons for the syn

thesis of cellular materials. This proposal was later 

shown to be correct, since acetate cannot serve as a sole 

carbon source if the Ci^ acids drained from the TCA cycle 

for biosynthetic purposes are not replenished. Direct 

carboxylation can occur if CO2 acceptors such as pyruvate 

or phosphoenol pyruvate are plentiful in the cell. Such 

compounds are not abundant in cells utilizing acetate as 

the sole carbon and energy source. No formation of Ci;, 

compounds by direct carboxylation can take place. It has 

been shov/n that direct carboxylation of acetate can occur 

anaerobically (Tomlinson, 1954? V/hiteley and McCormick, 

1963? and Mortlocke and Wolfe, 1959). Such mechanisms 

have never been shown to function in aerobic microor

ganisms such as Lineola longa. In aerobic organisms the 

required intermediates are synthesized via the glyoxylate 

shunt (Kornberg and Krebs, 1957). 
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The glyoxylate cycle is a bypass of the TCA cycle and 

consists of tv7o enzymes, isocitrate lyase and malate syn

thetase. Smith and Gunsalus (195^) isolated isocitrate 

lyase from a pseudomonad. The enzyme was reported to 

catalyze the splitting of isocitric acid into a molecule 

of glyoxylate and a molecule of succinate. The second 

enzyme of the cycle was isolated and reported by Wong and 

Ajl (1956). This enzyme, malate synthetase, catalyzes the 

condensation of a molecule of glyoxylate with a molecule 

of acetyl CoA to produce a molecule of malic acid. These 

two enzymes, operating simultaneously, form a shunt where

by Ĉ^ molecules of the TCA cycle may be replenished. The 

net effect of the cycle is the synthesis of one mole of Ĉ^ 

from two moles of 02* The existance of this cycle can 

explain the ability of an organism to utilize acetate as a 

sole carbon and energy source. This shunt has been de

scribed for many organisms (Daron, I967; Goldman and 

Wagner, 1962; and Kornberg et al., 1964). Recent work by 

Breidenbach and Beevers (I967) has shown that all of the 

enzymes involved in the glyoxylate cycle in germinating 

castor beans are associated with a particulate cellular 

organelle, the glyoxysome. 

Although the enzymes of this cycle are well knov/n, 

little is understood about the regulation of the shunt. 

Kornberg (I963) has shown that the synthesis of isocitrate 

lyase depends upon the presence of acetate. He states 



that acetate acts as a derepressor of enzyme synthesis by 

removing a repressor which is closely associated with 

oxaloacetate, Phosphoenol pyruvate has been shown to be 

the repressing compound (Kornberg, I963). The activity 

of isocitrate lyase is also inhibited by phosphoenol pyru

vate (Ashworth and Kornberg, I963). The second enzyme, 

malate synthetase, appears to be repressed by products of 

glucose catabolism and by TCA cycle intermediates 

(Kornberg, I96I and Kornberg and Eldsen, I96I). It is 

probable that the above are not the only regulatory de

vices for the two enzymes. 

The elucidation of the glyoxylate cycle indicates a 

possible condensation of glyoxylate with fatty acids other 

than acetate. Wegener and co-workers (I968) found that 

glyoxylate can condense v/ith fatty acids C2-Cy to give 

condensation products which can be further metabolized 

by the organism. The condensation products are merely 

longer chain dicarboxylic acids. The further metabolism 

of these intermediates indicates that the products may 

enter metabolic pathways at many different points. 

Although the biological significance of these con

densations is not presently understood, the importance of 

the glyoxylate cycle to an organism utilizeing acetate is 

unquestionable. The original report of a fatty acid re

quirement for L. longa suggests that this cycle might be 

of major significance to this organism. The present work 
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was designed to examine this possibility as v/ell as to 

give further insight into the basic physiology of L. 

longa. The areas to be investigated include (1) the re

ported fatty acid requirement for L. longa, (2) the pos

sibility of other compounds serving as sole carbon and 

energy sources, (3) the reason for the inability of the 

organism to utilize glucose, and (4) the importance of the 

glyoxylate cycle to the organism, A study of this type 

should yield a better understanding of the intermediary 

metabolism of this organism and may serve as a basis for 

further studies. 



CHAPTER II 

MATERIALS AND METHODS 

Lineola longa ATCC I2905 v/as maintained in stock cul

ture on slants of a complex medium which consisted of 0,5% 

sodium acetate, 0,2% yeast extract, 1.0% tryptone, and 

1,5% agar at pH 6,8, The synthetic medium used for the 

growth experiments was a modification of the "growth lim

iting" medium of Bennett and Canale-Parola (1965). Casein 

hydrolysate and tryptophan v/ere omitted, and FeSOi[|, was 

substituted for the FeCl2'4H20. Various carbon sources 

at a concentration of 0.2% were substituted for the sodium 

acetate. Vitamin solutions were sterilized separately by 

filtration, stored at 0-4 C, and added aseptically to pre

viously sterilized basal media. All other media were 

sterilized in the autoclave for 15 min at 121 C. 

Cells for the respirometric experiments were grown in 

the complex medium for 24 hr on a Pyscotherm Incubation 

Shaker at 28-1 C, Cells were harvested by centrifugation 

for 10 min at 25,000 x g, washed three times with 0.85% 

sodium chloride, and resuspended in saline, A jo dilution 

of the suspension at 430myi had an absorbance of 0,2-0,3. 

These cell suspensions contained 5-8 mg dry cell weight 

per milliliter. 

Oxygen uptake v/as measured using standard manometric 

techniques (Umbreit et al., 1964). Each flask contained 

11 
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1.0 ml of 1,5% aqueous substrate, or distilled H2O (endo

genous), at the desired pH and 1,0 ml of 0,066 M SjzJrenson 

phosphate buffer at the same pH, The side arm contained 

1,0 ml of the cell preparation and the center well con

tained 0,1 ml 20% KOH, The gas phase was air. Flasks 

were shaken at 110 oscillations per minute at a temper

ature of 30 C, Saturated fatty acids C2 through C^Q* 0i2f 

Cil^p and Ci5 were tested for effects on oxygen uptake at 

pH 6,8, 7*5t and 8,5. Amino acids and other compounds 

were examined at pH 6,8, 

Growth experiments were conducted at 28tl C, Flasks 

containing 50 ml of the synthetic medium and a carbon 

source were inoculated with 1.0 ml of a cell preparation 

which contained approximately 2 x 107 cells per ml. The 

cell preparation had been incubated, harvested, and washed 

as described above. Direct cell counts to determine 

growth were made 4, 7, and 10 days following inoculation. 

Saturated fatty acids C2 through C^Q* ̂ 12> ^14* ̂ ^^ ^l6 

were examined for ability to serve as sole carbon sources 

at initial pH values of 6,8, 7»5f and 8,5. The pH in

creased from 6,8 to 9,0 during growth, Amino acids and 

other compounds were examined for ability to support 

growth at an initial pH of 6,8, 

For the isolation and identification of phosphogluco

isomerase, 2 liters of the complex medium were inoculated 

with L, longa and incubated for 24 hr as described above. 
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Commercial (Fleischman) yeast suspended 4-8 hr in 1.0% 

glucose comprised the control system. Both cell types 

were harvested by centrifugation, washed three times, and 

resuspended in distilled H2O, All subsequent operations 

v/ere performed at 0-5 C, Cell free preparations v/ere pre

pared by sonoration for five 1 minute intervals with a 

Biosonik sonic oscillator (Bronwill Scientific Company), 

Cell debris was removed by centrifugation for 10 min at 

32,000 X g. The supernatant solution v/as brought to 43% 

saturation with (NH4)2S0ij, at 0 C, The precipitate ob

tained after centrifugation was discarded and the super

natant solution v/as brought to 65%> saturation with addi

tional (NH4)2S0^ at 0 C, After 30 min the precipitated 

protein v/as sedimented by centrifugation for 20 min at 

32,000 X g. The supernatant solution v/as discarded; the 

precipitate was dissolved in distilled H2O and dialyzed 

overnight against cold distilled H2O. Fractionation of 

the above protein solution was subsequently performed at 

55%>, 60%, 65%>t and 70% (NH4)2S0î  saturation. The precipi

tates were recombined and dialyzed for 12 hr against cold 

distilled H2O (Fig. 1). 

The assay method was a modification of Roe*s resor-

cinol method (1934). All protein concentrations were de

termined using a standard biuret test. One ml of 0.1 M 

glucose-6-phosphate (Na salt), 1.5 î l̂ of enzyme prepa

ration containing 0.6-0.9 ing protein, and 0.4 ml Tris 
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Centrifuge 25,000 x g, 10 min 
to ppt cells 

I 
Wash 3 x's with H2O 

Sonorate 

i 
Centrifuge 32,000 x g, 10 min 

to remove cell debris 

^ 1 
Bring supernatant Discard ppt 
solution to 43>S 
(l̂ )2S0iL}, saturation 

Bring supernatant 
to 63% (NHî )2S0ẑ  
saturation Discard ppt 

i 
Centrifuge 32,000 x g, 20 min 

I ^ ] 
Discard supernatant Dissolve ppt in H2O 

i 
Dialyze overnight 

Fractionate at 55%f 60^0, 65y^, 
and 70% (N}{i4,)2S0î  saturation 

Discard supernatant Dissolve ppt, 
dialyze, and 
freeze 

Figure 1. Isolation of phosphoglucoisomerase. 
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buffer (trihydroxymethylamino methane) pH 9.0 were mixed 

and incubated at 30 C for 30 min. The reaction was stop

ped by adding 3.5 ml of 8.3 M HCl. One ml of 0.1% alco

holic resorcinol was added, the mixture incubated at 80 C 

for 10 min, and cooled before reading absorbance at 550m>«. 

on a Spectronic 20 spectrophotometer. 

Cells for the isolation of glucose oxidase were grown 

on the complex medium plus 1.0% glucose. Aspergillus 

niger served as the control system. All procedures v/lth 

the exception of fractionation v/ere performed as described 

previously for phosphoglucoisomerase. The 55-^5% (NHij,)2S0/| 

fraction was retained and dialyzed overnight against cold 

distilled H2O. The resulting protein solution v/as frac-

tioned at 65%>, 70%, 75%t and 85% saturation. The enzyme 

was contained in fractions 70-85% saturated with (NH4)2S0i4,. 

These fractions were retained and dialyzed for 12 hr in 

cold distilled H2O. 

The activity of glucose oxidase was determined using 

a modification of the manometric assay technique described 

by Keilen and Hartree (1948), To a Warburg flask were 

added J 1.0 mg glucose, 0.1 ml of 20% ethanol, excess cat-

alase, and enough 0.25 M phosphate buffer pH 5*^ to make 

a volume of 2.0 ml. One ml of enzyme preparation con

taining 0.5-0.9 mg of protein was added to the side arm. 

The center well contained 0.1 ml 20% KOH. The assay was 

performed at 20 C. The flasks were allov/ed to equilibrate 
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for 5 min before the enzyme was added to the substrate. 

The rate of the reaction v/as determined during the first 

few minutes. 

Cells for the isolation and purification of isoci

trate lyase were grown in the synthetic medium at pH 6.9 

with 0.2% sodium acetate as the sole source of carbon. 

Escherichia coli B constituted the control system. Both 

cell types were harvested by centrifugation and washed 

three times in 0.02 M potassium phosphate buffer at pH 

7.4. The buffer contained 10"^ M cysteine-HCl and 10 

M versene. The cells were resuspended in this buffer, 

sonorated and centrifuged to remove cell debris. The 

fraction 43-56% saturated with (NH4)2S0ij, was retained 

and dialyzed against cold buffer (0-4 C). 

The activity of isocitrate lyase v/as measured with a 

modification of the procedure proposed by Friedemann and 

Haugen (1943). Carbonyl reagents were used to determine 

the accumulation of glyoxylate. The following components 

were placed in the reaction tubei 0,1 ml of 1,0 M Tris 

buffer pH 7.9J enough H2O to bring the final volume to 1.5 

ml; 0.3 ml of 0.1 M MgCl2J 0.1 ml of 0.02 M cysteine; and 

1.0 ml enzyme preparation containing 0.9 mg of protein. 

The mixture was allowed to equilibrate for 5 niin in an H2O 

bath at 30 C before the enzyme was added. The gas phase 

was nitrogen. After 10 min 0.1 ml of 80% trichloracetic 

acid was added to stop the reaction, and the precipitated 
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protein v/as removed by centrifugation. Approximately 0.5 

ml of the supernatant solution was transferred to another 

tube and diluted to 1,0 ml with H2O, To this solution was 

added 1,0 ml of 0,1% 2,4-dinitrophenylhydrazine in 2N HCl, 

After 5 min at room temperature 3,0 ml of 95% ethanol, 1,0 

ml of H2O, and 5.0 ml of 1,5 N NaOH were added, Absorbance 

v/as read within 3 min at 540mjuL on a Spectronic 20, 

Cells for the isolation and purification of malate 

synthetase v/ere grown as described above in the isolation 

of isocitrate lyase, Escherichia coli B again constituted 

the control system. Cells were harvested, washed in dis

tilled H2O, sonorated, and centrifuged to remove cell de

bris. The fraction 40-60% saturated with (NH4)2S0/4. v/as 

retained and dialyzed against cold distilled H2O, 

The activity of malate synthetase v/as determined by 

a modification of the method suggested by Dixon and 

Kornberg (1959). The reaction mixture consisted of 4,0 ml 

of 0,1 M Tris buffer pH 8,0, 0,15 ml 0,1 M MgCl2. and 0,1 

ml 0,002 M acetyl CoA, To each of two fused glass cu

vettes was added 2,0 ml of the above mixture. To this was 

added 0,3 ml of the enzyme preparation and the preparation 

was checked for acetyl CoA deacylase activity. Next 0,1 

ml of 0,02 M sodium glyoxylate was added to the cell 

and AE v/as measured on a Beckman DB spectrophotometer at 

232m;jL, 



CHAPTER III 

RESULTS 

The respiration of Lineola longa was affected by nu

merous fatty acids (0,5%), Data from respirometric expe

riments are presented in Figure 2, Oxygen uptake was re

corded as Q02 ( 1 O2 uptake/hr/mg dry cell weight). In 

the presence of C2 at pH 6.8 respiration was stimulated to 

more than 4 times the endogenous level. At the same pH 

saturated fatty acids C3 through C-p and C16 did not signi

ficantly affect oxygen uptake. In the presence of Cgr 

however, oxygen uptake was only 30% of endogenous. Res

piration was completely inhibited in the presence of C9 

through CiZf. Inhibition of respiration by the interme

diate chain length acids was also noted at pH 7,5 and 8.5. 

Only partial inhibition was shown by Cs and C9 at each of 

the above pH values, although C;îo» ̂ 12' and Ĉ Zi were com

pletely inhibitory. The pattern of stimulation of respi

ration at pH 7.5 was similar to that observed at pH 8,5. 

In each case C2 through C^ greatly stimulated respiration, 

and C5 and C-p showed some stimulation. At both pH 7.5 and 

8.5 C16 did not significantly affect oxygen uptake. In a 

series of respirometric experiments performed at pH 5.5» 

it was noted that C2 did not significantly affect respi

ration. All other fatty acids were completely inhibitory. 

No growth experiments v/ere performed at pH 5•5* 

18 
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Figure 2, Effect of saturated fatty acids (0,5%) on 
oxygen uptake of Lineola longa. 
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In general; short chain fatty acids become more inhi

bitory as the pH decreases (Lewis and Johnson, I968). 

Variations in this pattern suggested a difference in the 

effect of these substances on the respiration of L. longa. 

Since respiration was greatly stimulated by C2 hut was not 

affected by the other short chain acids at pH 6.8, an ex

periment was performed to determine if the pattern of 

stimulation at pH 6.8 depended upon the fatty acid with 

which the cells had been previously in contact. It was 

found that respiration was stimulated by all of the short 

chain acids if the cells v/ere pregrown in the complex me

dium plus 0.2% C5 (Fig. 3). 

Since many fatty acids affected oxygen uptake at pH 

7,5 and 8.5, growth experiments were performed to deter

mine if the organism could utilize fatty acids other than 

acetate as sole carbon and energy sources. The growth re

sponses of L. longa on the fatty acids correlated well 

with the manometric data. Results from growth experiments 

are presented in Figure 4, At pH 6,8 only C2 served as a 

sole source of carbon. At both pH 7.5 and 8.5 the short 

chain acids C2 through C5 were utilized for growth. Pal-

mitate was found to support growth at each pH. 

Bennett and Canale-Parola (I965) state that biotin, 

thiamine, and (in the case of one strain of L. longa) 

guanine are the only growth factors required by this or

ganism. During the performance of the growth experiments. 



21 

O 

100n 

90-

8 0 -

70-

60-J 

P 50-

4 0 -

30-

20-

10-

v^ ^Vl^ 

tvi"'^'•'*!.;' 

^ • 4 ^ , ^ 

r 

I I • 

pH 6.8 

mwm 

-JEaFHsa , ti^fienm-

End Cp C^ C^ ^ 5 ^ 6 ^ 7 ^ 8 ^ 9 

Figure 3. Effect of saturated fatty acids C2-CQ 
(0.5/̂ ) on respiration of Lineola longa pregrown in the 
complex medium plus 0.2% C5. 
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it was found that vitamin B;}̂2 is also required. Methio

nine substituted for this requirement. The above authors 

determined vitamin requirements in a medium which con

tained 0.2% vitamin free casein hydrolysate. The require

ment for B;̂ 2 ̂ as probably masked by the methionine present 

in casein hydrolysate. 

Jeynes (1956) and Bennett and Canale-Parola (I965) 

stated that the acetate requirement shown by L. longa is 

lost with continuous subculture. It was also suggested 

(Bennett and Canale-Parola, I965) that amino acids could 

be utilized as sole carbon sources. Since no definitive 

work with amino acids as sole carbon sources had been pub

lished, growth and manometric studies v/ere performed with 

twenty common amino acids. All of the aliphatic amino 

acids except valine supported abundant growth. It was 

also found that a mixture of the five supported much bet

ter growth than did any of the individual amino acids. 

The hydroxy amino acid serine yielded five times more 

growth than did threonine. Neither cystine nor methionine 

supported growth. Cystiene, however, supported slight 

grov/th (Fig. 5). In general, the same pattern was found 

in the manometric studies. Of the ten remaining amino 

acids tested, all except lysine, phenylalanine, tyrosine, 

and tryptophan supported growth (Fig. 6). Although none 

of the amino acids inhibited oxygen uptake below the endo

genous level, several of them had no significant effect. 
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The utilization of the amino acids as sole carbon 

sources indicated that L. longa did not require acetate 

for cell division, but could grow on other carbon sources. 

Experiments were performed to determine what other sub

stances the organism could utilize for growth. Since all 

previous literature had reported the inability of the or

ganism to utilize glucose (Pringsheim, 1950 and Bennett 

and Canale-Parola, 1965)» sugars were among the first com

pounds examined. The effect of glucose (0,2^), fructose 

(0.2^), and glucose-6-phosphate (0.2^) on oxygen uptake of 

this organism was tested (Fig. 7). None of these com

pounds significantly affected respiration or served as 

sole carbon and energy sources. The following sugars were 

also tested and did not serve as sole carbon and energy 

sources I ribose, mannose, lactose, maltose, galactose, 

xylose, erythrose, erythrose + fructose, and sucrose. 

Although the sugars did not support the growth of 

this organism, experiments were designed to test the abil

ity of compounds closely associated with carbohydrate 

metabolism to support growth (Fig. 8), Of the compounds 

tested pyruvic acid, gluconic acid, malic acid, succinic 

acid, malonic acid, and lactic acid were all utilized as 

sole carbon sources by this organism at pH 6.8. The fol

lowing compounds did not support growthi glycolic acid, 

glyoxylic acid, shikimic acid, and mevalonic acid. The 

utilization of such compounds suggests that the organism's 
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inability to utilize sugars might be the result of one or 

more genetic blocks early in the glycolytic pathway. 

It seemed probable that the inability of L. longa to 

utilize glucose-6-phosphate might result if the cell were 

impermeable to the compound. In order to determine which 

of the above was responsible for the inability of the or

ganism to utilize this compound, an attempt was made to 

isolate the enzyme phosphoglucoisomerase. Yeast were cho

sen as a positive control because they are known to have 

an active glycolytic pathway and, consequently, high 

levels of this enzyme. This enzyme appears to be present 

both in the control system and in L. 1onga. The specific 

activity of this enzyme in the L. longa extract was 30% 

of that found in the control system (Table 1), Specific 

activity of all enzymes is defined as units per mg of 

protein. A unit of phosphoglucoisomerase is defined as 

the amount of protein v̂ hich catalyzes the production of 

1.0 mole of fructose-6-phosphate per minute (Dixon and 

Webb, 196^). These data strongly suggest that L. longa 

could utilize the glucose-6-phosphate if the cell were 

permeable to the compound, 

A permeability problem might also be a factor in the 

inability of L. longa to utilize glucose. The ability of 

the organism to utilize gluconic acid, although it is un

able to utilize glucose, is unusual. In some systems the 

enzyme glucose oxidase is found. This enzyme converts 



30 

TABLE 1 

A COMPARISON OF SPECIFIC ACTIVITIES OF FOUR ENZYMES FROM 
LINEOLA LONGA AND APPROPRIATE CONTROL SYSTEMS 

ORGANISM ENZYME SPECIFIC 
ACTIVITY 

Lineola longa 

Saccharomyces sp. 

Lineola longa 

Aspergillus niger 

Lineola longa 

Escherichia coli B 

Lineola longa 

Escherichia coli B 

phosphogluco
isomerase 

glucose oxidase 

isocitrate lyase 

malate synthetase 

0.56 

1.^ 

700 

1.51 

1.00 

0.221 

0.013 



31 

glucose directly to gluconic acid (Keilen and Hartree, 

19^5). If this enzyme were present in extracts from 

IL» iOHSa. it would suggest that the cells were impermeable 

to glucose. To examine this possibility a test for glu

cose oxidase activity was performed. No glucose oxidase 

activity was found in preparations from this organism 

(Table 1). Aspergillus niger v/as chosen as a positive 

control because it is a rapidly growing organism and is 

known to contain detectable amounts of glucose oxidase 

(Ehrlich, I968). Specific activity for this system is de

fined as JAX O2 absorbed/hr/mg protein (Keilen and Hartree, 

19^5). 

Since L. longa is able to utilize acetate as a sole 

source of carbon and energy, it seemed probable that the 

glyoxylate cycle would be of metabolic importance in this 

organism. Escherichia coli B was chosen as the positive 

control because high levels of the enzymes involved in 

this cycle have been found in this organism (Wong and Ajl, 

1956 and Smith and Gunsalus, 195^). Both of the above 

enzymes were present in high levels in cell free extracts 

^^ 11* lo^^a (Table 1). The activity of isocitrate lyase 

in L, longa was 50% higher than the level found in the 

control system. The specific activity of malate synthe

tase from L. longa was more than 10 times that in the con

trol system. A unit of isocitrate lyase is defined as the 

amount of protein which catalyzes the production of one 
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mole of glyoxylate per minute (Dixon and Webb, 196^). A 

unit of malate synthetase is defined as the amount of pro

tein required to cause a tE of 4.5 per minute (Dixon and 

Kornberg, 1959). The presence of these two enzymes sup

ports the idea that the above cycle is an important meta

bolic pathway in this organism. 



CHAPTER IV 

DISCUSSION AND CONCLUSION 

^Results of both growth and manometric studies with 

saturated fatty acids indicate that Lineola longa does 

not require acetate for cell division. In general, the 

responses to the fatty acids followed a pattern similar 

to that described for other microorganismis (Franke et al.j 

Levine and Novak, 19^9? and Robinson, 195^). This pattern 

includes the ability of short chain fatty acids to support 

growth, the inability of intermediate chain length acids 

to support growth, and the ability of long chain acids to 

support at least slight growth. Further, toxicity of the 

short chain acids increases with decreasing pH. 

The results of manometric studies at pH 6.8 with 

cells pregrown in the presence of C5 cannot be explained 

on the basis of present data. The ability of a fatty acid 

to stimulate respiration after a period of time in contact 

with the cells, generally suggests the presence of indu

cible enzymes (Laser, 1951 and Silliker and Rittenberg, 

1951b), Experiments at pH 7*5 and 8.5 do not support such 

a theory. No lag was observed between contact v/ith the 

fatty acid and stimulation at either pH 7.5 or 8,5, Fac

tors which might be involved include changes in the per

meability of the membrane of cells pregrown in the pre

sence of C5, an increase in internal concentration of 

33 
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acetyl CoA, or its release from complexes with the fatty 

acid. It is also possible that both yS-oxidation and a 

modified glyoxylate cycle are involved in this response. 

In the presence of 0,5^ fatty acid at pH 6,8 /^-oxidation 

may be partially inhibited. Cells which have been pre

grown in the presence of 0.2^ C5 would contain the indu

cible enzymes present in a modified glyoxylate cycle 

(Wegener et al,, I968), The presence of both pathways 

operating simultaneously could result in stimulation of 

respiration at this concentration and pH, Further exper

imentation v/ill be required before this phenonmenon can be 

explained. 

The ability of L, longa to grow on fatty acids other 

than acetate indicates that it has no acetate requirement. 

The original report of an acetate requirement might have 

resulted if experiments were performed at pH 6.8. Fur

thermore, utilization of many of the amino acids as sole 

carbon sources confirms the suggestion by Bennett and 

Canale-Parola (I965) that fatty acids are not required for 

cell division. No correlation could be found betv/een the 

dissociation constants of the amino acids and their abil

ity to support grov/th. It does not seem likely, therefore, 

that the inability to utilize some of these amino acids is 

related to the charge on the molecule or the permeant form. 

An attempt has been made to explain data from growth 

experiments and enzyme studies on the basis of accepted 
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metabolic pathways. The ability of this organism to uti

lize acetic, pyruvic, lactic, succinic, and malic acids as 

sole ,carbon sources strongly suggests that the inability 

to utilize glucose is due to a genetic blockage early in 

the glycolytic pathv/ay. Its ability to grow on gluconic 

acid lends credance to this theory. Two pathv/ays are 

knov/n for the utilization of gluconic acid. These include 

the hexosemonophosphate shunt (Cohen and Poff, I951 and 

Horecker and Smyrniotis, 1951) and the Entner-Doudoroff 

pathv/ay (MacGee and Doudoroff, 1954 and Kovachevich and 

Wood, 1955). In the previous case fructose-6-phosphate 

and glyceraldehyde-3-phosphate are produced, while pro

ducts of the latter pathway include pyruvic acid and 

glyceraldehyde-3-phosphate. Any of these products could 

be shunted into the glycolytic pathway. 

It seemed possible that the inability of this organ

ism to utilize glucose-6-phosphate might be due to the 

cell's impermeability to this compound. The presence of 

phosphoglucoisomerase activity in extracts from L, longa 

suggests that the organism can convert its intracellular 

glucose-6-phosphate to fructose-6-phosphate. This implies 

that the inability of this organism to utilize glucose 

results from the absence of phosphohexokinase. The rela

tively low specificity of this phosphorylating enzyme 

could result in the organism's inability to utilize any 

of the sugars. It is not knov/n if phosphorylation of 
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gluconic acid is required for its utilization by this or

ganism. Although these data strongly suggest the absence 

of the phosphohexokinase, further work is needed to eluci

date the intermediate steps in the utilization of gluconic 

acid by this organism. 

The lack of detectable glucose oxidase activity sug

gests that L. longa cannot utilize glucose by either of 

the two pathways commonly found in microorganisms. The 

inability to utilize glucose suggests that it would pre

ferentially utilize short chain fatty acids and amino 

acids as carbon sources under natural conditions. This 

might confer an advantage to this organism and enable it 

to be a successful invader of the fresh cow dung. In 

early successional stages it would have little competition 

for the above substrates. Its presence in only fresh cow 

dung may be due to the fact that short chain fatty acids 

are extremely volatile and would rapidly evaporate. 

The utilization of acetate by L. longa as a sole 

source of carbon and energy strongly suggests a utili

zation of the glyoxylate cycle. The organism's ability to 

utilize succinic and malic acids, glyoxylate cycle inter

mediates, supports this suggestion. The inability of this 

organism to utilize glyoxylate as a sole source of carbon 

may result from the fact that glyoxylate condenses with 

acetyl CoA to form malic acid. There would, therefore, be 

no acetyl CoA to combine with the malic acid to form the 
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6 carbon citric acid. This would effectively halt or in

hibit respiration. This theory is supported by the fact 

that glyoxylate inhibits the respiration of L, longa. It 

may be pertinent that respirometric experiments have shown 

that L, longa apparently has low levels of endogenous sub

strate. 

The presence of high levels of isocitrate lyase and 

malate synthetase strongly supports the above idea that a 

glyoxylate cycle is utilized by this organism, Wegener et 

al, (1968) shov/ed that certain organisms are able to con

dense other short chain fatty acids with glyoxylate. 

Since L, longa readily utilizes these short chain fatty 

acids, it appears likely that it can perform these conden

sation reactions. 

Several general conclusions stem from the above data, 

Lineola longa can utilize fatty acids other than acetate, 

and in fact, does so in a manner similar to other microor

ganisms. Its ability to utilize various amino acids and 

compounds closely associated v/ith carbohydrate metabolism 

indicates that it does not require fatty acids for cell 

division. The organism's inability to utilize glucose 

appears to result from a blockage of early steps in the 

glycolytic cycle. Data indicate that the blockage may re

sult from the absence of the phosphohexokinase and the 

subsequent inability of this organism to phosphorylate 

these compounds. The ability of this organism to utilize 



38 

gluconic acid suggests the involvement of a partial hex

osemonophosphate shunt or an Entner-Doudoroff pathv/ay. 

Its apparent inability to phosphorylate any of the sugars 

involved in these pathways, hov/ever, suggests that the 

utilization of gluconate may follow other as yet unelu-

cidated pathways. The glyoxylate cycle also appears to be 

an important metabolic pathv/ay in this organism. 
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